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SUMMARY

266002

Delays and setbacks were experienced but later in the twelve months
under review the rate of advance accelerated.

The three studies concern respectively, mineralogy of Delta sediment,
gold occurrence, and production of elemental sulphur from pyrite.

and sulphur
If results

of an

This report covers the period 16 November 1893 to 15 November 1984.
The last four quarterly reports provide another fifteen pages
describing activities and progress.

During the period processing methods were investigated in London,
results of three studies bearing on the venture arrived, and data
covering aspects of Delta chemistry were analysed. Agreement was
reached with an optionee company; also, a second group has been
interested in the possibility of participating. The Department of
Mines was provided with information generated by a former licencee.

Gold levels in three different density fractions of Delta sediment
were measured by Amdel. The maximum grade found is lower than one
Amdel encountered in a~ earlier test series, probably because three
separatory steps used previously were omitted. Head grades discerned
in the two series of tests are similar however.

The mineralogical investigation was made by Dr 0 C Green of the Mines
Department, Hobart. He examined coarser size fractions of sediment
that had been isolated ane analysed by the Department's laboratory in
Launceston. Using optical methods and electron probe Dr Green
identified several mineral species not detected hitherto. Pyrite
grains scanned show appreciable concentrations of cobalt,

Expenditure on the project for the fourth quarter of 1983 and the
first three quarters of 1984 amounts to US$35,800. Figures for the
latter three quarters will increase after 1984 travel costs are added,
in January.

The review of pyrite processing was undertaken by The British Sulphur
Corporation. Five methods of producing elemental sulphur from the
compound are described and approximate costs are given for three. A
chlorination procedure may merit closer inspection.

In the coming year investigation of the Delta's gold, cobalt
resources is to continue: so is study of extractive means.
warrant this, an environmental survey leading to formulation
impact statement probably will be begun.
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Information on equipment and processes suitable for use in treating
Delta sediment is being collected.

Proc~sses sought are those which may permit elemental sulphur to be
recovered from the sulphide fraction together with cobalt, copper,
silver and, possibly, iron it contains.

The two classes of mechanical apparatus offering best prospects of
treating substantial volumes of sediment quickly at low cost are screens
and cyclones. Cyclones hold special promise for handling finer grained
fractions.

Data on several screen types are being assembled. Screens with multi­
angled decks, a live-framed flexing variety, and a third, cleaned
during operation by air jetted upward from below are those favoured.
Flexing and jetting each prevent blinding, raising capacities
significantly.
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RESEARCHI

Technology

Apparatus which may be employed aboard dredges to separate
mechanically, as pre-concentrate, valuable higher density, generally
finer grained components from coarser, largely quartzose and chloritic
fractions is of particular interest. Chief targets in this class
are sulphide, gold, cassiterite and barite.

Other apparatus which may be required includes magnetic separators
and flotation cells. Separators using rare earth permanent magnets
are now available. They have field strengths equivalent to those of
electro-magnetic type but cost less to run. In flotation, savings
may be achieved by employing large cells. Most leading manufacturers
now supply these.

Several companies have perfected and market non-toxic chemicals for
flotation and other recovery procedures. One such chemical produced
in the UK and used by Renison floats wolframite, zircon and
cassiterite, the latter even where particles are no bigger than
10 microns. Phillips Petroleum produces a harmless substitute for
sodium cyanide.

Four sorts of cyclone offer improved performance over conventional
types. One has a spiral rib on the inner wall to increase discharge
rate at the downstream port. A second is wide-angled to prevent
settling of all but highest density or coarsest fractions of feed.
The third is a water-sparged machine built in Canada: design was
modified recently to lower risk of compaction between sparging ports.
The fourth type of cyclone,also water sparged, is a variant of the
third but does not need to be stopped periodically for removal of
concentrate; this is discharged continuously as in standard cyclones.
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Sulphur

Smelting of Delta sulphide is to be avoided if possible, but if such
a stage is found essential a method being perfected by Chemadex of
Poland appears the most attractive available. This employs a
cyclonic furnace operating at Z100oC. There are several advantages.
The furnace is far lighter and cheaper to build than a fluidised bed
reactor. Unlike the latter it accepts charges consisting of a wide
range of particle sizes including fine grained pyrite that causes
difficulties in other furnaces. The high operating temperature
vaporises by·product metals, allowing them to be recovered separately,
and yields clean iron cinder suitable for grinding and sale.
Conventional smelting produces useless dusty cinder contaminated by
the other metals. Potential revenue consequently is lost, unless
expensive additional steps are taken to clean cinder and recover
byproducts.

A cyclone furnace of ZO tph capacity should yield 14 tph iron oxide and
about 0.5 tph non-ferrous metals. Gas streams run 11 to 16% 50Z.
Possibly the USBM citrate process designed to recover elemental sulphur
from off gases of coal-fired power generating plant would handle such
a stream. Information about the process was sent to Mines' Chief
Chemist last year.

One sulphur recovery process [lisna singled out which avoids the need
for smel~ers is the Westcott. Heated pyrite is converted to ferrous
chloride, using chlorine. Gaseous sulphur liberated is condensed to
liquid sulphur from which a dust-free prilled solid can be obtained.
The prilled form is easier and more economical to handle than
powdered sulphur, and commands premium prices. Chlorine is extracted
for re-use by oxidising ferrous chloride to FeZ03'

Several leach procedures were examined.

Sherrit Gordon leaches sphalerite under pressure, at Traill, BC,
Canada: 96% of the original sulphur is oxidised to elemental state.

In Spain pyrite and other sulphides are leached in water at ZOOOC
under pressure of 30 kg/cm Z• Sulphide converts to ferrous sulphate
thence to ferric oxide in an hour. Copper and zinc dissolve in
sulphuric acid formed and are recovered via neutralisation and solvent
extraction. Silver and·lead are recovered by leaching ferric oxide
in brine at 90°C.

In Cyprus Mines' patented process, copper sulphide is leached at atmospheric
pressure with ferric chloride and/or cupric chloride. This releases
sulphur which is upgraded by flotation, using lime and sodium silicate.
Concentrate is leached with ammonium sulphide. After filtering, high
grade rhombic sulphur is crystallised by evaporating filtrate.
Ammonium sulphide is regenerated. (Appendix A).
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In a novel leach method under development, elemental sulphur is
recovered direct from copper sulphide through the agency of bacteria
and silver. Addition of silver prevents formation of sulphate.
The silver component takes no direct part in the reaction and is
recyclable.

In London the subject of pyrite treatment was discussed with The
British Sulphur Corporation. Later the Corporation was appointed to
review applicable processes. The resultant report arrived at the end
of the third quarter: see Appendix B.

Briefly, the report outlines five methods and provides costs for
several. Four require initial conversion of FeSz to FeS by heating.
This liberates sulphur vapour which is then condensed. Sulphur
remaining in pyrrhotite produced is extracted by roasting and other
steps. The fifth method described is an improved version of the
Westcott, summarised above, requiring lower heat. The original version
was complicated by the corrosiveness of chlorine at high temperature.

Information on new uses of sulphur also is being compiled. The
elemental form is being employed increasingly as a soil additive to
maximise nitrogen utilisation. Elsewhere, sulphur is used in road
building as a substitute for oil-based asphalt, and in construction as
sulphur cement.

Mineralogy

Coarse fractions of Delta sediment separated at Mines Department labs
in Launceston were sent to Hobart, by the Chief Chemist, for
mineralogical study. There, sample was split further, magnetically
and in TBE. Splits were examined optically and by electron probe.
The report, by Dr D C Gree~, is attached: see Appendix C.

Dr Green identifies eighteen mineral species. Three had not been
discerned in Delta sediment before;they are bismuthinite, an aluminium
phosphate running _8% rare earths, and a rare earth phase, containing
K and Si, lacking or low in Ceo Dr Green did not encounter gold,
covellite, chalcocite or bornite. Pyrite contains little or no
exsolved copper, but four grains scanned appear to run 2250 to 3250 ppm
Co.

Gold

In 1983 Amdel was asked to investigate further the manner in which gold
concentrated in Delta sediment occurs. Some months later the labs
reported that all nine drums of sample held had been mislaid. As the
material cannot be replaced readily the> were asked to make a third and
special effort to locate the drums. They did so, successfully.
Results of the tests have since been received: see Appe'ndix D.
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In broad terms results duplicate those of Amdel tests described in
and attached to last year's annual report on EL 2/74. Head grades
are similar, and in each test series gold is concentrated in the
sediment fraction of highest density.

Head grade calculated from the 1983 results is 0.17 ppm Au. In the
recent series, heads computed from fire assay figures are 0.11 ppm and
0.19 ppm, giving a mean and average of 0.15 ppm Au. If results of
AAS determinations on low and medium density fractions are included the
average head calculated is 0.185 ppm Au.

Levels of concentration in individual fractions differ, though, from
those of last year's tests. All gold detected in 1983 was confined
to the densest fraction of sediment. In recent tests it was found in
all three density fractions, ascending in grade with rising density.

This spread probably stems from differences in pre~aration of the
fractions. In 1983, TBE sinks >75 microns were ground to pass mesh of
this size, dense fines were isolated, and separations in TBE and Clerici's
Solution were centrifuged. The 19B4 tests omit grinding, and removal
and analysis of fines: only one of the heavy liquid separations involved
centrifuging; TBE separation was carried out statically.

Apparently gold was not liberated properly in these recent tests, or it
does not separate well without being centrifuged. Possibly both steps
are necessary, though centrifuging probably is the critical one. The
sample split and analysed by Mines in 1983 (Report 797, Appendix E)
involved no grinding, but a cyclosizer was used to obtain concentrate
running 40 ppm Au; this step is similar to centrifuging.

The average grade of mercury-insoluble gold in material of SG >4.3 is
0.7ppm Au. Amdel suggests this may represent gold in solid solution
in pyrite. Earlier tests of pyrite by Aberdare and by Mt Lyell give it
a much lower gold content. Some insoluble gold is likely to be in
chalcopyrite which at Mt Lyell reaches 5 ppm Au: but chalcopyrite in the
fraction discussed is insufficient to impart a grade of more than
0.05 ppm Au. We are inclined to think that gold in Delta sediment is
mostly native and liberated but that it is covered by films of iron
compounds or other substances inhibiting solution in mercury. This
possibility is to be investigated.

A new US leach process allegedly capable of recovering 90 to 99% of
gold from low grade even refractory are running 0.09 to 0.1B ppm Au
is being investigated. Leach times are said to be extremely short and
materials used non-toxic. Costs are put at $10 pta Au recovered.
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Analysis

Proportions of cobalt and sulphur in various size fractions of Delta
sediment isolated by Mines Department labs were compared. Relevant
analyses given in Mines Report 797 were appended to our previous annual
report. They are shown again here, attached to Appendix E.

The Co/S ratio is remarkably constant, indicating that virtually all
cobalt present in Delta sediment occurs in. pyrite, the component
containing about 92% of the Delta's sulphur. The average ratio is
equivalent to 1,100 to .1,200 ppm Co in pyrite. The maximum grade
of 800 ppm detected by Mines in R797 illustrates the extent to which
the size fraction concerned is contaminated by minerals other than pyrite:
the corresponding sulphur content supports this interpretation.

We calculated weight percent distribution for each of ten elements in
eleven size fractions listed in Mines' Report 797: see Appendix E.
The table indicates that the coarsest 0.3% of Delta sediment should be
worth grinding and treating mechanically to recover cassiterite it
contains. The twenty-five percent or so of sediment in the 200- to
600-micron range may be rejected without loss of more than 4 or 5% of
the pyrite and cobalt. The finest grained 10% of sediment also could
be removed without loss of more than another 3% of all cobalt.
Rejecting this fraction would reduce total contents of lead and bismuth
by 45% and those of arsenic and zinc by 20 to 25%. However, about 15%
of the sediment's sulphur and 45% of its tin would be lost. Merits
of the step need to be re-assessed once contents of valuable metals in
outer parts of the Delta, where fine grained material predominates, have
been examined in greater detail.

