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08.00 Registration desk opens

09.00 Opening Remarks
J. Wills (MEI, UK) and S.T.L. Harrison (Universif Cape Town, South Africa)

09.20 Technical Session 1
Chairmen: A. Kaksonen (CSIRO, Australia) and Putjues (BRGM Environnement & Procédés, France)

09.20 The bioleaching of six nickel sulphide ores with diering mineralogies in stirred-tank reactors at 30°C
R.A. Cameron, K.J. Kennedy (University of OttaWanada), R. Lastra et al (Natural Resources Latoeat
Canada)

A bioleaching study was conducted with six diffeéraitkel sulphide ores from different geographicaiations across
Canada. Mineralogical and chemical examinationhef ¢res revealed considerable variability betwéensamples.
The ores contained 0.31 to 0.99% nickel, primaaypentlandite and pyrrhotite. All ores were suigi@d¢o the same
crushing and grinding protocol and bioleached unkdersame conditions for three weeks with a mixaltlice of iron-
and sulphur-oxidizing bacteria. A total of fiftyrthe stirred-tank experiments with finely ground4(¢jum) ore at 30 °C
were conducted to assess the effect of pH (2 tans) the impact of the bacteria. The extraction iokel from
pentlandite and pyrrhotite was generally good (186% after three weeks) and exhibited little dejgeicy on acidity
at pH< 3.

09.40 Bioleaching and recovery of metals from final slagvaste of copper smelting industry
A.H. Kaksonen, L. Lavonen, M. Kuusenaho, A. KoM, Narhi, J.A. Puhakka (Tampere University of
Technology, Finland), E. Vestola (VTT TechnicalsRarch Centre, Finland) and O.H. Tuovinen (OhideSta
University, USA)

Solid waste from copper smelting industry may bential if disposed of in the environment, but it miag a valuable
resource if metals can be recovered. The purposki®tudy was to evaluate the acid bioleachingnefals from a
sample of final smelter slag. Bioleaching was tstea continuously stirred tank reactor (20-25 %@ 5% pulp

density (particle size 75% <47 pm). Metal yieldeaP9 days of contact were 41% Fe, 62% Cu, 35%r®#h44% Ni.
Metals were precipitated in a separate reactoitfating the leach solutions with sulfide-rich e#int from a fluidized-
bed bioreactor to different pH values. Over 92 %pEecipitated at pH 2.7 and over 99% Zn precipitated at=pBi9.

The precipitation of Ni and Fe required higher pues and was less efficient.

10.00 The generation of toxic reactive oxygen species fromechanically activated sulfide concentrates
G.C. Jones, R.P. van Hille and S.T.L. Harrisoniyersity of Cape Town, South Africa)

The mechano-chemical effect of milling sulfide centates for the purpose of mechanical activatidargo tank
bioleaching is not clearly understood despite beiidely practised in industry. Some of the hydreatiargical
advantages of mechanically activating concentratefine milling are increased leach rates, incedasetal extraction
efficiencies and decreased pulp retention timdserd is also an increasing trend in tank bioleagtéghnologies being
applied to reprocess sulfide tailings for the eanitorecovery of residual valuable metals, especigdild and cobalt.
This has the advantage of being essentially freth@feconomic costs associated with concentratioogss steps.
These justify increased attention being placedhenchoice of fine milling equipment and the impattthe mechano-
chemical treatment on tank bioleaching performanwer different conditions.

The generation of reactive oxygen species (ROSh fsalfide concentrates has been studied with régpemineral
composition and surface area loading under thermiogiioleaching conditions previously. Resultosked that the
concentration of toxic reactive oxygen species (R@®luding hydrogen peroxide and hydroxyl radscajenerated
from different sulfide concentrate samples, wasragmately proportional to the grade of iron contag sulfide
minerals, such as chalcopyrite and pyrite preseatliof the samples tested. In this study, twmesyof laboratory mills
(planetary and vibratory) were used to prepare ssswyf differing particle size distribution. Thesere characterised
in terms of surface area, density and XRD spegteak line broadening. ROS generation increasel witreasing
time periods of mechanical activatione( milling time). Increased ROS generation is padtd to be caused by a
combination of increased surface area and bulkigheutelated defects and transformations, resultimgncreased
reactivity on contact with acidic solution. The B@eneration profiles differed between the two snillhis could be
explained by comparing the particle breakage mdashanof the two mills. Bioleaching tests showeak tamples that
were briefly activated mechanically showed improlesth performance compared to unactivated heategramples;
however poor bioleaching performance followed pngled mechanical activation where, in extreme casesmplete



lack of inoculated cells was observed after a fawysdof exposure via fluorescent microscopy sugggstomplete
culture death.

10.20 The efficiency of indigenous and designed consortia bioleaching stirred tank reactors
C.G. Bryan (University of Cape Town, South Afric&) Joulian, P. Spolaore, S. Challan-Belval, H. El
Achbouni, D. Morin, and P. d’Hugues (BRGM Envirement & Procédés, France)

Fundamental to the efficiency of bioleaching is #stablishment of an active microbial populatiohefie is some
debate as to whether an indigenous microbial ptipalas necessarily superior to one composed ofahial strains
selected for specific physiological traits. To tkisd, the bioleaching efficiency of three microhapulations was
studied: The indigenous population of a commerbialeaching system (KCCL), a consortium of the ¢hraajor
organisms which comprise KCCL that had been ‘urptetii through a period of continuous maintenancsyimhetic
media (KCCR) and a specifically designed consortafrbioleaching organisms (KCCD). The results pnése in the
paper imply that bioleaching consortia cannot sertbled ‘off-the-shelf’, at least not without a stamtial period of
adaptation. Moreover, the performance of the urptahconsortium was similar to that of the indigem@opulation,
and improved over time. This is despite the absearfcan obligate sulfur-oxidising species, whichulesd in the
generation of substantially less acid.

10.40 Coffee

11.20 Bioleaching strategies for the treatment of nicketopper sulfide concentrates
M. Gericke and Y. Govender (Mintek, South Africa)

Different process options for the bioleaching afkeil-copper containing sulfide concentrates werduated. Tests in
continuously operated systems showed >98% nickehetion at temperatures ranging between 37and ,A@h€reas
for copper, occurring as chalcopyrite, extractiohs95 % could only be achieved at 70°C. Furthdinagation of the
process focused on determining the effects of peoparameters such as temperature, grind sizéemesitime, redox control
and feed solids concentration on the leach kinetietals extractions and performance of both meéel¢reermophile and
thermophile cultures. Redox control in the firstggt reactor resulted in considerably faster cdppeh rates and extractions of
up to 95% could be achieved at increased feed otratiens and coarser grind sizes. High redox $eiretthe secondary
reactors ensured >98% nickel recoveries. Theseatipgr conditions and control strategies have théeng@l to
significantly increase the rates of nickel and aapextractions to the extent that leaching times lwa considerably
reduced.

