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April 27, 1984

Mr. D. Gardellin

United Nations Industrial Development
Organization (UNIDO)

Purchase and Contract Service

Division of Industrial Operations (PAC/DIO)

P. 0. Box 300
A-1400 VIENNA
AUSTRIA

Dear Mr. Gardellin:
RE: AMJHORE PYRITE STUDY (PROJECT DP/IND/81/018, STUDY NO. 3)

It is a pleasure to transmit to you fifty (60) copies of the Phase 1 report
of the work carried out by Sherritt on the recovery of sulphur from Amjhore
pyrite. In addition, three (3) copies have been transmitted to Mr. T. N.
Jaggi, Managing Director of Pyrites: Phosphates and Chemicals Ltd (PPCL).
The report describes the results of the laboratory testwork and preliminary
process engineering studies on the recovery of sulphur, using pressure
oxidation, from artificial pyrrhotite matte produced through a conventional
pyrometallurgical smelting process. The report has been reviewed with PPCL
and has been revised based on their comments. The commercial plant would
treat 420 t/d of pyrrhotite matte producing 115 t/d of elemental sulphur in
a single autoclave train.

A process has been defined to treat artificial pyrrhotite analyzing 57%
Iron and 29% sulphur. Ground matte is pressure oxidized at 150°C using
oxygen in an autoclave. The autoclave discharge is flash cooled to
atmospheric pressure. The flashed slurry undergoes primary sulphur
separation, liquid solid separation, and flotation to produce flotation
concentrate and tailings slurry. The tailings are neutralized with
limestone and lime and are then sent to the tailings pond. The flotation
concentrate undergoes hot filtration to produce a clean sulphur product and
a filter cake residue that is recycled to the grinding circuit.

Sherritt has demonstrated 1n the laboratory that artificial pyrrhotite
produced from Amjhore pyrite can be subjected to pressure oxidation
followed by flotation to recover elemental sulphur.

Sherritt Gordon Mines Limited
Fort Saskatchewan, Alberta. Canada T8L 2P2 / Telephone (403) 998-6911 / Telex 037-2290
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Estimated capital costs for the pressure oxidation and sulphur recovery
plant, consisting of grinding, pressure oxidation, liquid solid separation,
tailings neutralization, flotation, molten sulphur filtration and oxygen
plant, are $17 million (U.S.). All costs are estimated for the third
guarter of 1983 for an Indian location. Costs were converted to an Indian
location based on information supplied by PPCL and the results have been
reviewed with PPCL. Annual operating costs are estimated to be $3 100 000

(U.S.).

The next phase of work leading to commercialization of this project, is
Phase 11, confirmatory tests. Sherritt’s subsequent involvement beyond
Phase 1l would involve detailed laboratory minipilot plant demonstration of
the process and preparation of a process engineering design package. Prior
to commencing subsequent work beyond Phase 11, it would be necessary to
agree to terms under which PPCL would be licenced by Sherritt to use
Sherritt technology in the commercial scale plant.

We enjoyed working for you on Phase | of the Amjhore pyrite project and
look forward to continuing involvement in further phases of the project
development. Thank you for your interest in the Sherritt process. Upon
transmittal of this final Phase 1 report, Sherritt will send you an invoice
in the amount of $20 000.

Your truly,

H. Veltman
Director, Research Centre

HV/dw
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INTRODUCTION 1-1

1.0 INTRODUCTION

Pyrites, Phosphates and Chemicals Ltd. of India (PPCL) own and mine
the Amjhore pyrite deposit located in Bihar State, India. The pyrite is
used iIn the manufacture of sulphuric acid. However, there have been
difficulties with handling and transporting the pyrite and utilizing the
material in conventional roasting plants, and very little of this pyrite
is being used at the present time. PPCL are therefore considering
production of elemental sulphur from the pyrite. An added advantage to
this processing route would be the minimizing of sulphur imports and the
attendant saving iIn foreign exchange.

PPCL are considering producing elemental sulphur and pyrrhotite
matte by the Outokumpu flash smelting process. The matte could be fur-
ther treated to recover elemental sulphur in Sherritt®s aqueous pressure
oxidation process. Representatives of PPCL visited Sherritt on Novem-
ber 29 and 30, 1982 to discuss the application of Sherritt"s pressure
leaching technology to the recovery of elemental sulphur from pyrrhotite
matte. As a result of the discussions, Sherritt was requested to submit
a proposal to PPCL and the United Nations Industrial Development Organi-
zation (UNIDO). The proposal, entitled “Recovery of Sulphur from
Amjhore Pyrites, Phases I and 1I', was submitted to UNIDO on December
21, 1982 and approved on March 4, 1983.

The objectives of the Phase 1 study were:

to define a process fTlowsheet for the treatment of matte, obtained
from Amjhore pyrite, to recover elemental sulphur;

to carry out laboratory pressure oxidation tests, solid-liquid
separation and flotation tests; and

to prepare an order of magnitude estimate of the capital and opera-
ting costs for the commercial plant.

The scope of the laboratory program was to include the following:

conversion of pyrite to a matte of similar composition to Outokumpu
p.ocess matte;

approximately twenty batch leach tests in laboratory autoclaves of
4 to 5 L volume to define process parameters such as grind, tem-
perature, retention time, oxygen or air sparging rate, pressure,
pulp density and acid concentration, and

sherritt



INTRODUCTION 1-2

one continuous leaching test at a feed rate of 2 to 4 kg/h natte
for a period of 20 to 24 h. The test circuit would include contin-
uous pressure oxidation and liquid-solid separation, and flotation
of sulphur from the residue. The composition of the tailings solu-
tion will be defined to provide information for a neutralization
circuit with limestone and lime.

The engineering study was to include a process flowsheet, an equip-
ment list, an outline specification of the major equipment, and order of
magnitude capital and operating cost estimates.

This report on the treatment of a pyrrhotite matte produced from
Amjhore pyrite summarizes the results of the laboratory tests performed,
and includes results of the process engineering study.

sherritt
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2.0 PROJECT SUMMARY

Large deposits of pyrite ores occur in India. Exploitation of
these ores for the recovery of sulphuric acid began in the 1960°"s. Dif-
ficulties experienced with conventional plants for direct roasting of
pyrite led PPCL to investigate alternative routes for the recovery of
sulphur from these deposits. This report summarizes the results of
laboratory testwork carried out to develop a process for the recovery of
elemental s Iphur, by a pressure oxidation route, from a pyrrhotite
matte.

The major objective of the study was to investigate pressure oxida-
tion as a means of treating a pyrrhotite matte of similar composition to
that which would be produced in an Outokumpu flash smelter.

Major process steps for a process based upon pressure oxidation of
pyrrhotite matte were shown to be technically viable in batch experi-
ments on a laboratory scale. It is recommended that the process chosen
for the engineering study, based upon pressure oxidation at 150°C, be
further examined in Phase 1l of this project in a continuous mode of
operation in Sherritt"s laboratory miniplant autoclave.

2.1 LABORATORY STUDY

Experimental work was carried out on a pyrrhotite matte produced by
smelting Amjhore pyrite in an electric furnace in the presence of an
iron oxide flux. The pyrrhotite matte was crushed and ground prior to
the leaching testwork.

Pressure oxidation at both 100°C and 150°C was examined and both
routes yielded high conversions of sulphide sulphur to elemental sul-
phur. Difficulties were experienced with obtaining good separation of
elemental sulphur from the iron oxide fraction of residues generated at
100°C. Consequently the 150°C pressure oxidation process was chosen for
the engineering study. The process is depicted in Figure 2.1.

Uround pyrrhotite matte was leached in simulated thickener overflow
recycle for 1.0 h at 150°C. Conversion of sulphide sulphur to elemental
sulphur exceeded 85% and the iron was precipitated as hydrated iron
oxide. The oxidation residue was thickened, repulped in water, and
separated into an elemental sulphur fraction and an oxidic fraction,
containing iron oxide, by flotation. High grade cleaner concentrate was
melted and a pure elemental sulphur product obtained by hot filtration

shcrrrtt
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Flotation tailings slurry would be neutralized with limestone and lime
prior to disposal in a tailings pond.

2.2 ENGINEERING STUDY

The order of magnitude capital cost for a single autoclave train
pressure oxidation and sulphur recovery circuit to treat 420 t/d of
pyrrhotite matte to produce 115 t/d of elemental sulphur is $17,000,000
(U.S.) for the Indian location.

$000 (U.S.)

Installed Equipment 6050
Utilities and Auxiliaries:

Oxygen Plant 3700

Others 550
Indirects, Offsites 1295
Engineering and Licensing Fee 2345
Contingency 2900
Total Capital 16840
Say 17,000,000

The annual operating costs for the pressure oxidation and sulphur
recovery circuit are shown below.

ITEM Cost ($000 U.S.)
Materials and Supplies 1211
Utilities 1685
Labour 51
Maintenance 194
Total 3141
Say 3,100,000

sherritt
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Granulated
Matte

Figure 2.1 Flowsheet Chosen for Engineering Study
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3.0 BACKGROUND

Pyrites, Phosphates and Chemicals Ltd. (PPCL) is a corporation con-
trolled by the Government of India and is attached to the Ministry of
Chemicals and Fertilizers. In addition to several phosphate deposits,
PPCL is involved in the development of the Amjhore pyrite deposit in
Bihar State and the Saladipura pyrite deposit in Rajasthan State
(Figure 3.1). The Amjhore deposit is a sedimentary deposit containing
300 million tons of pyrites analyzing 40% sulphur, and covers an area of
124 km2. The deposit is approximately 0.6 m thick and the overburden is
predominantly shale containing 10% sulphur in addition to carbonaceous
material.

Work began in the early 1960°s to exploit the Amjhore pyrite
deposit for the production of sulphuric acid. In 1965 Outokumpu Oy per-
formed some testwork using the flash smelting process to produce elemen-

tal sulphur and pyrrhotite matte. In the meantime, two sulphuric acid
plants, with a total capacity of 1200 t/d, were constructed, using
Bulgarian and German technology for direct roasting of pyrites. The

process suffered a number of problems and at the present time one plant
is shut down and the other is operating at only 30% of design capacity.
The process plants are located 500 km from the mine site (Figure 3.1)
and during transportation, oxidation of the fine material results iIn a
reduction of the sulphide sulphur content to 30%. The high silica con-
tent of the pyrite (13%) has also led to a number of problems in the
auxiliary boilers.

India imports approximately 1 million t/y of sulphur with this
guantity expected to double by the end of the decade. The landed price
of sulphur is presently about US $150/t, resulting in a foreign exchange
drain of almost US $150 million annually. The Indian Government has
decided to offset at least 30% of the imported sulphur by recovering
sulphur from the pyrite deposits. Because of the above mentioned diffi-
culties with existing treatment plants, the Indian Government approached
the United Nations Development Program (UNDP) for financial assistance
to exploit the Amjhore pyrite deposit, using alternative technology-
The United Nations Industrial Development Organization (UNIDO) executes
the program.

PPCL has approached Outokumpu to update their pilot plant work for

the design of a flash smelting plant to treat 1500 t/d of Amjhore
pyrite. The Outokumpu study consists of two parts:

sherritt



BACKGROUND 3-2

to update the previous study which consists of removing 55 to 60%
of the sulphur in the smelter and producing granulated matte which
could he roasted to produce sulphuric acid; and

to produce elemental sulphur from the roasted matte by reducing the
sulphur dioxide to recover all sulphur in the elemental form.

Having read Sherritt"s papers on the recovery of elemental sulphur
from pyrite and zinc concentrates, PPCL decided to approach Sherritt to
see It this technology could be applied to the recovery of elemental
sulphur from pyrrhotite matte, with work being funded by UNIDO. At the
present time, recovery of iron from the pyrite is not of interest since
high purity iron ore deposits exist in the area.

The recovery of elemental sulphur from pyrite ores has received
considerable attention during the past twenty five years. The discovery
of the Pyhasalmi deposit in 1958 by Outokumpu Oy led to the development
of the Outokumpu process for the production of elemental sulphur from
pyrite. Fine grained pyrite flotation concentrate is fed into the
reaction shaft of a flash smelting furnace and suspended in the hot
reducing gases created by the combustion of heavy fuel oil. Thermal
decomposition results in the formation of molten pyrrhotite (FeS) par-
ticles and sulphur vapour. Pyrrhotite matte settles in the furnace
hearth and is tapped and granulated in water. The combustion gases and
the sulphur vapours are cooled down ard the elemental sulphur is sepa-
rated from the gases. Granulated matte is roasted in a fluidized bed
roaster to generate sulphur dioxide and steam. Sulphur dioxide is con-
verted to sulphuric acid and the steam is used to generate electrical
energy.

The economics of sulphur recovery from pyrite deposits as elemental
sulphur or sulphuric acid are influenced by factors other than the price
of sulphur. One such factor is the marketability of the iron oxide
residue product, which in turn is dependent upon the purity of the

material. Increasing competition from native sulphur and byproduct sul-
phur recovered from hydrocarbons placed the pyrites industry in a criti-
cal position in the mid 1960°s. In order to increase the viability of

the treatment of pyrites for sulphur recovery, it was found necessary to
produce a high grade iron oxide product from the residue calcine. The
Montecatini Company in Italy developed a process, based on fluosolids
roasting, Tfor the recovery of sulphuric acid and high purity iron oxide
pellets. Dowa Mining Company developed the Kowa Seiko Process utilizing
a chloride route for the treatment of pyrite cinders after Tluosolids

sherritt
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roasting of pyrite to recover sulphur dioxide for sulphuric acid manu-
facture. Volatile non-ferrous metal chlorides were extracted from the
pvrite cinder during roasting, yielding a high grade hematite pellet
product.

In an attempt to improve sulphur Tflexibility and convert all the
pyritic sulphur to elemental sulphur, Sherritt developed a process for
the treatment of pyrite. The process consisted of low temperature ther-
mal decomposition of the pyrite to elemental sulphur and artificial
pyrrhotite; aqueous oxidation of the artificial pyrrhotite to hydrated
iron oxide and elemental sulphur; dissolution of the hydrated iron oxide
and non-ferrous metal values; purification and hydrolysis of pure basic
ferric sulphate; and, processing to a final iron product. The process
was designed to treat both pure and impure pyrite feedstocks. Subse-
quently Noranda developed a similar process, for the treatment of impure
pyrite, in which a chlorination route was utilized to recover non-fer-
rous metals from an oxidic iron pressure leach residue, after an initial
thermal decomposition of pyrite to recover approximately half of the
sulphur.

In the 1970°s Sherritt piloted and eventually commercialized the
Sherritt Zinc Pressure Leaching Process. A major advantage of the pro-
cess is that the sulphide sulphur is converted to elemental sulphur and
therefore zinc production need not be tied to the constraints of sul-
phuric acid production. A pressure leaching plant designed to treat 190
t/d of zinc concentrate has been in operation at the Trail, British
Columbia plant of Cominco since January 1981, and in August 1983 a plant
designed to treat 100 t/d of zinc concentrate was commissioned at
Timmins, Ontario by Kidd Creek Mines. Sherritt has considerable exper-
ience in the recovery of elemental sulphur from sulphidic ores and con-
centrates and has developed processes which have reached successful com-
mercial operation.

sherritt
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Figure 3.1 Location of Pyrite Deposits
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4.0 PROCESS DESCRIPTION AND CHEMISTRY

Alternative procedures were tested in the laboratory for the treat-
ment of pyrrhotite matte to generate elemental sulphur. The process
chosen for the engineering evaluation is given in Figure 2.1 and was
based upon the optimum results from pressure oxidation test»ork. A
general description of the process chemistry is given to a™d in the
interpretation of the results and conclusions presented in this report.
The pertinent chemistry for the process steps tested, but not included
in the selected flowsheet, 1is presented in that section of the report
where the experimental data are given.

4.1 PROCESS DESCRIPTION

For the purposes of the Phase | study, it was assumed that the
feed material for the process 1is a pyrrhotite matte produced from an
Outokumpu smelter. The objective of the hydrometallurgical process is
to convert the sulphide sulphur to elemental sulphur, to separate it
from the oxidic iron solids by flotation, and to prepare pure elemental
sulphur by filtration.

