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THE LEACHING BEHAVIOUR OF VARIOUS ZINC SULPHIDE MINERALS 

WITH THREE THIOBACILLUS SPECIES 

A.M. Khalid and B.J. Ralph 

School of Biological Technology, University of New South Wales, 

Kensington, New South Wales, Australia. 

Abstract 

The availability of high-grade specimens of sphalerite, wurtzite 

and marmatite prompted a comparative study of the leaching rates of 

these minerals in the presence of Thiobacillus ferrooxidans, T. 

thiooxidans and T. thioparus. In this preliminary study, samples 

of the finely-ground minerals, of equivalent surface area, were sub- 

jected to attack by populations of equal magnitude of each of the 

three bacterial species in shake flasks at 30 C. The microorganisms 

were acclimatised to the particular substrates. 

The results indicate that 

(1) Wurtzite is much more slowly degraded than marmatite or 

sphalerite by all three organisms. 

(ii) Marmatite is leached more rapidly by T. ferrooxidans and 

T, thiooxidans than sphalerite, in both the presence and 

absence of soluble iron. 

(iii) Iron-free synthetic zinc sulphide is leached more rapidly 

by T. thiooxidans than by T. ferrooxidans or T. thioparus. 
  

The hexagonal crystalline structure of zinc sulphide in wurtzite 

appears to be more recalcitrant to microbial degradation than the 

cubical form of sphalerite, and the substitution of iron for some of 

the zinc in the marmatitic form of zinc sulphide appears to greatly 

facilitate biodegradation. 

Introduction 

Interpretation of the behaviour of sulphide minerals as substrates 

in biochemical reactions is frequently complicated by uncertainties 

with respect to composition and the effects of some physical 

characteristics. These minerals frequently do not display a simple 

stoichiometry but exhibit a range of compositions, and their strict 
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chemical definition as substrates may be blurred by the presence of 

other metallic ions in solid solution, by imperfections in the crystal 

structure and by lattice substitution. Natural specimens of the 

highest grade may contain inclusions of other minerals of sub-micron 

dimensions, the detection of which can be difficult. Variations in 

composition may be accompanied by changes in crystalline form as in 

the pyrrhotites, and some sulphide minerals of identical chemical 

composition exhibit more than one crystalline form (for example, iron 

and zinc sulphides). 

A limited amount of published information suggests significant 

variations in the behaviour of different crystalline forms towards 

microbial attack and further effects arising from substitutions in 

the lattice. Leathen et al. (1) noted a high degree of resistance to 

oxidation by museum-grade pyrite in the presence of acidophilic, 

iron-oxidising bacteria whereas high-grade specimens of marcassite 

were readily attacked. In a more detailed investigation of these two 

iron sulphide minerals, Silverman et al. (2) confirmed the resistance 

of coarsely-crystalline pyrite to oxidative attack by Ferrobacillus 

ferrooxidans and Thiobacillus thiooxidans and observed that both these 
  

species readily degraded marcassite. Trussell et al. (3) reported 

that the marmatitic form of zinc sulphide was rapidly and completely 

leached bacterially but that under similar conditions, iron-free 

sphalerite showed only a minor release of zinc ions. 

The availability of relatively high-grade specimens of sphalerite, 

wurtzite and marmatite prompted a further investigation of the effect 

upon leaching rate of variations in crystal structure and of the sub- 

stitution of some zinc by iron in the zinc sulphide lattice. A 

further comparison was made by the use of three different species of 

Thiobacillus, each operating within its optimum pH range for growth. 

Materials and Methods 

Two sphalerites and a triboluminescent wurtzite containing some 

sphalerite were obtained from Ward's Natural Science Establishment 

Inc., and a marmatite from Zinc Corporation Ltd. Chemically prepared 

zinc sulphide was obtained from Ajax Co. Ltd. The content of 

principal metals in each sample is shown in Table 1. Semi-quantitative 

analysis by emission spectroscopy for 28 elements on the same samples 

is shown in Table 2. X-ray diffraction examinations confirmed the de- 

scriptions of the minerals. Each sample was ground to pass 400 mesh 

and specific surface areas were determined by the B.E.T. method (4). 

Values are shown in Table 3.
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Table 2 

Semi-quantiative Analysis of Zinc Sulphide Minerals by Emission 

Spectroscopy (%) 

Blement Zinc Marmatite Sphalerite Sphalerite Wurtzite 

Sulphide (N.S .W.) (Okla.) (Spain) (Utah) 