11.40 Respirometry studies of bioleaching of low grade @icopyrite ore using six acidophilic strains
J. Song, P.D. Franzmann, A.H. Kaksonen (CSIROdLaamd Water, Australia), J. Lin and J. Lin (Sharglon
University, China)

Respirometry was used to study the growth and iacti¥ six pure cultures of acidophilic bioleachisfgains grown on

a concentration series of low grade chalcopyritssamder various pH and nutrient conditioBidfolobus metallicus,
Acidithiobacillus ferrooxidans, A. brierleyi andLeptospirillum ferriphilum were able to grow on a very low grade ore
(equivalent to 0.1% Cu content). However, the twiplsur-oxidizing bacterid\. caldus andA. thiooxidans grew poorly
on low ore grade. Growth rates of all strains, pkder perhapsSulfolobus metallicus at highest ore grades, displayed
growth that was limited by substrate availability this low grade ore (0.5% Cu content in the ofd)e decrease in
solution pH from 3.0 to 1.0 enhanced both the gadwth and Cu dissolution. The addition ofFer S as energy
substrates facilitated growth and Cu dissolutioriHgysix strains grown on low grade chalcopyritedme extent.

12.00 Non-traditional operating conditions for a copper ®ncentrate continuous bioleaching
P. Spolaore, C. Joulian, Y. Ménard and P. d’'HugB&GM, Service Environnement et Procédés, France)

Lubin copper concentrate is produced by flotatioant a black shale organic rich ore. Due to ore i@agr
characteristics, the flotation process is facirghigcal difficulties and concentrate quality (copp@ad arsenic grades)
is degrading over time. As a consequence, researclfiternative technologies to pyrometallurgy isessary.

Bioleaching efficiency was already demonstratednduBioshale FP6 European project. However, songrorements
still needed to be achieved in order to meet peesnomic viability. In the frame of Promine FPIrd&pean project,
our study aimed at improving the profitability dfet continuous bioleaching of the Lubin concentiatstirred tank
reactors. Non traditional operating conditions wéssted: high solids concentration (> 20% solids)l aeduced
agitation and aeration rates. The follow-up of élxperiment consisted in both physical parametessomements (pH,
Eh, oxygen uptake rates...) but also in the monitgpdhthe bacterial population using molecular bigléechniques.

12.20 Fluoride ion effects on the kinetics of ferrous ira oxidation by sulfobacillus thermosulfidooxidans
L.C. Sicupira, T.C. Veloso, I.C.B. Rodrigues, V.@liveira and V.A. Ledo (Universidade Federal derdu
Preto, Brazil)

Bioleaching now is a proven technology largely &iplto the processing of refractory gold, secondagper and
nickel sulfide ores. Bioleaching is mostly carriedt with mesophile bacteria, especially those lglum to the
Acidithiobacillus group. More recently, high temperature bioleactiing become relevant since the leaching rate can be
increased, beindulfobacillus thermosulfidooxidans the most studied bacterium. Conversely, fluorinetaiming
minerals, such as fluorite and fluorapatite whesoamited with metal sulfide ores are dissolvechassulfide minerals
are bioleached for metal recovery. At pH lower thdta, fluoride ions are protonated as hydrofluaad (HF),



existing as such in the leaching liquor becauséeaahing is normally carried out in pH 1,5-2. Thésestrong
evidences that HF can go through the bacterial melinbrane easily inhibiting bacterial growth, amshsequently,
causing adverse effects on iron biooxidation. lis tivork, fluoride ions influence on the kinetics f&frrous iron
biooxidation withSulfobacillus thermosulfidooxidans (DSMZ 9293) was studied. The experiments werei@aout in
batch mode (2L STR) and the effect of fluoride @nication (0-10mg/L) on the iron oxidation and lesietl growth
rates was assessed. In all experiments, the idé@rabus iron concentration was maintained at 2,5gH at 1,5;
temperature at 50°C, air flow at 1L/min; and stigispeed at 300mii It was also assessed the effect of aluminum
(AI*") additions aiming to reduce free fluoride concafitn through the formation of stable aluminum-fide
complexes, which cannot cross the bacterial celnbrane. The results show that 10mg/Lcempletely inhibits
bacterial growth. Nevertheless, fluoride toxicityS thermosulfidooxidans can be minimized by controlling the ratio
aluminum to fluoride in the system. At 2:1 alumintorfluoride ratio, bacterial growth is similar tieat observed in the
absence of anion.

12.40 Lunch

14.00 Technical Session 2
Chairman: S. Ndlovu (Wits University, South Africa)

14.00 Microbial growth rates of mesophilic acidophiles orlow grade whole ore containing chalcopyrite
S. Minnaar, O.V. TupikinaR. van Hille, N. van Wyk, S.T.L. Harrison (Univessiof Cape Town, South
Africa), S.J. van Rensburg (Mintek, South AfricB),Rautenbach and D. Dew (BHP Billiton, South &&j

The research investigated the growth of a mesappdpulation of acidophilic chemolithotrophs, intated from low
inoculum, on whole chalcopyrite ore. A series @Syl reactors were used for heap imitation.

In the first phase, inoculum size was investigatsidg five columns with inoculum concentrationsgiag from 16 to
10° cells/gram. A clear relationship between inocolatsize and lag time was evident, with the columntaining the
highest amount of inoculum first reaching high Efues.

In the second phase, colonization on the wholenae studied over a first 50 days period using tlveebkt inoculum
concentration. Ten columns were inoculated withddls/gram and a column was stopped for analytés avery five
days. Cells were detached from ore and DNA wasaetad. Quantitative and qualitative changes ofrtherobial
population were investigated using qPCR and spegifmes designed for the microorganisms presetiténnoculum.
The importance oAcidithiobacillus ferrooxidans, Acidithiobacillus. thiooxidans and Leptospirillum ferriphilum were
shown during start-up heap colonization.

14.20 Inhibition of the bioleaching organism acidithiobadllus thiooxidans by SDS addition
H.-M. Siebert, R. Marmulla and K.-P. Stahmann @énsity of Applied Science Lausitz, Germany)

The inhibition of bioleaching by sodiumdodecylstdf&known for large scale percolators in Romania slaswn for
pure cultures of sulfur-oxidizingcidithiobacillus thiooxidans DSM 622 and german sand samples.

A decrease of 25 to 75% in planctonic cell numbminted for 16 At. thiooxidans cells with a Thoma-chamber 30
minutes after exposure to SDS concentrations framd10 g/L suggested a cell lysis. Additionallseéease of nucleic
acids was found.

To apply these results in a more natural habitktraos filled withaquifermaterial from an East German lignite mining
area containing 1% pyrite were treated.

Columns were washed once with 2g/L SDS and aftetsvaath rainwater.

Most-Probable-Number determinations of flow-through sand revealed no growth of iron- and sulfurd@ing
microorganisms within 25 weeks while up to® tlls were determined in the control. Elution ofphate dropped to
25%.

