AME 4% 1981

209

(PRZEER 3L

ELECTROLYTIC RECOVERY OF PRECIOUS
METALS FROM DILUTED SOLUTIONS

Summary

Roland Kammel* and Hans Wilhelm Lieber **

Electrolytic recovery of gold and silver from diluted solutions has at first been applied nearly 100 years ago.

Compared with other recovery techniques electrolytic treatment offers several advantages,

But to achieve -

high space-time yields special constructions of electrolytic cells for inproved mass transfer are necessary. Ex-
tended cathode surface areas and vigorous agitation are important features. Gold and silver recovery by use of
newly developed electrolytic cell comstructions - rotating tubular bed reactor and impact rod reactor - has been
described, Calculations based on industrial application during several vears are confirming that electrolytic
recovery of precious metals from diluted solutions has been operated in 2 very economic way,

Introduction

Gold and silver recovery from diluted cyznide
solutions has been performed in industrial scale
for nearly 100 years (1). Liguors of this type
are resulting from [eaching finely ground gold and
silver ores. Effluents and rinse water from pre-
cious metal working and electroplating plants are
also containing gold and silver oniy in the ppm
range. Other solutions of growing importance for
recovery due to their valuable contents are
stripping solutions and photographic fixer baths
as well as spent plating solutions, mostly con-
taining precious metals in concentrations of more
than 1 g/l. Several of these solutions are to be
recirculated and, therefore, higher final metal
contents can be tolerated,

* Professor Dr.-Ing. Dr, h.c.

Institut fur Metallurgie - Metallhuttenkunde -
Technische Unjversitate Berlin
*'* Professor Dr.-Ing.
Laboratorium fur Galvanotechnik
Technische Fachhochschule Berlin

Current Efficiency [%)

For extraction of gold and silver from these
leach liquors and effluents a large variety of pro-
cedures has been developed and applied. Both
gold and silver can be reclaimed by cementation,
ion exchange, adsorption, chemical reduction or
electrolytic deposition. Furthermare, silver can
be precipitated forming nearly insoluble com-
pounds by adding e.g. sulfide or chloride ions.

Large scale operations of the cyanide leaching
process for gold and silver winping have been
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Fig. 1 - Current efficiency for electrowinning of
gold from diluted solutions
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combined with a cementation step using metai-
He zinc as a reductant (Merrili process). Nearly
at the same time, also electrolytic treatment of
diluted leach liguors has been operated in dif-
fevent countries {2} {Siemens-Halske process),
4 main advaniage of clectrodeposition is the ap-
niication of electrons for metal recovery thus
zveiding less noble metals or chemicals for preci-
pitation or as a reductant.

Electrolytic metal recovery from diluted solu-
tions in conventional cells with vertical cathode
plates can only be performed with small current
densities and low current efficiencies as has been
indicated at the bepinning of this century in con-
nection with the Siemens-Halske process by
Neumanr {3) {Fig. 1). The results are revealing
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DISTANCE FROM THE CATHODE SURFACE

Sy = THICKNESS OF DIFFUSION LAYER
(MODEL BY NERNST)

Ca = BULK CONCENTRATION

Cy = CONCENTRATION AT THE ELECTRODE

Vyax & MAXIMUM OF VELOCITY OF
HYDROPYNAMIC FLOW

W = POINT OF INFLECTION

Fig. 2 - Concentration prefile of dischargeable me-
tal jons in the cathodic giffusion layer;
velocity profile of the solution due jo
natural convection

that increasing current densities or decreasing
metal contents lead o unsatisfactory current
efficiencies due to the depletion of dischargeable
pold ions within the boundary laver of the cathode
caused by poor mass fransfer. Fig. 2 reveais the
cencentration profile in the adjacent electrolyte
film  at a vertical plate cathode under natural
convection: conditions. The velocity profile, how-
ever, which is resulting from differences of specific
gravity of the solution within the vicinity of the
electrode surface will only occur in slecirolytes
with higher metal contents and can be neg}écted
in diluted solutions.

In order to achieve sufficient electrolytic de-
position rates or high space-time yields also with
effluents and rinse water, large cathode surface
areas g combined with vigorous agitation to reduce
the boundary layer thickness 5:1 are most import-
ant factors as can be seen from Fig. 3.

Electrobytic Cells

From the large variety of cell types with
improved 'mass transfer and high space-time yields
developed in the past for electrolytic metal re-
covery from diluted solutions which have been
reviewed in a series of papers {4, 5) earlier, only
two cells with specific features of construction -
the rotating tubular bed reactor and impact rod
reactor - will be described.  Both have been de-
veloped' during the last few vears as a result of
comprehensive investigations at the TU Berlin
and TFH Berlin. They have been patented also
in the US {6, 7) and are used in the electroplating
industry for several years already.

The rotating tubular bed reactor, shown in Fig.
4, consists of two perforated concentric non-
conductive tubes the interspace of which is loaded
fo a great extent with conductive particles, Me-
chanical bed agitatlon combined with forced
clectrolyte flow brings about improved mass
transfer as well as separation of deposited metal
from the cathodic substrate. _

The configuration of the electrodes of the
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Fig, 3 - Parameters for electrolytic current

impact rod reactor cousists of single metal rods
(Fig. 5) the ends of which are agitated by cathodic
guide rails in such a way that the rods are fre-
quently impacting each other, By this intermit-
tent shock effect high deposition rates have been
attained and the deposited metal is peeling off
continuously, More detailed technical infor-
mations about the available cell types and cell
sizes can be obtained by Goema KG (8).

