tion amd recleaning operatians (g/ton): 230 potassium per-
ﬂ*‘mﬂgnnate, 450 lead acetate, 25 aerofloat.
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extracted from it into solution during leaching with 50d1uq ,
sulphide.

"BMNIVERSITY OF U'FM!
RESEARGCH INSTITUTES,
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The results from an experiment on the separation of the Conclusions

collective concentrate, realised in a continuous process
from five samples with recycling of the intermediate prod-
ucts, are given in table 2

The antimony concentrate contained 5.7%Pb with extraction
of about 74% of the lead into it. The pyrite concentrate con-
tained 38-40%S and 20 g/ ton of gold. More than 70% Sb was

Concentration of lead-baryte ore of the Chachu-Kulack deposit

S I Korkhin and I I Matveev (North-Caucasjan Mining-Metallurgical Institute - Department of the Concentration

of Minerals)
Summary

The article gives the results from tests on the con-
centration of a technological sample of ore {rom the
Chachu-Kulack deposit. The ore investigated can be
assigned to the type of sulphide-oxide lead-baryte ore
with 2 high lead content.

The best results in the concentration of the ore during
the laboratory investigation were obtained by a scheme
involving preliminary concentration of the ore in a heavy
suspension with particle size -30+3mm and flotation of
the concentrate mixture from concentration in heavy
suspension with the -3+0mm class. The tailings from
concentration in heavy suspension (with a y 71; of 34. 14”'

(Qﬁf u'.3A/V '

Intensification of autoclave processes in alumina production

N I Eremin, Yu A Lainer and V V Medvedev

Autoclave processes find use in alumina production dur-
ing the leaching of bauxites by the Bayer process: in the
desiliconising section for the production of alumina {rom
high-silicon bauxites and nephelines: in the chemical con-
centration of nepheline syenites: and in the treatment of
low-grade aluminium raw material by alkaline and acid
methods at the stages of its decomposition and the isola-
tion of aluminium compounds by hydroylsis etc'™*),

In the USSR and abroad the leaching of bauxites is real-
ised in batteries of autoclave battery is a complex con-
tinuously operating plant, involving heaters, autoclaves
and steam separators (fig. 1). Thus, at the Martinswerk
plant (Federal Republic of Germany) each autoclave
battery intended for the leaching of boehmite and hydrar-
gilli te bauxites comprises ten heaters (heat exchangers),
four autoclaves (leachers) and nine separators,

Two types of autaclaves are used: 1) autoclaves with a
blade mixer and heating coil; 2) autoclaves without mixers
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In the separation of collective concentrates containing oz
antimonite, pyrite, and arsenopyrite chlorinated Lime and 2o
potassium permanganate can be used for depression of g
pyrite and arsenopyrite.

on the initial ore) contained 0. 089% Pb and 2.41% oI
baryte. - 1.9
Good technical results were obtained durinyg joint ilo!a- x&
tion of sulphide and oxidised lead minerals and '\lsoduringﬂ‘ ;
baryte flotation from the concentrate mixture from con- - ;g“
centration in a heavy suspension with the -3:Cmm class, ;7%
A lead concentrate was obtained with up to 76% Pb, and a g
baryte concentrate was obtained with 87-89% BaSQ, . With ..'}3
allowance for the de-assignment of the intermediate pro--
ducts the lead extraction can be brought to 85-87% and the_g.
baryte extraction to 807 . ‘ﬁ

3

The kinetics of the flotation in any cycle (sulphide, oxide,.
baryte flotation) obey the equation © = kt1-m, Specific
kinetic equations are given for each form o( flotation.

and heating coils and with live steam heating (figs. 2 and 3)

For the first type the autoclaves used at the alumina planls i

have a heating surface up to 200m* with p = 40atm. and
capacities between 50 and 100m®: for the second they have
diameters between 1.6 and 2.5m, heights between 9.8 :md
15m, and capacities between 24 and 7T0m® °). The most ~
powerful autoclaves with diameter of 3.0m, heights up to .
21m in the cylindrical part, and total cap'lcmes up to

150m® have been established in the Federal Republicof ..
Germany"). bl

-

zrggl;
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3 - heater; 4 - autoclaves: 3°

) step I separator; 6 - step
fad). scparator; 7 - mixer; 8 = ’i

- . ’ ’
a for dilution; ¢ live stean f
2ot 8 ’ B-1 secondary steam of step 1%

B the same for step II.- .g.ux

i

'~‘S>
‘g"

Fig.1 Diagram of the contimos
autoclave plant for the lesc=®
of Lauxite: 1 - mixer; 2 - P
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Heating steam

Fig.2 Autociave with
live steam heating

Fig.3 Autoclave with
mixer anc heating

- coil.

A great achievement in autoclave technology was the
transition to a continuous process, and this secured an
increase in productivity, a reduction of operating costs,
and more complete utilisation of the heat content of the
leached pulp. In respect of equipment continuous leaching
of bauxites differs in two main directions.

The {irst is characterised by the use of autoclaves with
blade mixers and built-in heating elements. Batteries of
such autoclaves, which act simultaneously as heaters and
reactors, are used for the treatment of boehmite bauxites at,

Al the present time there are no data for direct compari-
son of the operation of the first and second types of auto-
slave batteries on pulps in Soviet plants and in the choice
of one or the other type of autoclave in designs for new
plants and factories it is necessary to take the properties
of the bauxites and slime suspensions, which can be ob-
tained on experimental plants, carefully into account.

12 a
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Fic.d Diagram of the single-flow (a)
and two-flow (1) processes: 1) bauxite;
2) strong solution: 3} wot grinding;
4) collecting tank; 5) zump: 6) pulp;
7) heaters; 8) leachers: 9) separation
of pulp; 10) high-prosscre steam; 11)
separator steam; 12) contrifugal pump;
13) to dilution; 14) group of heaters;
' 15) heat oxchanger.
In the continuous leaching of bauxites in autoclaves?) it
is possible to distinguish two methods, i.e. single-flow and
dual-flow (fig. 4). In the single-flow method the pulp,
consisting of ground bauxite and strong solution, passes

for example, alumina plants in France (Gardanne, la Barasse), ‘through a series of heaters where the heating is realised

in Hungary (Aika) and in Yugoslavia. Asa result of the large

by separator steam and then through leachers, where

capacity of the system, which is structurally necessary for the the required bauxite digestion temperature is achieved

location of the heating surface, and the easy disintegration of
such bauxites complete or almost complete leaching can be

achieved.

The second direction differs in the use of shell-tubular
heat exchangers as heaters and elongated hollow auto-
claves without mixers and heated with live steam as
teactors, and this is based on ideal displacement con-
ditions. Such batteries are used for the treatment of vari-
ous types of bauxites in the USSR and the Federal Republic

of Germany.

Both types of autoclave batteries are characterised by
specific advantages and disadvantages.
1. The presence of mixers in the large-capacity auto-
slaves required to secure the flow of tUte pulp around the
heating elements, creates conditions close to ideal mixing.
Heat transfer takes place at the final temperature difference

~ for a given degree with a heat transfer coefficient of 300~

350kcal/m*. h.deg. In tubular heaters thé average heat
transfer coefficient amounts to 600-700, since the heat is
transmitted with a temperature difference which decreases
from the initial to the final value. Therefore, the estab-
lishment of large-capacity autoclaves for the production of
an equal technical heat effect requires twice the heating
surface and four to five times the weight of equipment as
with the use of shell-tubular heaters.

2. The presence of drives and rapidly wearing components
(packings, bearings etc. ) in large-capacity autoclaves
creates difficulties in operation. When any mechanical
comp_’gnent or apparatus falls out of service for cleaning
the heating surface it is necessary to undertake a by-
passing operation on the autoclaves for a single shut off,

. and this: requires the establishment of particularly reli-

able locking devices.

3. Heating of the pulp with live steam, while considerably
simplifying the active heating operation, has a substantial
disadvantage-in the increased steam requirement both for
leaching and for evaporation.

4. An advantage of autoclaves with mixers and heating
coils in their lower rate of build up and the easier clean-
ing of the heating surface.

through the use of live steam. The majority of auto-
clave batteries in alumina production operate by the
single-flow scheme.

In the duai-flow method the material flow is divided

.into two inequal parts. The main part (80-85% of the
total flow) of the strong solution is gradually heated in
tubular heat exchangers with the use of separator steam.
Heating of the pure solution in the heat exchangers requires
a smaller heating surface, and the build up of deposits here
must be less. The remainder of the strong solution is with-
drawn for wet grinding of bauxite. Both flows (the recycled
sodium aluminate solution heated with separator steam and
the bauxite pulp with a high solid phase content) are mixed
for leaching. Heating to the required temperature is
realised by a contact method.

Thus, the difficulties associated with the heating of the
bauxite pulps are considerably smaller in this method.
The dual-flow method is practised at the plants in Martins-
werk’), At the same time a considerable improvement was
observed in the sedimentation characteristics of the red
mud, and this led to improvemen{in its settling behaviour
and the filtration of the pulp. The dual-flow method of
autoclave treatment was adopted in the plan of the Razdan
Mining-Chemical Combine for chemical concentration of
nepheline syenites. In this case there were indications
against self-evaporation, and the heat of the autoclave
pulp was used by direct heat exchange with the heated
solutions. A special design of shell-tubular heat exchange,
securing counterflow of two media with equal rates, was
developed for this purpose at the All-Union Aluminium and
Magnesium Institute.

Temperature is the most important factor in the acceler-
ation of the leaching of bauxites. With increase in temper-
ature the dissolution rate of the alumina increases (fig. 5),
and the required leaching time can consequently be reduced
with retention of the same degree of extraction®).

As far back as 1934 Hiller ?) proposed to leach bauxites
in tubular leachers at 280-2800C. In more recent years -




there has been a clear tendency throughout the world to
increase the leaching temperature of bauxites. The problems
of semi-industrial trials and industrial implementation of
high-temperature leaching of bauxites in tubular reactors
have been resolved {fig. 6). Thus, a semi-industrial high-
temperature (up to 2900C) leaching plant, where bauxite
from various deposits of the USSR and abroad were tested,
has been in operation at the Dneprovsk Aluminium Works
for several years. An industrial plant for the high-
temperature leaching of bauxites is in operation at the
Nabwerk plant in Germany ). In 1969 the same plant,with
a productive capacity of 60000 tons of alumina a year, was
introduced at the Lippewerk Works**). The time required
to leach the bauxites at a temperature of ~300°C amounts
to 1-2 min. The maintenance of such a plant is extremely
simple and is realised by a small number of workers.

Fig.5 Kinetics of the leaching

of North-Urals Bauxites as a

function of temperature °C:

1l - 280, 2 - 260; 3 - 240;

4 - 225; 5 - 215; 6 - 205.
et

S 5 30 e 50 0 20 &

Leaching time min

L BB §

solution %
S

Yield of Al;0y in

Fig.6 Diagram of the leaching
of bauxites at high pressures
on one of the cxperimental
plants: 1} heat generator;

2) final heat exchanger; 3)
and 4) intermediate heater
exchangers; 5} reactors;

6) pulp cooler:; 7) and 8)
mixers; 9) pumps;

-~- pulp, diphenyl mixturc;

5 § 7 -.- water

The flow-type leaching of bauxites at temperatures above
3500C and pressures of 270 atm. in a tubular reactor l4m
long, calculated for a continuous process, has been
investigated in Hungary. Trials showed that under these
conditions the alumina dissolves in 2 min, and the extrac-
tion in the solution is higher than the calculated value.

During comparison of ordinary autoclaves with the
tubular reactors it should be noted that the former can
only operate up to temperatures of 240-245°C, while the
tubular reactors can operate up to 300°C or higher **).
The specific volume of a tubular reactor (Im® of reaction
volume for 1 ton of aluminium oxide produced) i5 consider-
ably smaller than in the case of a series of autoclaves. The
cost of the tubular plant amounts to about two thirds of the
cost of an autoclave plant with the same productive capacity.
A necessary condition for the operation of the tubular're-
actors 1s the existence of pumps suitable for transferring
large amounts of pulp at counterpressures of 100-200atm.
As heat carrier it is possible to use high-temperature high-
pressure steam and also high-temperature organic heat
carriers or molten salts,

A great advantage of the high-temperature leaching of
bauxites is the fact that the leaching can be realised with
dilute recycled solutions and the load on the evaporating
batteries can be greatly reduced. The caustic ratio of the
solutions after leaching can be at a level of 1.30-1.35, and
this leads to their more rapid decomposition at the de-
composition section. In order to prevent the separation of
tinely dispersed aluminium hydroxide it is recommended
that a low caustic ratio in the solution be coupled with an
increased decomposition temperature. In such a combina-
tion centrifuging takes place at 2 higher rate, and coarsely
crystalline aluminium hydroxide is isolated.

A high leaching temperature (>280°C) also leads to an
improvement in the sedimentation of the red mud, and this
is due to the formation of well crystallised cancrinites and
also the complete dehydration of the geothite at this tem-
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perature. Complete dehydration of limonite requires 3
what higher leaching temperature of 320-360°C), 1 e
high-temperature leaching of diaspore bauxites the neeg ™Y
add lime is retained, but its amount can be reduced,

Improvement of schemes for regeneration of the heat of
the autoclave pulp is extremely important in the autoclave
leaching of bauxites. Such regeneration can be realisegd
either by direct heat exchange from the leaching pulp to e
pulp passing on for leaching or by stepwise sell-evap
of the aluminate solution. Thus, the first variant can e .
more promising for the high-temperature technology of the
treatment of low-silicon dinspore bauxites!®). G

R

An advantage of multi-step evaporation is the combinae-:.
tion of the effective utilisation of the heat of the autoclaves:
pulp with the removal of water from it, which is importam:
for the heat scheme of the Bayer process as a whole. A ~:
multi-step system for ordinary large-capacity sepnrntor.:"
requires reliably operating devices for automatic contro} G
of the pulp level in each separator. :

o _x,.r
The main difficulties in the practical utilisation of autpes -
clave processes in the production of alumina are assocmd :
with specific characteristics of the bauxite suspensions, .,
including the crystallisation of difficulty soluble compoundg ~
which form deposits ori the walls of the apparatus. In  ".it
mineralogical composition these deposits can be divided -~
into three main groups. The first (with a pulp tempera- " ..
ture below 1609C) is composed of sodium aluminosilicate .-’
of the nosean, haematite and boehmite type; the second . .
{above 1600C) is composed of perovskite, sodium aluminge-
silicate of the cancrinite type, haematite and a small .
aniount of boehmite and magnetite: the third (above 23¢°C)" »
is composed of hydroxyapatite and haematite. The deposits.- ;
are zonal. TRt
c g AR
The mechanism of the incrustation of the heater during
digestion of bauxite can be represented as follows: passage
of silicon, titanium, phosphorus, calcium and iron com-
puunds and impurity components into solution: super-
saturation of the solution with these components and the
formation of precipitates. By forming a compact film the *
precipitates greatly reduce the heat transfer ‘coefficient,
and this leads to an increase in the steam consumption and-.
a decrease in the productivity of the apparatus. On an
experimental plant at the Dneprovsk Aluminium Works
relationships were obtained between the heat transfer co-
efficient and the thickness of the deposit on the pulp
heater tubes for various leaching temperatures (fig. 7).
Decrease in the calculated heat transfer coefficient gives
rise to the need for an increase in the number of self- w
evaporation steps in order to retain the specified heating
temperature in the raw pulp in the heat exchangers, as
follows from fig. 7, and this leads accordingly to an increass
in the capital costs of construction.

Fig.7 a) Dependence of the
heat transfer coefficient
(a kca)/mz-deg) on the
thickness of the deposit Sl
(B mm) on the pulp heater
tubes: 1 - 100-160°C, 0,80
kcalskg-°C: 2) 160-200°C; -
3} 200-235°C, 1.40kcal/kg°C;
4 - 235-275°C,1.10kcal/kg°C;
b) Effect of the heat trans-
fer cocfficient (A) on the
number of self-evaporation
steps (C).

s 800 893 g4
N e

The investigations showed that the intensity of the en-
crustation of the heaters, which is determined by the heat- =
Ing temperature and the composition of the raw material,
can be substantially reduced. For this purpose it is neces~ ~
sary to secure the minimum temperature difference between -
the steam and the pulp and to adopt special measures elimi-
nating supersaturation of the solution primarily in TiQ, and
5i0;. They include brief holding of the pulps at one or two
critical temperature points and also additions of calcium
oxide within appropriate limits.
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C™®). In the  Of other methods for reduction of deposits magnetic and
'S the need |, electric treatment of the solutions and pulps is promising.
duced. " with magnetic treatment of a solution saturated with silicic
acid an appreciable decrease in deposit formation was
the heat of observed at the All-Union Aluminium and Magnesium
le autoclay. Institute Heat Exchange Plant. Industrial trials at DAZ on
realised the effect of magnetic treatment on the encrustation of pipe-
g pulp to t, lines were successfully completed. Continuing industrial
f-evaporatj, trials on the electtic treatment of aluminate solutions sub-
nt can be jected to evaporation are giving stable positive results.
iology of th, Analogous trials on the protection of the bauxite pulp
heating surface will be carried out at DAZ. If the problem
is successfully developed, magnetic and electric treat-
combina- ments will be the least energy-consuming and the simplest
autoclave methods of protection. Thus, intensification of the bauxite
- importan, leaching process in the production of alumina will take
hole. A place in the coming years as a result of improvement in
eparators the design of the equipment of the autoclave battery, increase
¢ controj in the bauxite digestion temperature, more extensive regener-
ation of heat (reduction of steam consumption), and the search
for effective methods of fighting against encrustation.
of auto- :
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Some physicochemical characteristics of diaphragms in the electrodialysis of ammonium molybdate solutions

AN Zelikman, I G Kalinina, L V Myakisheva, and V A Polosukhin (Moscow Institute of Steel and Alloys - Department

tinvestigation into the physico-chemical characteristics of
~-membranes in contact with ammonium molybdate solutions,

- -including diffusion coefficients, transport numbers, mobility

-of MoOZ" ions, electrical conductivity, and polarisation

yeffects at the membrane-solution boundary. These are the

s iymost important characteristics which determine the selec-

Crease

- Treatment of the experimental results {from investigation
-of the region of separation in the FeS-FeO-SiO, and Cu, S-

i Fe8-FeO-Si0, systems%?) made it possible to obtain rela-

-tionships describing the mutual solubility of the components
between the two equilibrium phases at 1473°K. These re-
lationships were represented in a rectangular system of

-co-ordinates (some of them were described analytically)

- ‘-‘u_ld.can be used to solve various practical problems. It is
-difficult to use the phase diagram of the Cu,S-FeS-FeO-SiO,

) G_ystgm directly for this purpose on account of the impos-
sibility of constructing isocomposition sections suitable for

Vi 3¢ practical use,

In the present report the relationships obtained are dis~
cussed as applied to the processes of fusion of sulphide
Copper raw material and the converter treatment of copper

iﬁ‘matt‘es

tivity of the membranes and the energy expenditures in the
electrodialysis process.

Some of the membranes possess high electrochemical
characteristics and considerable diffusion coefficients for
MoQ§ ~ ions. They are recommended for use where the
attainment of a high degree of concentration is not re-
quired during extraction of molybdenum by electrodialysis
i.e., where the effect of reverse diffusion flow is small.