14.40 Laboratory simulation and optimisation of stope le&hing of low-grade uranium ore
K.M. PenmanD.J. Sapsford (Cardiff University, UK), R.J. Bowalid M. Dey (SRK Consulting, UK)

This paper presents data from a laboratory simariaif an innovative underground leaching procddse experimental
procedure simulates existing underground in-sitact@as where uranium is liberated from the hosk rtwough
periodical flushing with recycled leachate. Thisdy examines the influence of varying cycle protoen uranium
leaching.

Protocol variants examined include variation okHing frequency, flush volume, leachate recycldrient solution
(NPK) addition to reactors and Fe(lll) sulfate dubdi to reactors. The data show that the time betwushes has a
significant effect on the amount of uranium extegcand that addition of Fe(lll) sulfate (0.5g/Epuced the lag time
before extraction. The presented data highliglt sizeable improvements in uranium recovery thaghmmbe
achievable by varying the operating protocol far tiperational underground reactors.



15.00 Large particle effects in chemical/biochemical heafeach processes - A review
Y. Ghorbani, J. Petersen, M. Becker, A. Mainza &rH. Franzidis (University of Cape Town, Southic¥)

Heap leaching is gaining in popularity as a lowtdeshnology for mineral extraction from low-gradees. Unique to
heap leaching is the relatively coarse particlee silistribution, typically 12-25 mm top size for shed and
agglomerated ores and larger for run-of-mine duegthing operations. Leaching from such large pestits poorly
understood and commonly assumed to follow shrinkiage type behavior, although this is a gross sfioation in
most cases.

At the particle scale, leaching is governed bwtag in which mineral grains are distributed withiisingle particle and
how well they are accessible through pores andksraxleaching reagents flowing through the heagp Béis review
investigates the current state of knowledge witbpeget to the understanding of leach mechanisms nainéral
distributions prevailing in large particles in heagnd the tools to characterize these.

The economics of heap leaching are strongly goweilme the trade-off between slow rate of leachingnfrlarge
particles and the cost of crushing finer. A soundarstanding of the underlying mechanisms will tyeiaform future
technology choices in the area of heap leaching.

15.20 Performance evaluation of the Skorpion Zinc pinneded clarifiers
S. Dowling, B. Plaatjies (Skorpion Zinc, Namibid), Fuls (Anglo American Asset Optimisation, South
Africa) and M. Langton (Roymec Technologies, Soittica)

In June 2009, Skorpion Zinc commenced with hot cisrioning of three Pinned Bed Clarifiers (PBC). Tumits are
designed to clarify solution to 10 mg/l total susped solids (TSS) from a pregnant leach solutiortaining 50 to 100
mg/l TSS at an upflow velocity of 7.1 m/h. The minim target period between backwashes is 24 h.

This paper discusses commissioning and operatahalenges of the full-scale unitsd. sludge removal point, media
particle size and flocculant dosing) with referemoegparameters determined during piloting. The grenfince of the
full-scale PBCs in terms of overflow clarity, petibetween backwashes, runtime, and unit availghdipresented.

Achieving consistent 24-hour period between backeasremains a challenge. Backwashes occur moreehney
when solids accumulate on the sides of the PBC awstead of reporting to the sludge recycle stre@perational
solutions include reduction of flocculant concetitra, improved flow control to individual PBCs atite installation of
a cone rake.

15.40 Gas phase metal extraction case study: the extragh of iron from iron(lll) oxide
L.D. van Dyk, E. Mariba (University of the Witwatrand, South Africa), Y. Cheng (University of
Nottingham, UK) and J.H. Potgieter (Manchesterrgjatlitan University, UK)

Extraction processes that utilise organic ligandsthie gas phase differ from conventional energyenisitve
pyrometallurgical processes as well as harsh ctaraidraction techniques, in the sense that is$s kenergy intensive
and the possibility exists to recover and reusditfaad. Even though the technology was first psmzbin the 1980s,
little is known about the reaction kinetics and qgtiGal applications of such processes. As partfongoing
investigation into the application of gas phaseaetion, the extraction of iron from iron(lll) oxédwas studied in a
fluidised bed. The reaction conditions were vatigdtudy the influence of reaction temperaturegrig) concentration
and metal oxide concentration on the extractioreti@s. At low iron(lll) oxide concentrations moreat 80% of iron
was successfully extracted after 4hrs using thentig acetylacetone. It was also found that adiéheaction variables
have an influence on the extraction kinetics.

16.00 Coffee



Tuesday November 9th

09.00 Technical Session 3
Chairmen: L.D. van Dyk (Wits University, South Afa) and C. Bryan (University of Cape Town, South
Africa)

09.00 High pressure acid leaching of Turkish laterites
Y.A. Topkaya and. Kaya (Middle East Technical University, Turkey)

In this study; the fundamental HPAL (High Presséed Leaching) process parameters like leachingatiiom,
temperature, sulphuric acid/ore ratio, feed sizat ltreating of the ore prior to the leaching pssceffect of additions
such as HCI, NaCl, N8O, and FeS@®on nickel extraction from the Western-Anatolianafisa/Gordes limonitic and
nontronitic nickel laterite ores were studied ahd bptimum values have been determined as proeeampters for
these lateritic type nickel reserves.

09.20 Profiling of bioleaching organisms in BIOX® reactors from different locations
R.P. Van Hille, S.T.L. Harrison and N. Van Wyk (Meisity of Cape Town, South Africa)

The BIOX® process was developed in the late 1970's by Gefarothe processing of refractory gold ores. The
technology was commercialised in the mid 80's amete are currently over 10 commercial scale plapisrating
worldwide. The process relies on the action oflaghilic iron and sulphur oxidising microorganismBuring the
development phase the population was thought tcsisbrof Acidithiobacillus ferrooxidans, At. thiooxidans and
Leptospirillum ferrooxidans. The increased accessibility of PCR based madediblogy techniques led to renewed
research into the population structure of Bfo¢actors and it was determined, by Coram and Raajithat a newly
described specielseptospirillum ferriphilum and Acidithiobacillus caldus dominated the commercial scale reactors.
This was attributed in part to their higher tempema optima, which provided a competitive advantagereactor
temperatures were pushed higher to enhance leteh rahere has been little microbial ecology wonkthe BIOX
process in the past eight years. The current wescribes the quantitative characterisation oftf@obial population
from a number of BIOR reactors located in South Africa and Ghana. Tloeksv makes use of a relatively new
technique, quantitative real-time PCR, which allasescentration of particular species in a reaatobd determined
based on extracted DNA. While the technique hagdtions which make absolute quantification tdszedl difficult,
relative population structures can be accuratelerdéned. The data show that the Fairview sampdes wost
characteristic of a “typical” BIOX population, being dominated hy ferriphilum. The samples obtained from the
Ghanaian reactors showed population structuresdiéfigrent from what was expected. All the reastt@sted showed
significant numbers of archae from the geRegroplasma. These dominated most of the Ghanaian reactatsene
found in substantial numbers in the South Africamples. Ferroplasma species have not previously been described as
important members of the BIGXcommunity. The possibility exists that they haeen present from the start, but
were not quantified because research focussededaitterial component. In additionRerroplasma, members of the
genusSulfobacillus were found to dominate several of the Ghaniantoescparticularly in the case where temperature
control had been compromised and the temperatareased above 45°C. Subsequent temperature ¢onreesulted

in a decrease in the concentratiorBolffobacilli. The contribution of th€erroplasma and Sulfobacillus species to the
overall performance of the BIG%process, particularly at elevated temperaturestknown and offers and interesting
research opportunity.