It is worth noting that in Cities' preliminary tests, carried out on
fine grained sediment, far higher recoveries of copper by mechanical
means were realised than the 25% achieved later, using coarser feed
from inner parts of the Delta. Elisna considers it likely that
recoveries of gold, cassiterite, barite and pyrite/cobalt will follow
the same trend, improving offshore. Degrees of liberation obviously
are likely to be highest in sediment of finest grain, found furthest
from the river mouth.

5



Negotiations begun in the second half of 1983 with the US/Australian
Cottesloe group interested in the prospect of taking over EL 2/74
and development of the project continued through the first quarter of
1984. A series of meetings was held in the United States.

Cottesloe was furnished with data on past surveys of the Delta, with
information on current testwork,and proposed extensions of it.
Rough estimates concerning anticipated development costs and returns
likely to eventuate from mining also were provided.

Cottesloe subsequently elected to enter the venture and has been
granted an option. While tests continue the licence remains in
Elisna's name, but Cottesloe may exercise its option as soon as
results considered satisfactory are received. Plans to set up a
pilot plant await the outcome of tests in progress.

In conjunction with Elisna the optionee has since approached a
Victorian group which, earlier, had expressed enthusiasm about the
possibility of joining the venture. This organisation recently
completed preliminary examination of some technical records bearing
on the Delta and as a result has reiterated willingness to Proceed.
Representatives are to meet with officers of Elisna and the optionee
group in.Melbourne late in November and early in December to devise
terms under which the third party might participate. '
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Memorandum No. 825. As above.
19 September 197~

13 June 1977,

Over the past twelve months an annual report and four quarterly
reports have been prepared for the Department of Mines.

266010

Particulars

REPORTINGIII

7

Tasmania Pyrite Project (2pp).

12 May 197~

The Recovery of Sulphides from an ACS Feed Sample submitted
by Cities Service International Inc.
Progress Report No.4.

Robertson Research (Australia) Pty Ltd, 12 September 1975
Memorandum No. 822. Sizing of Drill Samples, Macquarie Harbour
Project.
Prepared for Australian Cities Service Inc., 151 Macquarie Street,
Sydney NSW 2000. Project 756/9807/68.

Six other reports relating to the activities of an earlier licencee,
Cities Service, were copied and donated to the Department.
Material copied totals some 350 pages: details follow.

Elisna also had duplicated and then contributed a plan.
are:

Lakefield Research of Canada Limited, 9 February 1976,
The Recovery of Sulphides from a Slag Sample submitted by
Cities Service International Inc.
Progress Report No.1.

Cities International Minerals Co., 11 October 1976,
Tasmania Copper Project: Phase III - Final Report.

Cities Service International Inc., 7 August 1975
Drillhole Location Map, Macquarie Harbour, Tasmania.
Scale, 1:10,000. Re-drawn 22 October 1975.
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In the US records were sorted and moved to storage.

Elisna's Annual General Meeting and a directors' meeting were held.

Policy discussions and preparation for fieldwork took further
time.

266011

Interim

ADMINISTRA nON

Accounts for 1983 were drawn up, audited and approved.
figures for part of 1984 also have been prepared.

Annual returns for Elisna Pty Ltd and for Aberdare Incorporated
have been submitted.

IV

An application for renewal of Exploration Licence EL 2/74 was lodged., Term
of .the licence was extended to 28 December 1984.
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Expenditure on the enterprise by Elisna/Aberdare for the period
1.1.79 through 31.12.83 amounts to US$134,670.

Expenditure by Union, by Aberdare/Holb prior to 1.1.79, and by
Cities Service amounts to an additional $650,000.

Twenty-eight man-weeks' time was devoted to the project over the
fourth quarter of 1983 and first three quarters of 1984. Details
are given in the four quarterly returns.

266012

1,299
1,058

27,967
2,000

283
3,175

18

EXPENDITURE

period amounts to US$35,800 approximately,
The figure in US dollars is made up of sub-

Travel
field expenses
Technical services
Management fee
Communications
Charters, rents
Miscellaneous

v

Expenditure for this
or about A$42,950.
totals below:-

Amounts shown exclude most travel costs and field expenses of 1984.
These will not be available until early next year, after 1984
figures have been split, pro rata, between projects involved.

The latter figure does not include additional expenditure by
Union Oil/Molycorp, a group which took over the exploration licence
and work commitment for part of that five-year interval.
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10

If research results continue to indicate that cleaning and
redistribution of Delta sediment is feasible technically and

In connection with sulphur, Aberdare anticipates having its
consultants review prospects of selling the elemental form, produced
locally, in Australia and New Zealand.

Analytical methods under comparison are XRF, AAS, ICP and high
quality wet chemical. Head grades of Ag, Ba, Co, Cu and Sn in
Delta sediment are being measured by each of the latter two
techniques and by one or other of the first two.

266013

PROGRAMMEVI

If current plans of the US/Australian optionee corporation and a
Victorian venture group keen on participating proceed, a Tasmanian
company will be established to handle the project and Aberdare
will then request that the exploration licence be transferred to
the new company. It is anticipated that the company will be
operational by mid-year approximately. Until then Aberdare will
continue investigations in progress.

Three components of King Delta mineral-bearing sediment are being
examined, specifically gold, cobalt and sulphur. Fourth, several
analytical methods are being compared so that grades of elements in
which Delta sediment is enriched may be refined, and related reserve
estimates tightened.

The extent to which acid probably forming in drummed sample
dissolves cobalt present in the sulphidic component of Delta sediment
is being examined. In another experiment sediment from deep water
is to be tested, allowing distribution and grade of its cobalt to
be determined. So far, data of this nature are available for
relatively coarse grained, shallow-water cobaltiferous sediment
only.

Ways and concentrations in which gold occurs in various parts of
the Delta are under study, with an eye to discovering what fraction
of the metal exists in native state and how much of this gold is
liberated. Grinding tests are being run, and more sampling and
assaying of finer grained sediment from outer parts of the Delta
is planned. Later, additional measurements of the gold's
solubility in mercury ma¥ be made.

Principal tests to be run on cobalt during 1985 will be those
directed at leach methods. Processes employing water or brine,
or weak acid generated direct from sulphide in the sediment are of
particular interest. Behaviour of solvents found more effective
may be studied further, subsequently, at temperatures and pressures
above atmospheric levels.
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justifiable in terms of economics, an environmental study probably
will be commissioned and begun, permitting an impact statement
to be completed and submitted in 1986.

Expenditure on the Delta project in the coming year cannot be
predicted accurately until intentions of the Victorian group
wishing to join the enterprise become clearer. However, it is
expected that at least $15,000 will be spent, that is, a sum far
in excess of the minimum required officially.

11
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U:COVERY OF ELEMENTAL SVLFtJR AND
METAL VALVES FROM TAlUNGS FROM

(x)PPER U:COVERY PROCESSES

2
AcconIiqly iI ildle objecl oflbil iDveatioa 10 ..­

vide a ptIlCCII for lhe recovet)' from IAiIiftas raulliDl
frOOl !he bydromerallurp PrOC:CUillC orcopper ""':I­
or elemen'" 5lill'ur. copper. soJd and moI)'bdeDum •

5 Olle COlIliJluoUS opetlllioa ia whicb lhe IlliIillp rr-
BACKGROUND OF THE INVENTION whicb !he sulfur and meIaI val.... are recovered are lint

ne iavealioD illdaled 10 b)'dnJmeWlilFp ",... reduc:at 10 a relali~ly .....u.1Ju.U' volume.
1O

• a
__ for die recovery orcopper from ilS ora, panica. II II anoIhcr objeCt ororlbilm':=- n die
larIy. sulf. ora, ia which die ore concalrAle iI process for die recovery a, ...er percea ee
_hed wilb ferric cbloride ud/or cupric cbloridc 10 10 copper from !he lailiap resullUI, (rOlD Ibe bydu w, -
lOIubi1ize !he copper AI !he cbloridc and PrWuce de- lur~ pfOCeSllllC ~ copper.•~.~ .

_.. _ ....ulfur. TbilI)'pe ptIlCCII iI iJluslrAled by Ibote II IS a funhcr object or IbiI m~ealioa 10 provide a

I dacribed ill U.s. Pal. NOL 3.785.944; 3.791.026; process for !be recovery from IaiImp (rom !he b)'dn>-
3 179,272; 3.972,711: ••013••57; ••039.314. The cIioclo- melAllur8lcal pr"':""51n, of~.uJfJd~orcs. or 11IO"'---.:..e of IOOle of IhcIe palenlS iacludel chemical cqua. " l)'bd.num whicb IS DOl c:onWnuulled WlIb copper. or
lions iIIust"lin, !be reaclions ooourria& when chalco- ,old, if prelCn~ 10 lb. ul.nllhallb. molybdenum docI
pyrile is leached wilb f.rric: chIorid. and cupric chlo- DOl meel lb. punly .lAndardi (or a saleabl. producL

ride 10 IOlubiJize Ihe copper and produce danen... SUMMARY OF THE INVENTION
luI(ur. Som. of lhe palenlS furlb.r delCribe bow copper 20 A process (or !he rec:ovet)' (rom lailiap (rom !he
.. recov.red from Ihe formed cuprous chlond. by ct)'S- b d m....lur&ical I....lmenl or copper ora, or de-
laIJiuIion (oIlowed by r~very of copper from lb. .ia.':.J .uJfur. copper. ,old and molybd...um iaw~
cryslaIIired cuprous cbloride. The pnor an disclOOel .uJ(ur and lb. m..... are oeIecIiv.ly ..,..,..Ied ia a reo
\VIOUI 0Ihcr~ (or !he recovery ofcopper from ..uired scq~wilb .peciflC ra&"'lS wbicb COllI""",,
dlelea.:blOlullonresul~,from.dleJeacbiD&ofcopperZ5 (a) .ubjecliJl, Ib.lailinp 10 froIb nowioD 10 recover
ora and COIICCIl_ wiIb feme c:bJoride lIIIdIor .... dem.n... IuIfur. copper. ,old and molybdCllum val....
pne cbloride. '. ., in a nOli c:oncenlrAle conlainina a relalively amaIJ pot-

Copper IuIfide~ m puticular. c:onlaJn IDI1eriaII Iioa of lb. ori&iaal laiIilIgs and r.jectin, a reWivel)'
...bicII are m;olublem feme cbloride and cupnc cillo- Jar,. porIion of lb. IDilin,. conlaillin, barren pope;
ride leachanlS and are usually diIcAIded III die IaiIs from JO (b) performin, a fiquid'lOlids aeparalion On Ibe lIoaI
bydrome"'lur&ical kacbln, Willa Ibeae leacbaa... COIlCCllIrAIe; (c) leacbin, !he raiduc or llep (b) wiIb a
Tbeoe maleriall ....y iaclude valuable ",bII~.......ucb IOIVeDl (or .uJfar; (d) performin& a fiquid-lolidl separao
.. !he .1eIIIen... lulfur formed IlIlhe Jeacbia,_ lion on Ibe lIurry of .Iep (c); (e) rec:overia,.uIfurr.-
• -U ":' &nId an<! moIybd~num val.- They alIO ....y III. liquid of IIep (d); (0 f,rindina Ibe raiduc or IIep (4)
CODlAUIlDlpomly.1ille malerial.. IUCh U, pynae, JU'OSIIe 35 10 eApoIC lb. copper minerals; <I) leacbin, die around
and o!hen. If Ibe p)'rile conlAirlS ,old il is nol rejecled residue or S1ep (0 wilb f.rric: cbloride co lelec;jvely
i111be nocalion SIep. Some or Ibe COl'!'".sulfJdemineraJ dillOlve copper and iron Ibereia; (b) performin, a Iiq-
whicb is embedded in Ibe mineral ........ II nOI dlSlOlved uid....lid. separalion on Ibe lIurry of lIep <I); (i) relUtDo
by Ibe kachanl. U !be Jeachanl docI nol com. mlO c1i. ill, Ibe flIlrAle of .lep (b) c:onlAiniD,lOIubilized copper
reel c:onlACl WlIb Ihe copper mineraJ aDd IbiI und... 40 10 Ibe ori&in&l leacb (or copper recovery: (I) -lUna
lGlved mineral is conlAined in Ihe lailiap. lb. telidue or .lCp (h) wilb cyanide 10 IOlubilize ,old