Another membrane occupies an intermediate position and
has lower diffusion permeability. This makes it possible
to use it for the electrodialysis of concéntrated solutions
of ammenium molybdate,

’

UDC 669.2

Fig.l Relation between FeO and

% Cu;S content in the matte phase
2, .and 5102 in the equilibrium
S - slag phase.
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Figl shows the relation between the contents of FeO and
CuzS in the sulphide phase (matte) and SiO; in the slag
phase in equilibrium with it: [FeOJ = f[Cu,S](Si0,). (Here
and subsequently square brackets are used to indicate that
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the gas-collection hood, and the variation in the composition
of the outgoing anode gas was monijtored at the same lime.
It was established that the length of the transitional process
along the gas channel {12 min) depends on the state of the
region below the hood. From the presented characteristics
it follows that the length of the transitional process along.
the gas channel is not limited by the gas route,

Conclusions

1. Representative gas sampling points were found where the
error from the nonrepresentativeness is comparable with
the instrumehtal error. - Consequently, the error of the
chromatographic equipment-does not limit the accuracy of the

analysis.
2. The variation and character of thergas pressure under the

Rog. Now-fe
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' Investigation of the behaviour of gold in cyanide solutions.

s

A N Lebedev V V Gubailovskii and I A Kakovskii (Urals Polytechnical Institute and Lower-Tagil State

Pedagogical Institute).

Investigation of the reaction of gold with cyanide solutions
is of interest both for the theory of the electro-chemical
dissolution of metals in solutions of complex electrolytes
and for practice in certain technological processes and, in
paeticular, the cyanide method for the Lreatment of gold-
containing ores *). Previous researches ™) have shown
that the phase or adsorption layers formed on the surface of
gold in the reaction have a considerable effect on the rate of
dissolution of gold in cyanide solutions.

In this connection it seemed expedient to study the behaviour
of gold in cyanide solutions by the potentiostatic method of
recording the anodic polarisation curves. The electrode,
made from ZL99.99 gold, was polarised by means of a,
P-5827 potentiostat. The potentials were measured with
reference to a silver chloride reference electrode and con-
verted to a hydrogen electrode. The experiments were
carried out in a thermostated cell at 25 and 35°C. The
concentration in the solution varied from 4.3 to 14.4.10 °M.
Potassium hydroxide was added to the solution {pH = 11. 6) to
reduce thé hydrolysis of the cyanide. '

Fig. .1a shows the anodic potentiostatic curves for gold with
various concentrations of potassium cyanide in the solution.
On these curves sections corresponding to active dissolution
of gold can be distinguished in the region of potentials
between -0. 50 and +0.75 V. Under these conditions the
anodic current depends on-the concentration of cyanide in the
solution. A similar effect of anions on the electrochemical
dissolution rate of metals was demonstrated earlier in work
by Kolotyrkin *), which made it possible for the author to
conclude that the anions take part in the electrochemical
stage of the ionisation of the metal. The anodic reaction of
the dissolution of gold in cyanide solutions can be represented
as a two-stage process:

Au + CN- = AuCN +e (a)

AuCN + CN™ = Au (CN)7 (b)
Au + 2CN™ = Au(CN); +e, ' )

w = -0.5438[5]

When ¢> -0, 10 V the anodic overpotential of this reaction
increases abruptly, and the anodic current, reaching its
maximum value, remains practically unchanged over a

- fairly wide range of potentials 0. 00-0.75 V (fig. la). Such
a "diffuse" .maximum on the potentiostatic curves is typical
of some metals ®),

It can be supposed that the considerable increase in the

18

gas-collection hood was investigated. On this basis conclusli’
were reached about the'gas delivery points. .
3. The dynamic characterisitics of the gas channel were -

investigated.
4. It was established that the largest component of the errof
in the determination of the productivity of the electrolytic &
cell is the disturbance caused by the inflow of air, and the If
algorithm for control of the productivity must consequently B
eliminate this error as much as possible.
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a salt film of AuCN on the surface of the gold in accordance,
with stage (a) of reaction (1). In this case the shift of the §
potential results from a fall of the potential in the film, as'§
observed, for example, in the anodic dissolution of copper §
in sodium chloride solution ®). :

Fig.l. a) Anodic potentiostatic
curves for gold in solutions of’
potassium cyanide with various

b v
- 025

200 ¢concentrations (/1) at 25°C with
- 025 an oxygen pressure of 0.2latm
s over the s}ogucion at ph 7.6.’3

"~ 1 - 4,3°10°%;, 2,3 - 2.64°10"°;
= 4~ 3.42-207%; 5 - 14.4-107°
«lr KCN. (In curve 2 the current

" values were calculated from
’/4?5* ' chemical analysis of the solu-
o8 tion for the aiven electrode

[ potential). b) The dependence

{7 of the anodic current at & =
20 0.4V on the .cyanide concentration

in the solution (pH = 11.6, 25°).1}

~F

2'19 I masem®
b

»/hrrﬂ’

S 1005

‘$§ i mA/cm:

=
<3

in particular, on copper and silver, but it was not possible
{o detect them on gold 7). This is evidently explained by i}
the extremely strong affinity of gold to cyanide. In fact, . T
the equilibrivin constants of the reactions AgCN + CN~=
Ag(CN)7 and CuCN + CN~ = Cu(CN); are almost three ordenfg
of magnitude lower than that of the reaction AuCN + CN -= Jf
Au(CN); (5.0.10*, 3.10*, and 1.6.107 respectively ®)).

The limiting value for the anodic current at potentials of k
+0.00-0.75 V is probably due to diffusion limitations, Thisj§
is demonstrated, first, by the linear dependence of the A
anodic current on the cyanide concentration in the soluﬁon??-

on temperature (fig. 2, curves 1 and 3). The experimentd §
activation energy of the anodic process for ¢ = 0.40 Vis
about 5. 0 kcal/mole, whereas the value for conditions whenjk

values of 9. 8-14. 1 kcal/mole *).
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The potential corresponding to the beginning of passivation
of gold ¢, in cyanide solutions is practically independent of
the concentration of cyanide in the solution and is equal to
about 0.75 V (fig. 1a). The value of this potential for gold.
determined by Vetter °) from the charging curves in
potassium sulphate solution differs from our value and is
about 0.5 V. This may be explained by the effect of the
complexing agent potassium cyanide.

If it is assumed that the transition to the passive state is
due to the formation of oxygen compounds on the surface of
the gold, the reactions giving rise to this passivation in
alkaline cyanide solutions can be writlen as follows:

0o = 0,532 [10] (2)
v = 0590 [11] @)

2Au + %02 = Au, 0, + be,
Au + 30H- = Au(OH); + 3e ,

Under the conditions of our experiment at pH = 11. 6 the
thermodynamically calculated equilibrium potentials of these
reactions are ¢, = 0.61 and ¢, = 0.73 V respectively. They
are fairly close to the experimentally obtained potential
corresponding to the beginning of passivation of gold ¢p. =

10,75 V (fig. 1a), and this confirms the possibility of

passivation of gold by its oxygen compounds. "Electron-
dilfraction analysis of the phase film on the surface of gold
also shows that it consists of the oxide or hydroxide of
trivalent gold 7).

Fig.2 Anodic potentiostatic
curves for gold in a solution

of potassium cyanide (4.21-107 %,
pH = 11.6) at 25°C (3} and 35°C
(1). Oxygen pressure 0.21 atm;
curve 2 was recorded in the
-opposite direction at 25°C.

7] A A

f 2 1g i nu\/cmz

At the full passivation potential ¢, = 0.9 V (fig. 1a) the
gold acquires a stable passive state, which is retained at
extremely positive potentials (up to 2V). The increase in
the anodic current at potentials of more than 1. 35 V is due
to the anodic reaction of oxygen evolution, and this is
confirmed conclusively by comparison of curves 2 and 1,
3.5 (fig. 1a). On curve 2 the values of the anodic current
were calculated from the amount of gold passing into solution
at a given potential, determined by chemical analysis, and
al¢> 1,35 V no increase in current is found. Curves 2 and
3, obtained from the datafrom chemical analysis and electro-
chemical measurements of the anodic current under the same
conditions, are fairly close. Only the values of the current
in the passive region differ, and this is clearly explained by
the difficulty in the chemical determination of gold in a
solution with extremely small degree o dissolution.

The passivation of gold is accompanied by the formation of
fairly stable layers on the surface, since a hysteresis loop
is observed when the potentiostatic curves are recorded in
the forward and reverse directions (fig. 2, curves 2 and 3).
A feature of the behaviour of gold in the passive state is the
nondependence of the anodic current on the cyanide concen-
tration, whereas a clearly defined effect of the cyanide ion
on the value of the current is observed, on the other hand,
at the active dissolution potentials (fig. la, b). This is
evidently explained by the fact that the oxide compounds of
trivalent gold react little with cyanides. Consequently, the
active dissolution reaction of gold (1) takes place mainly on
the surface free from oxide layers, while reactions (2) and
(3), which give rise to passivation of the gold, greatly
reduce the rate of its passage into solution. It is interesting
that the passivating effect of reactions (2) and (3) increases
with increase in temperature, since the current in the passive
state (igp ) is higher at 250C than at 35 C {(curves 1 and 3 in
fig. 2). This contradicts the known ideas, according to
which increase in temperature usually impedes passivation
and increases ifp ). However, the possibility of intens-
ification of the passivating effect with increase in tempe rature
becomes understandable if the facts that the formed oxide
compounds of trivalent gold are pratically insoluble in the
cyanide solutions and that the rate of reactions (2) and (3)
increases with increase in temperature are taken into
account.

Thus, on the basis of the-investigations it is possible to
distingiush two charatceristic regions of potentials (0.5 to
40.75 V and 0.75-2. 0 V) where the gold dissolves with
different kinetic relationships. In the first the ionisation

- rate of gold increases with increase in temperature and in

the cyanide content of the solution, In the second (the region
of the passive stale), on the other hand, it decreases with
increase in temperature and is practically independent of the
concentration of the cyanide solution.
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‘The nature of charge transfer in melts of the Sby S, -Cu; S System

V F Zinchenko A A Velikanov S Ya Gervits and P P Shevchuk (Kiev State University - Department of Physical

Chemistry).

In the liquid state the sulphides of heavy metals have mixed
fonic /non-ionic conductivity. Here, whereas the ionic
contribution predominates for the Shy S, melt !)?) near the
melting point, carriers of nonionic character have the pre-
dominating effect on the formation of the character of
conductivity in copper sulphide in the liquid state *).

It seemed of interest to study the effect of continuous cation
exchange in the above-mentioned sulphides on the nature of

the conductivity of the melts. Melts of the Sba§; -Cus S system

have previously been investigated by conduclivity and thermo

em{ methods ®) and wer€ interpreted as liquid-semiconductors ,
and this (as will be shown below) simplifies the actual pattern
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INCREASING THE ‘DIRECT EXTRACTION OF ZINC IN HYDROMETALLURGICAL PROCESSING OF
. . TIN-BEARING DUSTS!? :

" UDC 669.536.221:669.648

E. Ya. Ben'yash, G. A. Motornaya, and T. M. Sukhorukova

The sublimates produced in converting copper mattes, processing secondary copper
material, and fuming certain slags are concentrated by neutral leaching and by final
acid leaching of the residue. After removal of impurities, the solution which is
formed is used for zinc sulfate production and the lead-tin cake is used for produc-
tion of lead-tin alloys by electric smelting. i .

The high zinc content of the cake (see Table) causes

Percentage Composition of the technical and economic results of electric smelt-
Sublimates and Lead-Tin ing to deteriorate and leads to losses of tin and
Cakes Processed zinc.
PEINR Lead-tin It is apparent from the Table that 60% of the zinc
= 5 E” cake ° in the lead-tin cake is present in the form of rela-
o E,}‘ra a STy tively insoluble compounds (stannate and sulfide). ]
iz““:“’ w383 :ﬁ §3 | 8e zinc stannate is decomposed by concentrated sulfuric
cégomm,.ﬁﬁ 83| a4 3E>'°§ and hydrochloric acids and in the process of acid
1 EE 38.%§-g§g Eu autoclave leaching. In practice, however, it proved
wel© T . impossible to increase acidity over 5-7 g/liter be-
rotal zinc.lo3s 45,3 1635 |12,4 | 4.5 .cause the filterability of the pulp was substantially
Including: reduced.
2&“*““"5 sol2s| sos| 345 The following sequence of leaching operations was
metal..... 0,09 0.11] 0.38] — | — adopted: first the fuming sublimates and electric
:‘t’::’*l::;-: g-%g 2-%? g-gg g-gg g-g smeltix}g'sublimates were leached at increa}sgd resid-~
sopper..... 0,45 0:20| 1.47| 1.00| 073 ual acidity, then lime was fed in to precipitate fluo-
Tn........[12,2 | 7,15( 0,36 12,3 (13,7 - rine and sublimates with a low content of relatively
ead..neen 25,3 |11,8 | 3.78119.1 | 21,6 insoluble forms of zinc (copper enterprise sublimates

R TeEmeiTiion of g0lids from vet duste and the like) to neutralize the acid. The excess of
catchor pulp 1e given. rom wet dust; these was leached out with sulfuric acid at a pulp pH
: - of not less than 4.7 ("reverse leaching").
After standing, the upper discharge was decanted
and the lower was filtered. The filtrate was combined
with the upper discharge and the cake was subjected to acid washing by repulping at
-a liquid-to-solid ratio of 4 : 1.

Study of the effect of residual acidity in leaching fuming and electric furnace
sublimates and of pulp acidity in cake washing upon the lead-tin cake zinc content
and filtration speed revealed the following:

l. Zinc extraction increases in proportion to a rise in residual acidity up to 50
g/liter. A further rise in acidity gives practically no increase in extraction.

2. Increasing acidity in cake washing to pH 1.0-2.0 reduces the zinc content to
"3.5-4.5%. The speed of filtration of pulp from acid cake washing does not alter sig-

~nificantly in the 0.9-3.8 pH range, amounting to ~ 0.3 m®/m2?-hr.
. 3. The sublimate leaching routine breaks down the zinc stannate and 50% of the
2zinc sulfide and increases the direct extraction of zinc into solution by 7-9%.

4. The cake yield decreases by 10-15% by comparison with the existing technology
"and its lead and tin content increase from 19 to 22 and from 12 to 14% respectively.
... 5. The speed of filtration of the lower discharge under the recommended conditions
. (0.22~0.25 m®/m?+hr) is 2-3 times higher than in the routine with final acid leach-

ing (0.07-0.09 m®/m2-hr); this makes it possible to mechanize the cake filtration
Process by replacing the filterpresses used in the existing technology by drum- or
. disk-type vacuum filters.

szh. V. Solntseva assisted in the work.
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S0,) in reinforced concrete constructions, the use of the
tailings in concrete and the reinforced constructions is
contraindicated. To determine the suitability of the tailings
in concrete constructions special samples were prepared
and tested for compression and frost resistance, The com-
pressive strength of sam:ples prepared from various particle
size classes, with steam treatment-and with natural ageing.
varies between 10.2-10% and 23.9-10°N/m®.

The results from investigaton of the physical and mechani-

atmospheric influences the frost resistance of the tailings
was determined. For this purpose each particle size class
was immersed inoa solution of sodium sulfate for 20h and
then dried at 110°C. The investigations showed that the frost
resistance of the tailings corresponds to Mrz-25.

Table 4: Screen and chemical analyses of tailings

Taiiincs mm cal characteristics of the tailings and of concrete madefrom
e them show that the concentradon tailings obtained during
anaiytical datu concentration of the mixture of ores from the Sadon mine
+40-80 *23-4% -12-25 +16-12 Tocal management in hcavy suspensions correspond to the State
Standards GOST-10260-62 and GOST-8267-64 and may find
. wide practical use for road construction, as a foundation
rare 3.5 2.3 18.5 24.3 100 ynder concrete floors, as a ground sealing material, as
Yield 3 rubble footings under foundatdons, in drainage systems as
Total 34.5 57.2 35.7 100 _ a draining bed, as ballast for railways. as foundations for
upderground workings, and as a coarse {filler for asphalt, &a
concrete, and concrete in nonreinforced coné%ﬁ%“@? %N
Content | Pb 0.05 | 5.05 | cwos | 007 |o.05 UNiE agﬁwgﬁ'ﬁ
: Zn 0.19 0.24 .27 0.3% | 0.25 . s@“ﬂ“ te aR.
Conclusions RE E%GE L
Cu 0.06 0.028 0.023 0.03 | 0.0 T SG“
Fe,0, 3.43 2.25 2.2 2,37 2.68 1. Laboratory and pilot plant trials og%gconcentrntion of
Ca0 1.78 1.75 1.65 1.97 1.8 lea‘d-zinc ores on'the l@olsﬁn. Sadon. Arkhonskaya and
¥g0 Y] T > - Zgldsk dfeposus. in ratios of 1.0:2,15:2,35:2.53 showed that
:’ 0.9 0.96 ] 0.9%4 with a tailings output of 30-40% the lead and zinc content
Al,0, 11.28 9.65 9.11 8.80 | 9.50 does not exceed 0.06 and 0.3% respectively. It was established
Si0, 73.19 75.24 76.90 76.21 |75.1 thatconcentration can conveniently be carried out with
S 0.1 .00 — control separation, and the density must be kept at 2.7 in the
tor i 0.45 0.62 | 0.58 main operation and 2.65t/m" in the control operation. In-
SSulphate | 0025 0.007 0.01 0.009 | 0.014 crease of the density in the main operation to 2.75t/m® leads
to a considerable decrease in the extraction of the usefnl

minerals into the heavy {raction. Comparatively cor:
material {up to 80 mm) can be concentrated. - SUBJ
2.Investigation of the physical and mechanical charac MNG
of the tailings {rom concentration in a heavy suspensi [DL
firmed the suitability of the tailings for many road ar
building constructions, excluding the manufacture of
forced concrete and reinforced structures. .

The data in table 4 show that most of the sulphur in the
light fraction (tailings) is present in sulphide form. With
full oxidation of the sulphides and conversion to the sulphate
form the SO, content of the tajlings will amount 1.54%. Since
the State Standard GOST-8267-64 does not permit the pres-

UDC 622.765.41

The state of molybdenite surface during flotation

A A Abramov, E M Dzugkoeva and V M Avdokhin (Moscow Institute of Steel and Alloys. Department of the Concentration
of Nonferrous and Rare Meia] Ores.)

Summary

the formation of elemental sulphur at the surface of molyb-
denite is only possible in an acidic reducing medium. The

" results from the thermodynamic calculations were confir-
med by the results from the electrochemical investigations.

The results can be used to analyse the mechanism of the

action of the reagents on the surface of molybdenite, to
create a physical and chemical model, and to improve the
processes involved in the selective flotation of molybdenite-
containing collective concentrates.

To understand the mechanism of the reaction of flotation
reagents with the surface of molybdenite it is necessary to
know which compounds of molybdenum are present at the
surface under various conditions. The results are given
{rom thermodynamic and electrochemical investigation of
the state of the molybdenite surface as a function of the pH
and the oxidation-reduction potential of the solution.