Ag <0.0005 0.0010 0.0005 <0.0005 0.0030 

Al 0.0200 <0.0050 <0.0050 <0.0050 0.2000 

As <0.1000 <0.1000 <0.1000 <0.1000 <0.1000 

B 0.0005 0.0005 0.0005 0.0005 0.0005 

Ba <0.1000 <0.1000 <0.1000 <0.1000 <0.1000 

Be <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 

Bi <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 

Ca 0.0200 0.0200 0.0200 0.0200 0.0200 

cd 0,0010 0.2000 0.6000 0.0700 0.2000 

Co 0.0600 0.0050 <0.0010 <0.0010 <0.0010 

Cr 0.0005 <0.0005 <0.0005 <0.0005 <0.0005 

Cu 0.0010 2.0000 0.1000 0.0100 0.0600 

Fe 0.0600 3.0000 0.0800 0.0300 0.0600 

K <0.1000 <0.1000 <0.1000 <0.1000 <0.1000 

Li <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 

Mg 0.0200 <0.0030 <0.0030 <0.0030 <0.0030 

Mo <0.0010 0.0020 <0.0010 <0.0010 0.0010 

Mn <0.0010 0.1600 <0.0010 <0.0010 0.0100 

Ni <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 

Bp <0.1000 <0.1000 <0.1000 <0.1000 <0.1000 

Pb <0.0050 0.6000 0.0050 0.0050 1.2000 

Sb <0.0050 <0.0050 <0.0050 <0.0050 0.6000 

Si: 0.2000 0.2000 0.3000 0.1000 4.0000 

Sn <0.0007 0.0007 0.0007 0.0007 0.0007 

To <0.0010 <0.0010 <0.0010 <0.0010 0.0050 

Vv <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 

2x <0.0030 <0.0030 <0.0030 <0.0030 <0.0030 

Zn The major component is Zinc. 
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Table 1 

Content of Principal Metals 

  

  

Zinc Iron Lead Copper Nickel 

Zinc sulphide 66.2 0.01 0.05 0.005 0,05 

Marmatite (Broken 50.4 12.2 1.35 0.48 0.05 
Hill, N.S.W.) 

Sphalerite (Okla.) 67.7 0.3 0.05 0.03 0.05 
Sphalerite (Spain) 65.7 0.2 0.05 0.005 0.05 
Wurtzite (Utah) 46.9 0.7 5.6 0.12 0.05 
  

Percentage composition (w/w) By atomic absorption spectroscopy 
Theoretical Zn content of ZnS = 67.1% 
  

The three Thiobacillus cultures used were obtained from the School 

Culture Collection. The Thiobacillus ferrooxidans culture (BJR-K1) 

was isolated from mine drainage waters at Mt. Lyell, Tasmania. It is 

a strict autotroph. The T. thiooxidans culture (BJR-K0O1) was isolated 

from the sulphur stockpile at the Zinc Sulphide Corporation plant at 

Boolaroo, N.S.W. The T. thioparus culture (BJR-451) was isolated 

from a soil sample from northern N.S.W. The T. ferrooxidans and T. 

thiooxidans were grown up on 9K basal salt medium (5) with ferrous 

sulphate and elemental sulphur as the energy sources respectively, at 

30 C in shake flasks. The cells were harvested during logarithmic 

phase by centrifugation, washed with sterile sulphuric acid solution 

(pH 2.5) and resuspended in the same solution for storage at 4 C. The 

T. thioparus strain was grown in continuous culture under optimum 

growth conditions (pH 5.5; temperature 30 C; dilution rate 0.lhr7+) 

on Vishniac and Santer's medium (6), harvested from the outflow by 

centrifugation, washed with sterile basal salts medium, resuspended 

and stored at 4 C. 

Table 3 

Specific Surface Area of Zinc Sulphide Minerals (B.E.T. Method) 

  

Mineral: Zinc Marmatite Sphalerite Sphalerite Wurtzite 
sulphide (NSW) (Okla. ) (Spain) (Utah) 

Surfage Area: 30.00 9.14 7260 5 10 6.40 

m"/g 
  

Prior to the leaching experiments, the T. ferrooxidans and T. 

thiooxidans cultures are acclimatised to the particular mineral sub- 

strate either by growth in the appropriate medium with the mineral as 

energy source or, in the case of poor or negligible growth rates under
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Zinc Marmatite Sphalerite Sphalerite Wurtzite 

Sulphide (NSW) (Okla.) (Spain) (Utah) 

©, ferrooxidans” 

Fen (ppm) <1..0 3.5 Led $1.0 2.5 

Fe?* (ppm) * 0.1 “0.1 <0.1 1.0 20.1 

zgn*'Solubil- 
isation Rate 24.0 230.0 221.0 15.0 9.0 

(mg/1/day) 

Max. Conc. 
+ an2 (ppm) 385 1800 296 173 102 

T. thiooxidans 

Fe, (ppm) <1,50 425 8.0 <1.0 15.5 

2+ * 
Fe (ppm) <0.1 415 5.0 <O.1 14.0 

zn°*Solubil- 
isation Rate 40.0 130.0 13.0 12.0 6.5 

(mg/1/day) 

Max. con. 
2+ . 55 

zn (ppm) 530 12°70 204.0 E55 85.0 

T. thioparus 

Fen (ppm) <0.1 3.0 <0O.1 <O.1 <0.1 

Fe"? (ppm)*  <001 <0.1 <0.1 20.1 0,1 

gn?*solubil- 
isation Rate 6.9 4.9 Bhi 3.9 Ng 

(mg/1/day ) 

Max. conc. 
59,5 80 2705 31.5 <6 

gn* (ppm) 
  

* At conclusion of experiment Ng = Negligible 

# Significant amounts of ferric compounds precipitated during 

course of experiment. Fe,, = Total Iron 
qT 
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such conditions, with mineral plus the relevant soluble substrate. 

