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ABSTRACT 
 
The dramatic strengthening of the rand against the dollar as well as a decline in quantity 
and quality of locally available concentrates have had a dramatic impact on Zincor’s 
operations during the previous two years. Zincor has responded with the 
implementation of a number of technical improvements to the process to decrease cost 
and increase revenue and plant flexibility. Among the initiatives is the pre-leaching and 
pelletising of the zinc concentrate, de-bottlenecking and process improvements in the 
leach and purification circuits, the introduction of cathode washing and automated 
cathode stacking in the cell house and the installation of a new furnace to produce pre-
alloyed jumbos. This paper will describe these initiatives and others that Zincor have 
recently taken to stay competitive in changing global base metals market. 
 
1. OVERVIEW OF ZINCOR 
 
Zincor operates an integrated roast-leach-electrowinning zinc production circuit near 
Springs in the Republic of South Africa (Van Niekerk & Begley, 1991). Zinc sulphide 
concentrate is roasted in four Lurgi fluo-solids roasters to produce zinc oxide and 
sulphur dioxide gas. The SO2 gas is fed through two Monsanto double absorption acid 
plants to produce sulphuric acid.  
 
The zinc oxide (or calcine) undergoes a three stage leach with spent electrolyte from the 
electrowinning section. The zinc sulphate is then purified in a two- or three stage 
purification process, depending on impurity levels. The main impurities that are 
precipitated are copper, cobalt, cadmium and lesser amounts of nickel, germanium and 
arsenic. The purified zinc sulphate solution is subjected to electrowinning during which 
the zinc is plated onto aluminium cathodes. The anodes are constructed from a lead 
alloy. Cathode zinc is manually stripped every 24 hours where after it is melted and cast 
into either 25 kg slabs, 1 ton or 2 ton jumbos. Various zinc grades are produced ranging 
from SHG (99.990% Zn) to Zn4 (containing 1.35% Pb as an alloying element) 
depending on customer requirements. 
 
2. CURRENT SITUATION 
 
Profitability at Zincor has come under increased pressure in recent times due to lower 
production volumes (Figure 1) and increased cost. The cost increases are mainly related 
to a weak LME zinc price along with a dramatic strengthening of the rand (Figure 2) in 
2003. The main cause of the lower production volumes has been a decrease in 
concentrate quality. Figure 3 shows the decline in zinc grade and Figure 4 shows the 
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increase in impurities. This is partially due to the closure of two local mines, Pering and 
Maranda that have traditionally supplied high quality concentrates. The remaining local 
mines, Black Mountain and Rosh Pinah have also produced concentrates that were 
higher in impurities. 
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Figure 1. Zinc slab production at Zincor since January 2002. 
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Figure 2. The LME zinc price and rand/dollar exchange rate trend since January 2002. 
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Figure 3. The grade of zinc concentrate treated by Zincor since January 2002. 
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Figure 4. The levels of manganese and magnesium the in concentrate treated by Zincor 
since January 2002. 
 
The decline in concentrate quality did not only impact on throughput, but also reduced 
zinc recovery (Figure 5). This is occurred despite an expenditure of R 40 million in 
2002 to improve the residue treatment section of the plant (Claassen et al., 2002). The 
expenditure was intended to increase zinc recovery to the industry benchmark of 95%. 
Higher quantities of impurities means more waste residue is produced and this increases 
the absolute quantity of soluble and insoluble zinc losses associated with the residues. 
The impurities also have an additional negative effect in that it decreases the operating 
window of process parameters in the zinc plant. This increases the possibility of plant 
instability and can result in spillages and associated zinc losses. 
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Figure 5. Zinc recovery at Zincor since January 2002. 
 
In response to these challenges Zincor embarked on short, medium and long term 
actions to address the problems. 
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3. ACTIONS TAKEN IN RESPONSE TO DECLINING CONCENTRATE 
QUALITY 
 
The actions taken in response to declining concentrate quality are summarised in Table 
1. 
 
Table 1. Actions taken by Zincor in response to declining concentrate quality. 
Short term actions Medium term actions Long term actions 
Revised operating 
philosophy 

Recommissioning of the 
Magnesium pre-leach 
plant 

Establishing long term 
concentrate supply 
contracts 

Increased solution bleed Optimising the Gypsum 
removal process 

 

Increased pipe 
maintenance program 

Sourcing imported 
concentrate parcels 

 

 Upgrading the Neutral 
Leach Thickeners 

 

 
The short-term actions have focused on handling the build up of magnesium and 
manganese in the leach circuit by revising the operating philosophy to allow for a 
reduction in the zinc content of the leach solutions. This prevents the solution to 
increase in density to a point where the cell house ceases to function properly. The 
solution bleed capacity through the existing bleed plants was also increased from 
around 250 m3 to 320 m3 per day. This lowers the impurity build up in the circuit to an 
acceptable level, but is a very costly way to reject impurities as large quantities of lime 
is required to neutralize the solution that is bled from the plant. The increased amount 
of sulphates in the circuit associated with impurities such as Ca, Mg and Mn also causes 
other problems. The calcium saturation level in solution is reached at much lower levels 
of calcium than normal and this causes gypsum to precipitate in pipelines in the plant 
where the solution temperature drops below the saturation limit. The build up of 
gypsum in the pipelines restricts the flow of solution to the cell house and limits the 
amount of zinc that can be produced. As a short-term measure an intensive pipe 
maintenance program was introduced to limit the down time associated with this 
phenomena.  