The thermodynamic calculations showed that the main
product from oxidation of molybdepite is MoO;- H,O, while

~ Soo- Nem-F ...
1 1908 v.2. M

) ‘lntznsiﬁcation and development of leaching processes in hydro-metallurgy

UDC 669.053.4

A N Zelikman and L V Zverev (Moscow Institute of Steel and Alloys, All-Union Institute of Mineral Raw Material)

A .

~
"~

S

Summary

cesses, sonic and ultrasonic treatment, sorption and ex-
traction processes, and autoclave treatment {for various
metals). Heap leaching and underground leaching (uranium,
copper) are discussed, The role of micro-organisms and
the bacterial leaching of copper are mentioned.

Attention is drawn to the need to develop scientific investi-

The development of hydrometallurgical processes for the
treatment of ores is briefly reviewed. The increased use
:f hydrometailurgical processes is attributed to recent
evelopments in processes, the increasing need to use low-
%rade ores, and the avoidance of atmospheric contamination.
Trocesses mentioned include fluidised bed, flow-type pro-



gations in the following directions: The thermodynamics of

theoretical consideration and experimental investigation of
aqueous solutions of inorganic substances and the develop-

the kinetics and mechanism of the chemical dissolution of summar
ment of methods for calculation of activity coefficients in ©  minerals; the search for new reagents, including organic
complex solutions; improvement and development of new reagents, for selective dissolution of metals and, in par- The ed'
physical and other methods for determination of the form ticular, non-toxic solvents for gold. and mag
in which metals are present in aqueous solutions; further of the €f
. UDC 541.48:4
Investigation of the equilibrium hetv‘veqn magnesium and its chloride dissolved in potassium chloride
P V Polyakov. G A Kotel'nikova and A N Tatakin (Krasnoyarsk Institute of Nonferrous Metals. Department o . Ettect of
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Table 2: Average valences, solubilities, and standard electrode potentials of
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0,,a and ey, in the coalescence of the mechanical suspen-
sion of the metal in the slag. The experiment was carried
out as {ollows.

An artificially prepared suspension of copper in iron-free

glag was agitated with the extracting phase by means of argon.

\s extracting phase we used grade MO copper, copper +
1.33% Cu, O, and copper + 1.5% S. Copper with 1.5% S, like
ead with 1.5% S?), is negatively charged in the slag. The
‘esults from the experiments are given in fig. 3. They show
‘hat for the metal with charge having identical sign the dif-
erence in the ¢, g value is largely significant for coales-
tence (curves 1 and 3 in fig. 3). For relatively comparable

Lo Now-Fe...
R v.3 M6

|

0,2 values (in the Cu-1.5%S alloy o, ; = 220mJ/m?, see
curves 2 and 3 in fig. 3) the principal role is played by the
difference in the sign of the charge in the extracting (the
surface of the Cu-S alloy with 1.5% S is negatively charged)
and the extracted phases (the surface of drops of grade MO
copper in the suspension is positively charged).
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Investigation of the dissolution of lower cobalt sulphide in cobalt sulphate solution

MG Zalazinskii, and IF Khudyakov (Urals Polytechnic Institute - Department of the Metallurgy of Heavy

Non-Ferrous Metals)

In the leaching of sulphides, in addition to their purely
chemical dissolution, an important part is played by electro-
chemical processes?), investigation of which assists the
development and improvement of methods for hydrometal-
lurgical treatment of sulphide materials. Some of the pro-
gressive methods for investigation of oxidation-reduction
reactions occurring at the interface are electrochemical?®),
Whereas extensive researches have been devoted to inves-
tigation of electrode processes at copper and nickel
sulphides ®*), there are hardly any papers on the oxidation-
reduction reactions in the dissolution of cobalt suiphides.

In the present work an attempt was made io determine
certain relationships governing the leaching of lower cobalt
sulphide Caq,S, from the standpoint of the laws of electro-
chemistry by investigation of the electrode potentials of the
sulphide in a solution of cobalt sulphate as a function of
such parameters of the process as the activity of the metal
fons in the solution, the nature and partial pressure of the
gas phase, the temperature, and the length of dissolution of
the materjals. The electrode potentials of the sulphides
under normal and autoclave conditions were investigated
by the previously described methodS).

One of the characteristic features of metals of the iron
group under normal conditions is the considerable irre-
versibility of the metal-solution system, as a result of
which the steady-state potentials of these electrodes
differ substantially from the equilibrium potentials cal-
culated on the basis of thermodynamic data. The latter
may be due to the passive state of the electrode surface in
the solution®), and it was not therefore possible to evaluate
the activity of the cobalt ions directly under the experimental
conditions.

The activity of the ions in an aqueous solution of the metal
sulphate was determined as the product of the activity co-
efficient (yye2+) by the molal concentration of the ion in the
solution. In turn, the activity coeificient of the ion in the
solution was determined from the expression:

P

Yuple (1)
Me y 503-
where:
y* = the average ionic activity coeificient of the elec-

trolyte according to published data?);

Yoot~ = the average activity coefficient of the SO3 ions
and was obtained from the experimental depend-
ence of the latter on the ionic strength of the
solution?). .

The values observed for the electrode potentials of Cq S,
in solutions of cobalt sulphate with various concentrations
are given in fig. 1 in the form of their dependence on the
calculated activities of the cobalt ions in the solution. The

gradient of the line connecting the points plotted on the
graph agrees well with the value calculated by means of the
equation:

RT
® =0 + o Inop s (2)

and amounts to 0.050V for unit increase in the logarithm of
the activity of the cobalt ions. By extrapolation of the poten-
tials to a cobalt ion activity equal to unity it is possible to
obtain 2 value of -0.1V. This shows that the dissolution of
Ca S, is accompanied by passage of Co®* ions into solu-
tion, while the electrode process is described by the
equation:

C0,S; & 3CoS +Co** + 2e (3)

The experiments were carried out in 2 neutral atmos-
phere Replacement of the neutral gas phase (argon) by an
oxidising phase (oxygen) leads to an sharp shift of the
electrode potential towards the positive side (to 0.5V, fig.
2). The higher the pressure of the gas phase, the more
appreciable is the shift of the potential. The value of the
electrode potential (05V in a 0.5M solution of cobalt su
phate) corresponds fairly satisfactorily to fhe calculated
value (0.42V) for the process:

CoSZCo®t +S + 2e (4)

which indicates the formation of a film with a different
cobalt-sulphur ratio (close in composition to CoS) on the
Caq, S, surface.

-lg “Caz*
o v ! 2 3
-on
¢
-p‘UL Fig.l Dependence of the c-)ec:-ro.c
[ potential of CouS;on tre activit
5 of cobalt ions in the solutica.
-2
h 3
EF)
-3 N
iFs B 0‘7{ D00t
0ot
oV,
~
-0t .
4 = Fig.2 Dependence of the electrode

potential of CouSy on the lenath

L1y of dissolution of the sulphide at
! the following partial ‘pressures:
*03[ of oxygen (atm): 1 = 2; 2 -~ 3;
M 3 - 12,
| 2]
‘,J'nl }
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Fig.3 Temperature dependence of
the electrode potential of CouS)
with various ‘partial pressures of
the gas phase (atm): 1 -~ 5,argon;

- 3 -3 4~ 12;
+04 2 2,0xygen; 3

pH = 2,
*05
@ i Wi ave °C

From the temperature dependence of the potential of Ca. S,
(fig. 3) it follows that in a neutral atmosphere the potential
of cobalt sulphide is shifted towards the positive region
with increase in temperature (curve 1), reaching a value of
+0.03V, and this corresponds in character to the variation
of the electrode potential of the sulphide, the dissolution of
which is determined by reaction (3). With increase in the
temperature in the presence of oxygen the electrode poten-
tial of CosSs- is shifted towards the negative side, and it
here approaches the value for the potential of the sulphide
electrode (Co¢Ss ) in a solution of cobalt sulphate in the
neutral gas phase (fig. 3).

Precipitation of roasted and reduced alunite dust in counterflow systems

Al Lainer (deceased), Yu A Lainer, I T El'perin, T D Israfilov and V L Mel'tser (Institute of Metallurgy -

Azerbaidzhan Polytechnic Institute).

Essentially the method for collection of dust in counterflow
apparatus involves the hydrodynamic retardation of two
colliding axisymmetrical dust-laden streams of gas, into
which a wetting liquid has been sprayed by means of a nozzle
before the zone in which they merge. Together with the dust
particles the wetting liquid performs a reciprocating motion
in the region where the streams collide. In this zone coagu-
iation and enlargement of the particles occurs as a result of
interaction of dust particles with the drops of liquid. The.
coagulated particles, having attained critical dimensions,
separate from the collision zone under the influence of
gravitational forces and are collected in the precipitation
chamber. Any liquid which is lyophilic towards the particles
of dust being collected can be used as wetting liquid. In the
majority of cases this liquid can be water.

In the present work the motion of the particles and the
variation of the concentration of the particles in the zone
where the gas streams meet were investigated ). The
effectiveness of the collection of finely dispersed alunite
dust in counterflow systems and the effect of the principal
proceéss parameters on it were studied on the previously
described apparatus *®). With increase in the speciiic
consumption rate of the wetting liquid (water) per unit weight
of dispersed material the degree of collection of the dust at
first increases and then remains practically unchanged at a
value >0, 3 ml/g. On the basis of the experimental data the
optimum constructional parameters for the dust collector
were determined. The effect of the concentration of the
dust and the velocity of the gas stream on the effectiveness
of the collection of the dust was investigated. It was
established that the degree of collection of the dust increases
with increase in the dust content of the stream over the whole
range of investigated gas velocities (10-25 m/sec).

The effect of the gas velocity on the degree of collection of
alunite dust {) is extremely significant; with low gas
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On the basis of the experimental data the following mec

- i ct
hanism can be proposed for the dissolution of Co,Ss in a % >‘f:‘3; :ﬁo‘
sulphuric acid solution of cobalt sulphate, B0 ‘?m on the
1. In a neutral gas phase the electrode potential in the : da

solution corresponds to reaction (3), which determines
the process. )
2. Under oxidising conditions 2 sulphide film, approac--.
hing CoS in composition, is formed on the surface of the
material. Reaction (4) is determining in the process.
Increase in temperature evidently leads to an increase in
the dissolution rate of the boundary layer, the thickness 3
of which decreases, and the electrode potential beginsto - -
be determined by dissolution of the initial sulphide. .
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velocities (10-14 m/sec) increase in the velocity of the gas furnaces.
leads to a decrease in the degree of collection of the dust,
and with a velocity >14 m/sec, i.e., under conditions where ' To deter
the motion of the particles i{n the counterflow is more i 'compositi
intensive, increase in the gas velocity leads to an increase the dust fi
in the effectiveness of collection. With bilateral delivery of i Al;05, Ni
the stream at a velocity of 23. 2 m/sec and with a dust and SiO; ¢
content of 350 g/m® the degree of collection amounted to . fig. 2. W
98. 5%. - content of

With increase in the temperature of the gas and with an

. E " other han
unchanged specific consumption of the wetting liquid the ¢

The har:
degree of collection decreases somewhat, and to increase alunite, a
the degree of collection it i therefore necessary to increase , quartz ar
the delivery of water into the spraying system. At tempera-
tures of 250 and 480°C the amounts of water required to
secure the maximum degree of collection (88-91%) were
0. 33 and 0. 37 ml/g respectively, but the obtained granules
were dry. This is explained by the fact that evaporation of
the water takes place after coagulation of the particles, Dynamics
since the collision of the water drop with the dust particles
and between the particles takes place instantaneously. . Al gegu,
Table T :
] Electrol
Content of dust n th? ele
from apparatus % alumina r
Particle size mm - cathodes,
. | Roasting Reducing an aqueot
+0.104 0.4 0.2 cathode.
+0.063 1.0 0.5
-0.063 98.6 99.7 | The siz
i anode an
' ditions o
The experiments were carried out with roasted and reduced the anode
alunite dust from the Kirovabad aluminium works, the electroly
granulometric composition of which is given in the table. In istics cl
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ION-EXCHANGE EXTRACTION OF ALUMINUM . . UNIVERSITY & “H
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- Yu. N. Fedulov, V. V. Alekseeya, LR.I.'VodolazoO, ‘and B. N. Laskorin

The efficiency of sorption processes increases as more raw material is used with

. lesser amounts of useful components or raw material with complex substantive compo-
s sitions. From this point of view, ion exchange has some ‘interest even for the alu-
: minum 1ndusrry.

Today, in order to produce alumina, raw material is used with silicon contents no
p— higher than 20% '[l1}. Use of alkaline methods to recover aluminum from raw material
. with higher silica contents is uneconomic because of the laboriousness of the flow-

sheets, their hlgh energy consumption, and the requirement of many laborious techno-
1 logical operations. Therefore, to’process hlgh silica aluminum 'raw material, att-
' empts are being made to use various acids [2] ‘or sulfur dioxide [3] for leachlng

These methods of processing the aluminum raw material + have still to find industrial
_ acceptance, due to the complex1t1es :involved in the conversion of alumlnum salts to

hydroxides and the removal of anions from them.. -

The variety of ionic forms, formed by aluminum in solutlons [3 12], makes it pos-

sible to suggest that various grades of-ionites can bé used for its sorption extrac- .
e tion from solutions, -

Among ‘thé data published in the llterature, the most interesting are the 1ndlca-
tions about the sorption of aluminim from various solutions to sulfo- and carboxyl.
cationites [13-17), phosphoryl -treated FB'cellulose 118], as well as its absorption
by the anlonltes of various classes [19-21].

Use of sorptlon processes when acid exposure is performed for. alumlnum raw mater-
ial can be effective only in that instance where aluminum would be.directly removed
from the pulp and it was converted to aluminate or the hydroxide would shift with the
desorption process and 1on1te regeneration. We performed such reséarch on alunite,

nephelite, and on a series of sulfate solqtlons obtained after leachlng aluminosili-
cate ores. . .. . -

roe-

Ion Exch nge Treatment of Calcined Alunite

In the reséarch' use was made of .alunite concentrate from the Zagllksk deposit;
treated at the Klrovabad Alumlna Plant e

Content of ba51c components in sample, %

: o 9.0 Al; 2.5 Fe; 0.035V; 0.075 P; 23zso...
RS - 25 9 lost. during calcination (700 C) :

Alunxte doesn t dlssolve in acids at room temperature and’ is dlssolved only when
concentrated; sulfurlc acid is used durlng heating.” After_ thermal treatment part of
the aluminum, in “the . form of sulfate, is leached with . water [22].

This work uses-alunite concentrate, calcined’at 550° C for. 3 hours. Its aluminum
content is'11. 98%. Aluminum from ‘the calcined alunite is leached with diluted HS0,
{(2) by 20-25% in cold; when heated to 80°C, - leached by 95- 97%. This makes it pos-
sible to suggest the possibility of effectlng an 1on1te leaching of aluminum ‘from
talcined -alunite with a strongly acid cationite in an H-form. -

Added to the agueous pulp of ground (to 100 mesh) alunite concentrate was cation-
ite KU~2 in a swollen state, from a calculation of catlonlte water:alunite = 50 ml:
(110 m1:70 g. Aftér a l.5-hour mixing of the pulp for 1.5 hours, the cationite was
Beparated on a screen; a new portion of cationite ' in an H-form was added to the re-
taining pulp and the treatment was repeated. The ionite dissolution cycle was comp-
leted after the third treatment; 97% of the aluminum was removed from the concentrate.

The des ribed schedule included 6 cycles of coutercurrent three-stage extraction of
aluminum from the calc1ned alunite; 6 portlons of saturated cationite and discard
Pulp were obtained.: From an analysis of the solid residue of the discard pulp, the
Bean aluminum recovery during 1on1te leaching was 95.7% Wlth the aluminum capacrty at
3.8 kg/g cationite.
| Al ‘recovery from concentrate by méans.of ionite dissolution from calcined alunlte
‘ in a_countercurrent system of six sorption cycles was as follows. %:

; 1 -96.9%; 2 - 94.8%; 3 ~ 96%; 4 - 95.5%; 5 ~ 96%; 6 ~ 94,9%
; i ﬁnaly51s of saturated cationite showed ‘that :V is not sorbed during the process’of
§ a;’nlte dissolution of alunlte, the content of other lmpurltles was also low, the g/g
§ uminum in the cationite belng 0.192 K; 0.145 Na; 0.055 Ca, and 0.009 Mg.
Solutions of sodium hydroxide and soda were used for regeneration of aluminum-satu-
ratEd cationite. Desorption of aluminum with sodium hydrox ide does not cause .substan-

|
4
!
1
|
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ial difficulty and can be conducted in a static : Efficiency of Aluminum pe- 3 4 §i
schedule for three stages with the commercial re- sorption with Sodium Hyga- i 3 ;
generate yleld at 1 vol/vol sorbent (Table). roxide 3 2 Hé

When using soda to regenerate aluminum-saturated Indices of process . A b K
sorbent, the desorption stage coincides with pre- Indices iuc%OMqu the op" 1 rr E‘
cipitation of alumina. The process of regenera- : alnec concentraze y i- M‘
ting the aluminum-saturated KU-2 with soda is com- LN 3 p 2 i
pleted with the total yield of regenerators at 5-6 gegererate yield, : 5 %}
vol/vol sorbent: vol/vol cationite 1 2 3 £ V. v

Aluninum conteat g c¢
Yield of eluate, vol/ : vtk S PP PP 0z 3 i1 g{
vol sorbent......... 1 2 3 4 5 6 ) ©- : 3 o
Desqrbed aluminum, %. 61.5 75.3 78.2 83.7 90.4 100 pﬂ:ﬁ:ﬁ:h;ﬁﬁ-z . ) : :3: s

Finally, to treat calcined alunite concentrate, it :K::;:Z:Ti S IE AR briciort ) cl
is possible to recommend two flowsheets with the use tion, ° 78,25 193,86 | 100 v 3.
of ion-exchange processes, characterized by a method i1. O
calling for desorbing aluminum with saturated catio~ 15, J
nite KU-2. In order to achieve the minimum losses : : e 16. M
of cationite in the pulp process one should use cationite with an increased mechanxcax :7. B
strength, for example cationite XKU-2u or KU-23. A i8. A

Ion-Exchange Treatment of Nephelites Eg' ?

Tests on nephelite dissolution were made on a mineral specimen with 15.8% aluminum. ii’ i
Despite the fact that nephelite decomposes comparatively readily with diluted acids 350 ;
[22]), it was not possible to extract aluminum from the mineral directly with cationite 2 B
in the H-form. Therefore, nephelite was leached with a stoichiometric amount of dilu- mte A
ted sulfuric acid with subsequent sorption extraction of aluminum from the formed pulp 15, B
by cationite in a sodium form. =3 i

. It was experimentally shown that when leaching was conducted with sulfuric ac1d
(2N), from the nephelite there is an extraction of 99.5% aluminum which is quantita-
tively sorbed by cationite KU-2 in a sodium form during three sorption stages. The
process overall occurred similarly to the process of aluminum sorption from calcined
alunite concentrate and provided an almost complete separation of aluminum from sili-
cal and the sulfate ion. Following recovery of the aluminum, the discard pulp can
be used to produce silica gel, the amount of which is about 1 t/t of alumina. The
existing systems of producing silica gel satisfactorily coincide with preceding pro-
cesses of cation-exchange extraction of aluminum [23]. Sodium sulfate solutions,
obtained during the process of sorption processing for nephelintes, can be converted
-- by electrodialysis =~- to sulfuric acid, and sodium hydroxide for their reuse in
the process {24, 25].

