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ABSTRACT: Biotechnology
difficult-to-dress concentrates,

of metals
and purify industrial waste waters.

allows to process waste ores,

Dump

bacterial leaching of copper and zinc is used in industrial scale. In

semi-industrial
tested: gold-pyrite,
arsenic, copper-zinc.

extract up to 82% Cu, 80% Zn,

scale tank method of the
gold-arsenopyrite,

Bacterial leaching of these products provides
selective recovery of 90-98% Au and 70-90% Ag,
the content of sulfide arsenic from 4-18%
concentrates can be processed by traditional means.
and 75% Cd from copper-zinc concentrates,

following concentrates was
copper-arsenic, tin-copper-

and allows to decrease of
to 0.2-0.3%. Subsequently
It 1is possible to

and up to 90% Zn from zinc-containing tailings of concentrating mills at

pulp density 40%.

Biosorbents created on the base of bacterial biomass allow to recover

non-ferrous,
waste waters.

rare,

and noble metals,
Solid biosorbents possess high capacity and can be prepared

and radionucleides from process or

from the wastes of different biotechnological industries.

INTRODUCTION

Critical ecological situation has
arisen in non-ferrous metallurgy as
well as in other industrial bran-

ches. Considerable amounts of
wastes are being accumulated while
mining, ore dressing operators and
metallurgy. For instance in SNG
only in non-ferrous metallurgy over
18 bl-»>—tons of mining production
wastes, 3.6 bin tons of dressing
tailings, 414 mln tons of slags,
and 230 mln tons of ore slurry have
been accumulated. About 6 mln tons
of harmful substances are ejected
into the atmosphere and about 0.5
bin m of sewage 1is discharged into
reservoirs annually. In one of the
regions where pyrometallurgy is
intensively developing the rate of
ecosystem mighty destruction zone
reaches 1-1.5 km annually. The
content of nickel and copper in
mushrooms, berries, and plants at a
distance of 10-20 kms from the

factory reaches 25 maximum
allowance concentration, that makes
them absolutely unfeasible for
using as food. pollution of
reservoirs by copper (100 maximum
allowance concentration), suspended
and mineral substances are
increasing also. Sick rate of the
population by diseases of endocrine
system, blood, organs of senses,
skin are*~ 1.3-2.7 times higher than
average in the country. There are a
lot of such examples in the world.
Only essentially new technologies
can charge the nowadays practice of
mineral materials treatment. Such
technologies are biohydrometallur-
gical ones.

Microorganisms and fields of their
using in biohydrometallurav.

At the present time the following
microorganisms and important
processes for Dbiohydrometallurgy
are known (Table 1) :
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a) oxidation of sulfide mnerals,

el emental sulfur, and ferrous iron
by chenol i t hot r ophi ¢ bacteria
(Thiobacilli, Leptospirilli,
noderately thernophilic bacteria,

and archaea);

b) producti on by or ganot r ophi c

m cr oor gani sims ) of organic
conpounds, peroxides, etc., which
destruct non-sul fi de m neral s,

oxidize or reduce the elenents with
vari abl e val ency (organotrophic
bacteria);

c) sorption or precipitation of
different el enents.

Chemi stry of bacterial processes of
m neral s transformation.

Chenolithotrophic bacteria oxidize
i norganic substrates t hat are
energy source for their l'i ving

activity.

bacteria
4re2++oz+4u+ w—mecem——i  {Fedts 211?0
(1

) bacteria
2FaS,+15/2 0,4H,0 —~r—=—==d®
re2(§o4)3 + 52334 (2]

chamically
Fesz-l-zl?e:"" ———————
3Fe2* +H,0 (3)
bacteria
4]
These reactions proceed al so
chemcally at normal tenperature

and pressure but in the presence of

bacteria reactions proceed -at a
t housand- and even nillion-fold
rate. Sulfuric acid produced as the

result supports
bacteria and

favorable pH for
| eaching process. So
it is no need to add it from
wi t hout . Fe®' produced in these
reactions not only create high
redox potential in solutions or in

the pulp. As the result the system
favorable for netals |eaching from
sulfide ores and concentrates is
creat ed.

Het erotrophi c bacteria need organic
compounds such as wastes of other
industries. These bacteria are of

great interest in destruction of
non-sul fide ~mnerals and
bi osorption of mnerals from ores.

Table 1.
for

M croor gani sns i nportant
bi ohydronetal Turgy.