 

The medium term actions have focused on reducing the impurities in the concentrate. 
Imported concentrates parcels were sourced that have lower levels of impurities. The 
quality of the concentrate to the plant has been improved by blending this material with 
the local concentrates. Other actions that are in progress include the recommissioning of 
magnesium pre-leach plant by the end of April 2005 and the optimisation of the 
gypsum removal circuit through the installation of a purified solution heat exchanger by 
June 2005 to prevent chokes in the pipelines to the cell house. The Neutral Leach 
thickeners will also be upgraded by June 2005 to handle the higher quantity of gangue 
minerals that are present in the concentrates. The upgrade will include the installation of 
Larox peristaltic pumps on the thickener underflows. These pumps are capable of 
handling slurry densities up to 1.8 t/m3. 
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As a longer term action Zincor engaged in discussions with various parties to secure an 
additional source of high grade zinc concentrate. 
 
4. ACTIONS TAKEN TO DECREASE PRODUCTION COST 
 
A re-engineering exercise was initiated in July 2003 to reduce the cost of production. 
The project had as a target a reduction of R40 million per annum in production cost and 
the generation of R20 million per annum of additional revenue. To achieve these targets 
a number of initiatives were launched. The main technical initiatives are summarised in 
Table 2. 
 
Table 2. Actions taken by Zincor to decrease production cost. 
Initiative Impact 
Concentrate pelletisation project Decreased oxygen consumption 
Recommissioning of the Cadmium 
upgrading plant 

Reduction of the circulating zinc load 

Upgrading purification plant Reduction of the circulating zinc load 
In house production of copper 
sulphate 

Reduced copper sulphate costs 

Cathode washing Increased zinc conversion from cathode to slab 
Automatic stacking project Reduced labour requirement 
Calcium carbonate project Decreased lime consumption 
Clarifier project Decreased water consumption 
 
Initially the re-engineering initiative focussed on optimising the labour complement. 
This led to significant savings in mainly the service departments. To reduce costs 
further it was necessary to introduce changes in the production process. Oxygen 
injection into the roasters was introduced in the mid 90s at Zincor to increase production 
(MacLagan, et al, 2000), but oxygen is an expensive commodity. To reduce the oxygen 
consumption and still retain the increased levels of production through the roasters it 
was decided to introduce a micro pelletisation process to increase the particle size of the 
concentrate. This project has been demonstrated successfully by producing pellets on a 
pilot plant pelletiser and feeding the pelletised material through one of the Zincor 
roasters. It resulted in a 60% reduction in oxygen consumption for the same roaster 
throughput. The full scale unit will be commissioned in August 2005. 
 
Three of the projects focussed on the purification plant. The first project was the 
recommissioning of the existing cadmium upgrading plant. This plant had been used in 
the past to re-leach and the zinc and cadmium containing cake and then to precipitate 
the cadmium again from the leach solution. This resulted in an increase in the cadmium 
content of the cadmium cake to about 60% cadmium. The plant has not been in 
operation for a number of years while the magnesium pre-leach plant was used to 
upgrade the cadmium cake. With the recommissioning of the magnesium pre-leach 
plant as indicated earlier it was necessary to reuse the old cadmium upgrading plant. 
This opportunity was used to improve the cadmium upgrading process. The main 
change was a conversion from continuous process to a batch process. This improved the 
process kinetics significantly. The improvements have made it possible to produce an 
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upgraded cake that contains 80%+ cadmium. This plant currently running at 50% of 
capacity. It will be running on full capacity by September 2005. At full capacity all 
currently horizons of cadmium cake will be treated through this plant. Future expansion 
of the plant may incorporate the production of electrolytic cadmium, depending on 
market demand for the product. 
 
The second project in purification focussed on improving the solids seeding system that 
is in use in the cobalt precipitation circuit. Currently 6-8 bags of cobalt cake are added 
to the No1 Co tank to acts as seed material in the precipitation process. This results in a 
large recirculating solids load on system. The idea is to replace the manual addition of 
seed material with an automated system where cyclones are used on a recirculating line 
on the No 1 Co tank to produce seed material. The underflow from the cyclone will 
provide the seed while the overflow will proceed to the No 2 tank. Solids will 
periodically be transferred from the No 1 tank to the No 2 tank through the cyclones. 
The main benefit will be increased plant stability and reduced solids loading on the 
presses, but trials with a test cyclone unit in the plant has shown that zinc dust 
consumption can be decreased from 70kg/ton zinc to less than 40 kg/ton zinc. The 
cyclone seeding system will also be implemented on the cadmium removal side where 
no seeding is currently done. Completion of this project is expected in July 2005. 
 