Regeneration of aluminum-saturated cationite does not differ from the descrlbed
process with respect to the treatment of alunite concentrate.

Use of Carboxyl Cationites for Sorption Extraction of Aluminum

As shown by research on the use of sulfocationite KU-2 for sorption of aluminum,
its aluminum capacity in neutral and weak-acid solutions corresponds to a complete
volumetric capacity, i.e., about 4 mg-equiv/g. Evidently, under these aluminum
sorption conditions it boils down to a simple equivalent ion exchange, and the ca-
pacity achieved in the described experiments is the maximum for the given condi-
tions and the class of cationites.

It is possible to increase the aluminum capacity . by using carboxyl cationités in
a salt form, the complete volumetric capacity of which reaches 10 mg-equiv/g ionite.
For example, in solutions with the pH = 4, the cationite SG-1 has an aluminum capac-
ity of about 100 mg/g iopite, which corresponds to its complete volumetric capacity
[25]).

Regeneration of aluminum with type KB carboxyl cationites can be effected with
sodium hydroxide or soda solutions, as was described for cationite KU-2. Due to the
low stability of cationite SG-1 in alkaline media, its regeneration should be effec-
ted with acid; there should be a corresponding use of cationite SG-1 in those ins-
tances where one must obtain aluminum salts (sulfate, alum) as the final product.

Ion-exchange processes can be used to treat high-silicon aluminum raw material when
using acid methods of exposure.
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Increasing the efficiency of leaching and desiliconising operations in the treatment of high-silica bauxites "
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L P Ni, B E Medvedkov, N F Peéherskaya and A A Maier (Institute of Metallurgy and Concentration- Academy of

Sciences of the Kazakh SSR)

It is known that the decomposition rate of gibusite hauxites
depends on their silica content!), During the leaching of
high-silica bauxites the maximum contents of alumina and
silica in the solution are achieved later than in the treat-
ment of low-silica forms. This is explained by the large
content of kaolinite in the first case.

The decomposition rate of kaolinite is also affected signi-
ficantly by its structural characteristics. Thus, kaolinite
taken from the interlayers of Krasnooktyabr 'skii bauxites
are fully decomposed in the course of 1h?), but when we
studied rocky iron-containing bauxites, in which the kaoli-
nite is present in a well crystallised poorly soluble form,
it was observed to be present in the slime of the washing
system. This is one of the reasons for the formation of en-
crustations in the settling equipment. By decomposing in a
medium where there is a comparatively low liquid-solid
ratio, the kaolinite considerably reduces the caustic ratio
of the liquid phase, and this gives rise to the crystallisation
of aluminium hydroxide. This is confirmed by the presence
of secondary gibbsite, detected during analysis of the de-
posits in thickeners, It is therefore of interest to study the
kinetics of the decomposition of kaolinite in high-silica
iron-containing bauxites. Application of the results from
this investigation will make it possible to recommend ways
of increasing the effectiveness of the leaching and desili-
conising operations in the processing of such raw materials,
The investigation was carried out by an IR spectroscopic
method. An initial material in the form of the kaolinite from
the investigated ore, obtained by washing, and the products
from its treatment with an alkaline-aluminate solution
(260g/1 Na,Ocaustic, @ caustie = 3-3) at 1050C for 2 and
5h was submitted to analysis (fig.1). The spectra were re-
corded on a UR-20 spectrometer. The standard spectra
of sodium hydroaluminosilicates of various types were
used for identification?),
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Fig.1l The IR spectra of the initial
kaolinite (1) and of the
kaolinite treated with the
aluminate solution at 105°C
for 2h. (2) .and S5h (3).

In the spectrum of the product obtained by treatment of
the kaolinite for 2h there were changes in the form and
relative intensity of the bands. For example, the intensity
of the bands of kaolinite at 3702 and 3626cm™ , corres-
ponding to the OH stretching vibrations, decreases by a
factor of 2-3, and the Si-O stretching band of kaolinite at
1110, 1033 and 1010cm ™ merges with the band at 938 and
910cm™*, corresponding-to the H-O-Al bond, and is obser-
ved with two "'shoulders™ at 1110 and 930cm=! (fig. 1, curve
2).

The intensity of the bands of kaolinite at 540cm™ , corres-
ponding to the §i-O-Al vibrations, decreases by almost a
half after its treatment with the solution, and the bands of
kaolinite at 470 and 432em™, corresponding to the Si-O
bond, merge into a single band, not fully resolved, in the
region of 470-440cm ™ ., After treatment the characteristic
bands of kaolinite with low intensity at 800 and 760cm=!,

108

corresponding to the Si-Q-Al(IV) bond, disappeai completely
and the band at 700cm~* (the Si-O bond) decreases in intensity

All the changes described in the spectrum of the kaolinite
can be explained by its partial decomposition and by the
formation of sodium hydroaluminosilicate, since the absorp.
tion bands of the latter lie in approximately the same regions
as the bands of kaolinite. In the spectrum of the product gb.
tained after treatment of the kaolinite with the aluminate
solution for 5h (fig. 1, curve 3) the bands of the initial kao-
linite are not observed, and there is a set of bands charac-
teristic of sodium hydroaluminosilicate of the nosean type
(440, 470, 560, 630, 650, 1000cm~? ),

In the leaching of gibbsite bauxites the sodium hydroalu-
minosilicate is usually of the sodalite type [e.g.2)*)], but in
this case the leaching of the iron-containing sideritised
bauxites leads to the formation of nosean. Here an inter-
esting fact was discovered. The slimes after leaching, de-
siliconising, and thickening contain a considerable amount
of carbon dioxide, although the siderite is completely de-
composed after 15-30 min. It is logical to suppose that the
carbon dioxide is sorbed at active sites on the surfaces of
finely dispersed products, which may be iron hydroxide and »
sodium hydroaluminagsilicates. !

&

F-: o

During the chemisorption of carbon dioxide on such sur-
faces mono and bidentate carbonate complexes are formed. ~
The monodentate complex is characterised by a doublet
band at 1490 and 1420cm=*, which is present in the IR
spectrum of sodium hydroaluminosilicate of the nosean type
(fig.2). The spectra of the iron hydroxides do not change
after the action of carbon dioxide on them. In the present
case the presence of a large amount of carbon dioxide tn
the process leads to the formation of sodium hydroalumino-
silicate of the nosean type, since either CO, or sulphate
ions are required for this purpose.
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Fig.2

The IR spectrum of the mono=
dentate complex formed on
the surface of nosean.
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Thus, reaction of kaolinite with the aluminate solution for
5h leads to the formation of sodium hydroaluminosilicate -
of the nosean type, on which the carbon dioxide is sorbed in*
the form of a monodentate carbonate complex. Treatment of’
the kaolinite for 2h results from investigation of the decom--
position. Analysis of the results from investigation of the
decomposition kinetics of the kaolinite demonstrated the
expediency of investigating the time relationships govern-
ing the leaching of gibbsite bauxites, which contain a
cfzonsiderable amount of kaolinite in the poorly soluble
orm.

The experiments were carried out under conditions sim- _
ilar to those for the decomposition of bauxite in the non-
autoclave Bayer process. The effect of the holding time of
the raw pulp, of the bauxite feaching operation, and of the 4
aluminate solution desiliconising operation on the techno-
logical characteristics of the whole process were studied.
The temgerature conditions for the operations were as
follows “C: holding of raw pulp 80; leaching 105; desili-
conising 98: thickening 95, o

Fig. 3 shows the dependence of the extraction of alumin-
ium oxide on the holding time of the raw pulp. Analysis of
the obtained data shows that the average extraction of aju-
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?:;ina increases with increase in the holding time. The

paximum on the kinetic curve corresponds to 1h.
L
b

Fig.3 The effect of the length of
2 holding of the raw pulp on
the Baysr extraction of
41,03 (1) and 510, (2)
into solution.

Fig.4 The effect of leaching time
on the extraczion of alumina
by the Bayer method. Holding
time of raw pulp h: 1 -
0.25, 2-1,3-2, 4- 3.

The extraction of silica into solution is also characterised
by an extremal relationship; it increases with increase in
the holding time of the raw pulp to 2h and then decreases.
Consequently, after holding for 1h sodium hydroalumino-

. ‘silicate begins to form in the raw pulp, but dissolution of

. the kaolinite and the gibbsite continued to be the predomin-
ating process. Under these conditions the particles of the
sodium hydroaluminosilicate which forms are fine and
poorly crystallised. Such a material does not assist effec-
tive deposition of the red mud. A holding time of 1h for the
raw pulp must therefore be considered optimum to avoid
erystallisation of sodium hydroaluminosilicate,

After holding the raw pulp was leached. The results are
shown in fig, 4. The maximum extraction of aluminium oxide
- s achieved with a holding time of 1h for the raw pulp and a
- Jeaching time of 4¢h. With leaching for 5h there is a sharp
decrease in the extraction of aluminium oxide on account

of the beginning of intensive crystallisation of sodium hydro-

" aluminosilicate. During leaching (105°C, concentrated
alkaline solution) coarse readily deposited crystals of this

. compound are formed. Conditions are created for a high

_=degree of desiliconising of the solutions, and whereas the

: - pulp which has been treated for 2h requires 4-5h for de-

= slliconising in order to obtain a silica ratio of 250 in the

-aluminate solution, after leaching for 5h a higher silica

. 7ratio (~350) is obtained when the diluted pulp is held for 1h,

<A1 Begunov, V N Kul'kov, E L Igumnov
Physical Chemistry)

LRy

™" The state of the heat and mass-exchange processes and the
technical and economic effectiveness of electrolysis are
determined to a significant degree by the hydrodynamics

o the electrolyte, due to the movement of gaseous inclusions.

measurements of the velocities of the electrolyte in

industria) cells, which relate to the zone of free convection
and were described in the literature®=<), do not present in-
formation sufficient for the construction of a quantitative
velocity field. This also holds for the single publications
0n the hydrodynamics of the interelectrode gap, which were
also realised from the results of measurements on indus-

- trial cells®-7), The results from work on physical modelling

After desiliconising the pulp is passed on for thickening.
Experiments showed that the thickening rate is determined
by the size and degree of crystallinity of the sodium hydro-
aluminosilicate particles, The optimum conditions for the
production of a well thickened deposit are obtained with a
silica ratio of 230-300, and this corresponds to the maxi-
mum thickening rate of 0.14m/h.

The experiments showed that the length of the technolog-
ical operations of the non-autoclave Bayer process signi-
ficantly depends largely on the form and amount of the
kaolinite present in the bauxite. The factor which deter-
mines the holding time of the raw pulp, the leaching time
of the bauxite, and the desiliconising time of the aluminate
solution is the decomposition rate of the kaolinite. The
relation between the lengths of these operations must secure
full decomposition of the kaolinite and gibbsite at the leach-
ing stage and prevent the crystallisation of finely dispersed
sodium hydroaluminosilicate under unfavourable tempera-
ture conditions (the raw pulp holding operation).

However, it is not only full decomposition of the kaolinite
and gibbsite at the leaching stage which secures success-
ful realisation of the subsequent operations in the desili-
conising of the aluminate solution and the thickening of the
red mud. An essential condition for this purpose is reali-
sation of the main purification of the aluminate solution
from silica with an alkaline-aluminate solution having a
high concentration and at an elevated temperature (105°C).
This is achieved by increasing the length of the leaching
operation to Sh. This secures a higher degree of desili-
conising of the aluminate spolutions, while the production
of coarse crystals of sodium hydroaluminate intensifies
the thickening of the red mud.

Conclusion

To increase the effectiveness of the decomposition of
high-silica iron-containing gibbsite bauxites containing
the poorly soluble forms of kaolinite it is recommended
that the following sequence of operations should be main-
tained: holding of the raw pulp for 1h, leaching of the
bauxite for+5h, desiliconising of the alkaline-aluminate
solution for 1h.
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(G V Forsblom, A I Kulakov et alia) and in the report®),
reflect the overall pattern of the hydrodynamic circumstan-
ces in the electrolysis cell but also do not make it possible
to construct detailed vector velocity fields on account of
procedural peculiarities,

In our work we used a plastic planar model 30mm thick,
in which the release of the anode gases was simulated by
blowing air through a graphite plate. The model represen-
ted the central cross-section of the electrolysis cell in re-
lation to the electrolyte with an anode width of 800mm. The
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TECHNOLOGY

General Mills’ LIX-64

prompts Bagdad‘.C‘Qpper

and Duval to set up
pilot-plant trials

SUBJ
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g E s o

MIXER-SETTLER. R. C. Bogart of Bag-
dad Copper peers into mixer-settler
tank, in which dilute sulfuric acid ex-
tracts copper from organic solution

PILOT PLANT. This pilot ptant of Bag-
dad Copper’s processes about 80 gal-
lons per minute of teach solution with
copper recovery of better than 979%
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lon exchange recovery of copper promising

Major changes may be in the offing
for one of the standard practices of
the copper industry—recovery of the
metal from dump leach liquors. Sev-
eral companies are taking a close look
at a liquid ion exchange process that
General Mills’ chemical division (Kan-
kakee, IlIl.) has been pushing since
1965. The results so far, these com-
panies say, are encouraging, but some
problems still remain.

Selective reagent. The industry’s
interest stems from the introduction of
General Mills’ LIX-64, a reagent that
is highly selective in taking copper out
of acid solutions, with only slight af-
finity for iron. It wasn’t until last
year, however, that anyone got to the
pilot-plant stage. Now, two compa-
nies, Bagdad Copper and Duval Corp.,
have installations that can process
about 80 gallons per minute of leach
solution. Others are operating small
laboratory units.

To copper producers, dump leach
liquors are much more important than
the term may imply. They obtain the
solutions by spraying dilute sulfuric
acid on piles of tailings and low-grade
ore hundreds of feet high.

The acid may take months to trickle
through a dump, dissolving copper as
it goes and ending in a natural catch
basin. Although the dilute acid may
then contain only 0.7 to 2 grams of
copper per liter, it is a major economic
resource to many producers. Last
year, for example, Bagdad Copper pro-
duced about a third of its total produc-

AR, e

- Saly

tion of 40 million pounds from leag
liquors; Duval got about 10% of i
98 million pounds from that source.
The standard method of processing
leach liquors is to precipitate the cop
per with iron, usually in the form o
detinned cans, sponge, or other scrap
The resulting cement copper, contais.
ing 75 to 85% copper, goes to a sme
ter and then to electrolysis for refin.
ing. The high cost of this conves
tional treatment seems to be the ma
jor driving force in the- work on the
ion exchange process, N
In the process, as it’s operated now,
the acidic leach liquors are fed intoa
series of mixer-settler tanks, while
LIX-64 dissolved in kerosine goes
through in the opposite direction, ex-
changing its hydrogen ions for copper
ions. The loaded organic phase goa
on to the stripper tanks, and the acdd
raffinate goes back to the leach dump
for re-use. 4
Stripper section. The stripper see
tion consists of another series of mixer-
settler tanks, where dilute sulfuric acd
extracts the copper from the organi
solution. The organic phase is recir
culated to the extraction units, and the
acid, now containing the copper, &
sent to a copper recovery system,
Thus, the process is much like many
commercial liquid-liquid extractions.
The only differences are the feed and
the reagent, which must separate cop

. per not only from iron, the major con-

taminant, but also from the multitude
of other ions present in dump leach
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liquors.  According ta all reports,
L1X-64 does this very well.

General Mills has never disclosed
publicly what is in its product. It ini-
tally worked with a mixture of two
compounds, 2-hydroxy-5-dodecylben-
zophenone oxime and 5,8-diethyl-7-hy-
droxy-6-dodecanone oxime. But these
compounds no longer represent the
composition of LIX-64, General Mills
ayS.

; }:I‘he development price for the prod-
. uct is $2.50 per pound, and there is no
indication as yet how much less it
might cost in large quantities. As it
now stands, there is little doubt that
success of the process hinges heavily
" on whether losses or degradation of the
reagent can be kept low enough.

Bagdad Copper’s pilot plant at Bag-
dad, Ariz., uses a leach liquor that con-
tains from 0.7 to 1.0 gram per liter of
copper. The organic phase is kerosine
with 6% of LIX-64. The stripping
acid, which goes in with 200 grams per
liter of sulfuric acid, comes out with
50 grams per liter acid and 90 to 100
grams per liter of copper. .

Early last month, Bagdad completed
a stabilized two-week run at an aver-
age leach liquor feed of 80.1 gallons
per minute for a total of more than
1.6 million gallons. Copper recovery
was better than 97%. Organic solu-
tion losses averaged 0.139 gallon per
1000 gallons of leach solution fed to
the system, which works out to about
1.7 cents per pound of copper. Much
of this loss is due to Bagdads’ heating
the stripping solution to about 50°C.

Acceptable loss. The company
once figured that an organic loss
amounting to 2 cents per pound of
copper would be acceptable. Now,

" according to Bagdad vice president
R. C. Bogart, it believes that losses
must be much less than that. The
reason is that Bagdad estimates that
capital costs of a full-sized plant
might be twice the $300 per gallon
per minute of feed estimated by Gen-
eral Mills and Denver Equipment be-
fore the pilot plants came into being,
A fullsized plant for Bagdad would
have to handle 3300 gallons per min-
ute of leach liquor.

-The whole matter of organic losses
is clouded by the lack of a simple
analytical method for the active com-
ponents of LIX-64. It’s a simple mat-
ter to. determine how much of the or-
ganic solution is disappearing, but far
more important is the fate of the ex-
pensive reagent. How much of that
is lost by entrainment in the raffinate?
Is its copper loading capacity chang-
ing? Do the active compounds de-
grade on long use? Frustrated by
their inability to get answers quickly
during pilot operations and unable
themselves to launch analytical re-

search projects, some companies are .

turning to outside help for a good test.

Duval’s pilot plant, at the company’s
Esperanza mine near Tucson, has a
design capacity of 75 gallons per min-
ute of leach liquor, which contains
about 1.5 grams per liter of copper.
Using 7% LIX in kerosine, the com-
pany is getting 95% extraction of cop-
per. They can do much better than
this, but other problems are a greater
concern at the moment.

Organic loss is less than 0.1 gallon
per 1000 gallons of acid feed, and this
loss may be mostly kerosine. One
method that Duval is using to cut
down on entrainment of reagent is a
kerosine wash of the acid raffinate be-
fore it is sent back to the leach dump.
The company is also having some suc-
cess with ways to separate organic
and aqueous phases more completely,
but it won't say much about these.

Duval seems to be much further
along than Bagdad in solving the loss
problem, but Dr. Roger Nelson, re-
search engineer, is still concerned
about the reagent’s loading capacity.
It usually drops off during use but
sometimes rises unexpectedly, This
behavior may reflect an analytical er-
ror, he says, as there is no'standardized
test to determine loading.

Duval’s pilot plant includes a four-
cell electrolysis installation. The solu-
tion this company uses to strip the
copper from the organic phase is not
dilute sulfuric acid alone, but acid with
about 45 grams per liter of copper.
The stripping solution gets enriched to
50 grams per liter, then goes to the
cells where only 10% of the copper is
plated out, then back to the stripping
section in a closed loop.