Granulated matte is ground to 95% minus 44 pm in a conventional
closed circuit milling operation. Thickened solids are fed to the auto-
clave together with a solution recycle from the oxidation thickener
overflow, and make-up sulphuric acid. The solution recycle provides a
source of ferric iron for pressure oxidation and the make-up acid main-
tains a sulphate balance in the oxidation circuit. A small quantity of
basic iron sulphates are precipitated in the pressure oxidation step and
hence sulphuric acid addition 1is required to maintain the sulphate
balance.

The Tfinal slurry is discharged from the autoclave through a flash
tank. The slurry is pumped to the primary autoclave discharge hydro-
cyclones to preconcentrate the elemental sulphur and sulphides in the
underflow. The cyclone overflow slurry is thickened and the thickener
overflow containing free sulphuric acid and iron is recycled to the
autoclave. Hydrocyclone underflow, containing elemental sulphur, some
iron oxides and any unreacted sulphides, 1is repulped in flotation cir-
cuit recycle solution to a pulp density suitable for feed to the flota-
tion circuit.

The flotation circuit consists of rougher, scavenger and cleaner
sections with appropriate internal recycles. Flotation tailings are
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added to the primary hydrocyclones overflow and thickened. Thickener
underflow 1is treated with [limestone and lime to neutralize acid and
precipitate iron contained in the solution. The gypsum-iron residue is
transferred to a tailings pond. Flotation concentrate is dewatered and
the solution recycled to the flotation feed repulp tank. The concen-
trate is then melted and the molten product subjected to hot filtration
to separate elemental sulphur from unoxiaized sulphides and entrained
gangue. The Tfilter cake is recycled to the grinding circuit and the
molten elemental sulphur is available for sale.

4.2 PROCESS CHEMISTRY

The overall reaction which occurs during the pressure oxidation of
pyrrhotite matte is intrinsically simple.

FeS1.15 + H2S04 + °-502 — > FeS04 + H2° + MSS™

This reaction 1is, however, imprac*lcally slow in the absence of a
species which will facilitate oxygen transfer. One such species is dis-
solved iron, and in fact the reaction is usually the sum of the reac-
tions below.

FeSl,15 + Fe2(S04)3 — -> 3FeS04 + 1.15S°

2FeS04 + H2S04 + 0.502 — " Fe2~""4)3 + ™0

In this case, the pyrrhotite matte is the source of acid soluble
iron. The presence of ferric iron in solution will also minimize the
evolution of hydrogen sulphide which could result from the reaction
below.

FeS + H2S04 -— > FeS04 + H2S

A portion of the sulphide sulphur may be oxidized to sulphate sul-
phur during the pressure oxidation, as shown in the following reaction.

FeS * 202 — > FeS04

Hydrolysis reactions which occur as the oxidation progresses remove
iron from solution and result in the regeneration of some sulphuric
acid.

Fe2(SU4)3 + (X + 3)H2U — > Fe203»XH20 + 3H2S04

3Fe2(S04)3 + HH20 — > 2H30Fe3 (S04 )2 (OH)5 + 5H2S04
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5.0 LABORATORY STUDY

Experimental work was carried out on a pyrrhotite matte prepared by
smelting pyrite supplied by PPCL. Tlis report summarizes the work
carried out to convert the pyrite to a pyrrhotite matte and the results
of the testwork on the pyrrhotite matte, as well as for the natural
pyrrhotite from Saladipura, for the recovery of elemental sulphur.

5.1 SUMMARY

The primary objective of the Ilaboratory study was to develop a
process, based on pressure oxidation, to recover elemental sulphur from
a pyrrhotite matte. Samples of lump pyrite, typically analyzing 26.2%
Fe, 40.5% S and 13.6% Si0O2, were provided for the study. The pyrite was
converted to a pyrrhotite matte by smelting, in the presence of an iron
oxide flux, to slag off the silica content of the pyrite. No attempt
was made to recover the sulphur liberated during smelting. The pyrrho-
tite matte was crushed and ground to 97.4% minus 44 »o.

Non oxidizing atmospheric sulphuric acid leaching of the pyrrhotite
matte generated hydrogen sulphide which could be treated in a Claus
plant for the recovery of elemental sulphur. Sulphuric acid could be
regenerated by oxidizing the leach discharge solution in an autoclave
and precipitating the iron as a jarosite by the addition of a suitable
cation.

Pressure oxidation at 100°C was extensively examined. Complete
oxidation of sulphide sulphur, with either air or oxygen as oxidant,
required a batch retention time of 3 h. Conversion of sulphide sulphur
to elemental sulphur exceeded 85%. A 32 h continuous run was carried
out at 100°C with oxygen as the oxidant and a nominal retention time of
3 h. The oxidation discharge slurry was fed to a thickener and the
thickener overflow, containing ~15 g/L Fe, 8.5 g/L Fe”+ and 5 g/L H2S04
was recycled to the oxidation step to provide the source of soluble iron
and acid for the oxidation step. Pyrrhotite matte was treated for a
period of 21 h with the conversion of sulphide sulphur to elemental sul-
phur in the range 70 to 80%. At a solids content of 150 g/L solution,
the total heat requirements were met by the exothermic heat generated by
the oxidation of the sulphide sulphur. In the next 11 h of the contin-
uous run, natural pyrrhotite was treated.

Elemental sulphur recovery from the oxidation residues was attempt-
ed by flotation. Primary or rougher separation of the sulphur from the
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bulk of the oxidic iron fraction proved successful. Using Aerofroth 73
as the frother, 95% of the elemental sulphur reported to a rougher con-
centrate grading -44% S°. Subsequent cleaning of the rougher concen-
trate to generate a high grade (>85% S°) cleaner concentrate, suitable
for feed to a hot Tfiltration step, proved unsuccessful. Little or no
upgrading of the rougher concentrate was obtained, using trisodium phos-
phate as a depressant for 1iron oxide. Further testwork would be
required to optimize conditions for cleaner flotation.

The 100°C oxidation route was chosen for the continuous study based
a, the results of the preliminary batch testwork. Following the diffi-
culties observed in obtaining a high grade elemental sulphur concentrate
from the flotation of the 100°C oxidation residues, further batch test-
work was performed at 150°C to optimize the conditions required for the
recovery of a high grade elemental sulphur concentrate and obtain data
for the engineering study.

Experimental work at 150°C initially indicated poor oxidation of
sulphide sulphur, with the reaction apparently ceasing after -50% of the
sulphide sulphur had been oxidized. Additives are required when oxidiz-
ing above the melting point of sulphur to prevent coating of unoxidized
sulphidic particles by molten elemental sulphur. Optimization tests
showed that greater than 85% of the sulphide sulphur could be converted
to elemental sulphur at 150°C with a 1.0 h retention time, using oxygen
as oxidant and with appropriate levels of additives. Standard bench
scale settling tests, with feed slurry dilution to 11.9% solids using
simulated thickener overflow recycle and Tflocculant, generated a
thickener unit area requirement of 0.56 m™/t.d. Batch flotation test-
work was carried out on both oxidation discharge slurry and simulated
oxidation thickener underflow repulped in water. In the Ilatter case,
using Aerofroth 73 as frother, a high grade (95% S°) cleaner concen-
trate was obtained and optimization of flotation conditions could yield
an elemental sulphur recovery of 95%. A sample of the cleaner concen-
trate was subjected to melting and hot filtration to obtain a high
guality elemental sulphur product.

5.2 ANALYSES

Thirteen drums of lump pyrite (<50 mm) weighing 450 kg and one drum
of pyrrhotite concentrate weighing 50 kg were received from PPCL. One
drum of pyrite was crushed to <l mm in a jaw crusher and then ground to
<350 pm in a plate grinder. A sample was submitted for chemical analy-
sis and the results are shown in Table 5.1, together with the analysis
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of a sample of the pyrrhotite concentrate. Silica is the major gangue
component in both samples, with the pyrrhotite concentrate containing a
higher quantity of gangue material than the lump pyrite. A sample of
the pyrrhotite concentrate was wet screened at A4 pm and contained 62.9%
greater than 44 pin material.

6.3 SMELTING TESTWORK

Small scale roasting and smelting testwork was carried out to
determine the preferred method for converting the pyrite into a pyrrho-
tite matte. Roasting in a hydrogen atmosphere indicated that the labile
sulphur could easily be driven off at 700°C to yield an artificial pyr-
rhotite matte with a sulphurriron molar ratio of 1.14:1. Previous test-
work has shown that delabilization of pyrite under such conditions
yields an extremely vreactive artificial pyrrhotite product and it was
considered that the reactivity may not be typical of a pyrrhotite matte
produced ny a flash smelting process.

Small scale smelting tests carried out in an electric muffle fur-
nace under an air atmosphere demonstrated the feasibility of producing a
pyrrhotite matte with a sulphurriron molar ratio of -1.15:1. The
presence of silica in the pyrite also indicated the need to slag off the
silica by the addition of a suitable flux, such as 1iron oxide, Fe0.
Facilities for the large scale smelting of the pyrite were not available
at Sherritt. Enquiries were made to other metallurgical companies and
research centres in an attempt to locate a suitably sized furnace for
the production of -100 kg of pyrrhotite matte. Finally, agreement was
reached with Falconbridge Nickel Mines to smelt the pyrite in their
50 kVA electric furnace.

The pyrite (303 kg) was shipped to the Falconbridge Research
Laboratory in the form of 50 mm lumps (235 kg), <12 mm crusher product
(29 kg) and <355 pm pulverizer product (39 kg). The objective was to
smelt the pyrite iIn the presence of an iron oxide flux to produce pyr-
rhotite matte and a fayalite (2Fe0.Si02) slag. No attempt was to be
made to recover the sulphur released during the smelting step. At the
Falconbridge laboratory 125 kg of lump pyrite was crushed to <12 mm and
smelted to produce approximately 100 kg of pyrrhotite matte which was
cooled in crucibles and crushed to <12 mm for shipment to Sherritt. The
memorandum on the testwork, provided by Falconbridge, is presented in
Section 7.0. Chemical analysis of the pyrrhotite matte 1is given in
Table 5.2.
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5.4 BATCH TESTWORK

The batch testwork program was designed to identify the optimum
processing route for the recovery of elemental sulphur from the pyrrho-
tite matte. Prior to commencing the testwork, the crushed pyrrhotite
matte was milled in open circuit for 1.0 h, in two 50 kg charges, 1iIn a
60 cm dia x 90 cm rubber lined ball mil1l. The ball mill discharge was
thickened and stored as a 70% solids slurry. Screen analysis and chemi-
cal content of the solids are given in Table 5.2.

5.4.1 Non Oxidizing Atmospheric Acid Leach of Pyrrhotite Matte

In the non oxidizing sulphuric acid leac* of pyrrhotite matte, sul-
phide sulphur is converted to hydrogen sulphide and the iron dissolves
as the ferrous species.

FeS + H2S04 — > FeS0O4 + H2S

Hydrogen sulphide gas could be treated in a Claus plant for the
recovery of elemental sulphur. Sulphuric acid could be regenerated by
oxidizing the leach discharge solution in an autoclave and precipitating
the iron as a jarosite by the addition of a suitable cation. A simpli-
fied flowsheet is given in Figure 5.1.

Two single stage batch leach tests were performed to assess the
effect of acidriron stoichiometry on sulphide sulphur conversion. The
acid was added at room temperature (24°C) and the slurry temperature
increased to ~34°C at which point the reaction commenced vigorously with
the generation of a large quantity of froth. After all of the acid had
been added, the temperature reached 37 to 40°C and the initial reaction
subsided. At this stage heating commenced. To minimize the circulating
acid load and improve efficiency, the leach should be carried out in a
two stage countercurrent mode. Results of the testwork are given in
Table 5.3. Conversions of sulphide sulphur to hydrogen sulphide are
calculated by difference from the sulphur balance. Approximately 80% of
the sulphide was converted to hydrogen sulphide in both tests.

X-ray diffraction analysis of the two residues indicated the
presence of some unreacted pyrrhotite from test 1 but none in the test 2
residue. Elemental sulphur was also shown to be present in the test 2
residue.
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5.4.2 Pressure Oxidation Below the Melting Point of Sulphur

In the 1%0"s, a considerable amount ot work was done to investi-
gate the recovery ot elemental sulphur from pyrrhotite feed materials.
Initial attempts to perform the oxidation at temperatures above the
melting point ot sulphur proved unsuccessful. The molten elemental sul-
phur tended to coat unreacted sulphide particles and inhibit further
reaction. Subsequently additives were discovered which prevented this
coating action and allowed reactions to proceed to completion, however
the early work concentrated on oxidation temperatures below the melting
point of sulphur and it was decided to investigate the behaviour of the
pyrrhotite matte at such temperatures. |Initial tests were conducted at
11U°C with subsequent tests at 100°C. The Jlower temperature 1is more
realistic since the exothermic nature of the reaction could lead to
temperature excursions above the melting point of sulphur. Variables
examined were additive dosage, retention time, pulp density, oxidant and
oxygen partial pressure.

Laboratory autoclaves used for batch oxidation are vertical cylin-
ders, typically 2.5 L in working volume. The batch oxidation test pro-
cedure in the laboratory was generally as Tfollows. Concentrate and
additives were weighed and charged into the empty autoclave and the
solution volume was adjusted to 2 L with water. The autoclave was
sealed and the required oxygen partial pressure applied and maintained
in the head space. Agitation and heating were started. During heating,
the autoclave gases were vented to remove inerts. When the temperature
was ~15°C below the desired operating temperature, 0.5 L solution con-
taining the required sulphuric acid and iron concentrations, was pumped
into the autoclave. Once the desired operating temperature was reached,
sparging was commenced, the pressure adjusted and timing began. Upon
completion of the run, the slurry charge was either cooled under agita-
tion or flash discharged into an agitated flash tank to simulate the
discharge from a continuous operation. After cooling under agitation
the autoclave was depressurized and discharged.

An initial test was carried out at 110°C with a one hour retention
time. Solids content of the feed slurry was 300 g/L of slurry and the
pressure oxidation solution contained 20 g¢g/L sulphuric acid. No addi-
tives were used and the oxygen partial pressure was maintained at 345
kPa. Results of the test are shown in Table 5.4. The sulphide conver-
sion to elemental sulphur was 76%. Unreacted sulphidic sulphur was
present in the residue indicating that the retention time was insuffi-
cient to allow the reaction to go to completion. Approximately 4% of

sherrrtt



LABORATORY STUDY 5-6

the sulphide sulphur reported to the residue as sulphate sulphur and the
increase iIn sulphate concentration in solution was equivalent to -3.5%
of the sulphidic sulphur in the matte.

The above oxidation test was repeated with the addition of a sur-
face active agent to the slurry to improve the rate of oxidation of the
artificial pyrrhotite. The oxidation discharge slurry was subjected to
flotation prior to liquid-solid separation. The results (Table 5.4)
show that the quantity of unoxidized sulphide present in the Tflotation
concentrate was 22.1% and that again -4% of the sulphide sulphur report-
ed to the residues as sulphate sulphur. Increase in solution sulphate
coricentration amounted to -5% of the matte sulphur. The sulphide con-
version to elemental sulphur was approximately 63%. The apparent de-
crease in conversion of sulphidic sulphur to elemental sulphur is due to
a poorer sulphur balance across the run. Flotation proved effective in
separating elemental sulphur (96% recovery) but the grade of the flota-
tion concentrate (43.1% S°) is considerably lower than that required for
feed to hot filtration. No attempt was made to clean the flotation con-
centrate.

The choice of oxidant for pressure oxidation 1is dependent upon a
number of Tfactors. The use of air rather than oxygen allows for a
higher pulp density and hence greater solids throughput to maintain the
heat balance, and also allows for the removal of more water from the
circuit if required. A series of tests were carried out to assess the
pressure oxidation performance with both oxygen and air at different
retention times. Tests with oxygen were carried out at a solids con-
tent of 150 g/L solution and an oxygen partial pressure of 345 kPa. For
the air runs, the solids content was increased to 200 g¢g/L whilst the
oxygen partial pressure was decreased to 205 kPa. In an attempt to
simulate a solution recycle, the feed solution to the oxidation step
contained 19.1 ¢/L H2S04, 12.6 ¢g/L Fe”+ and 5.6 g/L Fe™+. A surface
active agent was added to all of the runs.