Practical Applications

During the last years gold recovery by ion
exchange has been successfully substituted in the
electroplating industry by electrolytic recovery
using the rotating tubular bed reactor, As can be
seen from Fig, 6, @xtraction of gold from' diluted
rinse water behind different gold plating tanks
x) is easily performed with high current effici-
encies down to residual concentrations of even

less than 1 ppm. Gold sclutions containing less

x) Pure gold solution is containing potassium
cyanide and gold potassium cyanide only.
Hard gold electrolytes consist of 2 weak acid
solution of gold potassium cjranide with a cer-
tain content of cobalt salt additions.

Gold alloy solutions are prepared from potas-
sium copper cyanide, gold potassium cyanide
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Fig. 4 - Rotating tubular bed reactor
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Cyanide solutions,

T~30°C

Purc gold soln., pH 11,2
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Fig. & - Blectrolytic recovery of gold from rinse

water

Noble heavy metals have been favoured in plating
due to growing gold prices, but unnoble metal
ions are preferentially adsorbed by anion exchange
resins. Therefore, electrolytic recovery of gold is
much more advantageous for this application.

A calculation of gold recovery cosis (Fig. 7)
is pointing out that the demands for emergy,
handling 2nd maintenance can nearly be pegiected.

Another example for electrolytic treatment of
diluted cyanide solutions with higher electrolytic
currents in industrial scale is silver recovery with
the impact rod reactor {8). Fig, 8 5 indjcafing
the fast decrease of the silver content of the solu-
tion in a prerinse tank. Within this electrolytic
cell the reclaimed silver is pecling off from the

cathode rods, sinking to the bottom of the cell

Conc. of Ag+ ions in g/l {cyanide sol)

1060 L GOLD CONTAINING SCLUTION WITH
G,2GIL Au = 20 G Au

CURRENT: ig A
CELL VOLTAGE: 45 v
TREATMENT TIME: 16 H
ENERGY DEMAND:
ELECTROLYSIS. 1 KWH
DRIVING MOTOR: 0.5 KwH
CONCENTRATIONS: .
STARTING: 02 G/L
FINAL: 0.2 PPM
WEIGHT OF RECOVERED GOLD: 20 G
VALUE OF DISSOLVED GOLD 600,00 DM
YALUE OF RECOVERED GOLD: 540,00 DM
RECOVERY CGOSTS:
ENERGY COSTS: .20 bM
HANDLING (0.5 H): 100 DM
MAINTENANCE; 8.00 DM
SURPLUS PER CHARGE: 536,00 Dm

Fig. 7-Technical and ecomomic data for el

ectrolytic recovery of gold

b

Impact red reactor,

5o\
, A Cvanide solution,
l pH~11.5
5 T~35 ... 45°C,
j CAg 7050 ... 3.5 mg/fl
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Fig. 8 - Electrolytic recovery of silver from rinse
water
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Fig. 9 - Redissolution of silver in cyanide solu-
tion

and is collected in a reservoir, This fast removal of

silver from the cell is important for gaining low

residual silver contents, because redissoultuon of

silver (Fig. 9) is effectively prevented in this way.

200 L SILVER CONTAINING SOLUTION WITH
5G/L Ag = 1000 G Ag

CURRENT: 125 A
CELL VOLTAGE: 45V
TREATMENT TIME: 16 M
ENERGY DEMAND:
ELECTROLYSIS: 14 KWH
DRIVING MOTOR: 1 KWwH
CONCENTRATIONS:
CYANIDE: SILVER:
STARTING: 20 G/L 5 G/L
FINAL: BG/L 2 PPM
WEIGHT OF RECOVERED SILVER: 1 KG
CYANIDE PESTRUCTION: 2.4 KG
VALUE OF DISSOLVED SILVER. 700,- DM
VALUE OF RECOVERED SILVER: 630,- DM
RECOVERY COSTS.
ENERGY COSTS: 2- DM
HANDLING (0.5 H): 16,- PM
MAINTENANCE: 17,-DM

SAVINGS BY ANODIC DETOXICATION
OF 24 KG CYANIDE:

SURPLUS PER CHARGE:

il,- DM
610,- DM

25

Also silver recovery is repaying very fast (Fig.
10) and at the same time is contributing to detoxi-
cation of cyanide by electrolytic decomposition.
Therefore, a remarkable surplus has been obtained,

Concluding Remarks

The above mentioned results reveal that the
investment costs for reclaiming precious metals
from diluted solutions by an electrolytic recovery
process are repaid in a short period of time and
that especially the newly developed electrolytic
cell constructions of the types ro‘tating tubular
bed reactor and impact rod reactor can be operated
down to very low residual pold and silver concen-
trations of even less than I ppm in an economic
way.

Extensive research is now being conducted
for reclaiming other metals from diluted solutions
with these electrolytic reactors. Preliminary tests
with platinum metals, copper, nickel, cadmium
and zinc indicate that also less noble metals can
be successfully recovered from diluted solutions
e.g. spent electrolytes or rinse water from el
ectrowinning, electrorefining and electroplating
industries, from diluted leach liquors or diluted
effluents in ltydrometallurgical operations and
from spent eching solutions.

Therefore, it can be expected, that these very
promising electrolytic recovery technigues might
open in the future the possibility to reduce signi-
ficantly pollutant discharges in waste waters by
economic recovery of the metal contents,
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