If Duval decides on a large extrac-
tion plant, an electrolysis plant will
be part of the setup, and Duval will
enter another part of the copper busi-
ness. Late last month, Duval made
its first shipment of 40 tons of cathod
copper from its pilot plant, -

Bagdad Copper, if it goes ahead,
will use the copper-acid solution from
the extraction plant to make copper
powder by hydrogenation in a plant
built last year as a joint venture with
Chemetals Corp. The company says
that it has six to eight months more
work to do before making a decision
on the LIX plant.

Six months. Duval’s work is bud-
geted for another six months but will

_ probably go on for a good while after

that. A new aspect of its project, now
under way, will take one to two years
to evaluate. The company is building
two ore dumps; each .will hold 1 mil-
lion tons and be as identical to the
other as possible. :

One will be sprayed with acid as
usual, the other with acid raffinate
from the LIX pilot plant. The purpose
is to find out if the small amounts of

NEW OPPORTUNITIES FOR
CHEMICAL INDUSTRIES IN

ST. LOUIS—

If you are a decision-maker
in the chemical business,
this report should be in
your hands.

It contains detailed infor-
mation about existing
chemical and chemical-
related process industries in
the St. Louis area, plus a
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Vitreous carbon

‘Deutero hydrocarbons

orgamcs -entrained in' the ra&inate will

impdir or destroy the dump’s pruduc-

tivity. Ore dumps that contaiit copper.

sulfide, such as Duval’s does,. depend
on. bécteria that oxidize the. sulde so
the copper can be Jeached. If these
bacteria are destroyed
woiild be useless.

Both Duval and Bagdad Copper are
also involved with some of .the more
mundane problems of pilot-plant work,
such as unpeller configurations and
equipment sizing and types: Duvals
Dr. Nelson is not ‘convinced that the

standard. mixer-settler ‘tanks are the

best units for. the LIX process: This
thought is echoed by Phil Allen. ‘of
Metcon Laboratories, a _consulting firm
in Warren; Ariz, One possibility men-
tioned by ‘both' men. is the: centrifugal
separator.

‘Elsewhere in Arizona, Inspiration
Conisolidated Copper (27 7% ownéd
by Anaconda) is operating o 5 gallon-
per-minute pilot plant that produces-a
50 gram-pér-liter solution® frorn a.Jeach

‘liquér containing 1.5 grams - per liter

C&EN PROGRESS REPORT

. of ‘COpPET.

the dump

‘per minute.
two months old, however, and the.

This unit has:been opetat-
ing only since Decamber, says research
difector William  Mitchell, and -the
company doesn’t have enough expefi-

ence yet to determme organic losses..

He expects to operate the pilot unit for

another six to eight months before de-

mchng whether to go to a full-sized
pIant Inspiration; which already has
an electrolysis plant, will use its ex-

tracted copper to make. cathode cop-

per, just as:Duval is doing.

Another Arizona producer is:running
a laboratory pilet.unit at-dbout 80 m],
This project is less than

company has nothmg to report on it.
Kennecott Copper -has béen: study-

ing the LIX process:at its research cen-
‘ter at Salt Lake City but doesn’t have

@ pilot plant. In the view of-H. R.
Spedden research director, reagents
now available have a low Ioadmg fag-
tor and would require large capital ex-

penditures for plants of the size now
‘being built.

A small plant, especmlly
one that doesn't have:a nearhy, low-

CONMMERCIAL CHEMICALS

cost source of scrap iron, would be
logical step, he says. Ceneral Mills i
currently working on develﬂpment of
other copper-extracting reagerits
have higher loading factors than Liy,
64.

Indeed, smaller copper produoea-ﬁ

are much moré fascinated by the pros.

pects of LIX thanare the giants; Fey §

some of them, the opportunity te tury
out hlgher-pnced finished product i,
stead of cement copper is almost ; i
sistible. Work with LIX:64 is alsy
going on overseas and results are e,
couraging; says General Milly’ Josq;:,

" House,
Not even the most aloof Compilmegb ‘
'though are unaware of the work fow |

going on, and all are watchmg the
progress.of the various projects; The
mining industry is not-as secretive s
the chemical industry. Dr. Nelssa
says that'he has-shown many a ap
through Duvals pilot plant.  Even
wire manufacturers are intrigued by

the procéss.and its. potential for recov.

ering copper from scrap,

For further information an these- products, .just check the appigpriate key numbers on the coupon._on.

page 65, and CARAEN's ‘Readérs' Information’ Service will ferward your request to the manufacturer.

MATERIAL

Silicon:tetrachloride

Microsize salt

Polyguanylic acid
(Poly G)

C 65

C 66

C67

c638

c69

COMPANY

Atamerglc Chemetals Co.
Long Island NY.

Chemical Samples Co.
Cotumbus, Ohio

Dow Corning Corp.
Midland, Mich,

Diamond Crystal Salt Co.
St. Clair, Mich.

Miles Laboratories, Inc.
Elkhart Ind.

Available in commercial quantities-unlgss attierwise noted,

FEATURE

Completely amorphous material is nat

wetted by many molten metals; highly
resistant to corrosive compounds; out:
-gasses easily; many applications i
electronics;, metaliurgy,  thick- ard
‘thin-fitm | processrng for mncroc:rcwtry v
laboratory ware

Deuterium-labeled compounds are prac'

tical for research in NMR, IR, mass

spe-t‘:tmmetry.v can replace C-14 com
pounds in kinetics ‘and mechanism |

studies

Semiconductor grade chemical is” avail-‘

-ablé for manufacture of epitaxial silie
con wafers; allows consistent control_

of remstmty at levels above 50 ghm-7t:

cm., N-type; clear, nonflammable, low-;
bculmg

Two grades: of extremely fing salt arﬂ‘

available with anticaking agents; 50%
of partlcles of one grade are 34. § mi
crons ar less; 509 of particles of
other grade .are 3.9 microns or [ess;
solubility rate-five times greater than
riortal granulated salt; applications in
food processing, chemicals, cosmetics

Enzymatically prepared polyrrbonucleﬂ'

tide has molecular weight of about
50,000; dialyzed to remove lower
molecular-weight: fragments; use ©
study mechanism of synthems of pro
tein molecules within living cells
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ABSTRACT . fragmentation and muck distribution, as well as, in-~
: ’ creasingly, of vibration and airblast noise. Much
Commercially produced electric and non-electric has been written about which delay sequences achieve
ms delay initiators, period 0-19 (0-1000 ms), from the | optimum fragmentation; however, most of these tend
four principal U.S. manufacturers were tested to de- to be empirical in nature (2-4). Many patterns pre-
termine mean and standard deviations of firing times sently used follow the delay design criteria devel-
Deviations from nominal firing times given by the oped by Bergmann et al. (5). These criteria, devel-
manufacturer were noted for all manufacturers' initi- oped from tests in large blocks of rock, established
ators. A predictive statistical -model has been de-~ a minimum delay interval between holes of ~1 ms/ft -a
veloped to describe the behavior of these initiators of burden for optimum fragmentation. Although these
in actual practice. Application of this model to the authors attempted to relate the optimum delay time
test data reveals that, at present, the probabilities to some more fundamental mwechanism of fragmentation
of successful-shots (no sequencing errors and separa- such as radial borehole crack development, in gener=-
tion of adjacent periods by S ms or more) are low. al, optimumdelay times obtained empirically tend to
Observations of production blasting operations in be longer than expected if reasonable-crack propaga-
several aggregates quarries, using high-speed cinema- tion velocities are used (cf. ref. 6).
tography, confirm the results of the test and the
statistical mcdel in field practice, and relation- Most current approaches to blasting design dis-
ships between deviations from nominal firing time and cuss initiation in terms of its effect on "active
problems with relief, fragmentation, flyrock, and burden” or the development of new, internal free
backbreak were established. 1In addition, data from faces to which successive boreholes break (cf. refs.
the high-speed films suggest that currently used tim- 2, 4). All such approaches rely heavily on the as-
ing guidelines for designing properly relieved shots sumption that currently available ms delay initia-
(1L ms/ft of burden) are too short, and that delay tors fire reasonably close to their nominal firing
times up to 3.5 ms/ft are needed. The low proba- times (in fact, most patterns are presented in terms

bilities of success predicted by the model potential- of the nominal firing times).

ly affect vibration and airblast control.
Blasting patterns for vibration reduction are

INTRODUCTION ’ ’ generally designed to follow Bureau of Mines guide-
: lines based on the relationship between peak par-
From the time fuse-type delay blasting caps were ticle velocity and the damage threshold of struc-
introduced by Smith in-1895 (1), explosives users tures (7). In the study which led to the guide~
have realized that bectter fragmentation could be at- lines, peak particle velocities were found to de-
tained by using delay initiation instead of instan- crease with reduction in charge weight per delay,
taneous shotfiring. The introduction of vented delay providing the delay was at least 9 milliseconds.
initiators in the 1920's, ventless delay iniciators From these relationships, a scaled distance function
in the 1930's, and concurrent developments in non- was developed which 1is now used to design blasts to
electric delay initiators and relay connectors im- meet peak particle velocity requirements.
proved the operation of the earlier fuse-type initia-
tors substantially. Short delay (millisecond) initi- Blasting operations produce complaints when
ators were intrecduced in 1946, and the design of de~ peak particle velocities are far below the damage
lay initiators used today varies little from those range, This problem 1is perhaps one of the most ser-
introduced more than 30 years ago (1). ious in the crushed stone industry, where producers
must be close to their markets (population centers)
Millisecond delay initiators provide control of if their prices are to be competitive. Aside from

the sensitivity of humans to detect small vibrations,
References and illustrations at end of pzper. part of the reason for complaints at low peak par-
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ticle velocities lies in the frequencies of the vi-
brations produced (8, 9). Open pit mining operations
generate vibrations with frequencies as low as 10 Hz,
and these low-frequency vibrations lie within the
resonant frequencies of residential structures. The
relationship between frequency and blast paramecers
(tining, burden, spacing, explosive type and load,
etc.) 1s far less well understood than the relation-
ship between charge weight and peak particle velo-
city. It is highly likely, however, thac the fre-
quency of ground vibration is strongly dependent on
the timing of a production blast, as is the total ~
charge weight per delay.

Because of the importance of delay initiacion,
design, and timing to bocth production parameters
(fragmentation, muck handling, flyrock production,
and backbreak) and environmental concerns (vibration
and airblast), we have undertaken a joint program
with the University of Maryland Mechanical Engineer-
ing Department, to study delay blasting. This study
is sponsored by the National Science Foundation.
Earlier work, sponsored by Martin Marietta Aggre-
gates, in which high-speed cinematography was used to
monitor production blasting operations, indicated
considerable variation in the timing of borehole de-
tonations in standard production blasting operations.
Because of the complexity of the system, unambiguous
incerpretation of these irregularities was not pos-
sible. To separate variables, and because of the
potential importance of timing in the production
blasting operation, a test was set up to determine
the firing times of currently available ms delay in-
itiators manufactured in the United States. The re-
sults of this study and corroborating field evidence
are presented in this paper.

EXPERIMENTAL METHODS

1. Field Methods

During the past three years, we have developed a
method for high-speed cinematographic analysis of
open pit production blasting operations (10). This
development follows the original high-speed cinemato~
graphic work by the Bureau of Mines (11, 12) and
others (13-16), but extends it to allow derivation of
timing, in situ fragmentation, vent and flyrock velo-
cities, and burden motion. The previous researchers
generally used only one camera, and observed only the
face in an open pit blasting operation. Their data
were principally related to burden motion, although
Frantt{ (15) observed and remarked on the firing
times of non-electric relay connectors used in his
experimental work.

In contrast, we use four high-speed cameras, and
carefully choose both location and framing rate to
maximize the return of information from our observa-
tions. Camera location and framing rate are criti-
cal. Cameras located on the front of a bench cannot
provide reliable data on firing times of individual
boreholes other than those on the first row, and then
only if the sun {s at a high angle to the bench. How-
ever, the front cameras are needed to derive in situ
fragmentation of the face and the effect of struc-
ture on fragmentation., The answer to this problem is
to use an array of cameras, all linked to a common
starting pulse, to observe the blast.

Framing rate is important because, at the higher
framing rates needed for optimum timing of events and

derivation of rock velocities, the spatial reso-
lution may be insufficient to determine the initial
location of an event; for this, low framing rate
cameras are needed. The higher framing rate camer-
as used, either a Wollensak WF-4 Fastax or a Red-
lakes Hycam, were run at a framing rate between 2000
and 4000 frames/s depending on the lighting con-
ditions, lens used, and camera type. The Fastax is
preferred, as the optics allow higher framing rates
to be used under low-light conditions. The other
camera used 1is either a Redlakes Milliken or a Lo~
cam, with maximum framing rates of 500/s. One set
of cameras (one Fastax and one Milliken) is located.
behind the last row of holes to give data on initia-
tion times, stemming vent velocities, and flyrock
velocities. The other set is located in front of
the bench, usually at some angle to the face. This
set may be split so that the Fastax camera is lo-
cated with its optic axis parallel to the face, with
the Locam or Milliken at a higher angle to the face.
These cameras give data on burden motion, in situ
face fragmentation, front row flyrock, and front row
timing. Stemming vent velocitles can also be deter-
mined from these cameras if they are located higher
than the bench. Film types used are Xodak EF, with
a daylight ASA of 160, and, more recently, Kodak
VNF, with a tungsten ASA of 400 and daylight ASA of
320 using a filcer.

All camera positions are surveyed in relation
to positions on the bench to be blasted, and bench
locations are marked by ~3-ft piles of rock, sprayed

. with high visibility paint so that they can be seen

cn the high-speed films. 1In addition, each hole is
marked with high visibility paint. These markers
provide scale and, along with known camera locatioas,
distances to the bench, and horizontal and vertical
angles, can be used to make quantitative measure-
ments of moving objects by triangulation or by loca-
tion of the event in a plane surface normal to the
axis of the lens.

2. Determination of Initiator Firing Times

The test of initiator firing times was designed
to approximate, as closely as possible, their use in
field practice (17). To arrive at a statistically
valid data base, 30 initiators of each delay peri-
od 0-19 from Atlas, DuPont, and Hercules ms delay
electric series, and of each delay period 1-14 of the
Ensign/Bickford Primadet non-electric ms delay ser-
les were tested. The initiators tested were pur~
chased from distributors in the Southeasterm U.S.,
and box numbers and dates of manufacture recorded.
The test apparatus consisted of a 1/4 in. chick
steel plate to which were welded 60 3/4 in. 1D
pipes, each about 2 in. long in six rows of 10 pipes
each. The pipes were 10 in. apart. The initiators
were placed in the pipes to protect them from
schrapnel generated by earlier—detonating initia~
tors. A 1/4 in. hole was drilled through the plate
at each pipe location, so that the flash caused by
detonation of the initiator could be recorded by the
high-speed camera. Electric caps were rigged in one
or two series (depending on resistance) and initi-
ated by means of an REO BM 125 sequential blasting
machine using either the first set of terminals or
the first and second set, depending on the number of
series used in the test. Zero time was obtained us-
ing a flashbulb rigged to a separate circuit, and
both the blasting machine and the flashbulb were
triggered by closure from a single Redlakes Hycam
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used to monitor the test.

Non-electric initiators were rigged somewhat dif-
ferently, but again as close to field use as pos-
sible. Three 10-ft strands of primacord were used to
initlate the primaline leg lines of the primadet
caps. All three trunklines were initiated inscancan-
eously by a common primacord line passed through one
of the pipes to provide zero time. All leg ‘lines
were measured, as was their position on the prima-
cord, so that initiator firing times could be cor-
rected for the primacord and primaline dectonatiom ~
times. Temperatures for each test were recorded.

The framing rate used for the high-speed camera was
2000/s,

Errors in determination of firing times stem
from three areas in the test as initially designed.
The resolution, based on a framing rate of 2000/s
is 0.5 ms’and 1s the smallest contributor to over-
all error. The principal errors were with deter-
mination of zero time for electric caps. The REO
BM 125 uses a free-running oscillator to achieve
timing between each of its 10 circuits. When the
signal to fire is given, the machine will wait until
the end of a cycle to initiace the firing sequence.
As a 10 ms interval was used, an error of up to 9 ms
is possible in zero time. Another, smaller source
of error lies in the cycle time of the flashbulb,
which can be as much as 5 ms. It should be noted
that the zero time error does not affect the inter-
val between caps in a circuit. To minimize the
zero time error, all caps were normalized to the
firing time of the instant cap in the series. This
decreases the zero time error to about *1.5 ms for
Atlas and DuPont caps and *4 ms for Hercules caps.

RESULTS
1. Initiator Firing Times

Firing times using forced data for all manufac-
turers are listed in Table 1; unforced data are con-
tained in (17). These data show that each manufac-
turer experiences deviations of the mean firing time
obtained in-this test from the nominal firing time
of that particular delay period. Furthermore, the
1o standard deviation increases sharply as the delay
time increases. These two factors affect the suc-
cess of a blasting operation by increasing the
chances of overlap between adjacent period initia-
tors, a situvation that will manifest itself either
as crowding (adjacent caps firing at shorter than
desired intervals) or outright sequencing error
where a lower and higher period initiator fire in
the reverse order, As will be discussed further on
in this paper and as discussed in earlier work (10),
such problems have considerable effect on production
blasting operations. The probability of an occur-
rence such as those described above can be evaluated
statistically using the data generared by the test.

From the above discussion, it is clear that the
time at which any cap will explode is not exactly a
predetermined quantity, but acts as if it were a
random (stochastic) variable. Therefore, even if we
excluded the experimpental inaccuracies in determin-
ing the firing times, we would still not have a de-
terministic system. Therefore we must discuss the
probability of a sequencing error or crowding prob-

lem rather than state that one will occur.

3

This immediately implies that not only must the nom-
inal (or mean) firing times be known, but the proba-
bility distribuction of the firing time for each cap
as well. Even the determinants of some statistical
properties of the distribution (for example, the se-
cond moment, or "standard deviation') are really not
sufficient to evaluate the probability discribution.
Furthermore, the distriburion of firing times of a
cap at both extremes (very large and very small fir-
ing times) must also be known, which makes the de-
termination of the firing time distribution even
more difficult than 1f it only had to be known in

' the region of the most frequent firing times.

To' evaluate the probability of success, one
must specify the criteria for "success" in a con-
crete, unambiguous manner. Clearly, this specifica-
tion may depend only upon a description of the se-
quence of events (such as when which cap fired) and
must be explicit in detailing the necessary and suf-
ficient conditions for "success." For instaace, all
period 1 must fire before period 2, and all period 2
before period 3, etc.

To calculate the probabilities of not encoun-
tering a sequencing error (i.e., the probability of
success), two general approaches can be used. These

.are:

(1) We can (on a computer) simulate the firing
times- for all the caps by suitably random-
izing the firing times (Monte Carlo ap-
proach). For each set of firing times
thus computed, we use the appropriate cri-
terion to tell whether or not '"success"
was achieved.

(2) We can analytically solve for the proba-
bilicies of success. Even though the re-
sulting formulas may be difficult to eval-
uate, they can, in principle, be written
and, with the aid of computers, numerical-
ly evaluated.