09.40 Interaction of microorganisms in a hematite-quartzflotation system
N.A. Abdel-Khalek et al (CMRDI, Egypt), H. Rao (le& Technical University, Sweden) and A.-H. Kandel
(Helwan University, Egypt)

The increasing world demand for mineral raw materizas led to the exploitation of low-grade oresisTfact
associated with more rigorous specification of @mates, hard environmental legislation and a smigeto achieve
lower operating costs has led to numerous investiga aimed at finding better processing technigaed more
effective notation reagents.

Recent literature has showed microorganisms camdeel as flotation reagents. In the present studgroap of
microorganisms has been investigated as a flotagiagent for the hematite - quartz system. Theestudere based on
zeta potential and adsorption measurements and o+fhitation experiments in absence and presence of
microorganisms. Microbe-mineral interactions re=dilin significant surface-chemical changes on mainsurfaces.
The changes in zeta potential, adsorption, adheaiah flotation behavior of hematite and quartz ipled after
microbial interaction are discussed.

10.00 Extracellular polymeric substances (EPS) from biolaching systems and its application in bioflotation
Y. Govender and M. Gericke (Mintek, South Africa)

EPS producing heterotrophic and chemolithotroplaictéria have been successfully applied in flotaporcesses for
the last two decades. These studies have beenymomtifined to laboratory microflotation tests witimited

information available on its application in a lardtation circuit. In this study the effect ofPS extracted from
bioleaching consortia on the floatability of chglgdte was determined and key process parametegs EPS
concentration, flotation time, collector conceritia} was optimized. Analyses of the various exgdEPS, indicated
that the EPS consisting mainly of carbohydratestgims and uronic acids demonstrated the best apwiite recovery
of 77 % during the separation of pure chalcopyfiten pure pyrite. The chalcopyrite recovery coulasgibly be



increased by an increasing and optimizing the E®®entration. The optimized method was then tested macro
flotation circuit. The results obtained suggest tttzalcopyrite flotation rate significantly increaksin the presence of
certain extracted EPS.

10.20 Control of bacterial metal sulfide leaching processs
B.M. Florian, N. Noél, C. Thyssen, I. Felschau adSand (University of Duisburg-Essen, Germany)

Bioleaching is a process whereby bacteria dissoietal sulfides by biooxidation.

Leaching bacteria attach to the mineral and forofilbdis on the surfaces, which is relevant for thieole process.
Consequently, the attachment of microorganismdaditst step in biofilm formation is the criticahe. To develop
methods to enhance or reduce bioleaching, our figeg®ns are focused on the initial processestiafchment and
biofilm formation.

The relevance of strain composition with respedhitial attachment processes and biofilm formai®still unknown.

Therefore, we quantified and visualized initial aakation and biofilm formation on pyrite of the rgpra
Acidithiobacillus, Ferrimicrobium and Leptospirillum as well as of a novetproteobacterium using DAPI-, Lectin or
FISH- staining in combination with atomic force maiscopy. Microcalorimetric measurements were usedetermine
metabolic activity of cells. To inhibit bacteriagddching processes, several tensides were testéch Whve varying
efficiency in inhibition of leaching bacteria.

We were able to show that interactions of differkeatterial species resulted in increased producfoextracellular
polymeric substances, increased attachment andifepcates. Another finding is that large areasnirierals remain
uncolonized, whereas at some places bacteria attathisters.

Based on these findings we may be able to devekthads to influence attachment of bacteria ancetheto improve
industrial leaching processes. Furthermore, thdiGgtipn of tensides can be applied as an enviraniaheriendly
countermeasure to AMD.

10.40 Coffee

11.20 The effect of temperature on the attachment ofmetallosphaera hakonensis to a copper sulphide
concentrate with application to heap bioleaching
L. Bromfield, C.-J. Africa, S.T.L. Harrison andAR.van Hille (University of Cape Town, South Affjca

Efficient heap bioleaching of chalcopyrite requimgserating temperatures in excess of 60°C, withhémst generated
primarily by the oxidation of reduced sulphur sgsci Successful colonisation of heaps with therrtieparchae is

therefore a prerequisite. Previous studies havesshioat the attachment of microorganisms to theemgihore results in
an increased rate and extent of bioleaching.

In this study the effect of temperature and culthigtory on the attachment of the extreme thernimphirchae,
Metallospaera hakonensis to a copper sulphide mineral concentrate is ingattd using two approaches: shake flask
experiments and column experiments. The shake #apkriments were conducted to provide continuity wrevious
studies. The column experiments were performed gusioncentrate coated glass beads and provided tar bet
representation of the hydraulic conditions foundhimi a bioleaching heap. The analysis of cell sigfproperties of
both the thermophile and the mineral surface h&s lm®nducted to provide an explanation for thedseobserved.
Attachment at 25°C, 45°C and 65°C was investigatdibth sets of experiments. The results show ar clelationship
between increasing temperature and attachmentesftig, which is independent of the culture histoAn increase in
temperature from 25°C to 45°C resulted in an imprognt in attachment efficiency of between 50% a@@%4,
depending on the culture history, while a furtheeréase to 65°C improved attachment by an additi206-50%.
Cells previously maintained on elemental sulphuwwsd, on average, a 1.3 times greater affinity thr mineral
concentrate than cells maintained on ferrous inothe concentrate itself. In contrast to previstigdies, conducted
with  mesophilic organismsMetallosphaera did not show significantly improved affinity forukphide mineral
concentrates over low-grade ore. The data sugigaistetention of thermophiles within the heap ddog¢ enhanced if
they were introduced once the mesophilic pioneecigg had elevated to temperature in the heapotwead0°C.

11.40 Bioleaching of gold and copper from waste mobile ptne PCBs by using a cyanogenic bacterium
T.D. Chi (University of Science and Technology,r&a), J.-C. Lee, J. Jeong (KIGAM, Korea), B.D. Rand
(National Metallurgical Laboratory, India) and Xoo (Korea Maritime Museum, Korea)

This paper highlights the application ©firomobacterium violaceum (C. violaceum), a cyanide generating bacteridm
leach out gold and copper from the waste mobile B&Bple containing around 34.5% of copper and G®@0af gold
in YP medium (yeast extract- 5g/L; polypeptone- /LQglycine- 5g/L and MgS@7H,O -1g/L). The bioleaching
experiments were mostly carried out atG@emperature and 15g¢/L pulp density while varyimtal pH in the range 8
— 11 and shaking in an incubator at 150 rpm. Unkerabove condition the amount of gold and copplebdized in 8
days time at pH 9.0 was found to be 0.296 ppm didppm, respectively. The bioleaching of metaldilviolaceum
was also investigated in presence of hydrogen jecas a source of oxygen in the systd@ime bioleaching of gold
and copper from the waste mobile PCBs witkiolaceum can thus be utilized to recycle such a waste neteri
environment friendly manner.