AI I/Ie procesacs for rec:ovet)' or copper from ill and recoveria, ,old (rom Ibe teluJliJI, lOIulioo; (k)
IUIfJd. oreI which are acceptable under euvuonmen'" .ubjecliJl, lb. residue of.1ep (j) 10 frolb 1I01A1ioD and
rqu1alioas are quil. compelilive. il is irn;.orlAnl from recoverin, lhe 11011 c:oncalnlle c:onlAiniDC mol)'llc»
llIl CCOIIOJIlic IIUldllOinllO bav. availt.bIe declive pro- .5 num values and e1emCll'" .uJfur formed in lhe (erric
cedutel whicb are compalible wilb die copper rec:ovet)' cbloride I_It; (1) leacbin& Ibe lIoaI COIlCCIIIraIe ofl1ep
pc eo (or rec:overin, saI....1e clem...... IuIfur and (It) wilb alOlvenl for lU1l'ur 10lOlubiJize Ibe elanealal
metal values from Ibe laiIinp. Such a procaa IbouId be .ulfur followed by liquid-.olids aeparalioD and recovery
00le IhaI .. adaplAble 10 pilO1 planl produclioll in a con- of sulfur from Ibe IOlulion, and (m) recoveriq mal)'bo
linuous operalion and no .uch procaa .. U,OWII 10 be JO denum (rom Ibe raiduc or SIep (1).
available 1Oda)'. A ~r c1iIl'ICIIIIY bas beea IbAI die The IaiIs will ordinarily coalAia pyrite. If aoI4 iI
reWivelyamall UIlO\IlIII of....... val.... in die OR oIber prelCnl wiIb Ibe pyrile Ibe pyrite ia DOl rejected willi
Ibaa copper bave beCll conlained in larae bulk voIuma lb. barrCll8'lft,uc. orCOutlO. if IIlere is au Cold ptaeIII
orcan.... aI\er _ ..lrAlin, Ibe copper ore and il wu !he ,old recovery S1ep is omined. JArOIiIe will be pna.
- possible 10 economically p_ Ibia Jar,. bulk or 55 ...1 in lhe ban... ,""p unlea it wu oplionally reo
llIaIeriIJ 10 recover die relalivdy unaII arDOIIIIlI of moved u Ibown in lb. now IhceI of FlO. 1. The IuIfur
metal val..... TbiI _ parlicularly InIC: ill priot pro- mnoval I1ep arler &Old recovery .. aWnly for Ibe pur.
__ ia wbicb sulfur wu removed (rom die OR by pooe ofup,radin, lb. producl molybd...um (or awkeI.
P)...........lur&ical proceues. Dill'lCuJly. bu beat eo- ing, II is optio.na1 depending upon Ibe_I orcopper
counlered in aeparaliJl, elem...... lulfur IlIIbe preoence 60 IuIflde .repDrtUlllO Ibe !alII and, IMrefore. die _
of copper and molybdenum in lhe COllCClllrAlCI- A fur· of .ulfur produced by Ibe ferric cbloride leach.
Iber dill'lCuJly has beat CllCOUDIed in recovering 1IlOl)'bo BRIEF OESCRlmON OF 1lfE ORAWINOS
denum ID Ihe pteICnCC of copper which .. DOl COIlWN-
",led by Ihe copper 10 Ibe poinI where Ibe moIybde- FIG. I is. no...lheelofaproc:ess(orlhebyd~
...... is unsalable, and AI Ibe ..- lime acbieYe bi&b 65 lurgical rceo••ry of copper iJlcocporalinC die~
RiCOvet)' or molybdenum. Any 1IlOl)'bdcn1llll IdI m die 0( Ibe pmenl ilIvenlion, and
IaIh orrluWiJy couJd DOl be recovered. If Cold it .... FIG: %iI a flow Ibeet o~ Ibe JlI'OCCII or!he iDvenlioD
.. iI will alIO coalunin'le die lIlOlybdeuum. u applied 10 lailiap rauJlUI& (_Ibe ore leaclriaa IlIp
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T'" I t ....hinllhc laid. vi.... (cI) .... 1InicC'.. ...
to ocl<ctiYCIy cIiIIoIW copper IheNiII;

00Ill .-- PoDs .. perf-ma .liquioHn'idl ........_*....,
-v.. c:.o, - - 0I1lcp (I)

:',P'.. ::::::= 5 h. recovcriq copper r.- die IiIInIc 0I1lcp fa); ...
_~=~__....c~:.=~=~____ L nccweriIt& ~Y"1 ... rr- Ihc laidvc vi ....

(a).
(loW diIlIibutiua after cyuide ..... - • rauo- 1 The procao 01.,.. I ill wIlich ill .... (c) ...