Results for oxidation with oxygen are presented in Table 5.5 and
Figure 5.2. Tht effect of retention time on oxidation of the sulphide
sulphur is clearly shown in the results. The residue sulphide sulphur
content of the residue decreased from 27.7% after 0.5 h, to 5.1% after
2.0 h and complete oxidation of the sulphide sulphur was achieved after
3.0 h. Consequently, conversion of sulphide sulphur to elemental sul-
phur 1increased with increasing retention time, but that increase was
offset by the increase in oxidation of sulphide sulphur to sulphate.
The sulphide conversion to elemental sulphur was 88.5% after 3 h reten-
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tion time. Solution sulphate concentration remained almost constant for
each test, but the ratio of Fe3+:Fe2+ increased from 0.7 to 3.2 as the
retention time increased from 0.5 to 3.0 h.

Oxidation with air was carried out for identical retention times
and the results are shown in Table 5.6 and Figure 5.2. After a reten-
tion time of 3.0 h, the conversion of sulphide sulphur to elemental sul-
phur was virtually identical: 88.5% with oxygen and 85.9% air as oxi-
dant. Total 1iron in solution after 3.0 h was the same with both oxygen
and air, but the Fe™+:Fe™+ ratio was 0.6:1 for air as compared to 3.2:1
for oxygen. Oxidation of sulphide sulphur to sulphate was apparently
similar in both cases.

5.4.3 Pressure Oxidation Above the Melting Point of Sulphur

Several pressure oxidation tests were carried out above the melting
point of sulphur with the objective of optimizing the conditions for the
conversion of sulphide sulphur to elemental sulphur and the hydrolysis
of the iron. Recovery of elemental sulphur from the oxidation residue
was also evaluated. Variables examined during the study were oxygen
partial pressure, retention time, pulp density, acid concentration and
additives. Results are presented in Tables 5.7 to 5.12.

5.4.3.1 Effect of Retention Time

Results presented in Table 5.7 indicate that although better con-
versions of sulphide sulphur to elemental sulphur were achieved with a
1.0 h retention time, the oxidation residue contained -8.6% sulphide
sulphur, equivalent to -30% of the sulphide sulphur present in pyrrho-
tite matte. Only 50% of the sulphide sulphur was converted to elemental
sulphur. Oxygen consumption was monitored and demand ceased after -40
min at which time the oxygen feed rate equalled the vent rate. Since
the reaction demanded no oxygen after 40 min but the oxidation was in-
complete at that time, it is concluded that a separate effect was con-
trolling the oxidation efficiency. At least 13% of sulphide sulphur
present in the matte was oxidized to sulphate sulphur after a retention
time of 1.0 h, the majority of the increased sulphate being present in
the solution at the end of the leach. The conditions for the 1.0 h
retention time test were used as a base case for all subsequent tests.

5.4.3.2 Effect of Oxygen Partial Pressure

Oxidation of sulphide sulphur was slower at 690 kPa oxygen partial
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pressure than at 345 kPa (Table 5.8). The reason for this 1is not easily
explained since increasing the oxygen partial pressure usually results
in more favourable oxidizing conditions and hence improved sulphide sul-
phur oxidation. Very coarse sulphidic pellets were observed in the
oxidation residue slurry which was cooled under agitation, indicating
enhanced coating of unoxidized sulphides with elemental sulphur. The
increase in sulphate concentration in solution was equivalent to ~10% of
the matte sulphide sulphur in both cases, and sulphate was also present
in the oxidation residues.

5.4.3.3 Effect of Pulp Density

The lower pulp density feed yielded a slight increase in oxidation
of sulphide sulphur but little increase in elemental sulphur yield due
to a greater portion of the sulphide sulphur being oxidized to sulphate,
as shown in Table 5.9. Again the majority of the sulphate was present
in the final oxidation solution. Heat balance in the autoclave will
dictate the feed pulp density for a commercial installation. As in
previous tests, oxidation of sulphide sulphur was incomplete but oxygen
demand ceased prior to the end of the pressure oxidation retention time.

5.4.3.4 Effect of Initial Acidity

The effect of initial acidity on the oxidation of pyrrhotite matte
was investigated at three levels of initial acidity, 5, 20 and 50 g/L
(Table 5.10). Oxidation of sulphide sulphur improved with increasing
initial acidity whilst oxidation through to sulphate decreased. Approx-
imately 15% of the sulphide sulphur was oxidized to sulphate at the low-
est initial acidity whereas with 50 g/L acid in the initial solution,
only 8% of the sulphide sulphur was oxidized through to sulphate. There-
fore, a high recycle of sulphate in solution should be employed to mini-
mize oxidation of sulphide sulphur to sulphate and hence maximize con-
version to elemental sulphur. Again, the oxidation of sulphide sulphur
ceased prior to completion of the run. The maximum conversion of sul-
phide sulphur to elemental sulphur was 60% (at 50 g/L initial acid).

5.4.3.5 Effect of Additives

In the previously discussed tests at 150°C, oxidation slurries were
cooled under agitation; the sulphidic fraction of the residue was
extremely coarse and easily separated by screening. Experience in the
oxidation of sulphide materials in the sulphate system has shown that
the size of the sulphidic pellets formed when a leach slurry is cooled
under agitation 1is dependent upon additives levels. The fact that
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oxygen demand ceased before complete oxidation of the unoxidized sulphur
was achieved, indicated the possibility of premature coating of the

unleached sulphide particles by elemental sulphur. It was therefore
decided to increase the dosage of additive to improve sulphide oxida-
tion.

Results are given in Table 5.11. The final slurry was flash dis-
charged from the autoclave, to simulate discharge from a continuous
operation, and the cooled slurry (40°C) was subjected to flotation for
elemental sulphur recovery. Approximately 84% of the sulpr®je sulphur
was converted to elemental sulphur and sulphide sulphur oxidation
exceeded 94%. Flotation separation of the elemental sulphur from the
iron oxide fraction yielded 73% recovery of the elemental sulphur to the
cleaner concentrate which graded 88.7% S°. The elemental sulphur loss to
the rougher tailings was high at ~18% but optimization of the circuit,
including the addition of frother to the scavenger circuit, should
improve elemental sulphur recovery.

An identical test was carried out and the oxidation discharge
slurry was filtered and repulped in water prior to flotation (Table
5.12). This was done to simulate a thickening operation prior to flota-
tion as shown in Figure 2.1. The pH of the flotation feed slurry was
2.0 and reagents (50 g./t Aerofroth 73) were required to produce a stable
froth. Flotation was successful and a high grade (>95% S°) cleaner con-
centrate was obtained. Again further optimization of the rougher and
scavenger circuits would be required to maximize elemental sulphur
recovery. In each of the above tests, the quantity of sulphate sulphur
present in the residue was essentially equivalent to the decrease in
sulphate content of the solution, indicating little oxidation of sul-
phide sulphur to sulphate.

A 50 g sample of the cleaner concentrate (95% Su) was melted in an
oven and subjected to hot Tfiltration. Melting was easily achieved at
140°C and 49.5 g of pure elemental sulphur were recovered after fTiltra-
tion and granulation of the filtrate in water. The filter cake contain-
ed iron oxide. Chemical analysis of the elemental sulphur (Table 5.13)
confirmed a high quality product.

To obtain data for the design of a thickener to separate the oxida-
tion discharge solution, which is recycled to the oxidation step, from
the final oxidation residue prior to flotation, a further test was con-
ducted (Table 5.12 test conditions) and the flashed discharge slurry
subjected to standard bench scale settling tests. All tests were con-
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ducted by a standard procedure using 1.0 L graduated cylinders. The
tests were done at 70°C, by placing the cylinders in a thermostatically
controlled water bath. Settling rates were extremely slow without floc-
culant addition. The pulp density of the autoclave discharge was
~1300 g¢/L, equivalent to a solids content of 18.6%. Optimum solids con-
tent for thickening is <10% and hence a sample of discharge slurry was
diluted with discharge solution to give a solids content of 11.9%. The
settling test data, with a flocculant addition of 170 g/t is presented
in Table 5.14. A four hour underflow reading was arbitarily chosen for
the unit area calculation but the test was continued for 24 h. The
thickener unit area was calculated to be 0.56 m/t.d.

5.4.4 Miscellaneous Testwork

Natural pyrrhotite was ground for 1.0 h in a steel ball mill at 77%
solids. The ground product was 87.4% less than 44 pm. To assess the
oxidation characteristics of this material, a charge of 200 g/L was
oxidized for 2.0 h at 100°C with an air sparge and oxygen partial pres-
sure of 205 kPa (Table 5.15). Approximately 86% of the sulphide sulphur
was oxidized and conversion to elemental sulphur was ~79%. An identical
test with pyrrhotite matte (Table 5.6) yielded 76% oxidation of sulphide
sulphur and 69% conversion to elemental sulphur. It was therefore con-
cluded that natural pyrrhotite could be successfully treated in an iden-
tical manner to pyrrhotite matte.

A further test was performed in which a 50:50 mixture of pyrrhotite
matte and natural pyrrhotite was subjected to the same conditions (Table
5.16). Approximately 75% of the sulphide sulphur was oxidized with a
71% conversion to elemental sulphur.

5.5 CONTINUOUS TESTWORK

Analysis of the preliminary batch testwork data indicated that com-
plete oxidation of sulphide sulphur could be achieved at 100°C whereas
at 150°C complete oxidation could only be achieved by using additives.
It was therefore decided to carry out the continuous oxidation at 100°C
in order to generate data for the engineering study.

5.5.1 Flowsheet Description and Operation
The equipment fFlowsheet for the continuous pressure oxidation 1is

shown in Figure 5.3. Ground pyrrhotite matte, having a specific gravity
of 4.78, was repulped in water to give a feed slurry containing 70%
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solids by weight (pulp density 2240 g/L). Slurry was transferred to the
slurry feed tank on a batch basis and surfactant was added. Slurry was
fed to the autoclave at a nominal rate of S.2 mL/min, or 0.49 kg/h of
pyrrhotite matte.

A synthetic oxidation thickener overflow solution was prepared con-
taining 19 g/L Fe™+, 4.6 g/L Fe™+ and 12.7 g/L H2S04. This solution was
used to Fill the autoclave, thickener and provide feed solution for the
first six hours of operation. Solution was continuously pumped into the
autoclave at a rate of 50.4 mL/min, thus giving a solids content in the
feed slurry of 150 g matte/L total solution.

The combined slurry and solution flow rate gave a retention time in
the autoclave of 3.0 h. Oxygen was sparged into each compartment with a
total mass flow of 0.44 kg/kg matte. The stoichiometric oxygen require-
ment for the matte, based upon the following overall reaction,

2FeSx + 1502 + yHNO — > A2/3*-y"2N + 2xS°

is 0.25 kg/kg matte, hence the oxygen feed rate provided a 76% excess.
The equivalent volumetric flow rates were 1.33, 0.67, 0.33 and
0.33 L/min to cells one, two, three, and four, respectively. Cell tem-
peratures were controlled at 100°C and a total autoclave pressure of 275
kPa was maintained with a continuous vent of excess oxygen.

Slurry discharged from the autoclave at ~55 mL/min and transferred
to the oxidation thickener feed tank. Flocculant was added to the
slurry at a rate of 100 g/t pyrrhotite matte. The Flocculant was
prepared at a concentration of 0.5 g/L and further diluted with a oxida-
tion thickener overflow solution recycle to 0.037 g¢/L. The diluted
flocculant stream was then equally divided between the incomming slurry
and the thickener feed well. The Tlow rate of oxidation thickener over-
flow recycle was controlled to give a thickener feed slurry containing
~7.5% solids by weight. The thickener was operated at ~35°C and was
equipped with a slow turning rake The thickener overflowed continuously
and overflow was recycled to the oxidation step. Thickener underflow
was pumped to storage at a rate which maximized underflow pulp density
while maintaining a constant mud level in the thickener.

5.5.2 Continuous Pressure Oxidation

Continuous pressure oxidation was carried out in a 10 L volume
autoclave which consists of four pressure vessels (cells) arranged in
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cascade, appropriate agitators were installed in each cell which can be
independently heated and cooled. Pyrrhotite matte slurry at 70% solids
and solution were pumped separately into the first cell. Oxygen was
introduced into each autoclave cell. The autoclave discharge was auto-
matically controlled to match the feed rate and maintain a constant
level in the autoclave.

At the start of the run, the cells were filled with solution as
described in Section 5.5.1 and oxygen was sparged into the slurry in
each cell at the required flow rates. Heating was commenced and when
the temperature reached 90°C, feed and discharge systems were put into
operation. The temperature was then gradually increased to 100°C.
Shutdown involved cooling of the autoclave while maintaining agitation
and oxygen supply.

Analyses of samples taken from individual compartments gave a
measure of the rate of sulphide oxidation across the autoclave. Sam-
pling at three hour intervals was carried out at six sample points
across the oxidation circuit, namely feed solution, the four individual
cell slurries and discharge slurry. Disch.rge samples were also taken
every hour for control purposes.

The scope of the laboratory program included a continuous pressure
oxidation test of 20 to 24 h duration. Pyrrhotite matte was fed to the
autoclave for 21 h and then the feed was changed to natural pyrrhotite.
The Saladipura deposit contains ~40% pyrrhotite which could be easily
separated from the pyrite by magnetic separation. It was therefore felt
that useful information could be obtained by treating natural pyrrhotite
for a period of time in the continuous autoclave under the same condi-
tions as used for the pyrrhotite matte.

The target pressure oxidation parameters are presented below.

Temperature uc 100
Retention Time h 3.0
Oxidant Oxygen
Total Pressure kPa 275
Oxygen Supply kg/kg matte 0.44
L/min 2.67
to: Celll L/mi n 1.33
Cel 12 L/min 0.67
Cell 3 L/min 0.33
Cel14 L/mi n 0.33
Feed Slurry % Solids 70
mL /mi n 5.2
Feed Solution mL /mi n 50.4
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Table 5.17 represents the pressure oxidation operating log for the
treatment of pyrrhotite matte and natural pyrrhotite. In general, the
target parameters were easily maintained. The feed rate of solids,
equivalent to 150 g matte/L solution, was chosen such that the heat
generated iIn the chemical reactions would provide the heat required to
maintain a temperature of 100°C, thus giving an autogeneous reaction
with respect to heat requirements.

Under steady operating conditions, the vent rate was -0.9 L/min
from a feed of 2.67 L/min. Oxygen consumption was therefore ~1.8 L/min
or 0.29 kg/kg matte. A small quantity of gas, discharged with the
slurry, is not measured in the vent gas flow rate. Therefore, the
actual oxygen utilization was very close to the stoichiometric require-
ment of 0.25 kg/kg matte.

Results from the continuous oxidation of both pyrrhotite matte and
natural pyrrhotite are presented in Tables 5.18 to 5.24 and Figures 5.4
to 5.12. Conversion of sulphide sulphur to elemental sulphur and sul-
phate and the unreacted sulphide content were determined by a material
balance method. The weight of solids/L of slurry for each sample taken
was determined from a knowledge of the volume of the sample and the dry
weight of solids in the sample. Elemental sulphur, sulphide sulphur and
sulphate sulphur contents per litre of slurry for each sample could then
be calculated from the analyses of the solids. These values were then
related to the solids in the combined feed slurry. The method produces
variation in results due to the long retention time and is clearly very
susceptible to sampling errors. The results presented should therefore
not be considered as absolute values but rather indicative of a range
within which the true values will lie.