The final project in purification focussed on the in house production of copper sulphate. 
Copper sulphate was previously bought in crystal form and added to the cadmium 
removal circuit to reduce the cadmium particle size during cementation. To reduce this 
expense it was decided to produce copper sulphate from the copper cement product that 
is produced in the first stage of the purification process. An existing tank was used to 
leach the copper using spent electrolyte with air agitation. The copper sulphate solution 
is then fed into the No 1 Cd tank once a batch has been completed. This project has 
been fully implemented by July 2004 and no copper sulphate was subsequently bought 
for this purpose. The effectiveness of the copper sulphate addition has also improved 
significantly and the period between tank dig outs have increased from quarterly to 
annually. 
 
Two projects were launched in the cell house. In the first project a pressurised cathode 
washing system was introduced in December 2004 to wash the electrolyte from the 
cathodes before melting. Manual washing of cathodes was previously practised. This 
reduced the formation of dross in the furnaces and increased the recovery of zinc in this 
process step from 90 to 92.3%. The water used for washing also decreased by 50%. 
Another benefit of this system reduced dust emissions due to dross formation in the 
melt house.  
 
The second project focussed on automated stacking of the cathode sheets. Four stacking 
machines were designed based on those used at the Kidd Creek plant. These machines 
will stack the cathode zinc automatically once it has been manually stripped. The main 
benefits of this technology are a reduction in labour complement, improved safety (less 
hand injuries will result due to handling of cathode sheets & fewer chokes in furnace 
chutes due to poorly stacked cathodes) and the possibility to move to a round the clock 
stripping cycle. Currently the whole cell house is stripped once every 24 hours.  
This project will be fully implemented by August 2005.  
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5. OTHER INITIATIVES 
 
Other recent initiatives at Zincor are summarised in Table 3. 
 
Table 3. Other major initiatives under taken by Zincor. 
Initiative Impact 
Construction of a new slimes dam Increased plant life 
Re-treatment of existing slimes dam Decreased environmental liability 
Pre-alloyed jumbo facility Increased product flexibility 
 
The slimes dam that Zincor uses to deposit its residues will come to end of its useful life 
in 2007. A new dam will have to be built to allow Zincor to continue with its operations. 
A site has been selected and is currently awaiting approval from local authorities. The 
dam will comply with latest environmental standards and should extend Zincor’s 
operations for at least the next thirty years. 
 
The existing slimes dam will have to be rehabilitated once the new dam has been built. 
A number of options are currently under investigation including, capping the dam and 
removing contaminated solution via boreholes from the ground, retreating the slimes to 
recover zinc and recovering gold from the underlying gold slimes.  
 
Zincor currently produces two ton jumbos for continuous galvanising. Aluminium is 
added to the galvanising process by the galvanisers to inhibit the formation of a brittle 
inter metallic layer between the zinc coating and the steel.  To allow for better control in 
the galvanising bath Zincor has decided to produce pre-alloyed jumbos containing 0.6% 
aluminium. A facility has been constructed to produce a master alloy containing 20% 
aluminium that will be added to a new holding furnace with molten zinc from the 
existing melting furnace. Once the required composition has been achieved the zinc will 
be cast into jumbo form. This facility is currently being commissioned and will be in 
full production by the end of May 2005. 
 
6. CONCLUSIONS 
 
Several factors have impacted negatively on Zincor’s performance over the past two 
years including a decline in concentrate grade and a dramatic strengthening of the 
rand’s exchange rate against the US dollar. To counter these factors and to improve 
profitability Zincor has introduced a number of technical improvements. These 
improvements are specifically geared towards increasing the flexibility in the plant to 
allow sustained production levels despite declining concentrate quality and to decrease 
production cost. At this stage it is not yet clear whether the initiatives will yield the 
required results, but the expectation is that Zincor’s ability to with stand external 
challenges will be improved once these initiatives are implemented. 
 
 
 
 
 



The South African Institute of Mining and Metallurgy               The Third Southern African Conference on 
Base Metals 
Dr J P van Dyk 
 

 
Page 224 

 
 

7. REFERENCES 
 

• Van Niekerk, C.J. & Begley, C.C. (1991) Zinc in South Africa, Journal of the 
South African Institute of Mining & Metallurgy, No. 7, Jul. pp. 233-248. 

• Claassen, J.O., Rennie, J., van Niekerk, W.H., Meyer, E.H.O., Howard, G. & 
Vegter, N.M. (2002) Implementation of belt filtration to improve soluble zinc 
recovery, In proceedings of SAIMM Recovery of Base Metals in Southern 
Africa Mine to Metal, South Africa, July 16-18, p. 14. 

• MacLagan, C., Cloete, M. & Meyer, E.H.O. (2000) Oxygen enrichment of fluo-
solids roasting at Zincor, In proceedings of Lead-Zinc 2000 Ed. J.E. Dutrizac, 
J.A. Gonzales, Henke, D.M., James, S.E. and A.H-J. Siegmund, TMS (The 
Minerals, Metals & Materials Society). 

 
 
 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