The first method (Monte Carlo) is the preferred
approach if the criteria for success are involved,
or if the probability distributions for the firing
times for each cap are sufficiently complex (incor-
porating, for example, the firing times of other
caps in hybrid non-electric systems). The second
approach, which is preferred since it is much simp-
ler to gain insight into the dominating features, is
the one which was used for this evaluatijon.

Let us assume the following:

(1) The configuration consists of N sets of
caps (where each set { = 1 ... N). Each.
set consists of some number of blasting
caps (Ry = 1, 2, ... ). There is a common
initifation time for all caps.

(2) The necessary and sufficient criteria for
success are that for all sets { = 2, ... N,
the earliest cap of set 1 goes off no

" earlier than 14y(tg 2 0) after the last cap
of set 1i-1 has gone off; and that all caps
go off. '

(3) In each set, the probability that a given
cap explodes before time t 1is given by
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(i.e., P{(c) 1is the probability density of
the firing times for a given cap in set %,
and the cumulative distribution is contin-
uous), and all caps in the same set have
the same probability density. Note that
this assumption excludes the possibility
that a mistake was made in the selection
of one of the caps.

(4) The probability of any cap going off in a
time interval is independent of when other
caps have fired or will fire (i.e., the
caps are statistically independent).

The first assumption describes the configuration.
The second represents the criteria of success; the
third is basically the definition of the probability
densities, and the statement that in each set the
caps are (statistically) the same. The fourth states
that the knowledge of the firing times of other caps
has no bearing on the exact time when another cap
will fire or has fired.

The first problem is to determine a mathemati-
cal expression for the probability of success. Let
P}(T) be the probability density that success has
been obtained for all sets up to i, and that the
last cap (of the set i) goes off at time t ({i.e.,
the probability of success up to and including set N
is -

) ’ JPﬁ(t)dt. (2)

The event as defined above can occur only in the
following manner for 1 > 1: the elements of the ith
set go off between time { + Ty and t (with the last
cap of the i set going off at time t), and success
has been achieved for ser i-1 with the last cap of
set 1-1 going off at time 4. The time f can be any
time up to t - Ty.

The probability that all of the Ky items go off
between time t; and ty (cl < tz) 1is given by

t K '
IR )
t L

1

Therefore, the prob;bility density that all go off
between t] and ty, and that the last one goes off at

t2, is
‘2 x1-1
KiPi(tz) : Pi(¢)d¢ . (%)
1

Therefore, we have to evaluate the following func-
tions

Ki l
PH(E) = K,P (¢ f P (0)dof T P (D)dg
Lty

1=2,3...N

(s)

where
re K1-1
PH(c) = KyP, (2) f_:l(é)w .

Success, for all N sets, is given by

40
Zy -[ P§(t)dt. (6)

-tD

The above equations can be numerically evaluated.
For the particular case where there is only one cap
in set 1

t-TiP
HORRAOY B - IO

{=2 ,,.N
with

PI(:) = Pl(t).

The probability that we will have success for the
set i1, given that we have been successful up to and
including the set i-1, 1s given by

+o
‘/‘_:I(c)d:

B Sl

PI—l(:)d:

and the a posteriori probability density for the
last cap of set i is given by PI(:)/Zi.

Equation 6 can be analytically evaluated for
only a few situations., Such a set case is described
below.

Assume that T, = Ty o0 N = 0, and that P (t) =
Py(t) ... = Py(t). Let p f P, (e)de (i.e., the

probability that any cap will fire at some time).
Then, from eqs. 5 and 6, we can show that

1l

17w 8 .. K]

This result can also be obtained by other means. We
also have

K 1K,! ... K,!
1'% 1)!(p)(x1 +Ky .. +K o

(K, + ...K)
1>*(:)-z*~xK'l 2

* (R +K ... Ki)Pl(t)
9)

where

X s [ _p(o)ds.

For this simple case, we can readily calculate
the probabfility of success (Zj), for various Ki's.
In this case, where all the probability distribu-
tions are the same, the rapidity with which the
probability of success goes to zero as the number of
caps 1s increased is evident. Furchermore, this
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simple ekxample illustrates that the event "the earli-
est 1 occurs after the last i-1," and the event "the
earliest 1+l occurs afcer cthe lasc i” are not sta-
tistically independent.

The last comment applies also to the general
case (eq. 5), as can be reasoned from the following:
if success up to the ith set is confirmed, then {t
1s likely that no items of the ifh set went off very
early. This condition implies that the probability
of the last cap going off late (among the caps in
set 1) has been enhanced. Consequently, there is”a
slightly lower chance of success for the i+l set.

It 1s suspected, however, that if Ry » 1, then
there is only a small error introduced by assuming
statistical independence between adjacent sets in-
stead of performing the (correct) calculations using
eq. 5. In practice, it is only such cases in which
we are really interested. 1If the calculations show
the probability of success to be low, then the ques-
tion as to exactly how low is academic.

This discussion of the lack of statistical in-
dependence of the probability of success between
sets of caps is important since eq. 5 is occasional-
ly difficulc to evaluate numerically.* Consequently,
we have devised a slightly simplified method of eval-
uvating the probability of success. That method {s
to evaluate the probability of success for sets 1
and 2, then only for sets 2 and 3, then only for
sets 3 and 4, etc. The total probability of success
is then the product of these results. This method
implicitly assumes that the (pair-wise) results are
statistically independent of each other. As the
above discussion indicates, this is reasonably cor-
. rect only for the interesting cases with fairly high
chances of success.

For the case of two sets, one can show that

28 tPl(t)[ﬁ,Pl(¢)d¢]Kl.~l[ ﬁ+TZP2(¢)d¢]K2dt

B “zf Pz(‘)[ f :12P1(¢)d¢]x1[ f: P2(¢)d¢]x2-ldt

(10)

wvhich, for 2 sets, is a more conveanient form than
eqs. 5 and 6. Except for the case T3 = 0 and P} =
Py, the value of this expression may depend upon the
functional form of P, and P,.

Let us now assume the Py(t)'s have a Gaussian
distribution with mean values tj and standard devia-
tions Oy, This assumption is reasonable when one ex-
amines the firing times. We then have

*The assumption that the cap firing times are sta-
tistically independent still holds.

’ t+T,-C
t [l-erf<———3——2>}xzdt
%

11)
" where
t
2
erf(c) = L exp[—%]dd’_
2n
-0
%
Therefore, Z; is a function of K, K2, oo and
€y=Ty-ty 1
———GI——- . For the case where K1 = Kz =1, we.have
t,~t,-T
Z, = erf 21 2 . (12)
2 ag 2+0 2
1 72

Equation 5 was evaluated for some assumed forms of
P}y ... Py, and the results were compared to those
determined by successive application of eq. 10. We
assumed (for the Gaussian distribution) that ty = i*
constant (l.e., coanstant difference), T4 = 0, and

0y = v-ty, where v is a small constant. We also as-
sumed K} = K3 ... = 1. Except for numerical inac-
curacies (for Zy = 1), the simplified (pair-wise)
calculations slightly overpredicted the probability
of success. For reasonable probabilities of success
(i.e., not low), there are only minor differences
between the two methods of computation. We there-
fore believe that the much simpler pair-wise method
of calculation is appropriate for the evaluations.*
Calculated values of Z,, for several values of

0’2 tz-Tz-t ’
EI, ———?aj——— , and K; and K2& are presented in Fig.
1. For very large values of g
1
¢ lim 2, (%)Kz 13
[o P -]
2
9
%
while, for small values of oo
1 .
t,-T,~t
z, + [erf(—————z 2 1)]K1 (14)
[¢]
1 .
%
1f Al 1, then
1
t,,-T,-t t,~-T,~t
2 21 2 271
gt T« g g, 1, E)
1 1
(15)
*Note: Comparisons were also made with the Monte

Carlo simulacions.
sonable limits.

The results agreed within rea-
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In fact,
0, t,~T,~t g, t,-T,-t; .
2 2 21 1 "2 2 71
Ll % EI' A L% & a,’ o, :

It is clear from the above equations that the
t,=€1-T,

eritical parameter is —5 (i.e., the non-dimen-
sionalized difference in the mean time minus the
minimum delay). If this difference is small (or _
less than zero), the chances of success -- for any
pair — are rather dim, and this dimness gets worse
as the number of caps in each set is increased. For
a reasonable number of caps and sets, we should like
to have )

for each adjacent pair.

The approach developed above can be applied to
various general configurations of delays in produc-
tion shots and to the calculation of probabilities
of success for them. As an example, Table 2 shows
calculated probabilities of success for a shot of 24
holes, using 3 caps of each period 1-8 (25-200
ms). This type of shot, typical of some aggregates
quarries in the southeast, uses 3 rows of holes, 8
holes per row, shot on a 35-40 ft granite bench, in-
itiated in a V or offset V (opening from near one
end) pattern (see Table 3, Atlas shot). The calcu-~
lated probabilities of success range from 5% to 70%
(no reversals) and 0.27% to 19% (adjacent periods
separated by -at least 8 ms).

2. Results of Production Tests

Using the high-speed cinematographic technique

described earlier, we monitored 37 production blasts

in several aggregates quarries, using several dif-
ferent patterns and delay sequences on benches of
differing heights and rock types. Analysis of these
films provided data on timing of borehole detona-
tions in the field, flyrock velocities, burden mo-
tion, and in situ fragmentation of the face.

The previous sections of this paper have dis-
cussed the statistical treatment of test data for
commercial initiacors, and developed a predictive
statistical model with which analysis of potential
problems arising from shot design using these ini-
tiators can be made. Table 3 gives mean and stan-
dard deviations of firing times for initiators from
three manufacturers, obtained by analysis of high-
speed films of production blasts. The error in de-
termination of the firing time of a given initiator
in field use was somewhat higher than that for the
board tests because the detonation of the explosive
column and the number of frames needed to establish
visually the discturbance caused by the detonation
varied with conditions of exposure (10). This error
wvas generally 12 ms depending on bench heignt.

Examination of Table 3 indicates generally good
agreement with the results of the board tests even
though the initiacors used in the field were from
different batches, different suppliers, and had dif-

‘the shot.

ferent production dates than those used in the board
tests. Given this agreement, two conclusions can be
made: first, the sample size used for the test is
reasonably representative of the population of ini-
tiators used, at least in the southeastern and anid-
vestern United States. Second, the irregularities
in firing times observed in all of our production
shots can be attributed to deviations in initiator
firing times, as opposed to other factors such as
shock damage from the detonation of adjacent bore-
holes, primer location, variation in column detona-
tion velocity, ectc.

Firing time variations can be correlated with ’
blast parameters that affect production. Fig. 2 re-
presents firing times and vent or flyrock velocities
derived from a production blast in Kansas. This
shot used a sequential blasting machine (REO SBM 125)
and period 3-8 ms delay EB caps to achieve a flat V
pattern. Hole diameter was 4.5 in., bench height
was 20 ft, and 56 in. of crushed stone was used for
stemming. The nominal firing times are the middle
values, while uppermost values are the actual times
determined from the cameras. Flyrock or vent velo-
cities are recorded as the lowermost values.

As designed, this shot had a between-hole re-
lief of 1.9 ms/ft of burden, and a relief on the
echelon of 5 ms/ft of burden. The echelon relief is
a formalism, where the holes between rows firing 8
ms apart are joined, and the next hole fires into
this echelon. The burden as measured in the test
would be 5 fr, the timing, 25 ms, for a relief of 5
ws/ft (see Fig. 2). The actual relief 1is a-function
of the actual firing time of the initiators used in
In this shot, the hole-to-hole side (ad-
jacent holes) relief varied from -1.4 ms/ft to 4.02
ms/ft (negative numbers reflect out-of-sequence fir-
ing), and the on-echelon relief varied from 0.83
ms/ft to 10.65 ms/ft. It is obvious from Fig. 2
that the development of this shot proceeded quite
differently from the way in which it was intended.
To determine whether the amount of relief in any way
correlates with vent or flyrock velocity, the re-
lief, as defined above, was plotted against vent or
flyrock velocities measured for this shot (Figs. 3
and 4). It is clear that both show a correlation,
suggesting that increasing relief in this configura-
tion will decrease the vent or flyrock velocity. In
addition, carrying the correlation back to the zero
flyrock intercept gives a relief of 3.4 ms/ft mea-
sured against adjacent holes and 8.7 ms/ft measured
on the echelon. These extrapolations imply that,
with this pattern, this bench, and the amount of
stemming used, more relief is needed to attain zero
flyrock or vent velocities perpendicular to the top
oi the face. These numbers are substantially higher
than those derived by Bergmann et al. (5).

Analysis of high-speed films to date has al-
lowed us to correlate between timing problems, such
as sequencing errors or crowding, and production of
oversize blocks, backbreak, and tight nuck. It now
appears that correlation can also be made with re-
lief, which is essentially controlled by the timing
and the drilled spacing and burden. Since, at pre-
sent, timing can be more readily varied in the
blasting pattern (because drilled pattern is essen-
tially fixed within certain limits by drill size or
bench height), work should be concentrated in this
area. The problem is not simple, however, because
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timing 1s not the only variable. Similar patterns
to the one discussed above, when fired on low (6-8
ft) benches, produce poor correlations between re-
lief and vent or flyrock velocity. This is at least
partly due to the geometry of the shot: short ex-
plosive columns, at similar spacings and burdens
used on higher benches, produce conditions that pro-
mote cratering. In these situvations, vent and fly-
rock velocities are very high (up to 1400 ft/sec),
and virtually all holes vent. The timing correla-
tions can be expected to hold only where borehole
diameter and drilled spacing and burden are matched
to the bench height to be blasted. At present, the
data are insufficient to establish all parameters
quantitatively.

CONCLUSIONS

Tests of currently available ms delay blasting
caps, both electric and non-electric, indicate con-
siderable deviation from the nominal firing times
" given by the manufacturer and an increase in scat-
ter around the mean firing time with increase in de-
lay period. These results have been confirmed by
observations of actual production blasting opera-~
tions with high-speed motion picture cameras. Sta-
tistical treatment of the data derived from the
tests suggests minimum separations necessary to in-
sure success (Fig. 1), and indicate that a high
probability of sequencing and crowding errors exists
with presently available initiacors.

Sequencing and crowding errors are important
because they affect the relief in a shot as it de-
velops. Insufficient relief correlates with high
vent or flyrock velocities, as well as with produc-
tion of oversize, backbreak, and tight muck, all
of which are detrimental to production or vibration
control. From relationships between peak particle
velocity vs pounds explosive/delay developed by the
Bureau of Mines (7), crowding can be expected to ad-
versely affect particle velocities generated by pro-
duction blasting, and to increase the difficulty in
meeting federal or state regulations. It is also
clear that, even if these problems are corrected,
not enough is known abouc the manner through which
delay initiation works to improve fragmentation to
design optimum delay patterns. For this reason,
further work on delay initiation in production
blasting must be done.
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TABLE 1
FIRING TIMES OF MS DELAY BLASTING CAPS*

DuPont 0=5 ms " Hercules 0=12 ms Atlas 0=1 ms Ensign/Bickford Primadets

Period  Ratéd T(ms) X(21) 1o  Rated T X(21) Io Rated T X(30) 1o Rated T X(31) 1o
0 5 5 M 12 12 NA 1 1 NA --- s e
1 25 27.9 4.4 25 28.6 4.0 8 5.7 1.4 25 38.8 1.8
2 50 51.1 6.2 50 50.8 5.9 25 25.3 4.4 50 59.5 9.4
3 75 86.2 4.2 75 62.7 4.9 50 48.6 5.3 75 81.9 1.4
4 100 111.7 5.6 100 98.5 7.1 75 73.0 11.8 100 110.3 3.2
5 125 . 140.4 . 7.8 130 138.7 4.5 100 100.1 5.1 125  135.8 2.9
6 150 173.4 6.0 170 178.5 9.4 125  135.8 6.2 150  168.5 5.7
7 175 185.1 5.9 205  202.5 6.1 150  154.5 5.7 175 168.9 7.8
8 200 183.4 9.6 240 253.9 19.6 175 186.3 7.5 200 234.3 5.8
9 250 279.2 9.6 280 326.9 22.3 200  217.4 7.5 250 255.1 3.9

10 300 307.0 11.7 320 324.3 18.0 250 272.0 12.5 300  486.5 23.8
11 350 362.4 34.4 360  382.9 55.9 300  318.5 12.5 350 356.0 4.7
12 400 428.1 19.8 400  401.5 34.2 350 382.1 20.1 400  403.5 6.4
13. 450 440.8 18.9 450  496.8 21.2 400  441.6 17.1 450  466.7 12.1
14 500 523.7 24.0 500  506.9 25.5 450  452.1 17.9 500  506.6 7.6
15 600 649.0 51.8 550  697.8 50.1 500  556.4 22.3
16 700 735.3 46.3 600  797.8 48.0 550 . 569.7 17.9
17 800 913.0 56.1 700 1144.6 73.6 650  708.5 29.5
18 900 992.3 65.1 900  1050.8 101.4 750  813.2 36.2
19 1000 1166.0  60.7 1200 1366.1 112.1° 875  911.1 36.6

*This table presents normalized data for electric caps. See text for details.



TABLE 2

PROBABILITY OF SUCCESS FOR MULTIPLE CAPS
PERICDS 1-8, 3 CAPS EACH

No Sequencing Error 8 ms Separation
Atlas Forced to 0 = 1 ms .70 .19
DuPont Forced to 0 = S ms _ .02 .0002
Hercules Forced to 0 = 12 ms .60 .09

Ensign/Bickford Primadets .06 .003



TABLE 3
FIRING TIMES OF MS DELAY CAPS IN PRODUCTION BLASTING*

DuPont Shot 1 DuPont Shot 2 Atlas Ensign/Bickford

Period N Rated Tms) X 1lo N Rated T X 1o N Rated T X 1o N Rated T X 1o

0 10 5 2.2 1.9 13 17 16.9 0.6

1 .9 25 21.8 5.9 2 8 13.0 4.2

2 7 50 54.1 2.7 | - 4 25 31.0 10.1

3 12 75 74.5 3.8 5 75 79.6 5.6 4 50 56.5 11.0 75 78.3 11.5

4 14 100 ~  92.4 5.5 8 100 °109.5 10.7 4 75  81.0 2.6 100  83.5 15.4

5 13 - 125 138.9 5.8 7 125  144.9 8.2 5 100 - 97.6 19.8 |

6 6 150 177.6 7.7 6 . 150 178.3 12.5 4 125  123.0 36.8

7 10 175 187.9 7.6 6 175 188.9 23.4 2 150 160.0 5.7

8 13 200 216.5 8.0 6 200 197.0 26.1 2 175  180.0 11.3

*All electric cap firing times are from shots using bottom hole initiation; thus, temperatures should be comparable.
Caps are set in cast primers for the DuPont and Ensign/Bickford shots, in dynamite for the Atlas shot.
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Figure 1. Probability of success, calculated using equation 10 versus
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Figure 2. T-26 blasting pattern showing nominal and actual firing times and stemming vent -or flyrock vel-
ocities. The method of calculating the echelon relief is shown in the upper right portion of
the figure.
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% Investigation of the hydrolytic deposition of iron in the form of jarosites from sulphate solutions

Cou Noy-

L S Getskin, E V Margulis, L I Beisekeeva and A S Yaroslavtsev (All-Union Scientific-Research Institute of

Non-ferrous Metals and North-Caucasian Mining-Metallurgical Institute).