Table 2 ...._1 lor 1UIr.. is .m__,. IIII/ldc.

~~~~~~~00Ill=~"-~==::!00Ill~~D:'.:7~~= 10 1. The procao vi cIaiIIl 2 ill wIUcIl ill Ifcp (e) dieH'm £ .... rdlrale 0I1lcp (d) is cvoporaIed to .-" ,"_ __ _ 1lIIr..aDd",~~_ IPlIide.

~'~""!f!Jil!!!!i!!!l!lI!L-I" - ... 4. The p_ of c:Ioia I ill which .. Ilcp (h) ....
~ c ... c:oppet ;. noc:ovacd lromlhc rcrric chloride Iaoch....== It:::- '~ 15 tior. by ICIIdinJ dlc .....JioD to die IcIciIiai IICp oil
=~----=:::.!:~----;.::.,--- hydlOlllelall..p,aI circIIil l'or dlc •..-cry of copper

lrom iu IPIfIClc ora ill which the on: is leached wiIh
From die above dclcripJioD. it is -- lhal • prac:eII lerric chloride UNIIor cupric: c:hJoride to prodllC'C •

hal.. provided lor teC'OVCI1lIi~.Iold, lDOlyto. leach IOlulioll compris&q C'UpnNI QIoride, cvpriI
denum and elemental lull.. IrOlD die I&Ilmp n:IPIllllJ 20 chloride and lerroua chloride.
rron. bydromelallurgK:aJ proc:euiq or coppel'. ~fldc S. The proc:eIO or'-"aim 1 ia which Ibc ClllllC'eD1nI1C 01
ora The proc:<OI providca lor p<OQCIOUI, die a:JIWDUiD IICp (.) COII',;DI sold and beCon: Ilcp (i) Ihc raidvc 01
..........1 01 lailinp. II C'IIII be adapt<d to C'OIl....lIOUI IICp Ca) io leac:hed wiIh cyaDidc: to ....ubilize sold beCcn
opcnliaa. The order 01 performaac:e 01 the 1Iepa.Wilb the residue io to IICp (i) and aoId 'ncoveNd r.-
die rc:aaenll io imporl&ll: ill ~er to prewal the IIIICr- 2.S die cyaDide utioll.
fereDc:c by a-tal auJr.. Wilb. Ihc recovery of~ 6. la the proC'aI lor recoverin, copper lrom copper
per, aoJd, and mol)1lCIea1llll, and ID order to pnwidc lor IlIlrJele ""' C'OlIC'CII_ ill which Ihc 0llIlC'CII1raIe ;.
effective ocl<ctioa ICJIIlPlion of Ihc~ meIaII 10 leac:heel ia • maia Ieac:h IICp to prodllC'C • Ieac:h II"",
lhal __lmia'lioa 01 recovered meIaII a prcvc:aled. oampriainJ cupro.. c:hIoride, cupric: chloride, and r-
The procao io c:ooperatiYCIy reIaled to die IDIUI c:oppet 20 roua chloride iD ....uJioD which lauer io eeparated r.-
... leac:hi", Ilcp hel:aI* Ihia lancr lIep alweya~ die raidue or uiIiDp C'OIlIaiaia, uadisaalved maIaiaII
d..- clcalcatal auJr..and beC'aUIC leme C'hIoridc Jeoo:h IUC'h u mol)'bdeailc, aDd clcalcatallPlrur. _ copper.
lUlulioasC'OllIaiaiaJ~co!,,,,=,.ocovaeell~dlelaill and impuriliea and Ihc IOIuJioD IIIfther pn 'd to
ill die procell oldie 1D__a ....p'.b!e lor IDtrodue- recover c:oppet,!he improvomeal by wbich die~
Iioa ill to die maia copper ""' Ieac:h IICp 01 die copper J5 tal IPII.., coppa and moIybdcaum ia Ibc uiIiDp _
lecovery .....-.111.. makina rctunI ofdie Ieac:h....... ICI<ctiYCIy ocpamed and _<red. COIDpi"':
Iioa to Ihc maia 1eac:hiD, Ilcp lor _ery 01 copper .. ,ubjecliD, dlc tailinp to froth IIoWioIl to c:oIIec&
leuiblc. The hiJh paC'ClllaJe n:covaiel of1IIIIur,~ dle claaClltalllllf.., and oopper aad llOIyWaalllD
per, molylldellwa and lold obIaincd lrom die IaiII illl.- voluca iD. nOll COIIllCDIIIleand rcjcapyrilc,jaroo
_ die -.vic: ell'ecti_ of die .....-. 40 alc, if prcICIlI. tad odlcr impurilia;

AD ad.......,. of Ihc proc:cu it thai iI .IiI8ia.1ft die II. p:rIotmia, • liquid-tOlidl oeponIioa .. laid aa.
lIeC'aIiIy 01 hevia, ..~ylldeIlUlil IIoIalioa c:imIit ia 00IIC'CIlInIIC;
die IDiac CIODCCiIIIalOI' u die proc:cu providtl lor ree c. leac:hinllhc raidue 0I11Cp (b) wiIh.IIIIIur ...._
ClO\'ay or Ihc molybdcD_ which raaaim ill dlc -- to cIiaoIv. cIclacolal ouIfur:
_1nIe. II io wdJ UoWillhal recovery 01die~ybdce.5 d. perfOl'lllinJ .Iiquid-tOlidl ......_dle ...",.
DUliI in the notaJioD I:imUI iD die IDiac ..-u_ 0I1lcp (c);
ICIqWrcs the itWYCr)' ofmoIybdca_ iD die~ vi e recoveria, ch • m.' II1II.. rr- Ihc fiIIraIe 0I11Cp
c:oppet at all oopper DIiIIa and Ihia is very cIilTlC'IIllto do (el)
and n:IPIlS ill Iooial .....taalial porJioD of moIybdce I Ieac:hiDl Ihc raidue 0I11Cp (d) with ferric: dJIoride
aum val.... iD -ma Ihc copper-. IimiI oldie 30 to oclcaivdy dioIOlv. copper IheieiI;
iecoven:d eoIybda_ , perfoniWlJ • Iiquid-tolido~ .. Ihc .....,

I daiai: 0I11Cp (I);
LA pnlC'CII lor ftCOveriDJ oopper, molybdeD_ tad h recoverinl coppa 1!'OiiI Ihc fillra1e 0I1lcp fa); .

e/cmaltallPll.. lrom copper IPI/ldcon: C'OiIC'CDInlIft or IlUbjccliD, Ihc raidue 0I11Cp CJ) to Itoth 1Ioca_
IailliIp C'OIlIaiaiaI copper. ~ybdcalllll, clem Dial 55 and rocovcriae die Ooot CIODCCiIiraIC C'OIl.....
IIII~, pyrilC and ocher impuriliea which compriJol: claaaJtaI IPIlur aDd ~ybdcDUliI val..... .

.. IUbjecIinJ !he C'OiIC'CDInIIC or tailiIIp to lroth n.- J Ieac:hiDe die Ooot c:oaCCD1nI1C 01 IICp (i) with •
lioD to c:oIlect elaacatal auJr.., copper and mol).... lIIIIur aolveal to aolubilize .1........aI auJr..~
cleDUiD valuca ia • Ooot C'OiIC'CDInIIC ODd rejca die duccd by Ihc lerric chloride Ieac:h IoIIowed by
.-.iadcr of the! lailinp; 40 liquid 1icIs ocparatioII aad rcc:overy orIPII.. rr-

II. perfoniWlJ • liquid10licls oc.. ,.. oa die no. Ihc 1I1ioa; and
C'lOilC'CiIIraIe of IICp (.); k ncovcriD, eoIytldcaUlil rr- die raidue or-.

c. lcac:hin, die raidue 0I11Cp (b) with Plol_1or (j). . . ..
IPICur to diaolvc elaacatallPllur: 1. The improved pnlC'CII 01 claim 6 m which iD ...

d. perfotmia, .1iquid1OIida ........ _ the aIarIJ " (c) die IIIIC.. aolveal is PIDIDOGiUlil IPIflde.. .
cllICp (c); I. The improved pnlCCSI 01 claim 7 .. which ...

COI_....iDa.' 'CD'.hallurrr-lhclillnfcvl... (.) die fillra1e 0I11Cp (d) a~~~ ...(cI); ....w IIIIIur and ..., iraTe _
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t W
t. ne im:w"wtd ..-01c_ I in which iIIll1ep lhe c:onccnlrale is ICIchcd ill a main leach IlCp willi

(c) dle lil'.... it"""u,.h'a~ oIal _ ferric chlondc and/or cupric chlondc 10 ptoduec a
IbouI "' C. Iach durry oomprisiDa cuprour. chloride. cupric cbIoo

10. 11ac inIP/OW11 ..-ofcIIiaI 6 ia wbicll in IlCp rUIc and fcrrous chloride in lOIulion wbi<:ll Ia.~ it
(h) dle copper is recovcted frOID IIlc fcrric chIotidc S ltpIfaled from Ihc residue '" laiIinSS conllinin& 1IlId;"
leach IOIIIIioa by /CYClinl1Ioc ..... 10 Ulid IIIIio Iach solved malcriala such Uloid. moIyWcni... ~1aI
for r_oy 01 coPPIf. sulfur. some copper. and ilnpurilia, and Ibc lOIulioe

II. ne wpr....... ..- 01 cIIiaI 6 in wbi<:ll\he funh.r procased 10 """,vcr copper. \he impro"lIItDl
c:onccnllJlle oI"CjI (a) COIl...... aoId and bel'o<. &lcp (i) by which 1M lailinSS ..... """",,traled into alllllli bulk
Ihc raiduc olllCp W is leacbed wilb cyanide to lOIubi· 10 conWning subs1&ll1ially all ollhc malcriaIt to be _
Iiu ,old before Ibc raiduc is ....... ..., (i) and IOId trod and the clcmenlal ....fur.lo1d. copper. and moI~
recovered flOtD \be cyanide IOIwioL dcnum in Ihc collccntr.1ed tailinSS NC scIcc:1ivdy ICpao

11. The imJl!"Ved ..-orc11ia16 in whdt in ster raled and recovcred. comprisinl \he foUowina IICjIe
(I) lbe residue II ground~ oboUl9S pm:cnl beiDg ahou. performed in .be ....,iled order:
- 325~ 10 Cll~ IDlCrklcked <:opper 1UIf. OR IS .. <:onccntraling seid tailinSS by .ubjectia& than lG
before II .. leacbed ""Ill fcme chloride. froth flol&hon 10 collect the clc:mcnlal sulfur and

13. In \be process ~or ",!"",crin& copper flOtD copper copper. sold and molybdenum val_ in a' IIoal
....r. c:<IllCCIl...... ':" wbi<:ll\be _uale IS leacbed CODcen"alC having a arcally reduced solids vol-
ID ..na... leach CllClllll0 prcdllCC a leach solution com· umc and 10 reject jNosilC if prOlCD/, and other
~rtSlI1, cuprous cblondc, ClIP"" cldondc. fcrrous chlo- 20 impurities in • harrcn sansue:
ride and soluble lDCIaI unp""'- Ibe. solUllOn furlber b. performins a IiquidHolids separalion 011 uid 110II
proc:csscd for copper lee:ova)'. Ibe unprovClllCDt by concentrate;
which clemcnlal.u1fur. copper and moI~bdenum in the c.Icac:hinS1M residuc ofslip (b) wilb a sulfur soI_
IaiIUlSS flOtD IIoc -- Iach ..... sclccuvely sepanIed to dissolvc elemental sulfur;
and rec:ove":et whdt COIIlpnsea the following: . 2S d. pcrrormin, a liquid-aolids separalion 0II1bc IlIIIrJ

.. recovtrUII clcmeDlai sulfur flOlII \be tailinp by or llIep (c);
soIubitizj... Iba sulfur wilb a aoIvent for sulfur . •
follownd by ._.. ,Iarmh' sulfur r-Ibc .. rec:ovti1il,elcmealal sulfurr-lIoclllllaicol_
aoIulioa; (d);

II. recovcrin, copper rr- tile ......r- dle sulfur 10 f. lcat:hing\he raidue of IlCp (d) wilb.fcrri!: dIlorldt
soIvtD/ leach ttl ..., (0) by lachina IIoc sall'ur ....Icc:~vcly~ve copper~
depicted .....wiilt fIrril: eh' • 10 'i", •pcrfGnllllll .liquid-solilll ....-Oiilbc eIIIrrJ
lOIubiIiu aM 01_ (f);

Co RlCOVCriaIOO=d......... Ibc ....... m-Ibc b. _linllIoc ftIliale or.... Wto ........1IaclI
ferric cblondc leach olllCp (b). JS llIep for copper IeCOVaTo

I•. ne proc:eu ttl claim U in wllit:ll tile recovaed L '-bina the residue or Map W wiCIl~ to
solubilized copper is ._.... 10 Ibc ... leach cin:uil soIubiliu ,old Ibcreia;
for recovcr)' 0I ta1 copper. J. performin, aliquid-soJids .......... CIa lilt IIiInJ

15. ne proc:eu 01 U pab d_--., oIll1ep {i);
..;11I dle IIIIio IacIL 40 to recovtrin, ,old ffOlD Ibc soIulioa 0I1lCp (j);

16. ne proc:eu ttl cIIim U in wliQ in _ (a) Ibc lsubjcc\in& the lCSidue 0I1iCp (j) 10 frolb IIoIaIiae
sulfur soIvtD/ is .1II_i..... 1Ulftdc.· Ill<i re<OVCnlll the f\oaI COD<CiIIiale COiIla;,""

11. ne proc:eu 01 cIIiaI 16 in wbic:ll UIIIIlOIIiUiP molybdenum v.lues, and cleOlenlal IUlfur pro-
Mllfide is used io an-..1b,weiPt equal iO IbouIIbc duced by ,he fcrric cbloridc Ietch;
IIDOUDt 01 sulfur in Ibc Iaik. 4S .. 1cacl>iD, the nOel collCClllta", of IlCp (I) wiIb a'

II. The pnxcu ofcIIiaII6 ill wbic:ll dcIiIcntal Mllfur sulfur solvenl 10 solubilize Ihc dc.acDlal sulflll
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INTRODUCTION

The object of this report is to summarize technically and, where
possible, economically processes which could be employed to enable
the production of elemental sulphur from pyrites.

The types of processes discussed tend to split into two groups:

1. Dedicated processes for recovering sulphur from pyrites, some
of which have been commercially proven in full scale
operation, and others which have never reached beyond the
pilot or bench-scale stage.

2. Processes which are currently employed to produce elemental
metals with by-product sulphur from metal minerals other than
pyrites which could possibly be applicable to pyrites by the
addition of (an) extra process step(s).

In all cases, the absence of a detailed mineralogical analysis of the
Aberdare pyrite prevents detailed comparisons and techno­
economic recommendations. This report, therefore, can only be of.
a general nature and is intended to inform and guide rather than
state any definite conclusions regarding the exploitation of the
pyritic deposit in question.

From the data provided the following assumptions have been made
regarding the available pyrite to be processed:

I. Production: 300,000 m.t.p.a.

2. Cobalt content of pyrite: 0.11 - 0.22%.

The economics of the various processes, where available, are for
the most part extremely outdated, in the cases where economics
have been given the originally calculated or achieved costs have
been updated to give an estimated present day equivalent.

B3
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SUMMARY AND CONCLUSIONS

Recovering elemental sulphur from pyrite is an extremely
expensive and technically complex process. Research and
development occurs from time to time when sUlphur prices rise, as
they are doing at the present time, but at the moment there is no
commercially operating process which can be demonstrated for the
purpose of this report. Only one of the examples in this report has
seen commercial operation: the Outokumpu process in Finland, but
even this process was never operated in order to maximise
elemental SUlphur production - only around 5096 of the sulphur was
recovered in elemental form.

if a plant producing elemental sulphur from pyrite were to be
constructed, the only real option regarding process route would
involve thermal decomposition of pyrite to liberate elemental
sulphur and iron monosulphide (pyrrhotite). The monosulphide could
be further treated in a number of ways to maximise sulphur
·production.

Hydrometallurgical treatment of sulphide ores is practiselj
exicusively for the production of valuable metals with elemental
sulphur being produced as a by-product. It is not forseeable that

. this process would ever be used specifically for recovering such a
relatively low value product as sulphur.

The process could be applicable to recovering cobalt as the primary
product and sulphur as the secondary product but would require
ores containing fairly high quantities of cobalt (greater than 296),
and a correspondingly high cobalt price, to justify the investment
required. The direct treatment of pyrite to liberate elemental
sulphur from the iron disulphide is not possible without first