M cr oor gani sms Processes
Bacteria gen. Thioba- Oxidation of
cillus & Leptospirillum sul fide
(T.ferrooxidans, T.thio- minerals,
oxi dans, L.ferrooxi- Sa, Fe?*, at
dans and ot hers) pH 1.4-3.5,
T = 5-35°C

Moder at el y-t her no- Sane at pH
philic bacteria gen. 1.1-3.5 and
Sul fobaci | | us and T = 30-55°C
cl ose organi snms

Ther noaci dophilic Same at pH
archaea gen. 1.0-5.0 and
Aci di anus, Metall o- T = 45-96°C

sphaeras and
Sul f ur ococcus

Destruction
of non-sul -
fide mnerals,

Organotrophic m cro-
organi sns and mnet a-
bolites (fungi,

bacteria, yeast, boxi t esdres-
al ga) sing, precipi-
tation and bio-
sorption of me-
tals from sol utions
Naturally occurring processes of
dunp and underground netal |eaching
fromores.

In depleted nines there remains!' a

part of rich ore and, as a rule,
wast e ores. As a result of
oxi dati on processes sul fide
m neral s transfer into easily
sol ubl e sul fate conmpounds and
sul furic acid is formed. These
sol uti ons are ecol ogical ly
dangerous if we take into account
their anobunts and the content of

heavy netals ions in them . Table 2
reports the data of heavy netals
di scharge into an Australian river
from the nine after nining was
stopped. The main source of netals
were | owgrade ore dunmps (6) . River



fauna  was ei t her poor or
nonexi stent at a great length of
the river.

Table 2. Annual pollution load bv
the East Fnnish river (61.

Season 1971-72  72-73  73-74
Pol [ ution

| oad (tons)

Qu 77 67 106
M 84 77 87
Zn 24 22 30
S04 9100 8300 11400

The sane situation is observed in
other regions. In the Degtyarsk
deposit on the level of solution
flowrate from 123 to 144 mm/ h due
to natural (83pontaneous) oxi dati on
processes 0.8-1.43 tons copper and
0.4-1.4 tons H;SO0, were discharged
daily. Discharge of iron .and zinc
reached 15 and 1.2 tons
respectively. At sone deposits
these solutions outflow to the
cenentation plant where only copper
was extracted and farther to the
neutralization plant. But at nany
deposits mne waste di scharges flow
to reservoirs, rivers etc.
pol luting the environnent.

O the other nmne dunp over 300
thousands tons of copper and 160
t housand tons of zinc are
contai ned. About 216 tons of Co?Per
and up to 144 tons of zinc Tflow
out of the, dunps into the river
together with mne waste waters
annual | y. Tinme span  of such
environmental  pollution due to
natural |eaching of copper could be
about 1.500 years and that of zinc
about a thousand years. There are a
lot of such exanples. It is evident
that strict control over the state
of dunps and mnes and organization

of work solutions recovery from
netal s is necessary. Anot her
approach to solving ecol ogi cal
robl ens is or gani zi ng of
acterial-chemical netal Ieaching
and their recovery as comercially

used product with further recycling
of solutions or their discharge
with prelimnary treatment.

This method of copper as well as
urani um recovery has been used or

is being tested on pilot plant in a
nunber of countries ( Canada,
Peru, Australia, Mexico, Bulgaria,

USSR and ot hers).

Bi ohydronetal lurav of non-ferrous

net al s.

At present time dunp, underground,
and tank leaching of non-ferrous
netals from lowgrade ores or

difficult-to-dress concentrates are
wel | known. The nunber of quite new
technol ogi es of conplicate ores and

concentr at es processi ng Wer e
desi gned.

Dunmp and under ground | eachi ng.

I'n several countries this
technology is wused in industrial
scale (6,15,16,17). The content of
copper in the ore is equal to 0.4%

Peculiarity of the technology for
copper bioleaching is the using of
solutions containing T. ferrooxi-
dans and other bacteria, and also
Fe®" obtained by the reaction [5].
The last process is carried out in
ponds or in ore bodies in deposits
(Fig. 1,2).

Excess of Fe®' is precipitated due
to the reaction of hydrolysis:

Fa,(50,) 3+ 6H,0 mmmat
zre(onfa + Hy80, (5]

This allows”to econonize sulfuric
acid and support pH in the range
1.6-1.8. Solving of technol ogical
problems on the mne Kounradsky
allowed to increase the capacity of
one site by 2.400 tons per season
of copper with the net cost 3 tinmes
less than by pyronet al | urgi cal
nmet hod.