12.00 Bioleaching of printed circuit board by acidithiobacillus ferrooxidans
L.Harue Yamane and J.A.S. Tenorio (PolytechnicoBtbf S&o Paulo University, Brazil)

The present work investigated the bioleaching pede solubilize metals from printed circuit bodRICB) using
Acidithiobacillus ferrooxidans. PCBs were collected in obsolete computers ancharecally processed through size
reduction followed by magnetic separation. The &a&tAcidithiobacillus ferrooxidans were grown and adapted in
presence of PCB. A shake flask study was realizethe PCB samples using a rotary shaker undewtlmnving fixed
conditions (160 rpm, 30°C for 15 d). The influerdgoH of the medium and ion ferric produced werestigated. The
bioleaching process efficiency was evaluated byyaigmof the concentration of zinc, copper anditirthe medium
using inductively coupled plasma and compared wiita initial sample concentration. The results shbwieat
Acidithiobacillus ferrooxidans can leach metals from PCB.

12.20 Getting more out of end-of-life vehicles — a bio ldrometallurgical approach
G. Lewis, S. Gaydardzhiev, D. Bastin (Universify_@&ege, Belgium) and P.-F. Bareel (Comet TraitetreA,
Belgium)

Bioleaching experiments aimed at recovery of vaiafetals (Cu, Zn, Pb) from the finest particleesiaction (below
500um) found in the ELV shredder residues have baeied out. The preliminary results from thisdstyprogram will

be presented and discussed. The bacterially addiséehing has been based on a consortium of caujamted
mesophilic strains. Various operating conditionstsas temperature (25 to 50°C), pulp solid der(&tyo 20%) and
initial iron concentration (3 to 15 g/l) have betsted upon the degree of metal immobilisation. fenature has
proved to be the most influential parameter regaydiopper dissolution kinetics, while pulp solidndigy and iron
concentration have been found to have a subordingiertance. Leaching durations have been founepiable for
the majority of the studied conditions with highpper and zinc recoveries being observed in the PB&cterial

presence has been beneficial in terms of catalybmgopper leaching reaction.

12.40 Lunch

14.00 Technical Session 4
Chairman: S.T.L. Harrison (University of Cape To@outh Africa)

14.00 Commercialisation of the ASTER Process
N. Makhotla, J.W. Olivier and C. van Buuren (G#&lélds Limited, South Africa)

Environmental legislation associated with the lalisbosal of cyanidation tailings and water disckaigybecoming
increasingly stringent world-wide, thus enforcihg treatment or recycling of contaminated watezastrs.

Micro organisms used in the bioleaching of sulphidi@erals in particular, have a low tolerance tmdijanate and
cyanide species making the recycle of contaminptedess water to the BIGXplant impossible.

Laboratory and pilot scale testing of the ASTERgess on 0.08, 6 and 28mcale reactors at Fairview and Segala
Gold plants yielded > 98% SCkemoval. Based on the success and process robsstamonstrated during the various
pilot runs, Barberton Mines decided during 200gdcahead with a full scale ASTER plant to treattaoninated water

at the Consort Plant.

As part of commercialisation of the ASTER technglog detailed Technology Mind Map was developeérisure a
comprehensive product package that develops a foewi@l understanding on the process, a competehflexible
process design and also pathways for continualdrgment of the technology. To facilitate the fumdatal process
aspects, a development program between Gold Fagldsthe University of Cape Town (UCT) was initiatetlich
draws on advanced microbiological analyses andesamjng techniques. The first phase focuses on @gtign the
process conditions and effects of heavy metalscgadide, and a second more fundamental phase Esohodelling
and characterisation of the microbial consortium.

The Consort ASTER demonstration plant has a fusacity of 320 n¥d tailings solution and a retention time of 12.5
hours. The plant is designed for SCihd CN concentrations of 300 ppm and 40 ppm respectivelyn average
minimum feed temperature of 126 and the reactor operating temperature dfC24as designed for. This plant is
currently under construction and commissioningclgesiuled for August 2010.

The success of the Consort demonstration planttlameutcome from the UCT test program will renderASTER
Generation 1 process commercially ready.

14.20 Sequential precipitation of Cu and Fe using a threstage sulfidogenic fluidized-bed reactor system
D. Ucar, E. Sahinkaya (Harran University, Turkagd A.H. Kaksonen (CSIRO Land and Water, Australia)

The exposure of sulfides, such as pyrite gre¢8 water and air leads to the formation of acidietal and sulfate
containing waters, often called as acid mine digenfAMD). Under anaerobic conditions and in thespreee of a
suitable electron and carbon source, sulfate-reduicacteria (SRB) can reduce sulfate to hydrogéfidsuvhich can
precipitate metals as low-solubility sulfides. hetpresent study, a three-stage fluidized-bed se$EBR) system was
operated at 3& with ethanol as electron and carbon source f@ 8Rsequentially precipitate Cu and Fe from AMD.
The system consisted of two pre-settling tanks feefosulfidogenic FBR for the sequential precipitabf Cu and Fe
with biogenic HS gas and HScontaining effluent, respectively. Cu and Fe [piation efficiencies were over 99%



and sulfate and COD removals 60-90%. Biologicatliyduced alkalinity increased the initial pH of th#D from 3.0
to neutral values.

14.40 Bioprocessing of coal tailings for the production bthe coagulant ferric sulfate
A.V. Colling, J.C.S.S. Menezes and I.A.H. Schneidimiversidade Federal do Rio Grande do Sul, Brazi

The aim of this study was to evaluate the relatigmbetween the quantity of bacteria and the ratgydte oxidation
with the consequent production of ferric sulfate potential use as a coagulant for water and wagtwreatment.
Leaching experiments were carried out at laborasoafe with a coal tailing from Santa Catarina minsite, rich in
pyrite, considering the following situations: (aerle conditions, (b) non sterile conditions, (@pculation with
acidofilic bacteria, (d) inoculation with acido@ilbacteria and addition of nutrients. The sourcbaaferia was an acid
mine drainage collected from the mining site. Wat@mples were collected weekly for analysis ofltinta, sulfate,
pH, Eh, and the most probable number (MPN) of bigctscidithiobacillus ferrooxidans. The quantity of bacteria, the
pyrite oxidation rate and the production of sulfetere higher in the column inoculated with bactema provided the
optimal conditions of nutrients. It was possibleptoduce an aqueous solution rich in ferric sultdite to be used as a
raw material for the production of a commercialgant.