thermally treating the pyrite to produce an iron monosulphide.

Three possible thermal treatment processes have been discussed
here: Outokumpu, Sherrit-Gordon and Dorr Oliver. In addition a
possible hydrometallurgical route has been discussed which at
present is commercially applied to the treatment of zinc
SUlphides. A novel, patented process for the production of
elemental sulphur through the chlorination of pyrite has also been
described. Where possible, estimates for the capital and production
costs of the processes have been prepared and are summarized in
the accompaying table.

64

2



1- <b
\:)'1;

I
I
I
I-
I­
I~

I­
I­
I­
I­
I­
II
I­
I­
I­
I­
I­
I­
1-

266029

It 5hould be noted that all these costs are based on calculations
performed pre 19705 energy crisis. Present day costs of equipment,
fuels and utilities etc. have been used as far as possible but any
accurate coslings would require a complete appraisal of each
process to be performed on the basis of a specific present day case.

Cobalt recovery from residues resulting from the thermal process
route for pyrite treatment has been practised in the past. This,
however, is no longer seen as commercially viable compared with
direct· ore smelting. 10 any case the cobalt must again be in
sufficient concentration in the ore to justify exploitation; the
figure of 296 Co in the ore concentrate is again considered a
reasonable minimum.

..
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0-2.9

Summary of Capital and Production Costs

Process ~ Processing Capacity
S.T.P.A. pYrite

Outokumpu Thermal 300,000

Sherritt Gordon Thermal and Aqueous .500,000
Oxidation

300,000

CD

'"
Dorr Oliver Thermal 270,000

300,000

Adapted Sherritt Thermal and
Hydrometallurgical 300,000

Approximate Capital Cost
US$ million

86

100 (I)
70 (2)

.52

.50

.53

40

Production Cost Per Ton
Sulphur

100 (approx)

110.00(2)

108.00

no accurate figure available,
but expected to be greater than 100

(2)

Figures are calculated on the basis of the original process which was intended to recovery sulphur and
also process the resulting iron compounds.

Figures are adjusted to remove costs of iron processing and p~esent a (:Ost in terms of sulphur
production alone.
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3. PROCESS DESCRIPTIONS

3.1 The Thermal Route

3.1.1 The Ou1Dkumpu Process

This process was installed at Kokkola on the west coast of Finland
in 1963 and was designed to exploit the massive deposit of pyrite
ore discovered near Pyhasalmi in central Finland. The deposit
indicated 17,000,000 tonnes assaying 0.8.596 copper, 2.896 zinc,
33.096 iron and 37.096 sulphur. The process was designed to treat
360,000 t.p.a. pyrite flotation concentrate but at the height of its
production, in 1967, the plant was processing 480,000 t.p.a. Of
pyrite flotation concentrate to produce:

1. 113,.500 t.p.a. sulphur in the form of prills or liquid sulphur
(99.9996 S).

2. 107,000 t.p.a. sulphur in S02 gas (8.296 S02 in gas).

3. 32.5,000 t.p.a. coarse iron oxide calcine, (67.096 Fe and 0.296 S)
for high grade, iron blast furnace feed.

4. Cogenerated electric power of 42 MW nominal allowing plant
self sufficiency and electric power export revenue.

The process was originally developed to make copper and zinc
recovery from the deposit more economically viable by deriving
revenue from the pyrite. The European pyrite market at the time
was weak and this meant that the pyrite would have to be
processed in Finland rather than sold directly.

The plant was shut down in 1977 due to the increasing abundance
and relative cheapness of brimstone sulphur and the rising cost of
energy in the form of fuel oil for the smelting operation.

The Outokumpu process involves drying of the concentrate and
blowing into the top of a flash smelting furnace to decompose
pyrite to form elemental sulphur vapour and a liquid iron sulphide
matte.

The sulphur vapours and combustion gases are cooled, cleaned and
then treated in catalysers for best recovery in the last sulphur
condensing step. The liquid matte is continuously tapped from the
bottom of the furnace, granulated with water and then roasted to
produce S02 gas and Fe203 calcine. The S02 gas was sold to a
neighbouring sulphuric acid producer.

B7
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I. Flash Smelting

2. Catalysis

6

2 FeS2 + heat = 2FeS + S2

2CO + S02 = i S2 + 2C02

COS + H20 = H2S + CO2

4H2S + 2S02 =S6 + 4H20

2FeS + 3 i 02 = Fe203 + 2S02

266032

A reheater raises the gases from the electrostatic precipitator
to. around 4000 C before introduction into the first catalyser
where the concentration of elemental sulphur is increased
according to the reactions in 2. above. After cooling in a low
pressure steam boiler the exhaust gases from the high
temperature catalyser enter the low temperature catalyser
where sulphur is recovered by catalytic reaction of H2S and
S02 at a temperature of about 2600 C. The catalysts material
is alumina soft concrete.

After drying in a rotary kiln, using fuel oil as the heat source,
the pyrite, at a temperature of about 1200 C, is blown into the
furnace along with 3400 C preheated combustion air which may
be oxygen e'nriched. The quantity of air must be kept
stoichiometrically correct to avoid formation of S02' The
molten matte collects in the bottom of the furnace while the
gases sweep over the molten pool to the exhaust flue. The
temperature of the furnace gas is about 1,2.500 C while the
matte 'is about .50-1000 C lower than this. The matte is
continuously tapped from the furnace, granulated with jets of
water and then stockpiled before roasting. The hot gases,
including sulphur vapour, pass through a boiler where steam is
raised at about 70 bar and 28.5°C. The gases leaving the boiler
are at a temperature of around 3.500 C and pass through an
electrostatic precipitator which removes all the dust which is
carried over.

4. Sulphide matte roasting

2. Catalyser 1.

3. Catalyser 2.

The key process steps are:

Descriptions of the operation of these steps are briefly presented
below.

1. Flash smelting
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Condensation of the SUlphur takes place in a low pressure
boiler and the melt is then sprayed into a cooling tower where
contact with hot furnace gases condenses out further sulphur.
The molten sulphur then flows to a collection tank. The cooled
furnace gases are emitted to atmosphere after wash-water
scrubbing.

3. Roasting

The granulated matte is reclaimed from stockpiles and roasted
at a temperature in excess of I,OOOoC to produce S02 and a
calcine containing 67.096 iron and 0.296 sulphur.

Outokumpu later installed a cobalt recovery plant to process the
resulting cobalt containing calcine. The cobalt recovery plant is
still in operation but all the pyrite is now directly roasted to
produce the calcine, there being no longer an elemental sulpur
removal step. The cobalt content of the pyrite is around 296 and is
recovered via smelting.

Technically the py.rite smelter operation worked well and was only.
closed down because of the unfavourable economics which occurred
.during the 1970's.

The Outokumpu process was always operated to jointly produce S02
and sulphur as there was a market for the S02 produced, they do
claim, however, that the process can be adapted for maXimising the
production of elemental sulphur.

3.1.2 The Sherritt Cordon Process

Sherritt-Gordon of Alberta, Canada developed a process in the mid
1960s for the production of iron and sulphur from pyrites. Unlike
Outokumpu the process never achieved commercial operation for
much the same reasons that forced the Outokumpu process plant to
be closed down, i.e. lack of sound economics.

At the 'front-end' the process is similar to Outokumpu, requiring a
thermal treatment step to drive off and recover labile sulphur
leaving an iron monosulphide. The process then varies by the
required aim of maximising the elemental sulphur production
through aqueous oxidation of the monosulphide to produce
elemental sulphur and hydrated iron oxide. There are four main
process steps, as follows:

I. Low temperature thermal decomposition of the pyrite to
elemental sulphur and iron monosulphide.

89

7



I
"::l"::l

I~

I
I

-
I
I
I•
I
I
I
I
I
•

I
I
I
i
I
I
I

266034

2. Aqueous oxidation of the iron monosulphide to hydrated iron
oxide and elemental sulphur.

3. Dissolution of the hydrated iron oxide and non-ferrous metal
values, purification and hydrolysis of pure basic ferric
sulphate.

4. Processing to a final iron product.

The process has been theoretically applied to two different pyrite
bases:

'clean' or relatively pure pyrite to produce sponge iron and
elemental sulphur ( in this case step 3 above would be
omitted).

'dirty' or impure pyrite containing assorted non-ferrous metal
impurities to produce high purity sponge iron or high purity
iron powder in addition to elemental sulphur and concentrates
containing non-ferrous metals.

For the purposes pf this report the treatment of 'dirty' pyrite will
be considered both technically and, later, economically.

An outline of the main process steps involved in the process is
given below.

1. Thermal Decomposition (Figures 1 Ix. 2)

Pyrite concentrates are dried in a fluid-bed dryer. The dried
pyrite is then combined with unreacted sulphides from the
aqueous oxidation step, and fed to the thermal decomposition
reactor. The endothermic heat of reaction (525 BTU/lb pyrite)
is provided by direct combustion of fuel oil in the fluid bed.The
oxygen requirement has to be carefully controlled, as in the
Outokumpu process, to avoid formation of 502, Operation of

- the reactor at 1,300-1,500 OF (700-8150 C) and a retention time
of 30 minutes is sufficient to produce an iron monosulprude
with a sulphur/iron molar ratio of approximately 1 to 1.15
which is adequate for the subsequent process steps. The solids
are discharged from the reactor and then slurried in a quench
tank with a recycle solution before feeding to the aqueous
oxidation autoclave.

The combustion gases leaVing the reactor contain elemental
sulphur together with small quantities of H2S, 502 and
carbonyl sulphide, COS. These gases pass through dust
cyclones, a waste heat boiler, an electrostatic precipitator and

I
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then a sulphur recovery unit consisting of a catalytic converter
for the conversion by reaction of H2S and S02 to produce
elemental sulphur, and a sulphur condenser generating low
pressure steam.

2. Aqueous Oxidation (Figure 3 & 4)

This step is an oxidation reaction converting iron mooosulphide
to hydrated iron oxide and elemental sulphur according to the
reaction: 2FeS + 3H.20 + I! 02 " 2Fe(OH)3 + 21'. The
exothermic reaction (-1,.52.5 8TU/lb FeS) is carried out in an
autoclave, constructed of acid resistant materials, similar to
autoclaves used in acid leaching processes. Iron monosulphide
from the thermal decomposition reactor is repulped in recycle
solution from the liquid-solids separation step, follOWing
hydrolysis, then pumped into the autoclave using a suitable
high pressure slurry pump. Air is added at a pressure of
approximately 800 PSIG to enable oxidation to take place. An
alternative to high pressure air might be pure oxygen or
oxygen enriched air.

A gas turbine. is used to compress the air and this also provides
the process steam requirements through the use of a waste .
heat boiler on the turbine exhaust.

The exothermic heat of reaction is removed by cooling coils
installed in the autoclave.

Exhaust gases depleted in oxygen leaving the autoclave are
water-scrubbed and then vented.

3. Iron Dissolution and Hydrolysis of Basic Ferric Sulphate

The discharge solution from the aqueous acidation autoclave is
first flashed to atmospheric pressure and then diluted to
approximately 200g. per litre solids by the addition of recycle
solution from the hydrolysis step before being charged directly
to the iron dissolution vessel. The slurry is contacted with S02
from the calcination step which is absorbed to totally dissolve
the iron as ferrous sulphate. The elemental sulphur, pyrite,
pyrrhotite, precious metals and lead sulphate remain
unattacked.

Following iron dissolution the slurry is filtered, the residue
then heated abve the melting point of sulphur, flash cooled to
form pellets of elemental sulphur, and screened to recover the
sulphur pellets. The elemental sulphur pellets are then treated
in the sulphur recovery circuit consisting of agitation, hot

611
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water heating at 3000 F (DOOC), and then pressure filtering to
recover approximately ,.5% of the elemental sulphur present as
pure product. The hot filtration residue consisting of