Hydrolytic purification of solutions from iron is widely used
in chemical technology and hydrometaluurgy and, in
particular, in the hydrometallurgy of zinc. A disadvantage
of the process is the poor settling and filtering
characteristics of the obtained precipitates ).

Ryazanov ?) noticed that a readily settling precipitate of a
compound analogous with the natural mineral jarosite is
formed during the hydrolysis of iron in the presence of K*
ion . This served as the basis for the development simultan-

cously in Norway °) and Australia *) of the "jarosite process",

which is most promising for the leaching of high-iron zinc
raw material {e.g., zinc cakes). Even from iron-rich
solutions (during high-temperature sulphuric acid leaching
of zinc cakes the iron content of the solution amounts to 40%
and its increase during jarosite precipitation of iron from
the solution is of interest) it is possible to obtain readily
settling precipitates of jarosite and an acidic solution

(pH < 1.0) with a low Fe*** content, which is treated by
standard methods separately or in the cycle of the neutral
leaching of zinc calcines.

It is known °) that jarosites R*Fe, (OH)s (SQ, )2 can contain
the ions of various monovalent elements and groups R* = Na*,
K*, Ag*, H;0*% and NH,*. Data on reduction of the time for
the formation of hydrolytic deposits of iron in the Feg (SQ, ), -
ZnS0, -Zn0-H, 0 system with additions of K*, Na*, Rb*, and
NH, * are contained in the literature ®), However, these
data are insufficient for optimum realisation of the "jarosite
process''.

In the present work we studied the hydrolytic precipitation
of iron in the Fez{SQ, ); -ZnSQ, -Zn0O-H; O system with and
without the presence of K*, Na*, and NH, * ions under various
concentration conditions and also the effect of additions. of the
crystalline hydrolysis products as seeds. Reagents of
analytical and chemically pure grades were used. The method
used for the investigation was as follows. A solution of ferric
sulphate or a mixture of ferric sulphate and zinc sulphate in
a closed Mask was placed in a water thermostat at 90 0, 5°C.
The stopper of the flask contained a mechanical stirrer and
a tube for the delivery of an aqueous suspension of zinc oxide
with and without various additions and also for the removal
of samples at specific intervals of time.

The volume of the suspension and its ZnO content were
calculated for a total volume of 1 litre, for initial iron
concentrations of 66, 50, or 12 g/l, and for the required
molar ratio m = ZnO/Fe; (SQ, ); (where m is the specific
consumption of the neutraliser in moles per mole of
Fea(SQ,);). The solution was separated from the samples
of pulp by filtration, the Fe*** concentration was determined
by complexometric titration (EDTA), and the pH value was
measured (with an accuracy of T 0. 05 at room temperature).
The K*, Na* and NH,* jons were added in the form of
sulphates. The results are presented graphically in figs. 1-5.

The addition of zinc oxide to a solution of ferric sulphate
leads to a sharp rise in the pH value of the solution (fig. 1b)
as a result of neutralisation of the acid:

2H,0* + ZnO = Zn** + 3H,O

This displaces the system from hydrolysis equilibrium and
thereby accelerates the hydrolysis reaction. The dissolution
of zinc oxide by reaction(l) is complete on the attainment of
the maximum pH. The pH then gradually decreases as a
result of slowly occurring hydrolysis ( hydrolysis of Fe®*
can lead to the formation of various hydroxo complexes (7))
by the reaction:

232

Fe(H,0),' + 2H; O2FeOH(H, O).* + H, O*

Additions of monovalent cations stimulate the crystallisation
stage of the formation of a precipitate (fig. 1a, curves 2 ang
3), i.e., the removal of the hydroxo complexes of iron from
the solution, and this accelerates the hydrolysis reaction
(the more rapid decrease of the pH, curves 2 and 3 in fig, 15%
This shows that crystallisation is the controlling stage of the
process under the investigated conditions.

Fig.l Effect of additions of alkaii-metal Zons on the hydro-
lytic precipitation of iron from a concentrated sulpiate
(CPe = 50 g/1) 5 m = 2n0/Fe,(50,), = 1.0 at 20°C on
the iron concentration (a) and the pH value (b} of the

solution. 1 - without additions, 2 - with additiors of
Ya SO.; 3 - witgh additions of K;80,; Cz2p = O 1',?',1' -
the same for Cz. - 100D I; addition in stoichiometric

amounts for the Zormation of iarosite.

Comparison of curves 1, 2, 3 and 1', 2°, and 3'in figs. 13,
b shows that the presence of even considerable inital amounts
of ZnSQ, in the solution has little effect on the formation of
the hydrolytic precipitates of iron; the degree of precipitation
of iron decrecses slightly, and the pH of the solutions
decreases a little. If the initial concentration of iron in the
solution is not 50 (fig. 1) but 12 g/, the effect of the same .
amounts of ZnSO, in the solution hardly shows up at all in the
rates of formation of the precipitate and decrease of the pH
value. (The presence of considerable amounts of zinc
sulphate in the solution increases the degree of dispersion
of the jarosite precipitates and the viscosity of the solution,
and this substantially impairs the settling characteristics of
the precipitates. )

Fig.2 Effect jarosite~foraing
additions on the hydrolytic pf<=
cipitation of iron by zinc oxide
from a solution of ferric sulrhate
N (C?e = 129/1) for m = 1.0 at 0°C.
. 1 - without addition;, 2 - with
\' : additions of sodium sulphate:‘-' -

\\,b\,. ammonium-sulphate; 4 - poﬁd_s’"
- >~ sulphate; Amounts of additions =
300% of the stonichiometric-

&

g & é 1?2

Comparison of curves 1 (fig. 1a, fig. 2, fig. 3) and 3 (fig- 4
shows that, with the same specific consumption of the
neutraliser m and with other conditions equal, the degree of
precipitation of iron decreases with increase in its initial
concentration: 95. 8% with Cy, = 12g/1 and 77, 6% with C¥. =
66g/1. This is explained by the fact that a larger initial
content of Fe™ in the solution corresponds to a larger inital
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cuntent of Fe** in the solution corresponds toa larger initial -
.-;untent of the hydrolysis acid. This destroys the proportional
relationshlp between the initial and final contents-of iren in
\.-fhe solution for equal m valués. Consequently, the h.igher the
’pe’* content of the soluuon, the higher the speéific consump-
5 tion of the neutraliser m- and with other conditions equal, the
. degree of precipitation of iron.dec reases with increase in its
2 in.itial cohcentration: 95. 8% with Ccl =12 g/l and 77,:6% with
£2,= 66 g/1. This is explained by the fact that-a larger
‘jnjtial, content-of Fe®* in the solution corresponds to a larger
initial content’ of: i,he hydrolysis acid, This destroys the
@;pmportional relationship between the inital and final contents
i -;fn{ fron in the solution for eqial m vilues.. "Consequently, the
: higher the Fe'* content.of the solution,; the higher the speecific
eonsumption Fate of neulra.l.iser required for & given degree
of precipitation; Thus, an identical degree of greclpitatmn
Aroh of ~96% is obtained with m = 1.5 for C .= 66 g/
(curve 2 in fig. 3) and with m = 1..0 for C O 2.g/1-(curve
3 in fig. 4).

Fzg 3 The effect ‘of the Zincioxide
consumpticn on, the hgdrolgtic pre—
cxpit:al':.wn of J.ron from- sulgkate.
solution | = 669/1 ands L5 =
]009!1] in tge presence of ‘the
sto.r.chmmetnn‘.'wamunt of! . potassium
5u2p}wte 2t B0, - @ == l Q; x
£ - 1.5; 3= 2.0.

‘{6 ?.l on hg ‘Jydrolgtic precip tatlon cF Aron from a
solutmn of ferri¢ sulphate (Cpy = 12911} ba,r zinc ‘eXide
for m =1 B at-9p°C-without additions {.U and m:h
add'ztlcns "of Kz .5'0.i (% of stoichiometric): 7:(2,!_. 10003},
23’0(4} ana‘ 300(5}, m.tb adgitions of (xJ'H }a80h 1. _1'0{:!A (61
and 200 {?j

“The effect of the consumption of jarosxte-formmg additions
on the hydrolytic preejpitation of.iron’is.shéwn in Fig. 4,
Increase in the consumption of such an effective additive, as,
“potassium has little effect on the precipitation rate; Increase
in the consumption of a less effective ‘additive: (amfnonium)
considerahly accelerates the precipitation, Censequentily,
the lower efféctiveniess of the: addit:lve .can be compensated

to ‘some degree by increase in. it5 consimiption rate,

The effect of.a seed is accelerator of: the. crystallisation
tage on the-rate of-the hydrolyuc precipitation of iron is
khown'in fig. 5, -Since goethite g-FeOOH is the stable’form
=of iron in the hydrolytic precipitate undey the. selected
onditions ‘without the jarosite-forming addition; it wassed
25 geed, and it hds little eéffect'on thie precimtation rite,
{tig. 5, curves 1 and 2), Clearly, thé crystallisation rate’

f guethite ls determmed hy the linear crystaliisation rate

Fig.5 Cffect of a seed on thé.wd

Jarosite as d seed, under the“influence of the less. effectiy
Jjarosite-forming addition (sodivm): -substantially accelers
the precipitation of iron {curves 3 and 4 in-fig. 5), A
similar pattern is found in the prec1p1tat10n of NH, jaros
‘but the seed gives a sinaller effect’for K jarosite, The
aeceleratmg effect of ‘the :seeds in the preclpztation of the
jarosites can be expla.med by the fact that in this case thi
erysta.msation rate is limited by the forimation of
crystaiiisation centres and.not by ‘the linear growt.h of the
crystals, Therefore, ]arosite precipitates are more
coarsely crystalline than: goethite, preéipitites.,
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Conclusions:

1y The effectiveness of the. acceleration of the-hydrolytic
precipiation of tronfrom sulphate solutions by jarosite-
forming additions decreases in the order K> NH, >Na..
2, The presence of considerable amounts of - .ZnSQ, in the
solation has little effect on the. ‘rate’ of hydrolysis and
formation of the precipitate with high contents of iZon in
the solutions {~ 50 g/, and with. moderate contents
{~12 g/1) the effect is not detected.. However, a consider:
content.of ZASQ, in the sblution. (100 g/ 2n) increasés thi
vxscasity of the solution and-the degree of-dispersion of 1)
jarosité precipitates, and this 1mpairs their settling
charactensitics.

3. The specific consumption:of the neitraliser for a glve
degree of precipitation of iron is greater, the higher the
initial concentratién of iron in the solution.

4. An excess of the jarosite- forming addition over the
sta:chmmetncfvalue slightly accelerates the hydrolylic

" precipitation if the addition is highly- effective (potassium

‘and considera‘bly acceleratés it if the addit#®on is less
effective- {ammomum)

5. A seedof ]aresne agcelerates the precipitation of ird
in the form of Jarasite parti cularly in the case of the
precipitanen of NH, -Na jargsite. A seed of gOEI.hllE har
accelerates the precipitanm ofiron'in the form of goethi
at all.
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- I3 greater than unity, An increase in X is observed with in-
4 crease in temperature and wiih increase in the oxygen pres-
~ sure; thus, in the range of 60-1409C it increased from 1.15
‘o 1. 8 {for Po, = 4 atm) and from 1.4 to 1,88 (P,, = 8atm).

¥ Inorder to explain the observed preferential dissolution of
“yopper experiments were carried out on the reaction of
BJ iloy 2 with a solution containing 1g/1 Cu and 0.1 mole/1
4,50, at 80-180°C ir a neutral atmosphere, At 80°C the rale
G f transfer of zinc ini. solution amounted to 0.6-10™ and
P hat-for copper amounted to 0.77°107® g-atom/ cm?-sec; at

809C these values increased to 1.31°10~" and 2.93-107"
l-atom/cm® sec respectively, i.e. with increase in temper-
Mure the ionisation of copper atoms is preferred to the
g lonisation of zinc atoms under the influence of the copper
¥ lons present in the solution. Metallic copper was found in
the surface films. Its formation is possible both onaccount
P of cementation-type deposition of copper (the concentration
. of copper in the solution at { < 1000C decreases) and as a
result of disproportionation of the copper ions which form
(the copper content of the solution increases at t > 1209C).
" The development of these processes is promoted by the ob-
served increase in the electrochemical aclivity of the alloy
with increase in temperature and also by .increase in its
" zinc content, The dispersed copper which forms dissolves
much more quickly in the oxygen atmosphere than the cop-
per (zinc) from the alloy, and this gives rise Lo the obser-
ved preferential dissolution of the copper, which resulis
from the side processes. We therefore Cl'lSSlfy it as
Mpseudoselective’. For alloy 2, in addition lo dissolution
in sulphuric acid, we investignted its behaviour in an
ammoniacal medium.

We used a solution containing 2.0 mole/1 of NH, and
0.5mole of (NH, ),SO,. The ratio of ammonia and ammo-
nium sulphate was chosen in relation to the composition
of the solvent used in practice ®). Most attention was paid
to the effect of temperature and oxygen pressure (the most
‘effective technological parameters). The dissolution of
copper increases in direct proportion to the oxygen pres-
sure (V = K- Py, ), and this indicates that oxygen plays a
definite part in the mechanism of the process (fig.b).

With other conditions equal the dissolution rate of pure
copper in the ammoniacal medium is 1.75 times higher
than the dissolution rate of copper from alloy 2. It is
clear that during the ammoniacal leaching of the alloys an
impermeable film is formed from the oxidation products
of tin, lead and iron present in the alloys, and this com-
plicates the diffusion of oxygen. For alloy 2 the K value
(g-atom/cm?-sec-atm) amounts to 0.217-107" for dissol-
ution in ammonia and 0,210 (for alloy 1 at 1000C, K =
0.25-10"7) for dissolution in sulphuric acid, i.e. the oxy-~
gen deficiency is more clearly defined in ammonia solu-
tions and increase in the oxygen pressure has a more
significant effect on the dissolution rate of copper than in
sulphuric acid solutions, With identical oxygen pressures
the dissolution rates of copper from the polymetallic
alloy in sulphuric acid and ammonia solutions differ hy
obly 6-10%. For solvents with appreciably differingaction
this can be explained by the different nature and by the
permeability of the films which form. For dissolution in
ammonia at 40~959C (for pure copper) and 40-700C (for

e’

the alloys) the experimental activation energies amount to
2.13 and 0.98kcal/mole respectively, which is consistent
with published dala®), When t - 70-950C, the E; values for
the dissolution of pure copper and of copper from alloy 2
increase to 4.3+ 0.2kcal/mole. The temperature dependence
and the data from microscopic and X-ray analyses of the
films make it possible to consider that nore permeable
films, which facilitate the diffusion of oxygen, are formed on
the surface of the alloy at elevated temperatures. In addi-
tion, with increase in temperature the role of the oxidative
capacity of the divalent copper ions increases, and this
leads to additional ionisation of copper atoms®). In the
range of 40-70°C the dissolution rate of copper (atloy 2) is
higher in the ammoniacal medium than in sulphuric acid:

at 80-90°C it is comparable for both media, while at 100-
1209C the dissotution rate of copper increases by 1.84 times
in sulphuric acid and by 1.32 times in the ammonia solution.
Thus, att-1009C an increase in temperature is more jus-
tified kinetically for sulphuric acid dissolution than {or
ammoniacal dissolution.

Conclusions

1. The dissolution rate of copper (or zinc) from the alloys
is controtled by the diffusion of oxygen. The latter is com-
plicated by a screening film of insoluble alloy components,
The films formed in ammonia Solutions are less permeable.

2. In order to intensify the leaching of the alloys it is
advisable to improve the mass exchange of oxygen in the
system. The use of elevated temperatures {above 90-100°C)
is justified kinetically for dissolution in sulphuric acid.

3. Compared with pure copper the dissolution of copper
from the alloys occurs at a higher rate in the sulphuric
acid medium than in the ammoniacal medium. Alloys with
the minium contents of tin, lead, iron and other insoluble
components are therefore better for ammeoniacal dissolu-~
tion.
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igation of the hydrolytic precipitation of iron(IIl) from zinc sulphate solutions in the presence of monovalent cations

N A Zapuskalova and E V Margulis (North-Caucasian Mining-Metallurgical Institute - Department of Chemistry)

.1 It is known~®) that the hydrolytic precipitation of Fe(lI)
: from acidic sulphate solutions in the presence of mono-
valent cations gives jarosites, and this ‘has found wide use
in zinc hydrometallurgy®). Specific characteristics must
be expected in the hydrolytic precipitation of iron from
zinc sulphate solutions in the presence of a monovilent
cation both with respect to the process in purely iron sol-
utions ®77) and with respect to the process in zinc solu-
tions without the monovalent cation?). These specific

characteristics can manifest themselves both in the con-

. centration conditions for the formation of the various solid

phases and in the kinetics of hydrolysis and precipitation

of Fe(Ill). In the absence of the monovalent cation the pri-
mary product from hydrolytic precipitation of Fe(IIl) from
zinc sulphate solutions when Cg, > 0.1g/1 is the amorphous
basic sulphate 2Fe,0, S0, xH,0, which begins to form at
pH > pH i, where pHi, = [;{Cre, t)®). In the presence of R*
jarosite (R, H;0)Fe;(OH); (SO, ), is formed when pH < pHaj,
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and the amorphous basic sulphate is formed when pH -pH,;,

where PHaj = fz(CFe: l)xa).

In order to investigate these specific characteristics in
the present work we studied the phase composition of the
precipitates and the relative changes in the rate of hydro-
lytic precipitation of iron in the Fe,(SQ, ), -2nSQ, -K,S0, -

.Zn0O-H,0 system at 50-909C with C, = 100g/). For R
we used K+ as the most effective jarosite-forming cation
11} (Potassium sulphate was added to the solution in the
amount calculated for the combination of all the iron into
jarosite), In addition, we studied the rate of conversion of
the amorphous sulphate into jarosite. (This transforma-
tion occurs during the hydrolytic precipitation of Fe(Ill) in
the presence of K* %),

The method used to investigate the mechanism and kine-
tics of the process was similar to that described hefore £).
To study the conversion of the amorphous basic sulphate
into jarosite we used the freshly precipitated amorphous
basic sulphate, which had been washed by decantalion and
filtered on a vacuum filter, in an amount corresponding to
5g.of iron. The precipitate was repulped in a solution
with specific concentrations of iron and zinc sulphates
and specific pH values. The pulp was ugitated in thermo-
stated flasks, To monitor the degree of conversion sam-
ples of the pulp were taken periodically and filtered. The
iron content and pH value of the solution and the potas-
sium and iron contents of the precipitate were determined.
This made it possible to determine the content of jurosite
and amorphous sulphate in the precipitate. The method
used for the determination of pH,; was similar (o that des-
cribed in the literature®”). The determined pH . values are
the average values in the range of pH where the ﬁower limit
of the range is the upper limit for the appearance of pure
jarosite and the upper limit is the lower limit for the
appearance of the amorphous impurity in the jarosite,

This pH range amounted to not more than 0.10-0.15pH
unit, i.e. the accuracy of determination was +0.08.

