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ABSTRACT

The effect of process parameters (pH, pulp density, inoculum volume of the nutrient medium, silver content) on the
rate of copper solubilization was analyzed respectively through silver-catalyzed bioleaching experiments with
microorganisms in shake flasks. These results show that the optimal process parameters are: pulp density, 2.5 wt%;
silver content, 10mg/L; pH, 1.50-1.80; inoculum volume of the nutrient medium, 40vol%. Furthermore, the addition
of the silver could catalyze the process of bioleaching, and high silver concentrations would be harmful to the
bacterial activity and the copper extraction. pH and inoculum volume of the nutrient medium had a marked
influence on the copper extraction and iron extraction. The bioleaching of the low-grade copper ore requires a
minimum amount of the nutrient medium to obtain the maximal efficiency.
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INTRODUCTION

The mining and metallurgical activities that werartigularly intensive during the last century résdlin the
generation of huge amounts of mine tailing, inahgdacid generating sulfid tailings. Most of thditejs have been
left without any management at mines of China. iTimeproper management in the past resulted in tbleilimation
of heavy metals to the surrounding environment,trifouting to soil substrates contamination, soiktbee
destruction, short of nutrient, ecological landscdpstruction, groundwater pollution, biologicalatsity decrease,
etc. The presence of toxic heavy metals in minentg caused lots of serious environmental probldmsrder to
resolve the above problems, it is important to tigva suitable and economical technology for rerhoVdeavy
metals from mine tailings [1-3].

Bioremediation of heavy metals has gained increasihtion since it is innovative, environmentdtigndly and
economical. The bioleaching process may be defasethe solubilization of metals from solid substsagither
directly by the metabolism of leaching bacteriaimdirectly by the products of metabolism [4-7]. Riaching
processes are based on the ability of microorgamigmtransform solid compounds and result in selutohd
extractable elements, which can be recovered [&caBse of the advantages of low cost and envirohmen
friendliness and better efficiency, bioleachinghtealogy has been a great success for the miningsing [9]. In
recent years, bioleaching has also proved to besailfe way to remove heavy metals from metal coirtated
materials such as anaerobically digested sewaglgeslicontaminated river sediment, low-grade orad, so on
[10-12].

Nevertheless, in the treatment of low-grade coppes low extractions and slow kinetics remain as riain
drawbacks to these processes as they operate aémoperatures. The leaching of copper in dumpseaps from
low-grade ores is often slow and far from complétes essential to find some desirable methodsnitance copper
extraction from low-grade copper ores. It has bregorted that some catalytic ions, such as AgB&rCo, Hg, and
so on, accelerate copper dissolution from low-gradéhe presence of Thiobacillus ferrooxidans, agharhich
silver ion has the best effect [13].
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In this work, the effect of process parametersi{sag pulp density, pH, [Aand inoculum volume of the nutrient
medium) on the rate of copper solubilization in 8iwer-catalyzed bioleaching of low-grade coppegsowere
investigated. The results would promote the indaistpplication of silver-catalyzed techniques, amdvided an
effective and economic technology for silver-cataly bioleaching of low-grade copper ores.

EXPERIMENTAL SECTION

2.1 Microorganisms

The mixed bacteria (Thiobacillus ferrooxidans ankliobacillus thiooxidans), gained from an acidic evaa
Yongping’s copper mine through a series of enriattmeeparation, domestication and combination tests
maintained at pH1.80, Fdg-L* and 307 through numerous serial cultures with the low-gradpper ores (10wt%)
as the sole substrate. It was adapted to coppsragréhe sole energy source. The aqueous growthume®K+S
culture [14] containing 3g (NPLSO;, 0.1g KCI, 0.5g KHPQ,, 0.5g MgSQ- 7H,0, 0.01g Ca(Ng),and 1g S per
litre, adjusted to pH1.80 with sulphuric acid [15].

2.2 The low-grade copper ore

The low-grade copper ores from Yongping were puesl in a ring earthen bowl. The fine copper origh a
particle size of about less than 5mm, were usedhirall bioleaching experiments. The analyticahposition of
copper ores and the phase of copper were deterrbingdantitative X-ray diffraction (Table 1 and TaR).

Table 1 Chemical component of copper ore (% )

SiO;  Al,O Fe BOs MgO CaO NgO KO Cu S
4500 6.74 1558 0.050 1.80 8.38 0.26 1.76 0.40 3613.

Table 2 Phase of copper in the discard copper ore (% )

dissociative associative subproterozoic proterozoic
Phase oxidated copper oxidated copper sulfureted copper sulfureted copper total of copper
content 0.0053 0.0026 0.0074 0.38 0.40

2.3 Bioleaching experiment

The experiments were performed in 250mL Erlenmeyeke flasks, containing 100mL of leach solutiolaslkes
were placed on an orbital shaker (130r/min) andbated at 30C. The growth medium is 9K+S culture. Silver was
added as AgN® [Ag'] was 20mg- [!. The value of pH was adjusted to 1.20-1.50 ( atbtaginning, pH1.20 ) with
sulphuric acid. The pulp density was 10% (W/V),{F® g-L*and inoculation concentration of the mixed bacteria
was 10% (V/V). All experiments were conducted askin duplicate.

2.4 Analytical methods

The soluble copper and sliver was determined byniat@bsorption spectrophotometry (AAS). Ferrous &
ferric ion were determined by titration with EDTAhe value of pH was measured at each sampling/aitby a pH
probe calibrated with a low pH buffer. The valuektf was measured with a silver/silver chloride deubference
oxidation-reduction probe. Redox electrodes westeteperiodically by placing in a solution of pHffien saturated
with quinhydrone at 25C. Ag/AgCl reference probes give a reading of 26B8imthis solution [16].