Solution analyses for feed, cell and discharge samples are present-
ed in Tables 5.18 and 5.19 and Figures 5.4 to 5.12. The sample number
refers to the location of the sample. F is the feed sample, CI through
C4 are the cell samples and DX is the discharge sample. Synthetic feed
solution was pumped into the autoclave for the Tirst six hours of opera-
tion after which time oxidation thickener overflow was recycled. The
large volume of the thickener (45 L) compared to the total volume of
slurry processed during the run (100 L) meant that equilibrium concen-
trations were not reached between oxidation discharge solution (Fig-
ure 5.12) and feed solution (Figure 5.7) during the run. Furthermore,
the feed solution sulphuric acid concentration should have been main-
tained at a constant level to balance the sulphate leaving the circuit
in the solution associated with the thickener underflow and also as
precipitated basic iron sulphate.
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Sulphuric acid was rapidly consumed in cell 1 (Figures 5.4 and
5.8), while ferrous iron concentration increased and the total iron con-
centration remained tairly constant. In cells 2, 3 and 4, the ferrous
iron concentration decreased (Figure 5.5) as oxidation of ferrous to
ferric iron occurred and the total 1iron concentration (Figure 5.6)
decreased as ferric iron was precipitated as either goethite or hydrated
iron oxide. Precipitation of the 1iron was accompanied by a slight
increase in acid concentration (Figure 5.4) in cells 2, 3 and 4.

Residue analyses for cell and discharge samples are shown in
Tables 5.20 to 5.24, together with conversion data. The solids weight
gain across the oxidation step was in the range 30 to 40%, based on the
sample volumes and dry solids weights. The rate of conversion of sul-
phide sulphur to elemental sulphur, and hence the optimum retention
time, can be determined from the profile samples. Median values for
each cell and hourly discharge samples are presented below for the
treatment of pyrrhotite matte.

Sample %S= — >SU
Cell 1 36.2
Cell 2 56.7
Cell 3 68.4
Cell 4 68.1
Discharge 81.6

Values for cell 3 and 4 indicate that optimum conversion has been
achieved in cell 3, or after a retention time of 2.25 h. However the
discharge samples show a considerably higher median conversion. In
Tables 5.20 and 5.21 it can be seen that the solids content of the dis-
charge slurries are considerably greater than for the cell 4 slurries
and this would account for the apparent increase in conversion of sul-
phide sulphur to elemental sulphur. Cell samples are taken from dip
pipes located near the bottom of the cell. Sulphur is readily flotable
in a sparged slurry and hence cell samples would tend to yield lower
solids content than the discharge sample which contains the whole con-
tents of the autoclave discharge. It is therefore assumed that the dis-
charge samples are more representative of the total slurry than the cell
samples, especially cell 4 where the highest concentration of elemental
sulphur will exist.
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The median value for percent unreacted sulphide sulphur in the dis-
charge samples was 6.2%, thus indicating that a slightly longer reten-
tion time would be required to obtain complete oxidation of the sulphide
sulphur. The flow rates of feed slurry and solution were set to give a
retention time of 3.0 h based upon the static autoclave volume of 10 L.
In practice, the dynamic volume is ~8 L and therefore the true retention
time for the oxidation step was -2.4 h. Batch retention times to
achieve complete sulphide oxidation were 3.0 h.

When the feed was changed to natural pyrrhotite, difficulties were
experienced in controlling the slurry feed rate for the first two hours
of operation, resulting in wide fluctuations in solution analyses. As
the oxidation progressed, the oxidation of sulphide sulphur decreased,
with -40% of the sulphide reporting to the discharge residue, and only
-50% of the sulphide sulphur being recovered as elemental sulphur. Cell
and discharge solution analyses (Figures 5.8 to 5.12) show that the
ratio of ferrous iron:total iron increased almost to unity, indicating a
lack of ferric iron to perform the oxygen transfer function and maintain
the oxidation reaction. The natural pyrrhotite was fed at a rate of
-215 g/L of solution to maintain the same total iron feed to the system
and hence the same oxygen stoichiometry. Batch oxidation tests showed
that the behaviour of natural pyrrhotite was almost identical to that of
pyrrhotite matte in a 10U°C test. It is expected that if the acidity in
the feed solution had been maintained at 12 to 15 g/L, to balance the
sulphate loss with the residues, the oxidation of sulphide sulphur would
have exceeded 90%, with a corresponding increase in elemental sulphur
recovery.

The sulphate sulphur present in the residues after treatment of the
pyrrhotite matte corresponded to -18% of the sulphide sulphur in the
matte, and -14% for the treatment of natural pyrrhotite. A portion of
this sulphate originated in the feed solution, since the sulphate con-
tent of the solution decreased from feed to discharge.

5.5.3 Liquid-Solid Separation

Continuous thickening of the autoclave discharge slurry was carried
out in a 45 L volume Plexiglas thickener, equipped with a slow speed
rake. At the start of the run the thickener was filled with synthetic
overflow solution and flocculated slurry was then fed to the thickener.
The mud level was allowed to rise to a depth of 25 to 30 cm before
underflow was continuously pumped at a rate to maintain that level.
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The oxidation thickener operatinglog ispresented in Table 5.25.
Flocculant was addedat a dosage of 100 y/t ofsolids. A stock solution
was prepared at 0.5 y/L and the required feed rate was 2 mL/min. Under-

flow solid specific gravity was 2.95. Under steady operating condi-
tions, thickener underflows containing in excess of 50% solids could be
anticipated. No attempt was made to optimize the TFlocculant

requirements because of the short duration of the testwork.

5.5.4 Elemental Sulphur Recovery

Recovery of elemental sulphur from the oxidation thickener
underflow was attempted by both flotation and pelletization. The final

stage of elemental sulphurrecovery 1is hot filtration. Recovery of
elemental sulphur by hot Tfiltration is extremely sensitive to the
elemental sulphur grade of the feed. Therefore the objective of the

recovery route was to maximize both the recovery and the grade or
elemental sulphur in the final concentrate.

5.5.4.1 Flotation Testwork

Flotation testwork was carried out in a 2 L batch flotation cell
equipped with a mechanical paddle for the removal of froth and an elec-
tronic level controller. Flotation tests were carried out on oxidation
thickener underflow obtained from the treatment of pyrrhotite matte.
Sufficient thickener underflow was diluted with water to a volume of 2 L
to give a solids content of -100 g/L slurry, 10% solids. All tests were
performed under ambient conditions and at a constant impeller speed of
1200 rpm. Flotation concentrate samples were removed after 0.25, 0.5,
1, 2, 4, and 8 min to enable flotation rate curves to be plotted. The
objectives of the tests were to optimize elemental sulphur recovery and
depress Tflotation of iron oxide. Results are presented in Tables 5.26
to 5.83 and Figures 5.13 to 5.19.

Elemental sulphur floats readi ly in an agitated and aerated flota-
tion cell and therefore flotation was attempted without reagent addition
(Table 5.26). Subsequently three different frothers were tested at a
typical frother addition of 50 g/t (Tables 5.27 to 5.29). The results
of these tests are presented in Figure 5.13 and show that Aerofroth 73
has a marked advantage over the other frothers tested, in terms of ele-
mental sulphur recovery. After a retention time of four minutes, -95%
of the elemental sulphur had been recovered to a rougher concentrate
grading 42.4% Su.
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The effect of washing the oxidation residue to remove soluble metal
salts, on the flotation behaviour of elemental sulphur and iron oxide,
was investigated (Table 5.30). The results, shown in Figures b.14 and
5.15, indicate that both elemental sulphur and iron oxide flotation are
suppressed and therefore no advantage 1is gained by thoroughly washing
the oxidation residue prior to flotation.

Further testwork to suppress the flotation of iron oxide involved
the use of trisodium phosphate, a reagent used commercially for depres-
sing iron oxide slimes. Typical dosages are 250 to 1000 g/t and these
levels were tested with both Aerofroth 73 (Table 5.31) and Pine Oil
(Tables 5.32 and 5.33) as the frother. The addition of 1000 g/t tri-
sodium phosphate together with 50 g/t Aerofroth 73 produced a slight
improvement 1in the depression of iron oxide (Figure 5.17) but elemental
sulphur flotation was also depressed. The addition of various levels of
trisodium phosphate together with 50 g/t Pine Oil also failed to depress
iron oxide flotation to any significant extent (Figures 5.18 to 5.19).
The difficulty of separating elemental sulphur from iron oxides in resi-
dues from leaches conducted below the melting point of sulphur 1is
probably due to the intimate association of the two phases.

A continuous flotation test was carried out on oxidation thickener
underflow repulped with water to give a feed slurry containing -200 g/L
solids. The circuit consisted of three rougher cells, three cleaner
cells and six scavenger cells. Each cell had a working volume of
300 mL and fresh feed was pumped to the circuit at a rate of 100 mL/
min.  The flowsheet is shown schematically in Figure 5.20. Reagents,
50 g/t Aerofroth 73 and 1000 g/t trisodium phosphate, were added to the
rougher circuit feed tank. Rougher concentrate was fed to the cleaner
circuit and the final cleaner concentrate product was withdrawn from the
first two cells, with the concentrate from the third cell being recycled
to cleaner circuit feed. Cleaner tailings were fed to the front of the
rougher circuit. Rougher tailings were treated in the six cell scaven-
ger circuit, concentrates from the first three cells being recycled to
the rougher circuit. Concentrate from the final three cells was re-
cycled to the front of the scavenger circuit. After two hours of steady
operation, a sample of cleaner concentrate analyzed 44.3% S°. Although
sulphur recovery across the circuit appeared to be satisfactory, flota-
tion of iron oxide remained a problem. A sample of cleaner concentrate
was subjected to a batch flotation rate run and the results are presen-
ted in Table 5.34. No upgrading of the concentrate was achieved and the
cumulative weight distribution was identical to the cumulative elemental
sulphur distribution.
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To obtain high recoveries of elemental sulphur in a hot filtration
operation, the feed to the step (Fflotation cleaner concentrate) must
have a grade in excess of 85% S°. Therefore for a viable process based
on pressure oxidation of pyrrhotite matte below the melting point of
sulphur, it would be necessary to perform further testwork to optimize
conditions and reagents for the depression of iron oxide. This testwork
was not within the scope of the Phase 1 study.

5.5.4.2 Pelletization

Three tests were performed in an attempt to pelletize the elemental
sulphur content of the oxidation residue by heating the oxidation thick-
ener underflow slurry above the melting point of sulphur. In the first
test, 2.5 L of oxidation thickener underflow, pulp density 1436 g/L, 40%
solids, was heated in an autoclave to 130°C under agitation and the
temperature was maintained for fifteen minutes. The autoclave was then
cooled under agitation and the slurry screened at 150 pm. No elemental
sulphur pellets were observed. The test was repeated at a temperature
of 150°C for thirty minutes and again no pellets were obtained.

Previous testwork in this area has shown that pelletization of
elemental sulphur 1is difficult with slurries containing less than 25%
S°.  The elemental sulphur content of the slurry was therefore doubled
to ~35% S° by adding 250 g of elemental sulphur. The test was then per-
formed at 130°C for Tfifteen minutes and again no pellets were formed.
Further testwork would be required to Tfully investigate pelletization,

with slurry pulp density and additives addition being considered as
major parameters.

sherritt



LABORATORY STUDY 5-19

Table 5.1 Chemical Analysis of Lump Pyrite and Pyrrhotite Concentrate

Constituent Pyrite (%) Pyrrhotite (%)
Alumi num Al 0.50 2.38
Arseni c As 0.044 0.018
Calci um Ca 0.084 0.768
Chromi um Cr 0.115 0.014
Cobalt Co 0.037 <0.005
Copper Cu 0.015 0.045
Iron Fe 36.2 39.0
Lead Pb 0.041 0.031
Magnesium Mg 0.208 1.75
Manganese Mn 0.044 0.157
Mercury Hg 0.0002 <0.0001
Nickel Ni 0.032 0.024
Selenium Se 0.00025 <0.00001
Silica Si02 13.6 14.0
Sulphur S 40.5 24.8
Zinc Zn 0.015 0.343
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Table 5.2 Chemical and Screen Analysis of Lump Pyrrhotite Matte

Chemical Analysis

Constituent
Aluminum Al
Arsenic As
Calcium Ca
Iron Fe
Lead Pb
Magnesium Mg
Manganese Mn
Mercury Hg
Selenium Se
Silica Si02
Sulphur S
Zinc Zn

Screen Analyses

(Milled Matte)

pm

44
40
30
20

5

sherritt

%

<0.11
0.0092
<0.005
60.5
0.07
0.029
0.080
<0.0002
0.0012
0.31
29.4
0.030

Cummulative % Passing

97.4
22.4
12.7
11.7

6.8
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Table 5.3 Non Oxidizing Acid Leach of Pyrrhotite Matte

Charge

Temperature

Retenti on Time

119 g (@3 g¢g/L) pyrrhotite matte slurried with water
to 750 mL wvolume, 550 mL solution containing
variable H2S04 content

Acid solution added to diluted slurry at room
temperature, slurry heated to 85°C on completion of
acid addition

1.0 h at temperature

Pressure Atmospheric in closed vessel vented to fume hood
Test 1 120 g/L H2S04, H2SU4 :Fe molar ratio = 1.22:1
Analysis (b g/L) Distribution®) I S= —>
Fraction | ,g Fe2+ Fe S° S H2s04 Fe S H2s
Head 119 57.2 <0.01 29.1 - 100 100
Solution 1.275 58.7 - - - 23.5 93.6 5.8
Residue 15.0 29.2 5.8 31.9 . 6.4 13.8 80.4

Test 2

Fraction | .9

Head 119
Solution 1.?775 61.2
Residue 15.0

200 g/L H2S04, H2SU4 :Fe molar ratio = 2.04 1

Analysis %, g¢/L) Distribution®) % S= -
Fe2+ Fe Se S H2S04 Fe S H2S
57.2 - 29.1 - 100 100
- - 104 97.9 11.3
18.6 21.4 41.6 2.1 9.1 79.6
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Table 5.4 Pressure Oxidation of Pyrrhotite Matte Below the Melting Point of
Sulphur: Effect of Additive

Charge 750 g (300 g/L) pyrrhotite matte as a 70* solids slurry, solu-
tion to give a total slurry volume of 2.5 L containing 50 g
(20 g/L) H2S04

Temperature 110°C

Retention Time 1.0 h

Oxygen Pressure 345 kPa

Total Pressure 480 kPa

Additi ve Surfactant added to Test 2

Analysis (W, o/L)
Test Fraction L, g Fe2+ Fe S° S(S04=) S

1 Head 750 - 57.2 <01l 0.17
Solution 2.345 11.4 14.3 ;
Residue 801 . 47.2 20.5 1.25

2 Head 750 - 57.2 <0l 0.17
Solution 2.345 10.3 Ib.4 .
Con 304 - 34.6 43.1 0.56

Tailings 528 59.6 0.99 1.59

2.1
30.3
2.1

59.4
2.26
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H2S04

2.8

0.7

Distri bution(®) % s= % S >

Fe

100
11.9
88.1

100
2.1
24.5
73.4

S=
100
31; 6
100

22.1

—>5° S(S045)
. 3.5
75.8 4.0
- 51
60.4 4.1
2.4
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Table 5.5 Pressure Oxidation of Pyrrhotite Ntte Below the Melting Point of Sulphur:
Effect of Retention Time During Leaching with Oxygen

Charge 375 g (150 g/L) pyrrhotite matte as a 70% solids slurry, solu-
tion to give a total slurry volume of 2.5 L containing 19.1 g/L
H2S04, 12.6 g/L Fe™+, 5.6 g/L Fe™+, and surfactant additive

Temperature 100°C

Retention Time Variable

Oxygen Pressure 45 kPa

Total Pressure 345 kPa

Time Analysis (W, o/L) Distribution %)

() Fractiony g Fe™ Fe

0.5 Head 375 - 57.2
Solution 2.5 15.3 25.7
Residue 435.9 - 47.9

1.0  Head 375 - 57.2
Solution 2.5 11.0 22.7

Residue 472.5 - 45.8
2.0 Head 375 - 57.2
Solution 2.5 5.7 18.9
Residue 504.8 - 448
3.0 Head 375 - 57.2
Solution 2.5 4.8 20.2
Residue 530.1 - 40.8