unreacted pyrite unreacted pyrrhotite and some sulphur is
milled and then returned to the thermal decomposition step.

The filtrate from the slurry filter consists of a solution
containing approximately 100g per litre of dissolved iron
together with any nickel, cobalt, copper or zinc. The non
ferrous metals can be stripped as a bulk precipitate or
selectively precipitated.

The remaining solution now passes to the hydrolysis step which
is carried out at 4000 F (2000 C).

Air is added to convert ferrous to ferric iron and a mixture of
hydrated iron oxide and basic ferric sulphate is precipitated
and filtered. The filtrate recycles to the iron dissolution step
and/or the aqueous oxidation step. The residue passes to the
iron processing step.

4. Iron Processing.

The basic ferric sulphate/hydrated iron oxide mixture from the
treatment of impure pyrite is very pure and can be treated by
calcination to drive off the remaining sulphur as S02 and S03
for recycling to the iron dissolution step. The calcine may also
be reduced to a high-purity iron powder.

While appearing a sound process on paper and achieving good
laboratory results, the Sherrit-Gordon process has not been a
source of great joy to the company. There are very large technical
difficulties in adopting the process to full scale operation and up to
the present day, the economics have not justified work to remove
the technical difficulties. A large 'dirty' pyrite deposit in Spain has
been fairly recently studied in terms of applicability to this process
but it was discovered that, to achieve reasonable project
economics, the plant would be required to process between I and
1t million tonnes of pyrite per annum. It was thus decided that
there were too many technical risks on a plant of too huge a scale
to justify going ahead.
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3.1.3. The Dorr-Qliver Process

Another process which was researched during the mid to late 1960'$
involving the thermal decomposition of pyrite is the Dorr-Oliver
Fluo Solid System Process. Originally conceived to operate in a
similar manner to the Outokumpu Process, whereby only 40%
maximum recovery of elemental sulphur is achieved, the remaining
sulphur being destined for sulphuric acid manufacture via S02' a
100% elemental sulphur process was considered. The process
involves using two reactors for pyrite treatment. In the first
reactor the pyrite is heated by the combustion of fuel in air at a
temperature of around 7000 C in order to drive off the labile
sulphur and form pyrrhotite exactly as has been described before in
the Sherrit Gordon process. In addition to this, however, the hot
S02 gases produced by roasting the pyrrhotite in the second reactor
are passed through a cyclone and up through the fluid bed of the
first reactor. The S02 gas is reacted with hydrocarbon fuel in the
'upper section of the first reactor resulting in the oxidation of the
hydrocarbon and the production of sulphur mainly as sulphur gas but
partially as H2S and remaining 502. The process (Figure .5) the~

follows similar lines to the two previously described processes
involving gas cooling, electrical precipitation and catalytic·
conversion of H2S and S02 to elemental sulphur.

Although 100% recovery of sulphur is theoretically possible, in
reality this will proably be unachievable through thermodynamic
limitations and losses of fine pyrite occurring in the cyclones. A
more realistic recovery figure would be nearer 8.5%.

The overall reactions occuring in the process are as follows:

Reactor 1. FeS2 + Fuel + S02 = 52 (gas) + H25 + S02 +
Combustion gases + FeSI.2

Reactor 2. Fe51•2 + 02 =Fe304 + 502

Converter. H25 + 502 = H20 + 52 (gas).

The obvious economic constraint on this process is the cost of the
hydrocarbon fuel required to convert S02 to sulphur. The process
would require an extremely low fuel cost and a situation where
recovery of sulphur directly from sour natural gases or flue gases
using the Claus catalytic recovery process was not possible (e.g.
the only source of cheap fuel being on extremely sweet natural
gas).

.6
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The Hydrometallurgica1 Route

Hydrometallurgy as applied to metal minerals has been developed
for the metal refining industries where the required products are
high value metals. The basic difference between hydrometallurgy
and pyrometallurgy is the chemical, rather than thermal, oxidation
of sulphide ores.

The main reason for the increasing development and use .of this
type of process is the increasing environmental concern regarding
sulphur oxide emissions from thermal processes. These emissions
from metal recovery operations are responsible to a large degree
for atmospheric pollution leading to undesirable phenomena such as
acid rain.

Hydrometallurgy avoids the production of sulphur oxide gases by
essentially completely converting the sulphide to elemental
.sulphur. The resulting sulphur is either stockpiled or sold as a
supplementaty product of the metal recovery process.

The only previously 'clean' method of sulphur oxide disposal was to
utilise the gases ,in the production of sulphuric acid. This is only
suitable when there is a local market for this product, which is very .

. often not the case in many countries. Where restrictions on
emissions are strenously applied, therefore, the operational
flexibility of the metal refiner is severly limited. The use of
hydrometallurgy thus permits continuous independent operation of
high value metal production from sulphide ores.

Hydrometallurgical treatment of sulphide ores was developed
mainly to avoid the roasting step of, for example, the standard
roast-Ieach-electrowin process for producing metallic zinc.
Sherritt Gordon have had considerable success with their zinc
sulphide leaching process which involves direct leaching using
recycled electrolyte, from the electrowiming step of the zinc
production process, which is normally ferric sulphate produced by
direct acid leaching of non-pyrite iron containing minerals in the
concentrate, (Figure 6).

The reactions occuring in the zinc leaching process are shown
below.

Zns + Fe2 (504)3 = Zn504 + 2Fe504 +50

2 Fe504 + H2504 + 0.502 =Fe (504)3 + H20.

Pyrite cannot be directly pressure leached with the expectation of
recovering elemental sulphur. Any pyrite contained in zinc
sulphide ores passes through the process virtually unattacked.

820
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266045

To recover sulphur from pyrite using this process would require the
production of the iron monosulphide, pyrrhotite using a thermal
decomposition step as described in section 3.1 of this report.

The direct leaching of the cobalt compounds contained .in the pyrite
would, on the other hand, be possible.

The importance of metal values to the process was investigated
with specific regard to cobalt in the period 1979-&1. At this time
the cobalt price was about C$20-2}/lb and the recovery of this
material made. the process quite auractive. The cobalt price
subsequently slumped, however, ruling out any further
development. It is reckoned that in order to justify the process
economically a cobalt price of greater than C$I}/lb must be
maintained (c.f. present day $&-12/lb).

Other, technical difficulties were encountered during the research,
"not least of which was the difficulty in making a good flotation
concentrate. Cobalt tends to be very finely diffused throughout
pyrite (the ore under study contained about 2% cobalt compare<l
with zinc SUlphide ores containing up to .50% zinc).

A reasonable concentrate was achieved however and the process
.was successful achieving a cobalt/nickel product suitable for
refining. Any cobalt and elemental sulphur production facility
using this process and based on pyrite with a cobalt content similar
to the Aberdare deposit would. in addition to the necessarily high
cobalt price, require a vast throughput of ore to achieve even a
reasonable level of saleable production.

_,.. ~..__•• _ •• ......... ............~"'.."jII ...IO\.,' t ••,~,
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3.3 Other Routes

3.3.1 The Texasgulf Chlorination Process

In the early 19'0'5 Texasgulf developed and patented a process
involving the chlorination of pyrite to evolve ferrous chloride and
elemental sulphur. Although the reactions of metal sulphides with
chlorine have long been known to' permit recovery of sulphur, the
decomposition temperature was always considered too high, causing
difficulties in the sulphur removal due to the volatization of the
sulphur and extreme corrosivity on separation equipment of
chlorine compounds at such high temperatures. The two main
reactions involved in the decomposition of iron sulphides with
chlorine are:

FeS2 + Cl 2 = FeCl 2 + 2S
and FeS + Cl 2 = FeCl 2 + S.

The process developed by Texasgulf has operating temperatures
between 100 and 4400 C permitting the reaction producu to appear
in liquid form, in the case of sulphur, and solid form, in the case 01
ferrous chloride.

The reactions must be carried out within a liquid medium capable
of dissolVing the chlorination products to prevent the surface of the
decomposing pyrite being coated with reaction producu and the
reaction sequence ceasing. Suitable liquids for this purpose include
sulphur and the various sulphur chlorides. When using sulphur as
the liquid medium, sulphur chloride will tend to be formed but this
in turn reacU with the pyrite to liberate the sulphur, the reaction
temperatures also favour ultimate elemental formation rather than
compound formation. The reactions between iron sulphides and
sulphur chlorides are as follows:

The process follows the following operational steps.

Finely ground iron sulphide is dried before introduction into a bulk
or stream of molten sulphur (see Figure 7). Chlorine is also added
and the reaction vessel is equipped with agitators. The producU
leaving the reactor include a suspension of metal chloride together
with unreacted sulphide in sulphur. These producu pass into a
settler or thickener in which a major part of the liquid sulphur is
separated from the solid metal chloride. The bottoms from the
settler including metal chlorides, unreacted sulphides and sulphur
are passed to a second reaction vessel in which the remaining

823
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266048

unreacted sulphides are reacted with further chlorine in the
presence of liquid sulphur. Any sulphur chloride formed is recycled
to the first reactor operated under such conditions as to permit
reduction to it's component elements.

Ferrous chloride is removed in a second settler along with non­
ferrous metal chlorides. The ferrous. chloride may be heated to
liberate the chlorine, for recycling to the process, the iron forming
ferric oxide. The sulphur recovery claimed by this· process is
between 9.5 and 98%.

There has been no substantial development of this process
regarding pyrite treatment but there have been developments in
the field of chlorination of complex sulphide minerals (copper,
nickel) and adaptations of the process to hydrometallurgical
sulphide leaching is known to have been practiced.

22
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PROCESS ECONOMICS

With the exception of the Outokumpu process none of the proceSHI
here deacribcd have seen full scale commercial operation. Detailed
investment and operating cost breakdowns are therefore very
difficult to elltimate, and this includes the now redundant
Outkumpu process. However, during development years, some
companies did perform detailed cost estimates and these are
updated here to indicate estimated present day costs.

The Outokumpu Process

Without any detailed data regarding the pyrite under consideration,
and • knowledge of all the parameters which would make up a
process production cost including local prices of utilities and
labour, together with the fact that the process was never operated
in order to maximise elemental sulphur production, any production
.COlt estimate could be widely inaccurate. However, an overall
production cost of around $100 per ton sulphur would be expected.

An indicative capital COlt can be estimated, however, on a presen.
day baais, for a plant processing 300,000 tonnes pyrite per amum.

The estimate assumes maximum possible recovery of elemental
'aulphur i.e. reduction of the pyrite to baaic slag for dumping,
I1lOIlOlIUlp/lide roaating or 5ulphuric acid production is not included.

Any detailed cost study would require further detailed atudy in
order to perform an accurate calculation.

24
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Capital Cost Emma.

Plantl Flash Smelting of Pyrite