Recovery of

copper from solution is

carried out with the help of scrap
iron according to the reaction:
Fe® + Cuso, = { Cu + FeS0, (6]
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Fe?' is again oxidized by bacteria
to Fe®" by the reactions nentioned
above. Extraction nmethod of copper
recovery fromsolutions is now used
inpractice.

Figl. Schene of heap |eaching
operation. 1- heap; 2- ground sur-
face; 3- pregnant solution collec-
ting pond; 4,7- gunp; 5- cenentati -
on launders; 6- spent solution
pond; 8- dunp irrigation system

in-situ

Fig.2. Schene of | eachi ng
operation. 1- air sparging of re-
cycled solytion; bacterial oxida-
tion of Fe®"; 2- punp station; 3-

solution distribution line;, 4- va-
[ve; 5- solution distribution mani-
fold; 6- solution lines; 7- injec-
tion wells; 8- orebody; 9- drainage
gul l i es; 10- pregnant solution
punp; 11- |immographic station; 12-
clarification tanks; 13- precipi-
tation |aunder; 14- cenent copper
bi nds; 15- conpressor stati on.

Tank net hod of concentr at es
pr ocessi ng.
a) . Renoval of As as harnful

Impurify Tromconcenirates.
Many concenirates containing non-

ferrous netals, contain
arsenopyrite also. This inped their
processing by traditional means.

Bact eri al | eachi ng of t hese
products allows to decrease the
content of sulfide arsenic from 4-
18% to 0.2-0.3% This provides
their following processing by
traditional nmeans (Fig.3).

Cosper orasmc concentrole

Puly  preprrotian

doctecrol teockag
piritvs
Sohrd Satutren
i# rrofv'w
t
Acid tregtment
Frttrgts
Salalion
Capper cancenirate
Arsenre 2
Filtratsan
Solidjon

ALS#RIC - CONT I, recipriotes
ro Mfmm'%w!

bacterial |ea-

Fig.3. H owsheet of
from a copper-

ching of arsenic
arseni ¢ concentrate.

b). Sel ective technol ogy of
COpper-zi nc. Copper - ni ckerl.

copper - nol vbdeni um concent r at es.
Thi's technology w1 solve the pro-

conpl ex
and

blem of polynetallic ores proces-
sing. For exanple, it is possible
to recover 90% and nore of nickel
from col l ective Copger - ni ckel
concentra- tes with -4% N
Sorption et hods rovide 95-98%
nickel extraction from sol utions.

can be extracted from solid
nmeans

Copper .
phase by pyrometallurgical
(13).

Qopper -zinc concentrates contain 6-
7% Qu and 13-14% Zn. Bi ol eachi ng of
such concentrates at pulp densit
20% al l ows to obtain solutions wt
zinc content 20-70 g/1 and copper
content 3-7 g/ 1.
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Cadmum is bioleacned practically
fuIIK. Its content in solution
reaches 0.10-0.15 g/1. Solid phase
after bioleaching is presented by

hi gh-qual ity copper concentrate and
copper-cadmum cake , that can be
processed by pyronetal | urgi cal
nmeans (Fig.4). As the result of
this compl ex  technology total
recovery of cogger reaches 82% ,
zinc - up to 80% cadmium- up to
75% It is possible to extract up
to 90% 2Zn from zinc-containing
tailings of concentrating mlls at
pulp density 40% Zinc concentra-
tion in solution reaches 38 g/ 1.

Copper-2i0c ary
2o Jieteinn
[+
MTnm
Bocirrot teochmg
-y
»r
I ond falf
fﬂf Suivlian
retrive)
Cwver Sistplimn COMEr o tolian
Tl £
comer ings l
cancenirale comtni m‘wj
Fszn
e Selw
hydrside
Fig. 4. Conbi ned f1 ownheet for

Br ocessing a copper- zinc ore using
acterial | eachi ng.

On the above « nentioned exanples it
is shown that bacterial processes
can be constituting part of
hydronetal | urgi cal or pyronetall ur-
gi cal technol ogi es.

B ohvdronet al | ur gy of gol d-
cont ai ni ng concentr at es.