S s(so045)
<.0l 0.17
152 2.21
<.0l 0.17
1;3-7 2-%9
<.0l 0.17
15.8 3.;0

<0l 0.17

18.1 3.76
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S
29.1
2.3
2.1
2.5
2.1
él.O
2.1

21.6

H2S04

0.9

1.6

3.6

<1.0

Fe

100
2.7
97.3

100

©-9)
100.9

100

G-9
105.4

100

©-8)
100.8

=
100
271.7
100
13; 1
100
5.1
100

0

% s= —>s°

61.1

72.8

78.3



Table 5.6
Charge

tion to give a total
Tempe rature 100<C

Retention Time

LABORATORY STUDY

Effect of Retention Time During Leaching with Air

500 g (200 g/L) pyrrhotite matte as a 70% solids slurry,
slurry volume of 2.5 L containing 19.1 g/L

H2S04, 12.6 g/L Fe2+, 5.6 g/L Fe3\ and surfactant additive

Variable

Oxygen Pressure 205 kPa

Total Pressure

Time

®

0.5

1.0

2.0

3.0

1035 kPa

Analysis W, o/L)

Fraction y g Fe2+ Fe
Head 500 - 57.2
Solution 2.5 27.7 30.9
Residue 510.1 - 53.2
Head 500 - 57.2
Solution 2.5 24.4 28.3
Residue 546.7 - 51.6
Head 500 - 57.2
Solution 2.5 15.8 21.7
Residue 633.7 - 47.2
Head 500 - 57.2
Solution 2.5 12.9 20.2
Residue 705.1 . 41.2

S°  S(S045)
<0l 0.17
1i.5 1-69
<0l 0.17
152 141
<0l 0.17
15.8 2.;18
<0l 0.17

17.6 2.9
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S
2.1
2%.2
29.1
2é5.3
2.1
2.7
2.1

22.3

H2S04

1.7

1.2

4.7

1.1

Distribution ()

Fe

100
5.1
94.9

100
1.6
98.6

100

@.6)
104.6

100

d6)
101.6

s=
100
51; 6
100
1.2
100
23; 8
100

8.3

49.9

69.3

85.9

5-74

Pressure Oxidation of Pyrrhotite Matte Below the Melting Point of Sulphur:

solu-

% s= —>s°
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Table 5.7 Pressure Oxidation of Pyrrhotite Hatte Above the Melting Point of
Sulphur: Effect of Retention Time

Charge 750 g (300 g/L) pyrrhotite matte as a 70% solids slurry, solu-
tion to give a total slurry volume of 2.5 L containing 50 g
(20 pL) H2S04 and additives

Temperature 150°C
Retention Time Variable
Oxygen Pressure 345 kPa
Total Pressure 825 kPa
Tine Analysis (%, gA) Distribution®)
() Fraction |, y Fe2+ Fe S° S(S04=) S H2S04 Fe S % S= ->8°
0.5 Head 750 - 5r2<0l 017 29.1 - 100 100
Solution 2.345 7.2 16.4 - - 1.4 18.0
Residue:
+150 pm 299.6 - 39.9 23.6 0.24 59.2 . 27.9 48.9 32.6
-150 pm 448.2 - 51.8 0.67 1.04 3.49 - 54.1 3.7 14
1.0 Head 750 - 57.2<01 0.17 29.1 - 100 100
Solution 2.345 8.4 16.5 - - - 112 2.4 - -
Residue 753.5 - 49.9 14.3 0.83 23.7 . 87.6 29.8 49.7
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750 g (300 g/L) pyrrhotite matte as a 70% solids slurry, solu-

tion to give a total

(20 g/L) H2S04 and additives

Sulphur:
Charge
Temperature 150°C
Retention Time 1.0 h
Oxygen Pressure Variable
Total Pressure Variable
Press kPa

o9 Total Fraction y y Fe2+

825

690 1170

Mead 750
Solution 2.345 8
Residue 753.5

Head 750

4

Solution 2.345 9.2

Residue:
+150 pn 281
-150 pm 435

Analysis (%, g/L)
Fe S° S(S04=) S H2S04
57.2 <01 0.17 29.1 -
16.5 11.2
499 14.3 0.83 23.7 -
57.2 <01l 0.17 29.1
5.7 - - - 170
42.1 26.8 1.14 58.1
61.8 <.1 1.06 4.30 -

sherritt
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slurry volume of 2.5 L containing 50 g

->S°

49.7

347

Distri bution(®%) % S=
Fe ] s
100 100
12.4 .
87.6 29.8
100 100
9.7
27.6 39.1
62.7 6.5

<2
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Table 5.9 Pressure Oxidation of Pyrrhotite Matte Above the Melting Point of Sulphur:
Effect of Pulp Density

Charge Variable g pyrrhotite matte as as a /0% solids slurry, solution
to give a total slurry volume of 2.5 L containing SO y (20 g/L)
H2S04 and additives

ieniperatiire 15U°C
detention Tinie 1.0 h
Oxygen Pressure 345 kPa
Total Pressure 325 kPa
Matte/ Ana lysis (W, o/L) Distribution™)
Slurry Fraction L, 9 Fe2+ Fe S° S(S04=) = H2S04 Fe S % S= S
@3/) Head 375 : 57.2 <0l 0.17 29.1 100 100
150 Solution 2.345 6.4 11.2 , : 16.2 242
Residue:
+150 pm 106 - 2712522 1.6 2./ 13.4 18.5 51.1
-150 pn 213 : 61.4 0.3 1.056 3.84 - 62.4 5.0 0.6
(J/L) Head 375 : 57.2 <0l 0.17 29.1 100 100
300 Solution 2.345 8.4 16.5 : : 11.2 124 : :
Residue 753.5 - 499 14.3 0.83 23.7 87.6 29.8 49.7
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Table 5.10 Pressure Oxidation of Pyrrhotite Matte Above the Melting Point of

Charge

Tetmperature
Retention T

Sulphur:

ime

Oxygen Pressure

Total Press

HASU4/
Slurry
@b

ure

traction

Head

Solution
Residue:
+150 pm
=150 pm

Head
Solution
Residue

Head

Solution
Residue:
+150 pm
-150 pm

Initial Acidity

750 g (300 g/L) pyrrhotite matte as as a 70% solids slurry, solu-
tion to give a total slurry volume of 2.5 L containing variable
g H2S04 and additives

150°C
1.0 h
345 kPa
825 kPa

Analysis W, o/L) Distribution(X)
L,y Fe2+ Fe S° S(SU4&) S H2SU4 Fe S % S= ->S°
750 - 57.2 <01 0.17 29.1 - 100 100 _
2.345 8.0 11.9 - - - 11.5 7.9 - -
228 - 30.946.3 1.88 69.7 - 16.4 22.6 48.7
538 60.4 <1 111 3.74 - 75.7 c.5 <.2
750 - 57.2 <0 0.17 2.1 - 100 100 .
2.345 8.4 16.5 - - - 1.2 124 - -
753.5 - 49.9 143 0.83 23.7 - 87.6 298 49.7
750 - 57.2<Cl 0.17 291 - 100 100 -
2.345 9.8 22.4 - - - 12.7 10.5 - -
175 - 16.559.3 0.37 8.9 - 6.7 18.8 47.9
52 - 60.04.32 139 7.00 - 82.8 3.5 11.8
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Table 5.11
of

Charge

Tempe rature
Rétention Time
Oxygen Pressure
Total Pressure
Conditions

Fraction

Head
Solution
Residue

Conditions:

Fraction

Feed

Cleaner Con 1
Cleaner Con 2
Rougher Tails
Cleaner Tails
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Pressure Oxidation of Pyrrhotite Platte Above the Melting Point

375 g (@BD) y/L) pyrrhotite matte as as a 70% solids slurry,

solution to give a total solution volume of 2.5

L confining

2.6 g¢/L Fe2+, 22 g/L Fe, 20.4 y/L. H"SO4 and additive

150°C

1.0 h

345 kPa

825 kPa

Leach, flash discharge

Analysis (W, o/L)

Distribution %)

L, g Fe2+ Fe S° s(so4=) S H2S04 Fe s= 5=~ 4
1
379 57.2 <.01 0.17 29.1 100 100
2.5 v.s 15.6 11.7 (3.4)
521.1 - 43.0 17.7 3.32  22.2 103.4 5.6 84.2
Flotation from leach discharge slurry, 1200 rpm, 40°C, no reagents
L, g Analysis () Distribution
Fe S° S(S04=) s Fe s° S
459.2 43.3 17.5 3.31 21.7 100 100 100
66.2 4.92 83.7 0.61 95.2 1.6 73.1 63.2
16.0 36.0 27.5 3.45 34.0 2.9 5.5 5.5
322.9 50.6 4.5 3.68 8.3 82.2 18.1 27.1
54.1 49.2 5.0 4.35 8.16 13.4 3.4 4.4

sherritt



Table 5.12

Charye

Temperature
Retention Time
Oxygen Pressure
Total Pressure
Conditions

Fraction
Head

Solution
Residue

Conditions:

LABORATORY STUDY

Pressure Oxidation of Pyrrhotite Matte Above the Melting Point
of Sulphur:

Optimization Test

375 g (150 g/L) pyrrhotite matte as as a 70% solids slurry,
solution to give a total solution volume of 2.5 L containing
2.6 o/L Fe2+, 22 ol Fe, 20.4 pJi H2S04 and additive

5-30

15u°C

1.0 h

345 kPa

325 kPa

Leach, flash discharge

Analysis (%, o) Distribution %)
U y Fe2+ Fe S° S(S045) S H2S04 Fe S= % s= ->3
417 57.2 <0l 0.17 29.1 100 100
2513 156 - - 164 (5.5) - -

548.3 - 459 196 1.4 220 105.5 2.1 88.5

Flotation: Leach residue washed and repulped, 1200 min. 40°C, 50 g/t Aerofroth 73

Fraction

Feed

Cleaner Con 1
Cleaner Con 2
Rougher Tails
Cleaner Tails

Analysis %)

Distri bution b,

L, g Fe s° S(=> S Fe s° s
472.8 46.2 18.9 1.93 21.5 100 100 100
67.2 0.766 95.4 0.275 >98 0.2 71.7 64.8
3.6 30.6 41.7 1.51 49.0 0.5 2.0 1.7
383.4 54.0 5.9 2.22 8.48 94.8 25.3 32.0
18.6 52.6 6.8 2.04 8.64 4.5 14 1.6

sherritt
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Table 5.13 Elemental Sulphur Recovery from Flotation Concentrate

Conditions:

Cleaner flotation concentrate (95.4% S°) melted at 14U°C

Melt filtered

Filtrate granulated in water

Sulphur Product:

Arsenic
Copper
lron
Lead
Nickel
Selenium

Constituent

Cu
Fe
Pb
Ni

Se

sherritt

Analysis ()

0.0U04
<0.001

0.003
<0.001
<0.001

0.0012
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Table 5.14 Settling Test Data for 150°C Oxidation Discharge Slurry

Date September 16, 1983
Slurry 150°C leach residue diluted with leach
discharge solution
Temperature 70°C
Raked No
Flocculant Nonionic 170 g/t
Pulp Density 1283 g/L
Solution S.G. 1186 g/L at temperature
Solids S.G. 3250 g/L
Total Solids 155.7 g dry weight
Cylinder Hei ght 34.4 cm/L
Time Interface Time Interface
min) (L) @min) (mL)
0 1020 15 470
1 970 25 425
2 920 30 410
3 850 60 395
A 780 90 355
5 720 120 340
6 660 150 310
7 610 180 300
8 5b0 240 300
9 540 1440 290
10 525

Calculated Values (Kunch Method):

Thickener Unit Area 0.56 m2/fd

Initial Slurry 11.9 % Solids

Underflow (24 h) 34.5 % Solids

Initial Settling Rate 1.2 mh

Remarks Elemental Sulphur settles rapidly

sherrrtt
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Table 5.15 Pressure Oxidation of Natural Pyrrhotite Below the Melting Point
of Sulphur

Charge

Temperature
detention Time
Oxidant

1 xygen Pressure
Total Pressure

Jj  Fraction

i_ ____________
i Head

j  Solution

% Residue

500 g (200 g/L) natural pyrrhotite (87.4% <44 pm), 2.5 L solu-
tion containing 18.6 g/L H2S04, 12.5 g/L Fe”, 5.2 g/L Fe™+ and
surfactant additive

: 100°C

:20h

o Air

1 205 kPa

: 1035 kPa

Analysis %, g/L) Distribution®)

U O Fe2+ Fe S° s(so4=) s  H2S04 Fe S= % s= ->s°
500 - 38.6 - 0.27 25.3 - 100 100

2580 13.5 - - - 2.6 €.8) -
644.4 - 30.5 15.3 3.06 21.0 - 101.8 13.6 78.9

shcrritt
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Table 5.16 Pressure Oxidation of a 50:50 Mixture of Pyrrhotite Matte and Natural
Pyrrhotite Below the Melting Point of Sulphur

Charge 250 g (U0 g¢/L) pyrrhotite natte, 250 g (100 g¢/L) natural
pyrrhotite, 2.5 L solution containing 18.6 g/L H2S04,
12.5 gA- Fe™, 5.2 g/l Fe™+ and surfactant additive

Teniperature 100°C
Retention Tinte 2.0 h
Oxidant Air
Oxygen Pressure 205 kPa
Total Pressure 1035 kPa
Analysis W, g/L) Distribution™)
Fraction L, o Fe2+ Fe S S(SU45) S H2S04 Fe S=  %s= ->s°
Head 500 : 47.9 <.01 0.22 27.2 - 100 100
Solution 2.5 11.2 19.1 - - S22 2.3
Residue b28.9 . 37.2 15.3 2.36 23.3 - 97.7 26.3 71.3

shcrrrtt
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Table 5.17 Continuous Pressure

Run Time (h) 1 2 3
Siurry (mL/min) 5.8 b.l 7.8
Slurry m; (9/L) 2250 2250 2250
Solution (mL/min) 50 50 50
Temp (°0)

Cl 103 97.5 99.5
c2 101 9% 97
C3 101 96.5 97.5
C4 100 96.5 100.5
Pressure (kPa) 265 265 280
02 Flow L/min)
Cl 1.4 1.4 1.4
c2 0.7 0.7 0.7
C3 0.3 0.3 0.3
C4 0.3 0.3 0.3
Total 2.7 2.7 2.7
Vent 0.06 0.25

4

5.8
2250
51

99
102
100.5
99.5

285

1.4
0.7
0.3
0.3
2.7
0.40

Oxidation Operating Log

5 6 7 8 9 10 1 12 13 14

5.8 5.2 5.3 5.2 4.8 5.2 53 4.9 4.8 5.8

15

5.2

16

5.2 |

2250 2250 2250 2250 2250 2250 2250 2250 2230 2230 2230]2200

51 51 51 52 52 51 51 52 52 52

9 99 99 99.5 99.5 99.5 99.5 99.5 99.5
102 101 99 99.5 99.5 99.5 99.5 100 100
100 99.5 99 99 99.5 99 99 &q 99
99.5 99 9 99.5 99.5 9 99.5 99 99

285 288 288 291 280 280 280 280 280 280

14 14 1.4 14 14 14 1.4 1.4 14 1.4
0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7
0.56 0.52 0.64 0.75 0.96 0.88 0.96 0.96 0.88 -

50

100
100
99
99

280

1.4
0.7
0.3
0.3
2.7

5 1

h
100
99.51

99
99

280

1.4
0.7
0.3
0.3
2.7

1.02 0.88

AQNLS  AHOLVHOgVY'1
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Table 5.17 Continuous Pressure Oxidation Operating Log (Continued)

Run Time M 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 ]

i

—1

Slurry (ml/min) 5.8 46 5.7 56 4.9 60 82 80 82 80 8.1 7.8 8.4 84 8.4 8.4 |
Slurry PD 2200 2230 2230 2230 2230 2230 2050 2050 2050 2050 2050 2050 2050 2050 2050 2050]