15.00 Reduction of uranium(VI) by a consortium from Limpopo grown in three different carbon sources
S. Chabalala and E.M.N. Chirwa (University of Brit, South Africa)

A batch study was performed to investigate thecefdé different carbon sources on biological urami(v1) reduction.
Two homogeneous carbon sources ethanol and aegiziz heterogeneous (natural) carbon source (sgwaere used
and their impact on the U(VI) reduction rate evétda These carbon sources acted as carbon sourdeslextron
donors while generating metabolites such as acétate ethanol that were further degraded to simptenpounds by
the bacteria. All cultures showed rapid reductiaminy the first 3-6 hours of incubation. U(VI) redion rate
determined for the highest concentration, 400 may/the 50 % of added point was as high as 286 rmgAdetate
derived from the sodium acetate salt yielded ths besults at high initial U(VI) concentration iatbhes (200 and 400
mg/L). Culturing under carbon sources leached fsamvdust yielded the best results only at conceéotsiower than
100 mg/L (35, 75, and 100 mg/L batches). Detailethgarative performance analysis is conducted uki@gnaximum
uranium-(VI) reduction rate coefficient and uraniul) reduction capacity determined for the diffietegrowth
conditions. The facultative anaerobic isolates adtbria used in this experiment were obtained feocfosed uranium
mine in Limpopo, South Africa.

15.20 Biosorption of yttrium, lanthanum, cerium, and neodymium from apatite leaching aqueous solution
using platanus orientalis leaf powder
E. Jorjani and S.H. Amirshahi (Islamic Azad Unaigy, Iran)

In this work, platanus orientalis leaf powder waedi to extract yttrium, lanthanum, cerium and neadyn, from
phosphoric acid produced by nitric acid leachingapétite concentrate. The effects of pH, contaae titemperature,
and quantity of biosorbent in sorption, and hydfoib acid concentration in desorption stages visvestigated. The
results showed that leaf powder can uptake 23.8,89 and 3.21 mg/g cerium, lanthanum, neodymiuch yatrium
from aqueous solution; the extractions of 97% ¢vri82% lanthanum, 87% neodymium and 51% yttriumewer
achieved. Hydrochloric acid can desorbs about 99tanthanum and yttrium, 98% of neodymium and 976easium
from P. orientalis. According to the thermodynarsiadies, the values @fH® =0.54, 4.76, 0.22 and 0.23 KJ/mol and
AG® =-9.12, -9.48, -9.44 and -7.64 KJ/mol (at%&0) for La, Ce, Nd and Y, respectively suggest thatbiosorption of
La, Ce, Nd and Y on P. orientalis leaf powder issadothermic and spontaneous process. The resdltaie that P.
orientalis is a suitable biosorbent on extractibrace earth elements from phosphoric acid aqusolugion.

15.40 Molecular characterisation of the microbial communty of a full-scale bioreactor treating Bayer liquor
organic wastes
N.J. McSweeney, D.C. Sutton (University of West@rrstralia, Australia), A.H. Kaksonen, P.D. Franzma
(CSIRO Land and Water, Australia), A.L. Tilbury,J Nyeboer and A.J. McKinnon (Alcoa World Alumina,
Australia)

Sodium oxalate is an organic impurity producedt®y Bayer refining of bauxite as a result of therddgtion of humic
materials associated with the ore. Physico-chemoallate destruction techniques such as combustienoften
expensive and often pose greater environmenta tiskn the storage of solid oxalate waste. Bioogadtave provided
an economical and environmentally friendly way &gihde oxalate, but the microbial communities rasjde for the
degradation have remained largely uncharacterisedhe present work, the microbial community of wl-6cale
bioreactor showing complete degradation of sodinalaie was characterised using 16S rRNA gene dibregies and
phylogenetic analysis of the near full-length 168NA clone sequences. The community was largely datad by
species belonging to the alpha-, beta- and gafroteobacteria groups. Novel oxalate-degrading bacteria belonging
to the genuslalomonas and the group betaroteobacteria have been isolated and are currently being creniaet.

16.00 Closing Remarks
S.T.L. Harrison (University of Cape Town, Southigd) and A.J. Wills (MEI, UK)

16.10 Coffee and Wine



Posters

Some aspects of the effect of pH and acid stresshiaap bioleaching
O.V. Tupikinal.E. Ngoma, S. Minnaar and S.T.L. Harrison (Uniugref Cape Town, South Africa)

The chemical and physical conditions in sulphidepse provide a complex microbiological environmewtth
differences in redox, acidity, temperature, oxyged solution chemistry conditions being experienoeith temporally
and spatially. One of the most important paranseter successful colonization and active microledtabolism is
suitable pH conditions in the heap. Typically hesgech tens of meters high and the pH of irrigasiolution travelling
through heap changes significantly.

In this study, we investigated the effect of pH awid stress for moderately thermophilic and thgrhilec mixed
cultures, operating at 50 to °@in the heap bioleaching environment. Resultsectéld from the low grade whole ore
packed lab-scale column reactors irrigated witHed&nt pH irrigation solutions during a temperat@taft from
moderate thermopile conditions to thermopile caadg are discussed. The trends observed are furthestigated in
terms of microbial tolerance to acid, determineduBpended culture environments, and precipitatedtons.

Adaptation of acidithiobacillus ferrooxidansto printed circuit board from scrap computer
L.Harue Yamane and J.A.S. Tenério (Polytechnic 8cbbSao Paulo University, Brazil)

In this study the bioleaching of printed circuitdods (PCB) from scrap computers by adapted and apted
Acidithiobacillus ferrooxidans to solubilize metals was compared. The adaptaifof. ferrooxidans was realized by
serial subculturing of the bacteria in T&K mediumntaining gradual increased of PCB concentratidre Baching
experiments were carried out in 200ml culturessf gl shake flasks containing the PCB (1.5% w/v) &K medium.
The cultures were incubated at 160 rpm and 30 €.2The results showed significant difference indaghing rate of
Zn** and Cd@" between unadapted and adapted bacteria. The fdapbA. ferrooxidans cells to 15g/L PCB enhanced
the metals solubilize from PCB.

Influence of temperature and microorganisms upon ceper dissolution during waste electric cables recying
F. Lambert, G. Lewis, S. Gaydardzhiev, D. Bastinifdrsity of Liege, Belgium) and P.-F. Bareel (Cangaitement
SA, Belgium)

The purpose of this study has been to evaluateettmical feasibility of hydro and biohydrometagjurfor recycling of
shredded electric waste cables where physical agéparprocesses have limited success due to imteemions
between copper wires and plastics.

Both chemical and bacterially assisted leachingleen carried out for recovery of copper from thastic isolation
matrix. Preliminary results are presented and dised with regards to the influence of microorgasisnsed
(Thiobacillus ferrooxidans and thiooxidans and lospirillum ferrooxidans) and temperature range @5 70°C) on
copper leaching rate, level of impurities dissaantand acid consumption.

Copper dissolution kinetics has been largely infleexl by the temperature, reflecting on the degf@®i precipitation
as well. The presence of bacterial inhibiting comgrats from the plastics has been noted and theadtroutlined.