Tank et hod. ) ) )
Bacterial Teaching in reactors is

one of the nost effective nethods
of releasing finely dispersed gold
from arsenopyrite-pyrite concen-
trates in different countries

RSA, USA Canada, and Russia
(1,3,5,13,14,18). In _sever al
countries this technology is used
in industrial scale = -
Brasilia, Chana, Australia, USA
(3,5). In Russia, a direct-flow
scheme is used with liquid and
solid |[q)hases passi ng si mul t aneousl
through a successive series 0
tanks: airlifts, or reactors wth

nmechani cal stirring (Fig.5).

W M. F

Fig.5. F owsheet of seni-industrial

bacterial leaching plant. 1- ball
mll; 2,5 conditioning tanks; 3,6-
pachuka tanks for |eaching; 4,7-

dewat eri ng cones; 8- |eaching sol u-
tion tank; 9- bionmass separator;
10- pachuka tanks for solution with
bi onass; 11- solution purification

tank; 12- stand-by tank; 13- set-

ting tank; 14,15- vacuum filters;

16,17- recycle solution tanks; 18-

pachuka di scharge  tank; 19-

stirrer; 20- liquid-ring vacuum
punp.

Bacteri al oxidation of sulfide
mneral s takes place in tanks. Next

liqgud and solid phases are
separated. @ld is recovered from

solid sediment (cake) by the mnethod
of cyanidation (Fig.6).
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Fig.6. Fl owsheet for treatnment of a
old-arsenic  concentrate usi ng
acterial |eaching.

In sem-industrial conditions dif-
ferent types of concentrates were
tested: gold-pyrite with 56.5 g/ton
Au; gold-arsenic wth 30% As,
containing sulfides of stibium
other non-ferrous netals; pyrroti-
te, and active carbon conpound (4-
20% . The content of gold in them
varies from 8 to 100 g/ton, and
silver - 30-150 g/ton. e rate of
pyrite oxidation reaches 75% and
arsenopyrite - 98% wthin 70-120
hours. "This allowed to recover by
the met hod of cyanidation 90-98% Au
and 70-90% "Ag  dependent on
concentrate type.

Bi osor pti on.
The method lays with the use of
mcrobial biomass and created on
their basi s solid granul at ed
bi osorbents  for collective or
sel ective recovery of non-ferrous,
rare, and noble netals, and
radi onucl ei &es from process or
waste waters (4,8,12,18).. Dead
bi onass of bacteria, yeasts, and
fungi and created on their basis
solid biosorbents are wused as
sorbents. The capacity of biosor-
bents reached at optinmal conditions
of sorption are as followng (nmy/g

dry biomass): Sc - 1-40, Y - 1-36,
Ce - 48, Mh - 25, Pb - 70, Zn - 40,
Cu - up to 125, Ni - 0.72, O - up
to 169, Mo and W- up to 200, U and
Th - 30-220. Biosorbents are also
effective for sorption of Cs, Pu,
Sr, As, G, and other radionucle-
ides. Addition of biosorbents to
ionites provides selective desorp-
tion of Sm Y, B, Cs, and other
netals. Cten living or dead bio-
nass is used for metal s sorption.

Solid bi osor bent s have rrai or
advant ages. They are  stable,
convenient for transportation. The

dignity of biosorbents is that the
can be obtained fromthe wastes o

different biotechnol ogi cal indust-
ries. This not onl ecrease their
cost but also allows to solve

ecol ogi cal problens of other indus-
tries. Biosorbents are unharnful
and do not affect man and environ-
ment, because they are produced on
the base of dead bionass already
used by man.

GONCLUSI ON

Apﬁl ication of mcrobiological and
other hydronetal | urgical net hods
for the extraction of netal values
from lowgrade ores introduces
considerable changes into the
exi sting practice of processing raw
material's.

First and forenost, vast reserves

of refractory and |ost ores as wel |
as wastes of concentrating mlls
and conposite sulfide concentrates
will becone eligible for proces-
sing. The bacterral [|eaching tech-
nol ogy may present a solution for
utilrzation of refractory deposits
of rich ores and large deposits in
renote regions. This new nethod of
netal s extraction seens econonical -
ly feasible. It ensures a higher
standard of production technol ogy,
and provides for an integrated and
nore conprehensive utilization of
mneral raw materials as conpared
to the classical nethods of netals
extraction. It also elimnates to a
large extent the necessity for a
large nunber of people = worki n?
underground and the discharge o
noxi ous gases into the at nosphere.
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