The T. thioparus culture which had poor leaching capabilities against 

all the natural minerals, was acclimatised against the zinc sulphide 

sample. Acclimatisation was carried out in shake flasks at 30 C for 

4-5 weeks, and the cells harvested by centrifugation after filtration 

of the flask contents. 

Determination of Leaching Rates 
  

In the leaching experiments, an amount of mineral calculated to 

provide 10 m/100 ml. medium for surface area was added to a sterile 

1000 ml. conical flask and the mineral sterilised by propylene oxide 

vapour. Sterile basal salts medium (200 ml.) was added to the flask 

(9K medium for T. ferrooxidans and Vishniac and Santer medium for T. 

thioparus). Inoculation with acclimatised washed cells was at a level 

to yield 10’ cells/ml. 

The inoculated shake flasks were incubated for 360 hours on a re- 

ciprocating shaking machine at 30 C. The pH of the suspending medium 

was maintained at the initial level by manual adjustment from time to 

time. Samples for analysis of solubilised metal ions (5 ml.) were 

removed at appropriate time intervals and the volumes adjusted with 

sterile medium. Zinc and total iron in the samples were determined 

by atomic absorption spectroscopy; ferrous iron was estimated by the 

o-phenanthroline method (7). The results of these experiments are 

shown in Table 4. 

A further experiment was carried out to explore the effect of 

ferrous iron concentration on the leaching rate of the chemically-pure, 

iron-free zinc sulphide sample, in the presence of T. ferrooxidans 

and T. thiooxidans. Similar procedures were followed, except that the 

pulp density was doubled. The results are shown in Table 5 and 

graphically in Figure 1 (for T. ferrooxidans only). 

Discussion 

The results of experiments of the kind described can only be de- 

finitive if carried out with properly-annealed, high-purity synthetic 

minerals. Nevertheless, the results obtained suggest that wurtzite 

is much less amenable to attack by all three of the Thiobacillus 

species employed than sphalerite, marmatite or chemically-pure zinc 

sulphide. The hexagonal crystal structure in which its component ions 

are arranged, in contrast to the cubical forms of sphalerite and 

marmatite, may contribute to this difference in reactivity.
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Table 5 

Effect of Ferrous Iron Concentration on the Leaching of Iron-free 

Zinc Sulphide by T. ferrooxidans and T. thiooxidans 
  

  

  

Ferrous Iron T. ferrooxidans T. thiooxidans 

oO Rate of ane Total one Rate of gant Total ay 

Solution Concn. Solution Concen. 

(ppm/hr ) (ppm) (ppm/hr) (ppm) 

0 1.50 550 2.4 730 

5 1.65 570 2.45 790 

10 1.50 600 2.60 820 

100 Sie 1475 2.00 670 

500 1528 2150 1.80 610 

1000 20.8 2500 1.8 570 

2000 29.0 2575 12/5 550 

4000 28.0 2700 

Marmatite 31. 0 3511.5 

  

The substitution of a substantial proportion of zinc by iron in the 

marmatitic forms of sphalerite leads to still greater amenability of 

the mineral to microbial degradation. Whether the presence of iron in 

the lattice directly influences the reactivity of the marmatite sur- 

face or whether sufficient iron is released to initiate a ferrous- 

ferric leaching mechanism is not completely clear. However, during 

the course of the leaching of marmatite by T. ferrooxidans, significant 

amounts of ferric compounds were precipitated and the residual con- 

centration of total iron was low. The concentration of ferrous iron 

was negligible. In contrast, no precipitation of ferric compounds 

was observed during the leaching of marmatite with T. thiooxidans 

and at the conclusion of the experiment, the total iron concentration 

was substantial and mostly in the ferrous form. The release of zinc 

from marmatite by T. thiooxidans is considerable and presumably results 

predominantly from a direct attack upon the sulphide moiety of the 

mineral. The fifty percent higher release of zinc from marmatite by 

T. ferrooxidans suggests that in this case a ferric leaching mechanism 

is also involved. The enhancement of zinc sulphide degradation by T. 

ferrooxidans in the presence of added ferrous iron and the negligible 

effect of added iron with T. thiooxidans, support the participation 

of a ferric leaching mechanism. 
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Figure 1 

Effect of Ferrous Iron Concentration on the Leaching of Iron-free 
Zinc Sulphide by T. ferrooxidans 

The effect of iron substitution in zinc sulphide appears to be 
quantitatively much more significant in respect to leaching rates 
by T. ferrooxidans and T. thiooxidans than the differences in 
  

crystal structure. A good deal more experimental data on the effects 

on leaching rates of crystal structure differences and of lattice
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substitution is needed before generalisations can emerge. The avail- 

ability of a more extensive range of synthetic minerals would enable 

such investigations to be carried out. 
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