Hydrometallurgical reclamation of Cu, Ag and Sn fran waste Pb-free solder using nitric acid
J.-c Lee, E.-y, Kim, S.-k. Kim, J. Jeong (Koreatiluge of Geoscience & Mineral Resources, Koreaj & Yoo
(Korea Maritime University, Korea)

The development of a hydrometallurgical procesetham nitric acid leaching of the waste Pb-freelaols reported to
recover copper, silver and tin. The nitric acidsdised copper and silver from the waste materidlendonverting tin

to stannic acid (k5nG;) which is very sparingly soluble in this acid. Tip@ameters such as nitric acid concentration,
leaching temperature and time, and pulp densitgwerestigated to optimize the conditions for coetglextraction of
copper and silver from the waste solder, with stemgous precipitation of high purity stannic acithe progress of
leaching reaction was monitored by XRD phase idieation of the residue generated during the preacédmost
complete recovery of silver was achieved from #ech liquor by cementation using copper powder r@glactant and
copper was electro-won from the solution as cathdte stannic acid of 99.9 % purity obtained frdra keaching was
characterized in terms of particle size and shapéd possible utilization as advanced materials.

Can active bioleaching accelerate sulphide removafrom dump rock to mitigate ongoing risk of AMD
formation?
A.K.B. Opitz, C.G. Bryan and S.T.L. Harrison (Unisiy of Cape Town, South Africa

Acid mine drainage (AMD) is the one of the biggestironmental challenges currently associated thighmining of
sulphidic ores and coal. Formed naturally through dxidation of exposed sulphide bearing waste,r88kD causes
severe damage both to plant and animal life oveexdanded geographical area and prolonged timeefra®arrent
AMD management of waste rock and tailings focusepr@venting the formation of AMD by limiting thexgosure of
the waste rock to oxygen and water or the treatroeAMD formed. However, the benefit of removaltbg risk of
AMD formation rather than short-term mitigationvigll recognised. This research focuses on the rafrafithe AMD



generation potential prior to the disposal of thaste rock and tailings, accomplished through thmoral of the
sulphidic components from the waste material talisposed. For tailings, this removal, although po&dly costly, can
be achieved by separating the sulphide-bearing ralsidrom the more un-reactive components, progdinbulk
tailings of very low sulphide for disposal withotisk and a small volume high sulphide content strdar further
handling (Hesketh et al. 2010, Minerals Engineeridg, 225). Owing to limited liberation and largelumes, the
potential for removal or reduction of sulphidic exdals from waste and dump rock through accelerateathering of
the material is considered.

The necessary reactions to leach out the sulph&i#idn can be carried out through a combinatiochefmical and
biological reactions. The addition of iron and $ulp oxidizing micro-organisms to dump and wastekreites has
potential to promote the solubilisation of the $udie fraction over a shortened time-frame to leavpotentially
chemically inert waste rock. To achieve this, ihécessary to ensure the rapid colonisation antbbial activity in the
dump, investigate the associated gangue leachidgt@rassess the potential to access the non-ldzersaiphide
fractions.

Using standard laboratory columns, the effect efléach liquor components and the availabilityiloédated sulphide
on the time to establish the bioleach was investija The results show some reduction of AMD getirgggpotential.
Particularly the tests highlight the importancetoé relative time scales of acid generation and autralising
capacity.

Biohydrometallurgical production of hepta-hydrated iron sulfate crystals from the pyrite present in cal tailings
E.M. Vigéanico, A.V. Colling and I.A.H. Schneider (iversidade Federal do Rio Grande do Sul, Brazil)

The coal mining generates large volumes of tailittigg may be responsible for serious environmetaahages. The
oxidation of pyrite (Fe§, in the presence of air and water, promotes ¢hmdtion of the acid mine drainage (AMD),
an aqueous and highly acid solution rich in sultate iron (in the forms Béand Fé"), along with other associated
metals. In this study, the objective was the dgwelent of a biohydrometallurgical/lUV radiation roufier the
production ferrous sulfate. The experimental wookgisted initially in the collection of coal wastamples rich in
pyrite and its characterization. | was performed|aboratory scale, the oxidation of pyrite in ague medium in
packed bed leaching columns in an oxidizing envitent and the presence of acidophilic bactef@djthiobacillus
ferrooxidans). The recirculation of the liquor allowed obtaigian iron rich extract. The conversion of F® Fé* was
performed using ultraviolet irradiation (UV). Fihglthe solution was evaporated allowing the foliorabf iron sulfate
crystals. The results demonstrated that it is pbs$d produce high purity hepta-hydrated iron aglfcrystals having
coal tailings as a raw material.

Finite difference simulation of biological Cr(VI) removal in aquifer microcosm reactors
P.J. Mtimunye, Z.M. Mboweni, D. Manyisi and E.M.®hirwa (University of Pretoria, South Africa)

Cr(VI) pollution of the environment results fromtersive use of chromate and dichromate in industii@dustries
such as metal fishing, petroleum refining, iron atekl industry, leather tanning and etc, dischéagge amounts of
Cr(VI) waste in the environment. Exposure to thighly toxic Cr(VI) induces acute human health risksading to
neurotoxicity, dermatotoxicity, genotoxicity or carogenicity. Cr(VI) is also known to be toxic toany plants,
animals and microorganisms. The purpose of thidystuas to develop aim situ bioremediation process to prevent the
spread of Cr(VI) in groundwater aquifers. Microcosalumns extracted from contaminated sites wereuladed with
a Cr(VI) reducing culture isolated from dried sledigom a treatment plant receiving high periodiadimgs of Cr(VI)
in effluent from ferrochrome processing faciliti€(VI) concentration was measured in the influ@mtfive equally
spaced intermediate ports within the column anthaeffluent, to facilitate finite difference motiegy of the Cr(VI)
concentration profile within the column. Three femxhcentrations: 20, 30, and 40 mg/L, were evatlafbe systems
comparisons included effects of introducing an nig&lectron donor (OED) and comparisons with taggrmance of
sterile controls for each concentration. The ihitesults indicate that the introduction of OEDuiésd in increased
biological Cr(VI) reduction in the columns. It wabserved that the microcosm reactor with OED otdpered the
reactor with no OED. Near complete Cr(VI) removalsvachieved in the carbon source reactor inoculsitidbacteria
from sludge (after 4 days operation at 20 mg/L @Q)Mvhereas only 69.5 % of Cr(VI) removal was @&sdd at 20
mg/L in sludge culture inoculated column without @&fter 4 days. Up to 43.5 % of Cr(VI) was reducetler an
influent concentration of 40 mg/L in a carbon seureactor after 6 days operation, whereas only 60%r(VI) was
reduced at 30 mg/L in a reactor without carbon eeuiThe results are used for the optimisation ofti¢ and
hydrodynamic parameters (in progress) that willused in the scale up of the system to the pilotesysto be
implemented at site.