capacityl 300,000 s.t.p.a. Pyrite

Basisl 1984 Instantly Erected

Purchased Equipment Cost
Smelter &: Oxygen Eorichment plant
Sulphur Plant

SUB-TOTAL

Installation, site preparation,
building and ancilliary equipment

Physical Plant Cost

Engineering and Construction

Contingency

Offsite and Auxiliaries

TOTAL FIXED CAPITAL COST

Working capital

TOTAL CAPITAL COST

627

266051

Cost, US$

13,000,000
10,000,000

23,0001000

24,1.50,000

47,1.50,000-

11,788,000

8,840,000

10,167,000

77,945,000

7,79',000

8',740,000
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4.2 The Sberrit Gordon Process

The following capital and production cost estimates were
calculated in 1!J67 for a conceptual '00,000 s.t.p.a pyrite
processing plant based in Canada.

The total capital cost has been estimated on a present day (l!J84)
basis by assuming a reasonable level of inflation based on British
Sulphur's knowledge of plant cost indexes over the period in
question.

Production cost estimates have been presented on an estimated
present day basis by consideration of the approximate present day
prices of production cost items.

All costs, are in U.S. dollars.

4.2.1 Capital Cost

Basis few capital CQSt estimate ..
1. Battery limit plant costs are calculated as a function of

purchased equipment cost..

2. Off-site facilities for the grass-root plants include:

Utility Distribution
Yard Piping
Land
Maintenance Shop
Laboratory and office buildings
Railway siding and roads
Fire Protection
Etc.

3. Process Development Costs are not included.
4. Royalties are not included and would be extra.
,. Capital cost is on an instantly erected basis.

26
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Capital Cost Estimate

266053

SUB TOTAL

TOTAL FIXED CAPITAL COST

211,000
1121,000

1,143,000
722,000

1,113,000
301,000

3,911,000

978,000
782,000
469,000
391,000
313,000

1,173,000
8:017,000

2,004,000
10,021,000
1,.503,000

11,.524,000
1,729,000

13,2.53:000

1,32.5,000
",.57&,000

COST, U.s. $

Thermal Decomposition of Pyrite
.500,000 s.t.p.a. Pyrite
19&11, Instantly Erected.

i

Plant:
Capacity:
Basis:

ITEM

Purchased Equipment Cost

Concentrate Handling and Storage
Drying Station
Thermal Decomposition System
Dust Removal and Gas Cooling
Sulphur Conversion and As Removal
Sulphur Handling and Storage

Installation Cost at 2.5% of P.E. Cost
Piping Cost at 20% of P.E.Cost
Instrumentation Cost'at 12% of P.E. Cost
Electricals Cost at 10% of P.E. Cost
InSulation and Painting Cost at &% of P.E. Cost
Site Preparation and Building Cost at 30% of P.E. Cost

Physical Plant Cost
Engineering and Construction Cost at 2.5% of Physical

Plant Cost
Direct Plant Cost

Contingency at 1.5% of Direct Plant Cost
Battery Limit Plant Cost

Off-site and Auxiliaries at 1.5% of Battery Limit Cost

Working Capital at 10% of Fixed Capital Cost
TOTAL CMITAL COST
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TOTAl. CAPITAl. COST

TOTAl. CAPITAl. COST OF PROJECT:

28

650,000
1,525,000
1,398,000

511,000
541,000

2,917,000
1,119,000
3,641,000

559,000
9,581,000
2,395,000
1,946,000
1,150,000

958,000
766,000

2,874,000
19,640,000
4,910,000

24,550,000
3,683,000

28,233,000

79,834,000
7,983,000

16,000,000
10,526,000
14,662,000
69,421,000
10,413,000

87,817,000

COST,u-M.

26605.4

uS$ 102a395,OOO

Aqueous Oxidation of 'Dirty' Iron Monosulphide
~OO,OOO 5.T.P.A. Pyrite
1984, Instantly Erected

Plant:
Capacity:
Buis:

TOTAI. FIXED CAPITAL COST
Working Capital at 10% Fixed Capital

Capital Cost Estimate

Purchased Equipment Cost
Slurry Handling and Pumping
Aqueous Oxidation Autoclave
Iron Dissolution and I./S Separation
Sulphur Granulation and Hot Filtration
Metal Stripping and Sulphide Filtration
Hydrolysis
Hydrated Iron Oxide Separation
Sulphur Handling and Storage
Recycle Residue and Solution Handling

SUB-TOTAl.
Installation at 25% of P.E. Cost
Piping at 20% of P.E. Cost
Instrumentation at 12% of P.E. Cost
Electricals at 10% of P.E. Cost
Insulation and Painting at 8% of P.E. Cost
Site Preparation and Buildings at 30% of P.E. Cost

Physical Plant Cost
Engineering and Construction at 25%

Direct Plant Cost
Contingency at 1~% of Direct Plant Cost

Battery Limit Plant Cost
Air Compressor Unit (95,000 SCFM at 850 psia,

38,000 HP)
Calcination Plant (1,200 TPD)
Iron Ore Reduction Plant (750 TPD)

Total Battery Limit Plant Cost
Off-Sites at 15% of Battery Limit Cost
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•
Basis for Direct Productioo Cost Estimate

Productioo Cost

1. Labour (Including overheads)

0.04 $/kWh
3.3 $/million Btu
5.0 $/million Btu
0.01 $/m3

0.1 $/m3

0.1 $/m3

1.0 $/lb
4.0 $/lb

U5$40,000/man yearAverage:

266055

Thermal Decomposition: 3'16 of Fixed Capital Cost per annum
Aqueous Oxidation: 4'16 of Fixed Capital Cost per annum

Power:
Natural Gas:
Fuel Oil:
Cooling Water:
Process Water:
Boiler Feed Water:
Surfactant:
Filter Aid:

3. Maintenance Materials

2. Utilities

1#. Property Taxes and Insurance: 1.25'16 of Fixed Capital Cost per annum

4.2.2
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Direct Production Cost Estimate

Basis: 1984

Capacity: 500,000 S.T.P.A. Pyrite

Operation: 330 days per annum

30
266056

SIS.OO

7,447,000

6,770,000

677,000

200,000
100,000
450,000

.5,44.5,000
11,000

398,000
166,000

ANNUAL COST
US$

Total Direct Annual
Production Cost

Cost per ton pyrite

5 men/shift
315 kW
17.3 million Btu/h
137.5 million Btu/h
13.6 m3/h
@ 3% of fixed capital
@ 1.25% of fixed capital

@ 10% of sub-total

sub-total

Plant: Thermal Decomposition of Pyrite

ITEM UNIT QUANTITY

Contingency

Labour
Power
Natural Gas
Fuel Oil
Boiler Feed Water
Maintenance Materials
Taxes and Insurance
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Direct Production Cost Estimate

Pant; Aqueous Oxidation of 'Dirty' Iron MOIlO$u1phide

Capacity; .500,000 s.t.p.a. by pyrite

Operation: 330 days per annum

Basis: 1984

ITEM UNIT QUANTITY ANNUAL COST
US$

Labour 7 Men shift 280,000
Power 1,260 kW 399,000
Natural Gas 316 million Btu/h 8,259,000
(lex: Air Compressor)

19 m3/hBoiler Feedwater 15,000
Cooling Water 4,910 m3/h 389,000
ProcessWater 191 m3/h 137,000 .
Surfactant 1201b/day 40,000
Filter Aid 160lb/day 211,000
Recycling Iron clc Sulphur (Fe and SO charged at 4,224,000

selling price)
Maintenance Materials @ 4% of fixed capital 3,193,000
lnsurance and Taxes @ 1.25% of fixed capital 998,000

Sub Total 18,145,000
Contingency @ 10% of sub total 1,815,000
Calcination Plant ($14.0/ton, 1,200 TPD) 5,544,000
Iron Ore Reduction Plant ($61/ton, 700 TPD) 14,091,000

Total Direct Annual
Production Cost 39,595,000

Cost per ton pyrite $79.00

Total Production Cost Per Ton Pyrite US $94.00

B33
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266058

On a present day basis, the economics would be much more
streamlined with higher energy efficiencies and less emphasis on
the use of expensive fuel oil (when the original calculations were
performed in 1967 the cost of fuel oil was O.~ C$/million BTU), but
the process would still be very expensive to operate. In addition,
the process includes the production of high purity iron powder
which, if not required, would obviously reduce capital and operating
costs. Based on the rejection of the iron compounds, instead of
treatment and recovery, this would reduce the direct ·production
costs by around US $20 million per annum, thus yielding a total
production cost of around $50/ton pyrite.

In terms of sulphur, assuming a pyrite containing 50% S and a
claimed recovery of 91%, the direct production cost per ton of
sulphur would be around US $UO/ton S.

Total capital investment would be of the order of US $70 million.

For a plant processing 300,00 s.t.p.a. pyrite the total capital
investment would be approximately US $ '2 million.

834
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1be Darr-olivec Process

A production cost estimate for the production of elementaJ sulphur
from pyrites using this process was caJculated and presented in
1967. The following production cost estimate is an estimated
update of this production cost using the same cost bases as for the
Sherrit Gordon process case in Section ••2.

The total capital cost of the process is estimated to be around US
$50 million for a plant producing 135,000 STPA sulphur from pyrite
with a sulphur content of about 50'l>. This is based on the
estimated capita! cost of the same plant in 1966-67 and includes a
reasonable level of inflation to brins the cost up to a present day
basis.

On a similar basis, the approximate cost of a plant producing
300,000 s.t.p.a. pyrHe would be approximately US $ 53 million.

B35



Production Cost Estimate

Operation: 330 days per annum

Capacity: 13',000 S.T.P.A. Sulphur

Plant: Elemental Sulphur from Pyrite (100'16 Recovery Procea)

7.11

68.'16

11.11

2.92
'16.70

0.38
0.2'1

(22.0)

61.'18

$107.9IJ/ton S

Assume Free
to plant.

Unit Cost
Fer Ton Sulphur, uSS

2'1 personnel @ $'10,000 p.a.

Unit Consumption
PerTonSu!phur

Total Direct Costs

73 kWh
9.3'1 mm BTU
3.80 m3

2'1.2 m3

@ 3'16 of total capital cost p.a.

Direct Costs

266060

Utilities
Electr ic Power
Fuel Oil
Boller Feedwater
Cooling Water

Basis: 198'1

Maintenance Materials

Labour Onc. overheads)

Indirect Costs @ 16.6'16 of total capital
cost p.a.

Raw Material 2.3.5 ton pyrite (.50'16 S),
8.5'16 overall recovery

By Product Steam (Credit) (3,'180 Ib L.P. steam)

Total Production Cost:
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The Sherritt Gordon Hydrometallurgica1 Process

It is virtually impossible to estimate a cost for this process as
applied to the treatment of pyrite in this way•

The published capital cost figure for the Cominco zinc sulphide
pressure leach process in Canada in 1980 was C$23 million for a
plant processing 1100 S.T.P.D. zinc sulphide concentrate containing
approximately .50'i6 zinc.

Pressure leaching of a concentrate containing cobalt sulphides
where the cobalt concentration is only up to 0.22'i6 would require
large throughputs of material. As has been stated previously, the
direct leaching of pyrite to produce elemental sulphur and iron is
not possible without the addition of a thermal treatment step.

if, hypothetically, we assumed the addition of a thermal
.decomposition plant similar to the Sherrin process discussed
earlier, and assumed the cost of the iron monosulphide leaching
plant would be equivalent to a similar size zinc sulphide leaching
plant, the total capital cost would be apprOXimately as follows fOF
a 300,000 STPA py'rite treatment plant.

.Thermal Decomposition plant : US $10,000,000

Oxygen enrichment plant · US $1.5,000,000·
Pressure leaching plant · US $30,000,000·

TOTAL · US $.5.5,000,000·

837
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'Sulphur Dioxide and Sulphur from FluoSolids Systems'
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,. Bolton, G.L.: 'Sulphur Production By Pressure Leaching of Metal Sulphides'
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DEPARTMENT OF MINES-TASMANIA

23rd May 1984

LAUNCESTON OFFICES
287 WELUNGTON STREET
SO\ITH LAUNCESTON 72SO

U.S.A.
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Yours faithfully,

Please find enclosed a copy of a preliminary report
on the coarser fractions of the King River delta sized
fractions.

C7~ k
(E. K. Wellingtoz!)

Chief Che ist & Metallurgist
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R797 - MACQUARIE HARBOUR - KING RIVER DELTA SEDIMENTS

Mineralogy of sized samples (>38~) - Preliminary report

I
All of the sized fractions submitted were examined briefly by optical
means and the following assemblage recorded:

I
pyrit~, chalcopyrite, quartz, sericite, magnetite, haematite, limonite,
siderite, barite, monazite, zircon, rutile.

I
I

No gold and only I grain of cassiterite were recorded at this point.

Two fractions were subject to further treatment by TBrE gravity separation
and magnetic separation (Cooke).

(a) +38~

Total weight 82.29 g

wt. taken 43.53 g

wt. heavy fraction 33.65 9

Magnetics (hand magnet) 0.45 g

Magnetic at 0.2A 2.46 g

Magnetic at O.5A 2.67 g

I
I
I
I Magnetic at l.2A :2.51 q

XRD results «5\)

- magnetite

- chlorite, haematite

- chlorite, haematite to
pyrite, sericite
composites

- chlorite. sericite,
zirc:nn rutile

I Nonmag. at 1.2A 25.53 Y pyrite concentrate

I
I

The pyrite concentrdte was further examined by electron microprobe
after mounting <with "n inert fi ller of gl- ..phite) in epoxy resin
(see Jackson et al., Proc. l\ustrdldS. Inst. Min. Metall. No. 289,
1984, p. 93).

• C2



The microprobe mounts showed pyrite and chalcopyrite as the only
sUlphide phases under reflected light and this was confirmed by
microprobe analysis. The pyrite fragments are subangular, free