RESULTSAND DISCUSSION

3.1 Influence of pulp density

The influence of pulp density was studied at défeérconcentrations of pulp density (2.5wt%, 5.0wRgwt%,
10.0wt%, 15.0wt% and 20.0wt%) during the bioleagthpnocess. As shown in Fig.1, the extraction ofpespluring
the silver-catalyzed bioleaching experiments wasy affected by the concentration of pulp density

When the concentration of pulp density increadss,copper extraction also increases. The coppeactitn after
32 days were 72.6%, 66.8%, 64.3%, 62.1%, 57.9%48ntPo respectively. The extraction of copper reduesih
the increase of pulp density, perhaps due to arlewailability of oxygen at high pulp density. Moker, there are
more harmful ions at high pulp density. These ctionlé will not benefit the bacterial developmentbioleaching
tests.

The long lag phase observed in these experimembsit 8 days, would be related to the toxic effe@reed by the
relative high amount of silver used. Some papergwneported about this result [14].
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Fig.1 Effect of pulp density on copper extraction during the silver-catalyzed bioleaching
experiment

Fig.2 shows the iron extraction during the bioleaghexperiments. The pulp density significantlyeated the
extraction of iron. As the pulp density increadbs, silver-catalyzed bioleaching process become= rmelective,
dissolving a smaller amount of iron.

From these results, it was thought that the optpuodb density was 2.5 wt%.

3.2 Influence of [Ag']
The influence of [A§ was studied at different [Af (Omg-L*, 5mg-L, 10mg-L!, 15mg-L', 20mg-L* and
25mg- ') during the bioleaching process. Changes in coppieaction with time are shown in Fig.3.

From Fig.3, it shows that addition of silver cowisolve high amounts of copper and with fast kosetThe
extraction of copper after 32 days were 18.6%, %7.80.02%, 66.7%, 62.1% and 56.0% respectively. ¢l@n the

high silver is not only expensive, and also toxiarticroorganisms. So, when the addition of sihge2% mg/L, the
copper extraction is small.

In this paper, the optimal addition of silver wasught to be 10mg/L. The microorgansims developelli and the
copper extraction was higher during the silverdyated bioleaching experiments.
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Fig.4 Effect of pH on copper extraction during the silver-catalyzed bioleaching experiment
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3.3 Influence of pH

The pH plays an important role in bioleaching psses in two ways: affecting the chemistry of remniand

establishing the ranges of predominance of diffemsicroorganisms. The influence of pH was studiedifierent
pH values.

The copper extraction at different pH values arewshin Fig.4. The copper dissolution was markedfgced at
pH2.7-3.0, with little influence in the range frah20 to 2.40. A reasonable explanation is thahat tange of pH
microorganisms are more active. The extractionagdper ranged from pH1.50 t01.80 is the highest aibte
bioleaching experiments. Fig.5 shows changes oiftimeextraction with time at different pH value.
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Fig.5 Effect of pH on iron extraction during the silver-catalyzed bioleaching experiment

When the value of pH was high, iron was also dismblin high. When the value of pH was below 2.4, itlon
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extraction was very high. When the value of pH whsve 2.4, the iron extraction was little. This gests that
ferric precipitation occurred during silver-catadgizbioleaching experiment at higher pH. Accordiaghe copper
extraction and iron extraction, the optimal pH iSQ:1.80.

3.4 Influence of inoculum volume of the nutrient medium

The standard nutrient solution reported in therditere to grow Thiobacillus ferrooxidans and Thicibas
thiooxidans, the so-called 9K+S medium, contairffedint mineral salts necessary for the metabalazgss and
Fe* or S as energy source to sustain bacterial grottiwever, iron is frequently omitted in sulfide reral
bioleaching because the amount of iron sulfidesiffcient.

In practical situations, some of these salts arerequired because some essential elements arenpresthe
mineral matrix. Therefore, the examination of thecdulum volume of the nutrient medium in bioleaghprocesses
may be important to reduce the cost. The experisnaste tested at a different of inoculum volumehef nutrient
medium (0vol%, 20vol%, 40vol%, 60vol%, 80vol% ar@D¥ol%) during the bioleaching process.

The effect of inoculum volume of the nutrient medion the copper extraction is shown in Fig.6.

When the inoculum volume increases, the copperaetion also increases. All the silver-catalyzedidziohing
experiments except that with inoculum volume of I@¥dad a similar copper extraction. They are 23.5203%,
58.2%, 60.85%, 61.8% and 64.3% respectively. linshthat the low-grade copper ore used was unabpeade
enough nutrient medium to maintain adequate badtadtivity. So, the optimal inoculum volume of thatrient
medium was thought to be 40vol%.
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Fig.6 Effect of inoculum volume of the nutrient medium on copper extraction during the
silver-catalyzed bioleaching experiment

CONCLUSION

(1) The optimal process parameters were: pulp ter’sb wt%; silver content, 10mg/L; pH, 1.50-1.83pculum
volume of the nutrient medium, 40vol%.

(2) Addition of the silver could catalyze the pres®f bioleaching, and high silver concentrationsiié be harmful
to the bacterial activity and the copper extraction

(3) pH and inoculum volume of the nutrient mediuadha marked influence on the copper extraction ieowd
extraction. The bioleaching of the low-grade copper requires a minimum amount of the nutrient medio
obtain the maximal efficiency.
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