Biosorption of heavy metals by algae communities iwater streams impacted by the acid mine drainagenithe
coal mining region of Santa Catarina - Brazil
A.P.P. Freitas, I.A.H. Schneider and A. Schwartdi{tiniversidade Federal do Rio Grande do Sul, Brazi

The acid mine-drainage (AMD), from the ecologicalm of view, affects the aquatic environments. Tdw pH and
the high concentration of sulfates and dissolvedamiens reduce the biological diversity. Theseteys can be
characterized as simple ecosystems, dominatedibdgtlus and acid tolerant organisms. In the coiling region of
Santa Catarina, Brazil, the water streams impabtedAMD can be inhabited by few algae groups inahgdihe
following genusesMicrospora, Eunotia, Euglena, Mougeotia, andFrustulia. The aim of this work was to study the



metal accumulation by these algae communities gpgton) and their contribution in the water decariteation. The
algae biofilms presents high concentrations ofAteMn, and Zn onto the biomass. The results shothadis possible
to associate the composition of the biofilms wikle twater chemistry and with the natural attenuatérAMD's
environmental impact.

Thermodynamic modelling of concentrated sulphuric aid solutions
H. Sippola (Aalto University, Finland)

Acidic sulphate solutions are common is hydrometglf thus a proper thermodynamic model for aquesuligshuric
acid is essential, if the thermodynamic equilibricahculation are utilized in the process developnaga modelling.

Existing Pitzer models for aqueous3®, are either limited up to 6 molal (37w% ) sulphugicid solution or are too
complicated for practical modelling purposes, with to 8 model parameters, with over 30 terms fitfemn
experimental data within.

Recently, a modified Pitzer for concentrated sohsi was developed in NPL,UK. The new model usestead of
molalities, scaled mole fractions which will congerto molalities in dilute solutions. Thus, the mabdoincides with
original Pitzer model at indefinite dilution.

The aim of this study is to the test the abilitytbé modified Pitzer equation to model concentraelphuric acid
solutions using limited number of Pitzer parameteith a simple temperature dependency.

The conversion of celestite to SrC@in ammoniacal solution containing ammonium carbonge/bicarbonate
M. Zoraga and C. Kahrumdtstanbul University, Turkey)

In this study, high-grade concentrate celestiteS(yr has been converted into strontium carbonate imanmacal
solution containing ammonium carbonate/bicarbonatee effect of stirring rate, concentration, paetisize and
temperature on the dissolution rate was investijaeactional conversion was increased by incregsmperature and
decreasing particle size, was decreased with istrgaAC concentration and it was determined thatrsg rate had no
effect on the fractional conversion. The quantiainalysis of solution taken in a specified penb@xperiments was
performed by ICP-OES. The SEM-EDS and XRD analy&se used for material characterization.

Investigating microbial colonisation in bioheaps wth varying irrigation rate
R. Chiume, S. Minnaar, E. Ngoma and S.T.L. Harri@dniversity of Cape Town, South Africa)

Microbial colonisation plays an important role irineral dissolution in heap bioleaching of low graate. To date,
colonisation studies have focused on microbialchti@ent of single species to mineral concentrateeurzhtch
conditions, not representative of the heap leachimgronments, with recent extension to flow syste@ontaminant
hydrology and soil engineering investigations handicated significant interactions between microlzialonisation
and fluid flow in porous systems. Therefore, hegprblogy is expected to affect microbial colonisatithrough
solution-ore and microbe-mineral contacting.

The influence of the irrigation rate on microbial colonisation was assessed using columns packed with acid
agglomerated low grade copper-containing ore. The systems were inoculated via irrigation with iron and sulphur
oxidising mesophilic microorganisms (10" cells/ton ore), whilst operating under continuflos/ conditions using three
different application rates (% and 18 L/mhr). The effluent solution was analysed daily éefl counts, pH, redox,
ferrous, ferric, total iron and copper concentratid novel in-bed sampling technique allowed fag txtraction of ore
samples at intervals during the leaching proceggviminsight into the microbial growth and theeirgtitial, weakly and
strongly attached microbial population. The colatin, growth rate and relative dominance of planit and attached
populations are reported and related to leachimfppeance.

Bio-desorption of lithium isotope (Li*) from a degraded lithiated mixed-bed ion-exchangeresin using
Acidithiobacillus caldus
M. Basitere, S.K.O. Ntwampe and M.S. Sheldon ((@einsula University of Technology, South Africa)

The production of sulphuric acid was investigateaptimised aerated batch bioreactors, withdithiobacillus caldus
(DSM 8584) using elemental sulphur as the sourcerargy. In these aerated batch bioreactors, stdplacid
production of 0.4M was achieved over a period oflags. The sulphuric acid was concentrated to ~§Mvaporating
80% of moisture. The concentrated sulphuric acid passed through a continuous ion-exchange padedadddumn
containing a degraded lithiated mixed-bed resialtte the lithium 7 isotop€l(i*) in the cation part of the mixed-bed
resin. Desorption rates greater than 90% was aetligvithin 18 bed volume (BV) using the biologicafiyoduced
sulphuric acid. Furthermore, a high desorption (a80%) was observed for the biological acid duting initial stage
of 2 BV's compared to the commercial grade sulghagid, for which a desorption rate of 61% was ewdd at the
same stage. These results showed similar desomaties of Li* to that of 1 M of mineral sulphuric acid. The wséhe
biological produced sulphuric acid showed an ecao@nd effective method which could be consideredecovering
valuable metals adsorbed on ion-exchange resin.



Separation of zirconium and hafnium using electrichfield

A. Sadigzadeh, H. Shokri (Atomic Energy Organisatimf Iran, Iran) and S.H. Tabaian (Amirkabir Unisigy of
Technology, Iran)

In this work, a new method of separation of Hafniamd Zirconium is introduced in which, ions movemen
facilitated and accelerated via an electric fi€lgtraction and separation of Hafnium from Zirconiiswperformed with
TBP and D2EHPA extractants. In order to separagetwio metals, two cells containing feed solutioml aecovery
solution were utilized. Cells were connected toheather by the organic phase and the electric fetéd on them.
Transmission of the ions occur trough the orgaigigidl membrane and under the applied electric fi€ltk lower level
of organic matter consumption and acceptable séparfactor are the benefits of this method.

Results showed that the acceptable separationrfact®.3 was achieved for Tri-butyl phosphate as trganic
extractant.

TBP organic matter was found to be a stronger etarsa compared t©2EHPA Moreover, in addition to its higher
extraction, it also revealed a better separatiotofavith respect to D2EHPA

The effect of temperature and pH on the biosorptiorof heavy metals onto sea algae
Z.Harber (University of Stellenbosch, South Africa)

In the chemical and metallurgical industries hemstal pollution give rise to major environmentahcerns. Research
has been conducted to study the viability of remgwheavy metals from effluent water through thesbiption of the
metals onto sea algae. Many types of sea algaeliemretested and it was concluded that the browmlgme, Ecklonia
maxima, found on the west coast of South Africagvps to be most effective biosorbent. The objestare to
investigate the effect of temperature and pH orbtbsorption of Cu, Fe and Zn.

Based on the experiments done and the resultszathlit was found that an increase in reaction &atpre results in
the increase of adsorption rate. Metals with higdtemic mass have higher adsorption rates. Thenapti pH for acid
pretreated solutions is 6 while the optimum pH dtkali pretreated solutions is 8. Also, the present additional
metals in solution decreases the rate and theileduith end-point of the adsorption of a specifictate