of inclusions - photo*l shows a fragment 65 x 25~. Photo 2 shows
a fragment of chalcopyrite, also free of inclusions, and meas~ing

50 x 25~. This mount also shows a fragment of bismuthinite
15 x 10~ and a rare earth-bearing phase with an etched struct~e

(photo 3 - 16 D1lII diameter fragment). other heavy minerals are
zircon, rutile and monazite. The cobalt content of these
representative pyrite grains was just at, or below, the detection
limit (0.2% = 2000 g/ton). The typical x-ray energy spectrum
(photo 4) for chalcopyrite (photo 2) was recorded for later
comparison with possible included phases.

I
I
I

2. 266066

I
I
I
I
I
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(b)

The non magnetic fraction was examined as a grain mount on
double sided tape (photo 5, X120 - avo grain diameter 60~). No
inclusions or intergrowths were seen on magnifications up to
lOOOX - i.e. on the scale of a few microns, and eight typical
fragments were checked for absence of copper on the EDAX
spectrum. Barite and sericite are readily identified in this
fraction. The sericite is often a composite, even at this size,
and contains sufficient pyrite to appear in the Mel "sinks".

The 'magnetic at 0.2A' fraction also was examined as a grain mount.
Phases identified included chlorite, haematite, magnetite with low
Ti0

2
, pyrite and chalcopyrite in a haematite-silicate-sulphide

intergrowth. The areas of chalcopyrite in this intergrowth are
only 6 x 4~ in size (photo 6) and copper is only recognised as a
minor peak on the 'broad area scan EDAX spectrum (photo 7) •

I
I
I
I
I
I
I
I
I
I

•

(c) +150\1 fraction

Total weight 104.41 g

Wt. taken 53.26 g

Wt. heavies 2.97 g (TBrE) \.XRD re suI ts (>5%)

Magnetics 0.71 g magnetite

Magnetic at 0.3A 1.28 9 chlorite, sericite

Magnetic at 0.7A 0.73 g " ..
Magnetic at 1.2A 0.18 9 " "

Non magnetite at 1.2A 0.74 9 pyrite concentrate

The nonmagnetic fraction was further purified by Mel flotation and the
heavy fraction mounted in epoxy as previously described.

The major component is pyrite, some as composite grains with quartz and
haematite, and one pyrite grain with inclusions of rutile. In general,
the pyrite at this size range is clearly separated and uniform in
appearance. A typical haematite fragment (X600) is shown in photo 8
and a composite grain of sericite, monazite and apatite is shown in
photo 9 (X500) with the EDAX spectrum of the monazite as photo 10.

*Photographs are secondary electron images. in general an increase in
brightness means an increase in averaqe atomic no. - i.e. he.:lvier
elements dppe~r brighter.
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Other non-silicate minerals identified include barite, rutile (in
quartz) and apatite. A fragment of presumed glassy slag (photo 13)
containing silica ~ 63\, iron ~22\ and sodium ~14\ was examined for
copper content but none was recorded at a detection limit of 0.2\.

Other composite fragments include an unidentified rare earth-bearing
phase with K and Si. This is shown in photo 11 (X1000. a light
coloured grain of 45~ diameter with irregular outline) with EDAX
spectrum as photo 12 (Note lack of Ce compared to monazite. photo
10) •

I
I
I

J. 266067
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Chalcopyrite is present as separate grains (photol4 X150. size
180~ x 70~) but more commonly as small grains in chlorite,
phosphate or rutile matrices. Photo 15 shows a chalcopyrite grain
140~ x 24~) in a rutile/sericite matrix, photo 16. a small rectangular
crystal of about 16~ edge in a sericite, rutile, barite, pyrite matrix
and photo 17 a small fragment of chalcopyrite (16~ x 7~) in a sericite/
chlorite matrix. An unusual occurrence of chalcopyrite in association
with Al.SiOs (?andalusite) and an aluminium phosphate with rare earth
content of ~, is shown in photo 18.

Four analyses of pyrite. two of chalcopyrite and analyses other non
sulphide phases are listed in accompanying tables. The pyrite analyses
show no evidence of copper as an inclusion or exsolved phase. similarly
the chalcopyrite is essentially stochiometric and shows no evidence Of
copper sUlphide phases. The small but measurable amount of Co recorded
in two of the pyrite analyses supports the conclusion that cobalt is
associated with the pyrite and does not occur as a separate phase.

The question of low copper recovery in flotation is only able to be
explained as due to a considerable amount of chalcopyrite as "loc;:lted"
~.l particles in a phyl10silicate-ruti1e-barite matrix. Although a
small amount of copper-bearing silicate was seen in a prelimi~ry scan,
the only confirmed slag particle contained no detectable copper (less
than 2000 g/ton).

Comments

There is no evidence in this sample of the framboidal, secondary sulphide
phases required to substantiate this deposit as a authentic authigenic
"black shale" deposit. The mineral assemblage is that of the hydrothermal
mineralised hinterland drained by the King River. The cobalt content of
the pyrite is essentially that of Mt Lyell pyrite and does not require a
secondary origin. There is no ~vidence of gold or cassiterite in the
+38~ fractions, however, the sizing analysis and Annual report 83-2061­
EL2/74 suggest that examination of the cIs fractions may be required. As
the economics of recovery in this size range pose substantial problems,
the mineralogical work has stopped at this point and would require
additional funds for microprobe operation.

The copper content is partly derived from liberated grains of chalcopyrite
with the remainder as smaller grains in the phyllosilicate (sericite +
chlorite) - phosphate-barite matrix. This would provide problems in
flotation. No evidence for the pyrite-chalcopyrite intergrowths so typical
of the West Lyell and Crown Lyell area were seen. The conclusion of
Mineral Deposits Ltd. that some "copper is not with the sulfur minerals
to a large extent" is substantiated, along with the comment of Robertson
Research that "gravity c;;on<.:entration effectively recovers the pyrite, but
not the copper" (quotes from 82-1717 - Macquarie Harbour Tailings Study
EL 2/74, Molycorp Inc.). Secondary copper minerals such as chalcocite,
covellite and bornite were not identified by microprobe although over
200 sulphide grains were closely examined during the course of this study.
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4.

It is likely that further work on the Cis fractions will be re~ired

to ade~ately investigate the reported occurrence of secondary
copper sulphides and cassiterite/gold. with the implementation of the
Jackson et ai, 1984, mounting techni~e, it is possible that these
~estions can be resolved if the chalcocite etc. identified optically
in ultrafine particles by Robertson Research can be accurately marked
for probe analysis. Chlorite and sericite (phengite) analyses are
essentially identical to those from the Mt. Lyell area and are
consistent with hydrothermal alteration assemblages.

, , J (j.~
!~'

(D.C. Green)
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No of atoms on basis of total atoms 1.00

Chalcopyrite analyses

I 4'b
1\:)'<>

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
II.

CU\

Fe \

5 \

TOTAL \

Cu

Fe

5

34.67

31.46

34.72

100.85

0.249

0.257

0.494

(microprobe 20kv, Edax C.S.I.R.O.

34.29

31.50

34.54

100.33

0.247

0.259

0.494

C6
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Chlorite analysis (microprobe 15l<v, Edax - silicate)

No of atoms on basis of total o = 28

SiO. % 23.37 Si = 5.214

Al.O, % 21.27 Al = 5.592

FeO % 27.50 Fe = 5.131

MgO 12.18 Mg = 4.051

84.33 19.988

266070
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Sericite (phengite) analysis (microprobe 15l<v, Edax -silicates)
NO of atoms On basis of total o = 22

SiO. % 42.57 Si = 6.246

TiO. % 0.35 Ti = 0.039

Al,O, % 28.28 Al = 4.891

FeO % 6.36 Fe = 0.780

MgO " 2.27 Mg = 0.496

K,O % 8.72 K 1.633

TOTAL % 88.55 14.085

C7



Aluminosilicate phase
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31,0,

38.53

61.47

100.00

(microprobe 15kv, Edax - silicate)

Si 1. 04

Al =; 1.95

2.99
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The Australian
Mlner.1 Development

laboratories

King River Delta, Tasmania

Letter dated 15 October 1983

Drum A

Delta ic sand

21 October 1983

Heavy liquid separation and gold analyses

Aberdare Incorporated
Box 2211
PRINCETON NEW JERSEY 08540
USA

Oi

GS 6/625/0

Attention: Mr R. Harvey

27 June 1984

266079

REPORT GS 6110/84

YOUR REFERENCE:

ODENTIFICATION:

MATERIAL:

LOCALITY:

DATE RECEIVED:

WORK REQUIRED:

Investigation and report by: Dr Keith Henley

Chief - Geological Services Section: Dr Keith J. Henley

cap

for Dr William G. Spencer
Manager, Mineral and Materials Sciences Division

•
Please address all

correlPondenCe to
P.O. Box 114 eaatwood

SA 5063
In reply quote:

Flemington Street, Frewville
South Australia 5063

Phone Adelelde 79 1662
Telex AA82520

Head Office:
Flemington Street, Frewville

South Australia 5063
Telephone (08) 79 1662
Telex: Amdel AA82520

Pilot Plant
Osman Place

Thebanon, S.A.
Telephone (08) 43 5733

Branch Laboratories:
Melbourne. Vic.

Telephone (03) 645 3093
Perth. WA

Telephone (09) 325 7311
Telex: Amdel AA94893

Townsville
Queensland 4814

Telephone (077) 75 1377
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D2

GOLD IN KING RIVER DELTA SEDIMENTS

2. PROCEDURE

1. INTRODUCTION

B

0.08
0.08

A

0.38
0.06

<2.96
2.96-4.3

Sp.:ir.

These values differ slightly for the fire-assay values but the differences
are not considered significant.

266080

The two a1iquots contain 0.1-0.2 ppm gold of which <20% is mercury-soluble.
The similarity in values for the mercury-insoluble content of the two
>4.3 sp.gr. products (0.74 and 0.67 ppm) suggests that, about 0.7 ppm Au is
locked up in pyrite - probably in solid solution.

The AAS gold values of the <2.96 and 2.96-4.3 sp.gr. products are as follows:

Following correspondence between R. Harvey and K. Henley (AMDEL), on further
work on King River Delta material stored at AMDEL, a programme of testwork
was agreed. The objective of the testwork was to quantify the proportion
of mercury-soluble gold in the delta material. The programme was
unfortunately delayed for some months because the relevant samples could
not be located at AMDEL. However, they were eventually found and this
report gives the results of the investigation.

3. RESULTS

The distribution of weight'and gold is as follows:

Sp.Gr. Wt % Au Assay, ppm Au Distribution, %

A B A B A B

<2.96 84.48 83.79 0.15 0.03 67.8 23.9
2.96-4.3 9.76 10.28 0.15 0.19 7.8 15.7

>4.3 5.76 5.93 0.79 1.02 24.4 57.6
Hg-so1uble (0.05) (0.35) (1. 5) (19.8 )
Hg-insoluble (0.74) (0.67) (22.9) (37.8)

Total 100.0 100.0 (0.19) (0.11) 100.0 100.0

Two a1iquots of ~300 g were riffled out of material from Drum A and separated
statically in tetrabromoethane (sp.gr. 2.96); the >2.96 sp.gr. product was
then separated centrifugally in Clerici's Solution (sp.gr. 4.3). The >2.96
and 2.96-4.3 sp.gr. products were pulverised and ~10 g and ~25 g a1iquots
riffled out for Au determination by AAS (Code C3/2) and fire-assay (Code K4/2)
respectively. The whole of each of the >4.3 sp.gr. products was analysed for
mercury-soluble and mercury-insoluble gold.
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Table 2 King River Delta sediment: Calculated head values

Elisna's values recalculated from elemental contents shown in Mines' Report 797

Ila Sn Cu Co Pb Zn As Bi Au S
% ppm ppm ppm ppm ppm ppm ppm ppm %

Report 797 values 0.42 50 1040 64 100 216 21 4 0.1 3.65
Elisna's values 0.42 50 1232 64 101 216 ~ 16? -... 5? ~ 0.12 3.64

Table 3 King River Delta sediment: Elemental distribution in weight percent
Derived from elemental contents shown in Mines' Report 797

Fraction, Mass, Ba Sn Cu Co Ph Zn As Bi Au S
microns %

+ 2,360 Trace}
+ 1,180 0.1 0.21 14.87 0.39 0.15 1. 46 0.96 1.66 0.57 0.28

+ 600 0.2 ;
1""'1 + 300 3.7 1.85 2.27 4.20 1.03 2.61 4.10 " 2.29 r·j 3.54 0.93~

+ 150 52.1 32.33 17.56 50.64 13.73 ~6.93 38.51 , .. / 16.13 ~ 19.92 11.28

+ 75 27.3 37.80 8.12 19.90 44.43 18.18 23.96 37.20 r> 15.65 40.69

+ 38 5.4 14.18 2.46 5.25 29.30 3.76 5.24 17.06 N 7.22 25.89

CIs 1 0.3 1.22 3.03 1.14 3.72 0.63 0.28 2.79 2.12 -,11l0 3.02

2 0.3 0.77 2.74 1.12 1.58 O.~0 0.60 1.06 1.20 1. 35

3 0.8 1.09 4.12 2.14 1.86 0.1l3 1.44 2.43 3.21 1.90

4 0.5 0.67 3.60 1.30 0.85 f).70 1.32 1.24 1.15 0.75

5 0.3 0.40 3.75 0.61 0.37 ".63 1.03 0.87 0.69 0.30

OIF 9.0 9.45 37.48 13.12 2.93 43.84 22.45 17.28 44.72 13.46

100.0 99.97 100.00 99.81 99.95 99.96 99.89 100.01 99.99 . ·100 99.85
J:\:)

13
~

er.
Elisna Pty Ltd <:>
19 Paterson Street (LJ

21 May 1984 Launceston 7250 ~
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