Sol ution @iL/mip) 52 51 54 50 49 50 47.4 47 47 47 48 47 48 47 48 47 i
1

Temp (09
cl j99.5 99.5 99.5 99.5 99.5 99.5 99.5 99.5 99.5 99.5 99.5 99.5 99.5 99.5 99.5 99.51
CP *9.5 99.5 99.5 99.5 99.5 99.5 99.5 99.6 99.5 99.5 99.5 99.5 99.5 99.5 99.5 99.51
C3 9 99 99 99 99 99 99 99 99 99 99.5 99 99.5 99.5 99.5 99.5)
; c4 9 99 99 99 99 99 99 99 99.5 99.5 99.5 99 99.5 99.5 99.5 99.51
— R
Pressure (kPa) 280 28U 280 284 288 280 284 288 288 2883 288 288 288 288 288 288 |
U2 Flow (W/min)
Cl 1.4 1.4 1.4 1.4 1.4 14 1.4 14 14 14 14 14 14 14 14 1.4
C2 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
C3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.31
C4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Total 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7
Vent 0.88 0.88 0.88 0.88 0.88 0.88 1.10 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02

AQNLS  AHOLVH0av1
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Table 5.18 Continuous Pressure Oxidation of Pyrrhotite Matte:

Kim

Time (h) Sample Fe”

a1

w
1
12

13

Cl

c3
C4
DX
OoX

VK

SRR

0oX

0oX

Cl

2 R

OoX

0oX

RXRRYIa™

0X

* Calculated

Solution Ana lysis (/)

19.0
22.2
20.3
17.2
16.2
17.2
11.5
9.4
18.9
22.5
17.0
11.8
9.0
8.7
8.7
8.7
18.6
21.6
16.1
11.0
8.5
8.5
8.0
8.4
18.2
21.9
17.4
13.3
9.5
9.0
8.6

Fe

23.6
23.1
24.3
20.4
20.6
21.6

18.4
15.8
24.0
23.5
18.5
18.5
15.8
16.1
16.1
16.0
241
23.8
20.8
19.6
16.4
15.9
15.9
17.3
22.9
21.9
21.1

18.6
17.5
13.7
18.4

S*

19.0
14.7
16.3
14.3
15.1
15.1
14.0
12.6
19.4
15.1
12.8
14.5
13.2
13.0
13.0
12.9
19.3
15.9
15.2
15.7
13.9
13.0
13.3
14.1
17.9
14.2
14.9
14.1
14.4
10.8
15.1

12.7
3.5
4.2
5.1
6.3
4.3
4.4
5.2

12.6
4.2
5.3
5.9
6.7
5.0
5.0
5.1

11.9
4.4
5.8
6.1
6.8
5.4
5.9
4.9

10.5
4.9
5.3
5.8
6.2
4.9
5.2

sherritt

Run

1A
15

17

R 8B

22

24

(1)

SRIIQT

DX
0X

cl

SR

DX
DX

SPRY2T

0X
0X

2T

5-37

Solution Analyses

Solution Analysis (9a)
RS04 Time (h) Sample Fe2+ re

9.2
17.2
21.8
17.2
13.0

9.3

8.7
8.8
15.1
18.9
16.8
12.3
9.0
8.9
8.7
8.7
14.8
19.3
15.0
11.6
8.7
8.8
8.4
8.4
13.8
14.5
14.4
3.4
6.8
6.8

15.0
24.3
23.5
20.5
18.0
15.2

15.2
14.7
22.0
20.6
18.5
17.6
15.6
15.0
14.9
13.0
21.6
20.1
17.0
15.2
13.0
13.5
13.3
13.7
20.0
14.5
15.3

7.9
10.7

9.2

S*

12.3
18.3
15.3
14.3
13.4
12.2

12.3
11.8
16.5
13.8
13.1
13.5
12.8
12.1
12.2
10.4
16.1
13.1
11.9
11.5
10.7
10.9
10.7
11.3
15.2

9.4
10.6

6.8

9.6

8.0

H'SY)

6.2
7.2
4.1
4.9
5.1
5.4
5.3
5.1
5.7
4.5
52
5.7
5.9
5.3
5.6
5.3
5.3
4.1
4.9
5.3
6.1
5.4
5.2
5.8
4.5
3.9
4.9
2.9
7.3
6.2
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5-38

Table 5.19 Continuous Pressure Oxidation of Natural Pyrrtiotite: Solution Analyses

Run

2b
26
27

L8R

UX
LiX
F
Cl
C2
C3
C4
DX

DX
DX
F

Cl

Solution Analysis (g/1)
Time (h) Sample Fe2+ Fe

6.4
8.7
11.9
13.5
12.7
10.9
9.7
9.2
9.0
9.0
11.8
12.8

S*
11.4 9.6
126 9.6
2.7 86
13.6 8.8
18.0 12.9
10.9 7.5
10.8 7.8
13.5 9.9
9.7 6.7
9.2 6.3
18.3 13.6
15.6 11.0

4.9
3.8
3.4
2.9
3.3
3.7
3.8
2.9
2.7
2.8
3.9
3.7

sherrvtt

Run

30

32

Solution Analysis (@/l)
H2S04 Time (h) Sample Fe2+ Fe

11.4
10.2
9.1
8.7
9.7
11.9
12.3
11.7
10.2
8.7
8.7

13.1
10.9

9.2

9.0
13.2
17.8
14.9
11.9
11.2
11.5
10.6

S*

9.3
7.8
6.D
6.2
9.5
13.1
10.5
8.0
8.0
8.5
7.6

H2S04

4.0
4.1
4.0
2.9
2.9
3.6
3.7
3.5
3.9
3.3
3.1
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Table 5.20 Continuous Pressure Oxidation of Pyrrhotite Matte:

Run

Samples Analytical

§ sol ids/

Time(h) Sample 1 Slurry

6

12

Cl

SR

Cl

SRED

Cl

SR

165
169
212
226
232
258

143
142
168
187
187
217

140
154
189
190
181
164

Fe s® 1s(so04=)

57.
46.
44.
42.
42.
42.

57.
39.
43.
41.
41.
42.

57.
47.
44.
41.
42.
40.

and Conversion Data

Solids Analysis (%)

<.01
9.79
13.4
14.7
15.1
15.5

P AN PMMONDN

<.01
11.9
13.2
14.8
14.5
14.8

N O ~PEFL 00N

<.01
9.9

12.8
14.2
16.3
17.0

o R, ok~ ODN

sherritt

0.17

3.6!

0.17

3.92

LABORATORY STUDY S-39
Profile
% Unreacted % s=
S Sulphide ->s°
29.1 1 100
24.4 - 34.7
22.6 - 59.6
20.7 69.7
20.3 - 73.5
20.8 9.1 83.9
29.1 100 _
25.6 " 40.9
19.5 _ 53.7
20.3 67.0
20.1 - 65.6
19.6 6.2 77.7
29.1 100
24.2 - 37.7
21.7 59.8
20.4 66.7
19.3 72.9
20.9 0 68.9
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Table 5.21 Continuous Pressure Oxidation of Pyrrhotite Matte:
Profile Samples Analytical

Run

j Solids/

Time() Sample L Slurry

15

18

21

o
c2
C3

DX

Cl
C2
C3

UX

Cl
Cc2
C3
C4
DX

149
163
173
206
189

146
156
186
189
193
218

149
165
196
197
198
249

and Conversion Data

Solids Analysis )

Fe Se
57.2 <.01
48.8 10.6
43.9 12.4
43.2 16.4
42.4 14.3

57.
49.

42.
42.
42.

57.
48.
45.
42.
41.
43.

w N o N RN

No Sarriple, Dii“charge Line Pluggeci

<.01

8.80
13.8
16.2
15.4
15.9

<.01

8.83
12.0
13.5
14.3
14.8

W b ooOONDN

sherritt

S(S04<)

0.17

0.17

3.71

0.17

3.63

S

29.1
24.3
20.6
21.3
19.6

29.1
23.7
22.0
23.1
19.6
20.6

29.1
26.5
22.1
20.6
19.7
20.4

% Unreacted
Sulphide

100

100

5.1

100

11.4

40.
49.
78.
62.

32.
60.
72.
70.
82.

33.
54.
61.
65.
85.

5-40

1
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Table 5.22 Continuous Pressure Oxidation of Natural
Profile Samples Analytical

Run

g Sol ids/

Time(h) Sample L Slurry

27

30

32

cl
C2
C3

DX

cl

c2

C3

UX

Cl

C2

C3

DX

218
225
267
238
249
381

214
251
264
259
257
286

214
223
244
240
256
249

LABORATORY STUDY

Pyrrhotite:

and Conversion Data

Solids Analysis

Fe Se
38.6

35.9 4.68
24.4  6.60
33.5 9.28
33.4 11.8
34.4 10.7
38.6

35.2 4.52
33.6 7.13
32.5 9.51
32.5 11.1
32.0 11.0
38.6

33.8 4.24
32.1 7.23
32.3 9.97
31.8 11.4
32.6 11.1

sherritt

S(S04<)

0.27

2.57

0.27

2.82

0.27

3.28

S

25.3
23.9
22.5
20.5
20.0
23.6

25.3
23.7
21.8
21.0
21.0
21.6

25.3
22.6
21.5
21.3
21.0
23.1

% Unreacted
Sulphide

100

100

41.6

100

40.6

5-41

[CR
70

->G°

19.1
32.0
40.0
53.3
73.9

21.0
34.8
45.5
52.7
58.1

17.5
32.6
44 .2
53.9
51.0



Table 5.23 Continuous Pressure Oxidation of Pyrrhotite Matte:

Analytical
Run Feed
Time g Solids/ Solids Analysis
() L Slurry Fe o1
4 163 57,,2 <.01
5 177
6 165
7 160
8 146
9 143
10 145
1 132
12 141
13 143
14
15
16 144
17 156
18 147
19 154
20 138
21 150
22 160
23* 157
24* 136

x

S(S04=) S

0.17

29

Transition period between feeds,

1

and Conversion Data

Discharge Samples

g Solids/ Solids Analysis [%)

L Slurry

277
265
258
224
212
217
156
188
164
212

235
227
218
181
244
249
196
149
170

Fe

36.
36.
42.
40.
40.
42.
39.
40.
40.
41.

42.
42.
42
38.
42.
43.
40.
41.
40.

some difficulty

0 OO NDNOOWR PRk

a~NhwOodH»MwWIoO

SO

15.
16.
15.
15.
17.
14.
17.
16.
17.
15.

16.
16.
15.
16.
15.
14.
15.
12.
12.

© O Wk 0O waoDN b

A © WO O P~O WL

Discharge

S(S04=) S S=
2.77 21.2 17.
3.37 20.6
3.61 20.8 9.
3.88 18.9
3.91 25.8 20.
3.61 19.6 6.
4.03 21.2 0.
3.76 20.6 2.
3.92 20.9
3.73 19.8 0

Di schange PUJjged
3.63 20.8 3
3.63 20.8 4
3.71 20.6 5
3.90 23.4 12
3.58 20.0 8
3.63 20.4 11
3.99 21.2 8
4.17 18.5 4
4.18 19.0 10

% Unreacted

5.

© o NWMNOOPFRP WwOo

VNGO WNOR D

in controlling slurry feed rate

% S=
SO

90.
83.
83.
74.
89.
77.
63.
80.
68.
8x

93.
82.
81.
66.
91.
85.
64.
42.
53.

oM WN~NOFR © ©O®

-

O OO OMNOEPEDN

AQNLS AdOLvHO0av'1
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Table

Rim

Time g Solids/ Sol ids Analysis
s« S(S04-) S

™

25
26
27
28
29
30
31
32

5,24 Continuous Pressure Oxidation of Natural

L Slur

209
209
205
214
204
215

Analytical

and Conversion Data

Feed

ry Fe

38.6

0.27

25.

3

Pyrrhotite: Discharge Samples
Discharge

g Sol ids/ Solids Analysis () % Unreacted
L Slurry Fe S° S(S04=) S S=

224 37.0 13.4 3.83 20.5

278 37.3 10.1 3.41 21.4

380 34.4 10.7 2.57 23.6 -

218 28.3 10.9 3.40 19.3 20.9

253 32.4 10.9 3.13 20.3 31.0

286 32.0 11.0 2.82 21.6 41.6

261 32.0 10.5 3.23 20.8 36.2

249 32.6 11.1 3.28 23.1 40.4

% S=
SO

77.8
45.4
53.8
58.8
53.7
51.4

-

AQNLS AHOLVHOdv
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Table 5.25 Oxidation Thickener Operating Log

Run Feed Slurry Thickener Overflow Mud Thickener Underflow
Time Feed Rate PD To Feed Wei 1 Flocc Dil Speci fic Level Discharge PD %
(y (mL/min) (g/L) (mL/mi n) (mL/min) Gravity (cm) (mL/mi n) (g/L) Solids

7 53 1243 27 23

8 51 1237 27 23 - - - -
9 57 1233 27 23 - 13 - 1335 31
10 48 1233 27 23 1.067 15.5 - 1347 32
1 51 1197 26 24 1.071 - - 1366 34
12 56 1188 27 23 - - - 1380 35
13 53 1140 27 23 - - - 1391 36
14 55 1158 27 23 - 28 6.1 1401 37
15 55 1169 27 23 - 27 6.9 1387 36
16 54 1168 26 24 - 29 20 1399 37
17 50 - 26 24 1.069 29 20 1440 40
19 48 1162 26 24 - 29.5 20 1413 38
21 55 1189 27 23 - 27 16 1411 38
22 57 1165 27 23 - 26.8 16 1481 44
23 55 1171 27 23 - 26.5 17 1488 44
24 63 1185 26 24 1.056 26.8 18 1550 49
25 60 1211 25 25 - - 18 1510 46
26 60 1192 25 25 - 26.5 18 3492 44
27 58 1172 26 24 - 26.5 17 1440 41
28 54 1180 26 24 1.055 26.5 18 1400 38
29 Di s<tharye 0" verted to Co lection T<ink 25.7 17 1480 44
30 - - - - - 25.8 17 1460 43
31 - - - - - 21.5 17 1410 39
32 - - - - - 17.5 17 1430 40

AQNLS AHOLVH0gv

-G
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Table 5.26 Batch Flotation Test: Ho Reagent Addition

Conditions: 330 mL thickener underflow, PD 1455 g/L, diluted to 2 L
with water
20°C
: 1200 rpm
Reagents : None
Analysis %) Distribution %)
Fraction Wei ght
(9) Fe S° S Fe S°
Head* 2141 40.6 16.1 21.2 100 100
Concentrate 0.25 5.5 28.4 46.1 55.7 1.8 7.2
(min) 0.5 5.6 29.0 47.1 57.2 1.9 7.5
1 5.7 29.2 43.2 58.4 1.9 7.3
2 7.3 29.4 46.0 57.5 2.5 9.8
4 13.6 30.2 441 53.8 4.7 17.3
8 7.8 30.1 43.6 52.4 2.6 9.9
Tailings 168.6 43.6 8.4 12.0 84.6 41.0

* Calculated

sherritt
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Table 5.27 Batch Flotation Test: Effect of Dowfroth 200

Conditions: 400 ml thickener underflow, PD 1405 g/L, bulked to 2 L
with water
20°C
1200 rpm
Reagents 50 g/t Dowfroth 200
Analysis (:\ Distribution %)
Fraction Wei ght
(9) Fe S° S Fe S°
Head™* 211.8 37.4 16.0 19.5 100 100
Concentrate  0.25 7.5 37.8 24.3 32.9 3.5 5.3
(min) 0.5 8.1 35.0 28.5 36.6 3.6 6.8
1 13.5 35.5 31.0 40.0 6.0 12.5
2 12.6 32.1 36.1 45.8 5.1 13.3
4 13.7 28.8 36.7 34.1 4.9 14.8
8 14.0 34.6 32.2 14.2 6.0 13.3
Tailings 142.4 39.5 8.08 12.6 70.9 34

* Calculated
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Table 5.28 Batch Flotation Test:

Conditions: 400 mL thickener underflow, PD 1405 g/L,
with water
20°C
1200 rpm
Reagents 50 g/t Pine Oil
Analysis ()
Fraction Weight
(9) Fe S
Head* 210.0 42.2 16.8 21.7
Concentrate 0.25 11.1 21.9 37.7 46.5
(min) 0.5 8.5 33.9 38.8 48.5
1 10.4 32.7 40.2 48.9
2 13.1 32.5 39.9 47.9
4 10.3 34.2 37.1 4.7
8 8.9 36.4 31.5 36.9
Tailinys 147.7 46.6 7.89 11.6
* Calculated

sherritt
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Effect of Pine Oil

bulked

Fe

100

2.7
3.3
3.8
4.9
3.9
3.7

7.7

5-47

to 2 L

Distribution (%)

SO

100

11.9
9.4
11.9
14.8
10.8
8.0

33.2



Table 5.29 Batch Flotation Test:

Conditions:

Reagents

Fraction

Head*

Concentrate

(min)

Tailings

*

Calculated

330 mL thickener underflow,

with water

20°C
1200

rpm

50 g/t Aerofroth 73

0.25
0.5

oo ~N

Analysis (%)

Wei ght
© Fe
214.5 40.2
31.7 31.4
13.7 29.7
11.5 29.6
12.5 27.8
5.5 31.0
9.5 43.1
130.1 457

sherritt

SO

15.6

39.5
43.2
44 .3
47.6
39.1
2.75

1.05

LABORATORY STUDY

Effect of Aerofroth 73

PD 1455 g/L, bulked

S Fe
20.7 100
44 .3 11.6
52.3 4.7
51.6 4.0
53.7 4.0
457 2.0
10.3 4.8
5.44 68.9

5-48

to 2 L

Distribution %)

SO

100

37.4
17.7
15.3
17.9
6.6
0.9

4.2



Table 5.30

Conditions:

Reagents

Fract

Head*

Concentrate

Tailings

Batch Flotation Test:

330 mL thickener underflow,
with water to 2 L volume
20°C

1200 rpm

50 g/t Aerofroth 73

LABORATORY STUDY

Effect of Residue Washing

5-49

filtered, washed and repulped

Analysis
ion Wei ght

C)) Fe Se
213.3 40.3 16.0
0.25 m 13.8 31.3 41.6
0.5 m 101 30.1 44 .6
Im 8.8 29.6 442
2m 6.1 29.3 44 .4
4 m 10.1 30.4 40.5
8m 7.6 35.3 26.2
156.8 43.6 7.14

* Calculated

sherrftt

)

20.7

50.6
52.2
52.9
51.0
47.7
30.6

10.8

Fe

100

5.0
3.5
3.0
2.1
3.6
3.2

79.6

SO

100

16.7
13.2
11.4
8.0
12.0
5.9

32.8

Distribution %)



Table 5.31 Batch Flotation Test:

Conditi ons:

Reagents

Fraction

Head*

Concentrate

Tailings

*

Calculated

400 mL thickener underflow,

with water

20°C
1200 rpm

50 g/t Aerofroth 73
1000 g/t Trisodium Phosphate

0.25 m
0.5 m
Im
2mn
4 m
8 m

LABORATORY STUDY

Effect of Depressant

PD 1405 g/L,

Analysis (%)

Wei ght
(9) Fe
208.1 41.4
26.6 31.8
9.5 32.4
7.5 30.7
16.9 29.4
11.5 32.0
6.1 41.6
130.0 47.0

sherritt

SO

16.6

37.3
440
448
45.8
41.1
14.8

2.9

22.0

45.2
47.3
54.8
51.4
47.8
20.8

7.49

5-50

oulked to 2 L

Distribution %)

Fe

100

9.9
3.6
2.6
5.8
4.3
2.9

70.9

SO

100

28.6
12.2
9.8
22.2
13.6
2.6

11.0



Table 5.32 Batch Flotation Test:

Condition?: 400 wmiL thickener underflow,
with water
20°C
1200 rpm
Reagents 50 g/t Pine Oil
250 g/t Trisodium Phosphate
Analysis (%)
Fraction Wei ght
(9) Fe >
Head* 210 40.6 18.0
Concentrate 0.25 13.5 32.7 37.0
(min) 0.5 11.9 33.7 39.3
1 9.8 33.0 39.7
2 12.4 32.9 40.1
4 9.6 33.9 37.3
8 8 37.2 28.6
Tailings 144.1 43.7 9.08
* Calculated

sherritt

PD 1405 g/L,

LABORATORY STUDY

Effect of Depressant

S Fe
22.3 100
47 .6 5.2
48.5 4.7
50.0 3.7
48.6 4.8
44.0 3.9
32.4 3.8
11.6 73.9

5-51

bulked to 2 L

Distribution )

SO

100

13.2
12.5
10.3
13.2
9.5
6.6
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Table 5.33 Batch Flotation Test: Effect of Depressant

Conditions: 400 mL thickener underflow, PD 1405 g/L, bulked to 2 L
with water
20°C
1200 rpm

Reagents : 50 g/t Pine Oil

1000 g/t Trisodium Phosphate

Analysis (%) Distribution %)
Fraction Wei ght

©) Fe S° S Fe S°

Head* 209.7 42 .2 16.6 22.0 100 100
Concentrate 0.25 10.1 33.9 38.1 48.3 3.8 1C.9
(min) 0.5 8.4 33.2 39.9 48.9 3.2 9.8
1 12.3 32.9 39.3 49.6 4.5 13.8
2 9.8 32.1 41.1 49.6 3.5 11.5
4 8.6 32.8 34.7 47.4 3.2 8.6
8 10.8 36.5 30.1 36.2 4.4 9.5
Tailings 149.7 45.8 8.33 12.2 77.4 35.9

* Calculated

sherritt
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Table 5*34 Batch Flotation Test on Continuous Flotation Cleaner
Concentrate

Conditions: 360 g cleaner concentrate from continuous flotation
bulked to 2 L with water
20°C
: 1200 rpm
Reagents : 25 g/t Aerofroth 73
1000 g/t Trisodium Phosphate

Analysis (%) Distribution %)

Fraction Wei ght

(9) S° Wei ght Se

Head* 359.5 46.5 100 100
Concentrate 0.25 85.3 46.8 23.7 23.8
(min) 0.5 53.6 48.5 14.9 15.6
1 53,3 48.5 14.9 15.5
2 72.2 48.3 20.0 20.8
4 69.3 7.6 19.3 19.8
8 13.2 46.1 3.7 3.6
Tailings 12.6 12.0 3.5 0.9

* Calculated

sherritt
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Pyrrhotite Matte

Solution Recycle

Figure 5.1 Non Oxidizing Acid Leach of Pyrrhotite Matte
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FIGURE 5.2 CONVERSION OF SULPHIDE SULPHUR TO ELEMENTAL
SULPHUR WITH OXYGEN AND AIR AS OXIDANT

0 OXYGEN
AIR

sherritt



Pyrrhotite
Matte Water

1A8ys

OVERFLOW STORAGE UNDERFLOW STORAGE

Figure 5.3 Equipment Flowsheet for the Continuous Pressure Oxidation of Pyrrhotite Matte
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RUN TIME h

FIGURE 5.4 SULPHURIC ACID CONCENTRATION PROFILE
ACROSS THE AUTOCLAVE.
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FIGURE 5.5 FERROUS IRON CONCENTRATION PROFILE
ACROSS THE AUTOCLAVE.
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RUN TIME h

FIGURE 5.6 TOTAL IRON CONCENTRATION PROFILE
ACROSS THE AUTOCLAVE.
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FIGURE 5.7 FEED SOLUTION ANALYSES.

IRON
0 FERROUS IRON
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FIGURE 5.8 CELL ONE SOLUTION ANALYSES.

IRON
O FERROUS IRON
0 SULPHURIC ACID
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FIGURE 5.9 CELL TWO SOLUTION ANALYSES.

IRON
O FERROUS 1RON
SULPHURIC ACID
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CONCENTRATION g/L

LABORATORY STUDY

FIGURE 5.10 CELL THREE SOLUTION ANALYSES.

0 IRON
O FERROUS IRON
O SULPHURIC ACID
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FIGURE 5.11 CELL FOUR SOLUTION ANALYSES.

IRON
O FERROUS IRON
SULPHURIC ACID
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FIGURE 5.12 DISCHARGE SOLUTION ANALYSES.

IRON
O FERROUS IRON
SULPHURIC ACID
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FIGURE 5.13 FLOTATION OF MATTE OXIDATION RESIDUE »
EFFECT OF FROTHER TYPE.

50 g/t AEROFROTH 73
50 g/t PINE OIL

50 g/t DOWFROTH 200
NO FROTHER

>+O|:|o
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FLOTATION TIME min
FIGURE 5. 14 FLOTATION OF MATTE OXIDATION RESIDUE s

EFFECT OF WASHING RESIDUE ON SULPHUR RECOV-
ERY WITH 50 g/L AEROFROTH 73 AS FROTHER.

0 UNDERFLOW AS RECEIVED
O UNDERFLOW WASHED PRIOR TO FLOTATION
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FIGURE 5.15 FLOTATION OF MATTE OXIDATION RESIDUE :
EFFECT OF WASHING RESIDUE ON IRON RECOV-
ERY WITH 50 g/t AEROFROTH 73 AS FROTHER.

0 UNDERFLOW AS RECEIVED
O UNDERFLOW WASHED PRIOR TO FLOTATION

sherritt
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FIGURE 5.16 FLOTATION OF MATTE OXIDATION RESIDUE s
EFFECT OF DEPRESSANT ADDITION ON SULPHUR RE-
COVERY WITH 50 g/t AEROFROTH 73 AS FROTHER.

0 NO DEPRESSANT
O 1000 g/t TRISODIUM PHOSPHATE
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FIGURE 5.17 FLOTATION OF MATTE OXIDATION RESIDUE «
EFFECT OF DEPRESSANT ADDITION ON IRON RE-
COVERY WITH 50 g/t AEROFROTH 73 AS FROTHER.

0 NO DEPRESSANT
O 1000 g/t TRISODIUM PHOSPHATE
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0 1 2 3 4 5 6 7 8 9
FLOTATION TIME min

FIGURE 5.18 FLOTATION OF MATTE OXIDATION RESIDUE :
EFFECT OF DEPRESSANT ADDITION ON SULPHUR
RECOVERY WITH 50 g/t PINE OIL AS FROTHER.

0 NO OEPRESSANT
O 250 g/t TRISODIUM PHOSPHATE
0 1000 g/t TRISODIUM PHOSPHATE
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FIGURE 5.19 FLOTATION OF MATTE OXIDATION RESIDUE «
EFFECT OF DEPRESSANT ADDITION ON IRON
RECOVERY WITH 50 g/t PINE OIL AS FROTHER.

NO DEPRESSANT
250 g/t TRISODIUM PHOSPHATE

O 1000 g/t TRISODIUM PHOSPHATE

O
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Feed

Water

J
IMF

H i
IC\] Ro Ro Ro —)

Rougher
Concentrate

Cleaner Concentrate

Rougher Tailings

Tailings

First Scavenger Second Scavenger
Concentrate Concentrate

Figure 5.20 Continuous Flotation Circuit
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6.0 ENGINEERING STUDY

Based on the results of the laboratory studies and information
supplied by the client, a preliminary cost estimate was done. The
capital cost for a pressure oxidation and sulphur recovery circuit
capable of treating 420 t/d of artificial pyrrhotite to produce 115 t/d
of sulphur > estimated at S17 million (U.S.) with estimated annual
operating costs of $3.1 million (1J.S.)

Natural pyrrhotite from the Sal adipura deposit could also be used
as feed to the Sherritt process. Capital and operating cost would be
similar it natural pyrrhotite was used as feed in place of the
artificial pyrrhotite.

6.1 Project Description

Pyrites, Phosphates, and Chemicals Ltd. of India (PPCL) own and
mine the Amjhore pyrite deposit located in Bihar State, India. PPCL are
considering mining 1600 t/d of Amjhore pyrite to produce elemental
sulphur and artificial pyrrhotite matte through a conventional
pyrometallurgical smelting process. This matte could be further treated
to recover elemental sulphur in Sherritt™s aqueous oxidation process.
Sherritt"s process would convert the pyrrhotite to elemental sulphur and
iron oxide.

The pyrrhotite matte was assumed to have a composition of 57T iron
and 297> sulphur. A single autoclave train was used as the design basis
for the pressure oxidation and sulphur recovery circuit. The single
train would be capable of processing 420 t/d of matte, which would
produce 115 t/d of elemental sulphur.

The battery limits of the pressure oyidation and sulphur recovery

circuit and the streams entering and leaving the battery limits, are
described overleaf.

sherritt
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Pyrrhoti te Matte--—---——-- >  Grinding Elemental Sulphur
Water-———————— o __ > Pressure

Oxi dation
Electric Power---——-———-———- > >Limed Tailings Slurry

Flotation
Steam-----———----———————- >

Sulphur
Limestone ---——-———————————- >  Recovery

>Autoclave Vent Gases
Lime-—————————— - > Tailings
Neutrali zation

Chemicals and Supplies - >

Services and
Tailings Pond Water ------ > Auxiliaries >Flashed Steam

6.2 PROCESS DESCRIPTION

Drawing 09901-66-04-001 depicts the Process Flowsheet for the PPCL
pressure oxidation and sulphur recovery circuit.

Granulated pyrrhotite matte 1is delivered from the smelter and
reclaimed onto a conveyor from the matte storage area. The matte is
metered into the ball mill with a weigh belt. The ball mill discharge
is pumped to the primary hydrocyclones iIn which the oversize is
separated as underflow and is recycled to the ball mill. The overflow
product is sent to the secondary hydrocyclones in which the slurry is
thickened to the required pulp density. The ground matte product from
the secondary hydrocyclones underflow vreports to the ground matte
storage tanks, which provides a surge volume.

The ground matte slurry is pumped from the storage tank to the
metering tank and then into the pressure oxidation autoclave using an
air displacement slurry transfer pump. Slurry recycled from the
autoclave discharge hydrocyclones and solution from the tailings
thickener are also fed into the autoclave to maintain the autoclave heat
balance. The oxidation, achieved using pure oxygen, 1is carried out in a
lead and brick lined autoclave which is 3.66 m diameter by 14.6 m. The
vessel is divided into four compartments each of which 1is agitated,
Slurry from the autoclave is discharged to the flash tank.

sherrrtt
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Steam produced at the flash tank is vented, and the flashed slurry
is drained to a seal tank. Slurry from the seal tank is pumped to the
primary autoclave discharge hydrocyclones which are used to
preconcentrate the elemental sulphur and sulphides iIn the underflow,
which is sent to the flotation circuit. Flotation tailings are added to
the primary hydrocyclones overflow which are sent to the secondary
hydrocyclones. The remaining elemental sulphur and sulphides report to
the secondary hydrocyclones underflow and are vrecycled to the
autoclave. The secondary hydrocyclones overflow, containing the iron
oxide residue, 1is sent to the tailings thickener, the thickener overflow
is partially recycled to the autoclave. The thickener underflow, and
overflow which 1is not recycled to the autoclave, are sent to the
tailings neutralization section.

The tailings are initially neutralized with a limestone slurry in
two agitated tanks. Slurry from the first tank overflows to the second
larger reaction tank which ensures adequate retention time for the
complete reaction of the Ilimestone. The slurry then reports to two
agitated tanks in series into which lime slurry is added to neutralize
any sulphate remaining in solution. The neutralized slurry overflows to
the tailings pump tank from which it is pumped to the tailings pond. In
the tailings pond the solids are settled out from the solution which is
then available for use within the process.

Underflow from the primary autoclave hydrocyclones reports to the
flotation conditioning tank. In the conditioning tank the slurry is
adjusted to the required pulp density, recycle streams and the flotation
reagent are added. The slurry overflows from the conditioning tank to a
constant head tank which feeds the flotation circuit. The flotation
circuit consists of rougher, cleaner and scavenger cells. Feed to the
flotation circuit reports to the rougher cells, the rougher concentrate
then reports to the cleaner cells while the tailings report to the
scavenger cells. Scavenger concentrate is recycled to the flotation
conditioning tank and the scavenger tailings are pumped to the secondary
autoclave hydrocyclones. Tailings from the cleaner cells are also
recycled to the flotation conditioning tank. The cleaner concentrate is
the flotation product which is collected in the filter feed tank.

The cleaner concentrate 1is dewatered and washed on a vacuum belt
filter. The filtrate from the oelt filter is recycled to the flotation
conditioning tank. The filter cake is conveyed to the dirty sulphur pit
via the sulphur melting cyclone. Molten sulphur from the pit is

sherrrtt



ENGINEERING STUDY  6-4

circulated through the melting cyclone to supply tne heat required to
melt the sulphur contained in the incoming Filter cake. The dirty
molten sulphur is filtered using a pressure leaf filter. The product
sulphur passes through the filter and reports to the clean sulphur pit.
The product sulphur is stored in the ,lean sulphur pit. Filter cake
produced at the pressure leaf filter is discharged periodically and is
broken up in a pug mill and is then pulverized in a hammer mill. The
filter cake, which contains unreacted sulphides and entrained sulphur,
is recycled to the matte stroage area for reprocessing in the pressure
oxidation section.

Final sulphur product is delivered to the battery limits of the
plant in molten form in a pipeline.

6.3 PROCESS FLOWSHEET

The process flowsheet, drawing number 09901-66-04-001, 1is shown at
the end of this section. The equipment for the pressure oxidation and
sulphur recovery circuit is listed on the flowsheet. The equipment
sizing was oased on a single autoclave train capable of processing 420

t/d of matte which would produce 155 t/d of elemental sulphur.

A preliminary plant layout, Figure 6.1, is also included.

sherritt
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6.4 CAPITAL COST ESTIMATE
6.4.1 Results

The following table contains the summary of the capital cost
estimates of the PPCL pressure oxidation and sulphur recovery circuit.
The capital costs are based on a single autoclave train, which would
produce 115 t/d of elemental sulphur.

U. S. Dollars
Installed Equipment 6 050 000
Utilities and Auxiliaries:
Oxygen Plant - 3 700 000
Others - 550 000 4 ¢50 000
Indirects, Offsites 1 295 000
Engineering and Licensing Fee 2 345 000
Contingency 2 900 000
TOTAL CAPITAL 16 840 000
SAY 17 000 000
6.4.2 Rasis

The nasis of the capital cost estimate has Deeri reviewed with PPCL
to reflect the Indian conditions.

Due to the preliminary nature of the engineering and laboratory
work carried out, this capital cost estimate is an order of magnitude

estimate with an accuracy of no better than +30%.

Preliminary material and energy balances were used to estimate the
equipment sizes for the complete plant.

The costs tabulated are based on fourth quarter of 1983 for an
Indian location and do not include escalation. Costs for the Indian

~cation were oased on information supplied by PPCL.

An exchange rate of 10 Rs equals $1 (U.S.) was used.

sherrrtt
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The installed equipment costs include actual equipment installation
which covers equipment erection, concrete pads, access steel, insulation
and paint which were estimated using a modular estimating technique
based on equipment complexity, materials and size. Piping costs were
estimated using the modular estimating technique which 1is based on
material cost and the complexity of the piping around a specific piece
of equipment. Instrumentation costs were estimated using the modular
estimating technique based on an instrument loop count and the
complexity of the instrumentation needed fur the class cf process
equipment. Electrical motor hookup costs were also estimated using the
modular estimating technique. An allowance was made for control wiring
and power supply within the motor control centres.

The oxygen plant would produce 100 t/d of 98T, pure oxygen. Oxygen
plant costs were based on a quotation for a turnkey plant supplied by
PPCL for the Indian location. Utilities include power distribution,
pipe racks and pipe on vrack. Utilities were estimated using a
combination of modular estimating and factoring.

Offsites include the process effluent collection system.

Indirects include freight, insurance, duty and sales tax. Project
insurance was estimated as a percentageof the total project cost.
Engineering cost was estimated at 10/ ofall non turnkey direct cost
items. For all turnkey items 5* engineering was allowed. Project
contingency was estimated at ¢8* of total project cost excluding
engineering and licensing fee.

6.4.3 Limitations
The following items are not included in the capital cost estimate:

- preproduction costs and working canital;

- interest during construction;

- escalation;

- land aquisition costs;

- stonm water collection system and treatment;
- construction camp costs;

- tailings p"nd;

- delivery of utilities to the battery limits;
- project indirects other than labour related;
- contractors fee;

- proceés" area development;

sherritt
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power distribution to the MCC;
- mobiles; and
- buildings.

Allowance for the distribution of the utilities within the battery
limits has been included.

Items such as an adminstration building, water treatment
facilities, utilities plant, instrument air, steam , water, tailings
pond, and laboratories are not included in the estimate.

The structure around the process plant has not been included as the
type of structure would be determined by local standards.

6.5 OPERATING COST ESTIMATE
6.5.1 Results

Operating requirements and operating costs for the proposed single
stage autoclave pressure oxidation and sulphur recovery circuit to

produce 115 t/d of elemental sulphur are tabulated overleaf. Major
requirements are for sulphuric acid, electric power, autoclave additive
reagent, and maintenance. Oxygen to the process is supplied from a

turnkey oxygen plant, so oxygen production costs are included in the
overall utilities, labour and maintenance charges.
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ANNUAL OPERATING REQUIREMENTS AND OPERATING COSTS

ITEM UNIT UNITS/YEAR
Labour manyear 27
Maintenance % of 3.2*

installed
equipment
Materials & Supplies
Sulphuric Acid t 7 950
Process Additives t 690
Lime t 270
Grinding Balls t 140
Limestone t 1 460
Filter Cloth m~ 2 100
Filter Aid t 50
Flotation Reagent t 3
Operating Supplies 1 of 6
operating
labour
Total Materials
& Supplies
Utilities
Electric Power* MWh 20 830
Process Water m3 176 000
Cooling Water
(make-up) m? 74 600
Demineralized Water 8 200
Steam - 1500 kPa t 15 320
690 kPa t 440
Mobile Equipment Fuel Allowance
Total Utilities
TOTAL
SAY

* Electric Power consumed

sherritt

COST/UNIT  TOTAL
(S U.S.) S U.
1 900 51

194

60 477
730 504
60 16
1 000 140
2.50 4
20.40 43
340 17
2 300 7
3

1211

65.00 1 354
60 106

.50 37

.84 7
5.20 79
5.10 2
100

1 685

3 141

3 100

by oxygen plant = 13 700 Mwh/y.

6-8

CoST
S-)

000

000

000
000
000
000
000
000
000
000
000

000

000
000

000
000
000
000
000
000
000

000
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6.5.2 Basis

Consumption of operating materials were developed from process
requirements nased on the material and energy balances and historical
data.

Operating costs were estimated using data supplied by PPCL to
establish unit prices for labour and materials. When costs for various
items were not specified, iIn house data were used.

An exchange rate of IORs equal SI (U.S.) was used.

Operating labour requirements were developed from historical data
and assumes U.S. Gulf Coast productivities. Operating labour would
include five floor operators per shift, one control room operator per
shift, two labourers and one day supervisor.

Maintenance material and labour requirements were based on an
appropriate percentage of installed equipment cost, depending upon the
plant section. Maintenance costs do not include supervisory or general
personnel.

6.5.3 Limitations

Local taxes, insurance and overheads have been excluded.

Mo allov;ance has been included for pumping or maintenance costs
associated with the delivery of the tailings pond return water to the
process.

6.6 BASIS FOR ECOMOMICS
6.6.1 Preproduction Expense - Startup Cost and Working Capital
PPCL requested that Sherritt provide the basis required to evaluate

the economics of the process. The preproduction expense, start up costs
and the working capital for the process plant are shown overleaf.

sherritt
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ITEM (57000 U.S.)
Preproduction Expense* 450
Start Up Cost** 200
Working Capital*>** 500
* Preproduction expense includes mini pilot plant test work and

writing of operating manuals.

**  Start Up costs include operator training, cost of a start-up team,
one month of maintenance costs, and one week of materials and
supplies costs.

***  Working capital includes spares, in process inventory and 30 days
of total operating costs less 30 days operating supplies and
utilities.

6.6.2 Additional Revenues

The proposed circuit would produce a significant amount of flashed
steam that could be recovered. If the flashed steam is recovered, the
project could be credited with an additional $320 000 (U.S.) per year.

The iron oxide tailings produced may have a potential use in the
cement industry. The tailings, if sold, could produce additional
revenues of $4.2 million (U.S.) per year.

6.7 USE OF SALADIPURA PYRRHOTITE

Saladipura natural pyrrhotite was tested in the lab and was found
to behave in a similar way as the artificial pyrrhotite matte. It is
therefore expected that Saladipura pyrrhotite could be treated in a
circuit similar to the one described in this report. The unit capital
and operating costs for treating Saladipura pyrrhotite, based on sulphur
produced, would be expected to be the same or perhaps somewhat lower
than for the artificial pyrrhotite, depending upon the sulphur content
of the Saladipura pyrrhotite.

ihcrritt
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7.0 FALCONdRIDGE MEMORANDUM

Following is a ropy of the memorandum provided by Falcor.bridge on
the smelting of lump pyrit.e. It is included in this report for com-
pleteness sake.

sherrftt



FALCONBRIDGI NICKFL MINTS LIMITED

INTER OFFICE MEMORANDUM

1. Masters/G.L. Bollon

MEMO TO:

FROM - R.E. Hanford

DATE - dune 16, 1983

SUBJECT - Electric Furnace Smelting of Lump Pyrite PROJECT No.
KEYWORDS: (in title)

COPIES TO: RAB, AIO, File2
Introduction and Summary

As per your request, approx. 125 kg of lump pyrite was crushed to -1/2
and smelted in a 50 kVA electric arc furnace with various fluxes to produce approx.
100 kg of iron sulphide matte. The matte was cooled in salamander crucibles and
easily crushed to -1/2" for shipment.

Since the pyrite was very high in silica, 13.6%, a large amount of iron
oxide, 37% of the pyrite, was required to produce a fluid s’ag. Due to the furnace
conditions, some of the iron oxide was reduced to the iron sulphide matte increasing
the yield of matterpyrite to 82.7% and decreasing the sulphur loss to 26.5% of the
pyrite sulphur. The slag prodvict was 31.6% of the pyrite smelted.

The power consumption after correcting for some delays was 1456 kWh/1000
kg, pyrite. This is a reasonable value considering the size of the furnace.

Material and Procedures and Observations

The 2" lump pyrite from Sherritt Gordon was crushed to -1/2" prior to
feeding to the furnace. Three other fluxes were used: Dofasco bydrolyzer iron
oxide calcine, S5837, and Northern Pigments red iron oxide, and technical grade CaO
powder. The pyrite had the analysis shown below:

TABLE 1: Chemical Analysis of Pyrite L83-274
wt . %

Cu Co Fc S Sioy Cryo~ ca0  Mgo ALyON
0.02 0.04 36.2 40.5 13.56 0.18 7771 ~0.35 0.94

The furnace is a 50 kVA Birlefo Lindbcrg electric arc furnace supplied by
a 4 tap transformer . An auxiliary saturable core reactor was used to control current
at deep electrode immmrsions.

The furnace was operated at the highest voltage, 140 volts, open//circi t.
At the maximum power, approx. 35 kW, the current was 380 amperes and about 100
volts.

The arc. furnace was preheated by striking an arc on a carbon block placed
on the hearth of the furnace. This was done for about 45 minutes using 15-20 kW
until some of the residual "skull"™ material began to melt, at which point, the block
was removed and the 1 1/2 graphite electrodes were immersed in the pool. After the
remaining skull started to melt in, pyrite was fed with a ''scoop” in through the
lid. Jhe power input was 22-26 kW for 112 minutes.



The pyrite charge was 14.3 kg/31.5 ihs to this joint and all the
matte and slag was tapped out.

During this initial period, it was obvious that the slag was very poor,
7gummy*', viscous and solid against the back wall opposite the pouring spout. To
improve the fluidity, 3.4 kg of various iron oxides were added toward the end of the
112 minutes. Since this made an obvious improvement in the slag, iron oxide was
added through the subsequent batches as seen in Table II.

Charging and tapping continued until there was approx. 100 kg of matte
product contained in 7 taps. The 'charging” and "tapping” times are also shown in
Table 11.

During "tapping”, most of the matte and slag was tapped from the furnace
over the furnace lip. A small pool of matte was left to avoid the use of the
"block™ for the next batch.

Results and Conclusions

The smelting results are summarized in Table Il1l1. As seen here, the very
high yield of matte/pyrite, 82.7% versus the expected 33% is quite interesting.
Although there were no sulphur assays done, XRF analysis on the matte indicates
mainly FeS with no metallics. This means that there must have been less sulphur
loss from the furnace and some iron reduction from the oxide as seen in the iron
distribution shown in Table 11I.

The low air entrainment due to the high sulphur evolution rate and the
intense reducing conditions around the graphite electrodes probably both contribute
to the iron reduction to the matte.

The need for iron oxide to give a more fluid slag arises from the very
high silica in the pyrite and the lack of other oxides to flux the silica. A lime
i lux would he effective also, but the s.lag/matte temperatures would then be much
higher leading, to rapid matte penetration of the refractory.

The power consumption of 145b kWh per 1000 kg pyrite is quite reasonable
considering the small size of the furnace. Some of the power is consumed in
reducing the iron oxide to the matte.

ki.K/1v K.K. Hanford
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TABLE

16-22

10-15

10-15

10-20

11-20

12-20

25

Ils

Charge

3:45 kg Fe2U3s + 14 kg pyrite

16.4 kg pyrite
2.7 kg DF & S Fe203

2.5 kg Fe203

40.5 kg pyrite
+10 kg Fe203

Bal. 40.5 kg pyrite
+5 kg Fe203 + 0.620 KgCaO

Complete 40.5 kg pyrite
+ 5 kg oxide

Start 39.5 kg pyrite, 5 kg
Iron Oxide 0.685 kg CaO

4.25 kg red iron oxide

Bal of 39.5 kg pyrite + 4 kg
red iron oxide

4 kg red iron oxide
+13.3 kg pyrite

Y, Pyrite 1 Y. Iron Oxide

Charging and Swclting of Pyrite in 50 kVA Arc Furnace

Comments
Strike arc on block
Block out
Start pyrite feeding
Slag very gummy, power difficult to
control
Tap #1 9.4 kg matte

Block In and out

Start pyrite, better but still viscous
slag

Tap ! 11 kg matte

Tap //3 14 kg matte

Tap //4 17 kg matte

Tap //5 20.4 kg matte
Tap //6 17.1 kg matte

Main furnace breaker
open, delay of 27 minutes

Block in

Block out

Tap 1l 17.9 kg matte

T, Cao



TABLE 111: Genera]l] Summary of

Feed

Matte wt. before crushing and shipping
Slap wt. % pvrite

Power usage, 207 kWh

Power usage** (corrected for delay)
Delays/Non Productive Time

Smelting Time

Smelting Rate

% Yield Matte/Pyrite

Iron OxideiPyrite

% Sulphur Lost from Pyrite

Estimated Iron Dist"n. kE
kE %
Fe in pvrite (123.7) 36.2 AA .8
Fe in oxide ( 45.9) (65 est.) 29.8
Total 7A .6
Fe in malle (105.7) ( 60.3 est.) 63.7
Fe in slag*** ( 39.1) ( 20.0 est.) 7.82
Total 71.52
Pnaccid 3.08
Input Al
* 600/689

Steelting

Test Results

1?3-7 kg pyrite

105.7 kg

39.1 kg,

31.6

1673 kWh/1000 kg pyrite

1A56 kWh/1000 kg pyrite

89 min

10 h

12.A kg/h

82.7

0.371:1

26.5%

**  estimate matte as FeS + 56 02 or 60%

*** 20% Fe in slag

sherritt
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100
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