The results from the investigation reduce to the follow-
ing: data on the phase composition of the precipitate. (by
the IR spectroscopic method) confirm that the mechanism
of the process is similar o that described in the literature ¥)..
The kinetics of the hydrolylic precipitation of iron are char-
acterised by the variations of Cy, and pH with time (e.g.
for Cyp. = 12g/1 in figs. 1 and 2). It was established that

" the pH, . values with the presence of zin¢ sulphate in the

solution‘ {C orn = 100g/1) are 0.2-0.3 pH unit lower than
under the sanie conditions but without zine sulphate in the
solution®). For example, a1 90°C for Cyy, = 100z/1 and
Core = 2.12 and 25¢/1 the experimental pHaj values are
1.65, 1.80 and 1.90 respectively. With allowance for pub-
lished data'®) the pH,; value for Solutions with C gzn=
100g/1 in the presence of K¥is determined by the equation

pHy; = 0.21 1g Cp, = 0.067t + 2.41 {n

where: Cp. iS in g/1 and t-is in OC, .

The results from the precipitation of iron from zinc sul-
phate solutions with and without the presence of potassium
under identical temperature and concentration conditions
are compared in table 1. The hydrolysis rates were deter-
mined by conversion of pH to Cyqn+, the Cy,n+ -7 curve
was plotted from these data, and vy 4, was determined on
the linear part of the curve having the steepest slope. Such
a method for determination of vy4, involves errors, since
variations in the activity coefficients aré not taken into
account. For one and the same system, however, the ac-
tivity coeflicients ean be taken as identical and relative
assessments can be made of the effect of m within the lim-
its of one system on the hydrolysis rates. Data on the con-
version of amorphous basic sulphate intg jarosite are given
in table 2.

The observed pH = f, (1) relation for various m values
{fig. 1b, table 1) is due to the contributign from concentra-
tion and temperature factors to the rate of the hydrolysis
reactions proper. The concentration factor in turn is
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Fig. 1 The variation of Cpe (a) and wil (b)
in solutions of the Foa (504} 31-4nS0¢-~
KaS0u=2n0-H20 sustem with time: at
temnorateres YC: A - 90; B -~ 70;
¢ - 50. The numhers on the curves
correspond to the molar ratiocs m =
200,/F22(S04) 3. Cozn = 100g/1.

20 10 m

Fig.2 The values of Cpu (1) and oH (2) in
solutions of the Fep(504)3-24n50.-
KaS0uL-2Zn0-H30 system as a function
of m = Zn0/Fex {50.}3 at temnerat res
°c: a) 90, b) 76, ¢} 50. Cozp =
100a/1. Curves ! and 2 with the
letcers a and b relate to holdina
times of 2 and 2dh reseectivelu.

Tuble V: Compurison ol te resulis irom hydroiylie precipiation ol iron from solutions ol
varinug systems 0t € 12010

Fe 480, ),-2n80, - 4n0-1,0 Fe (S0, )-%nS0, -K, S0, -2n0-H,0
c Rute < Rute
[ Rt wt
K i hydrat, precip, hydral. | precip,
after . after
weinn ) geton 1 gedon’t | gewm)
ptt e man . pit man min”
2o fe 10 | et 10 O I SRR T o I [
05 154 Hnns 0.0067 0.05 1.60 S0l 2.0 0.119. 0.64
1.0 LYS[ 9.9] 8.2 0.0140 0.29 [:¥) 4.2( 1.7 0.160 0.7t
up o] eos] B e g.nth .15 2.08 4.6] 0.5 0.080 5.35
3,0 2353103 39 [ voos2 3.2t 2,33 11051 4.0 0.048 | 36.8
4514 Q.1) 0.1 0.0002 42.8 1.15 0.1 ] 0 0,0u08 | 42.4
0.5 12,0 | 0©.0051 0.0075 0.25
RV} 10.9 G.00u5 0,001 0.54
Wm0 | eous2 00064 ( 13.9
3.4 3.1 0.0020 0.0028 | 24,6
3.5 00 0.0001 0.0001 | 42.8
0.5 12,0 0.0024 0.0046 0.04
1.0 13,6 1 D.O0a0 2.0036 1 0.2
a6 2.0 7.0 0.0036 0,0020 | 16.8
3.0 2.6 0.0046 0.0004 | 293
3.5 0.4 - 0.0001 | 42.8
Nater v geton H,07 10w i the hydrobisis sie of won, and vi,, g=tun Fe * L s

"
the precgntatinon rate ol iwon.

determined by the degree of deviation of the initial (after
heating and addition of neutraliser) hydrolysis state of
Fe(llI) in the solution from the equilibrium state (this is

the intensive concentration factor) and also by the amount.of
Fe(Ill) in the solution, which is capable of taking part in the
hydrolysis reactions proper after the occurrence of the ex-
change hydrolytic reactions with the hydroxide neutraliser
{this is the extensive concentration factor)®™"),

For a given temperature the initinl degree of noi-equilib-
rium increases with increase in m, whiie the amount of
hydrolysed iron decreases. The hydrolysis rate therefore
varies extremally with increase in m at a given tempera-
ture and has a maximum (fig. Ib, table 1), The initial de-
gree of non-equilibrium is fairly large over the whote range




Table 2: Data on the conversion of the amorphous basic sulphate lnto
polassium jarosite at 90°C, Cop, = 100p/1 and pH, = 1.5

Comentof Degree of
Conditions T':"‘ ptt Ceo v 1 :)lxle?i:::l'\lt'l’ cou\::rsinn
"} £
Without 2SO, LA L 1.1
L, U 11,80 1.5
N 121148 7.05
1 1,04 1y 825 40
5 1,10 G4 87.5 66
24 1.07 0.10 96.7 36
, 48 1.03 G.10 103.0 100
Coze = 100g ) inthe. | 1 1.62 | 13.6 81.5 22
form of ZnSO, 5 1,15 1.79 47.0 45
24 1.05 0.56 92.0 78
48 1,00 0.41 94.5 90
96 - 0.10 102.0 100

of giver. m values, the pH = {, (1) curves for the sclected
temperature incrense regularty with increase in m (fig, 1,
Ab); otherwise the curves intersect at small m values (e.g.
the curves 0.5 and 1.0 in fig. 1Bb and 1Cb),

The hydrolytic precipitation of iron includes two stuges:
Ithe formation of hydroxe complexes of Fe(Ill) in ihe sol-
ution (by fast exchange reactions and slow hydrolysis re-
actions); 2) the formation of jarosite as a result of the
participation of hydroxo complexes of Fe(lll) in crystalli-
sation or the formation of the amorphous sulphate as a
result of polycondensation of the hydroxo complexes®-"),
The rate of formation of jaroesite in the initial period of
precipitation is limited by the rate of formation of the
crystallisation centres®!), but acceleration of the process
with increase in pH then appears, i.e. the chemical stages
become limiting. The precipitation of iron in the form of
jarosite and amorphous sulphate has fast and slow stages,
The fast stage corresponds to the formation of hydroxo
complexes in double decomposition reactions, and the slow
stage corresponds to hydrolysis reactions. In figs. 1 and 2
the precipitation of Fe(Ill} as jarosite corresponds to the
condition m £ 2.0, and precipitation as the amorphous sul-
phate, and the jarosite begins to be precipitated after the
pH value has fallen below pH ;. )

From table 1 it is seen that the rate of precipitation of
iron from zinc sulphate solutions in the form of jarosiie
is considerably higher han the raie of precipitation of
iron from the same solutions but without potassium in the
form of the amorphous sulphate, This difference in the pre-
cipitation rates increases with decrease in lemperature.
Thus, the ratio of the maximum precipitation rates of iron
in the form of jarosite (v:, ) and in the form of the amor -

max " .

phous sulphate (Vigax ) when'm = ZnO/Fe, (80, }; =1, i.e.
Vimax/ Vamax 1S 2-45 for 90°C, 5.40 for 709C, and 10.5 for
500C.  The presence of potassium increases the precipita-
tion of jarosite even more when there is no zinc sulphate
in the solution®),

_ The pH,; value is determined by the equality vy = v, *°),
and v /v, increases with decrease in temperature. Con-
sequently, pH,; must increase, and this corresponds to .
equation (1).

It is characteristic that the slow stage of the precipitation
of jarosite has a higher rate than the slow stage of the pre-
cipitation of the amorphous sulphaté (fig. 1a) as a resuit of
the preponderance of the extensive concentration factor
under the conditions for the precipiltation of jarosite. At
70 and 50°C, therefore, the flat sections of the 2.0 curves
are steeper than those of the 3.0 curves.

In zinc solutions when pH < pH,; the presence of potas-
sium accelerates the hydrolysis of iron, as seen from the
rate of deerease of pH, i.e. from v,y (table 1), In zinc
solutions with pH > pH ,;, however, the presence of potas-

sium does notaffect the rate of hydrolysis and precipita- -
tion of iron (table 1), whereas in a solution not containing
zinc sulphate the precipitation rate of iron in the presence
of potassium is higher ®) than without potassium®), The
stabilising action of zinc sulphate on the colloidally dis-
persed iron in the solution®) evidently compensates for
the strengthening second-sphere effect of potassium on
the hydroxo complexes of iron®), i.e. compensates the
acezlerating effect of potassium on the precipitation of the
amorphous sulphate,

At 90°C when m = 3.{[ig. 1, An and fig. 2a) anomalously
slow precipitation of iron is observed, as in zinc solutions
without potassium®), and this is due to the formation of a
hydrogel of iron at 90°C, pH = 2-4, and Cra 2 7.5g/1.

The decrease of pH 4; in zinc solutions compared with
pHy; in purely iron solutions®) results from the manifes-
ttion of the stabilising uction of ZnSQ, ou the colloidally
dispersed iron in the sojution, which leads to extension of
the concentration region for the formation of the amor-
phous’sulphate, Stabilisation of the colloidally dispersed
iron leads to an increuse in the fraction of the colloidal
form of iron in the solution compared with the fraction of
the ionic form. This gives rise-to an incrense in the rate
of formation of the amorphous sulphate v, compared with
the rate of formation of jarosite vy at a given pH value.
From the equality vy = va atpHy; it follows that the pH;
value must decrease, in the presence of considerable
amounts of zine sulphiue in the solution, and this is con-
sistent with the experimental data.

-The data in table 2 show that the conversion of the amor-
phous sulphate into jarosite occurs caomparatively slowly
and is realised by dissolution of the amorphous sulphate
(in the initial period Cy, > Cop, ) and that the presence of
zince sulphate in the solution retards this transformation.

Conclusions

1. The mechanism of the hydrolytic precipitation of iron
from zinc sulphate solutions containing a monovalent cation

. is similar to the previously established mechanism for

purely iron-solutions containing a monovalent cation, The
limiting pH 53 values, separating the regions for he lorma-
tion of jarosite and the amorphous basic sulphate in zinc
solutions (C ozy = 100g/1), can be determined from equation
(1). These pHaj values are 0.2-0.3pH unit lower than pHy;
in the purely iron solutions.

2. In the presence of the monovalent cation in the region
where pH < pH ;; the precipitation of iron in the form of
jarosite occurs much more quickly (2.5-10 times, depend-
ing on the temperature), and in the region where pH > pHgj
it occurs at the same rate as from zinc sulphate solutions
without the monovalent cation,
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A_com)eﬁtiohal plant for processing lode 'gold ores’ con-

taining finely disseminated gold usually embraces fine grind--

ing and’ agitation leaching in cyanide solution, counter- .
" current decan{ation in thickeners for liquid-solid separation

-and residue washing, clarification of the pregnant solution .
by filtering, deaeration by application of a vacuum and pre-

cipitation of the gold by reacting the solution with zinc-pow-
-~ der. Many known-domestic gold deposits are low in grade,

of ‘limited -reserves, or contain troublesome clays or other

‘cornponents“that"make treatment.-by conventional proce-
durcs impractical. Recent Bureau of Mines research has

. beea focused, therefore, on developing low capital, low oper-
atir.g cost methods suitable for such ores. This report de-

i . scribes two such methods, namely, cyanide heap leaching
.and_the carbon-in-pulp process. Gtanular activated carbon

T may be used to advantage in the heap leaching process, as

weii as in the carbon-in- pulp method, for recovermg the dis-

. solved gold from soiution. -

“Basic information on heap leachmg and ‘carbon-in-pulp

. has been reported by the Bureau of Mines.'”* Gold heap
lezching has some features in common with copper dump’
leaching and gold cyamde vat leachlng A fluidized-bed car-
bon column-proposed for use in recovering gold from heap
leaching solution-was adapted from the Bureau’s expanded-

:° bed, |on-exchange column.* 3

- The carbon-in-pulp process as formerly used at the Carl-
-ton_mill-of Golden Cycle Corp., Cnpple Creek, Co., was de-
‘scribed in an article by Seeton in 1961. "-Development of -

-procedures for removing gold from the activated carborn by
- . stripping. with hot caustic cyanide solution in conjunction
with electrolysis’ was reported by the Bureau of Mines in

1952.7 More recently, a technique for accelerated removal of

cold by pressure stripping the ioaded carbon has been devel-

.oped.® An improved electrowinning cell for recovering the

~ gold from the recycling strip solution is herein described.

- A néw technique for pretreatment of ores containing nat-
ural organic carbon that absorbs gold from cyanide solu-

_tions and thus causes loss of gold in the tailings is used by

“Carlin Gold Mining Co., Carlm Nv. Chlorine gas, a strong
oxidant, is added to-an aqueous slurry of ground ore. The

ore pulp is subsequently cyanided in an -agitation leach-

-1 .countercurrenlt decCantation process.
work at the Salt Lake City Center indicates that pre-
:treatment with chlorine water is effective also for certain re- -
- fractory sulfide ores. An alternative to the direct addition of

- j chlorine to ore slurries is the preparatlon of hypochlome in

situ by an eleclrolytnc oxndatnon process

i

:Recent laboratory - -

Heap Ieachmg uses llme-cyamde solunon

 Fig. 1. Gold héap leaching flowsheet.
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The heap leachmg proccss (see ﬁg l) consists of:pifel aith clay as
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clarified gold-bearing solution draining from..the: h # seen 6 to 20
passed through the Bureau’s expanded -bed; multiple<oms? idded for fu
partment activated ‘carbon column to recover _nearly aligd] from 0.02 to

' the gold-and is then returned to the leaching step. Loadé aents and t
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o T R eagde of asphalt orother i rmpervxous matenal of earth lined
f pifing nrth clay as‘at some copper leaching operations. Ore sizes
‘otating § vc ranged from-mine runto about 1/2in. , depending upon
m. Un. n penetrablhty of the rock: The depth of the-heap has-
heap is 1020 ftor thore, and additional “‘lifts” have been
fe-com. for further leaching. Solutron strengths have ranged

Yy all ‘of-
Loadec @ents’ Tand the pH has been maintained at about 10 5 with
idevel “he-rate-of solution’ -dpplication by sprays has ranged

the col-

’En?age has been prov1ded for pregnant solutlon between-the. .

g rx
ree and
nusi be
to per

& *ﬁvc- to cnght stage countercurrent column usmg minus
A ! ,.plus 20-mesh activated carbon for gold recovery from
- ﬁ}e:leach liguor. would be expectéd i produce a 0.0002 oz
. barren solution from 0. 10 to 0.20 oz pregnant solution and
m;gad the carbon. to at least 400 oz per ton, while ﬁowmg at

. ihetrate of 15 t0.20 gpm per square foot of column cross sec-
fon:From an ecologrcal standpomt heap leaching has a low
‘*'l%ntral for poilution. Thé residues are coarse.and néarly.
¢ ffr_ no gases are cmltted and all solutions are recy-
.

eap Ieachmg.results based on Iaboratory and pllot lests
‘amenablé ores are given in'table 1 Gold recoveriesof 67
E 5 percent were obtamed wnth consumptlon 6f0.4t0'1.0

v, Reagent

Gold assay, Gold Leachrng _consumption, *
~ . oo n.ozfton - . recovery, .time, .Ib/ton.ore -
. Head Tail pect days NaCN Ca0
172 063 003 95 - -4 07 27
; 3. ...022  ..002 .9 .6 - .5 3
on RS -.068 -.015- -86 6. 4 5 .
. 1-1/4 - 08 .02 76- 21 7 35
- -2 20 "~ 03 -84 - 36 1.0 4.3.
2 .09 .03 &7 23 1.0 5.6
. 1.0 49

4 .25 04 83 42

e I. Results of percolation leaching of gold ores and stripping

»

Home5:10°25 ‘gdl per squaré’ foot-per 24 hours: Adequate-'-"

: tlme vaned roughly with the rock size from 4 days at- 1/2 in.

to 42 days at 4-in. size.. However, individual ore amenability
may be a more 1mportant factor in leaching responsc than
rock size, -

Heap leaching is now being used successfully at scveral ‘
commercial operations, principally in Nevada. Although in-
dividual metallurgrcal data and operational mformatmn has
not been released, recoveries and other factors are srml‘ar to
laboratory results e Tt L

L . el - . .. . .!.'-::. T
Carbon-in-pulp process suited to slimy ores

The carbon-in-pnlp process (fig. 2).comprises cyanide agi-
tation leaching of minus 35-mesh or finer ore-in a thick
slurry of about 45 percent solids::Protective alkalinity is

R . -

‘Gold oré

Crushlng

Gnndmg -— Sodlum cyumde Ilme
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Leoch agnotors

,,Screens .
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Fig. 2. Flowsheet for carbon-in-pulp process -’
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ma'nt‘.med by ._ddlng lrme and the pulp is vrgorously aer-
ated during leaching to speed gold dissolution. Gold is re-

mov:d from the pulp without a prior hqurd-soltd separation - .-
heap leachmg or carbon m-pulp processes and bumed[

y contacting with. activated |carbon in a multiple stage-
countercurrent system of agi ators and-screens. Granular
carbon, minus 10, plus 20-mesh size is the preferred absorb-
eut. The process is particulagly suitable for treating very
slim v ores. Silveris also- recovered from amenable ores, al-,
though recovery is lower than for gold. .

.As ‘an example of the apphcatron of the carbon-in- pulp.-_.

ooracess, Bureau of Mines and Homiestake thng Co. engi--

neers worked- cooperatnelv on a pilot unit treating 200 lb .

per hour of gold ore slimes from the Lead; S.D.; mill. At the
Lead pilot plant the slime ore pulp was leached at about 45
peitent solids with 0.04 percent cyanide and lime for abouit.
20 hours.in a. Pachuca-t) pe agitator. Then the leached pulp
w3 p:ocessed in a four-stage countercurrent carbon-in-puip

unit- con'ammg, € grams s carbon per liter of pulp and provid- -

iag ! hour pulp-carbon contact per stage. Carbon was ad-
vanced at a rate.of 1/2 gram per minute_Barren solutions- of
about 0.0002 0z per ton of soluuon were made, and carbon
loudings of at least 400 oz per ton of carbon were readily at-
tained. Carbon was stripped, the.gold was eiectrowon from ™
stripping-soluzion and the carbon was reactlvated and re-
tumneéd to use:

Homestake subsequently desrgned built and placed in op-
eration in April 1973 a 2,350 tpd carbon-in-pulp unit to re-
place.an existing slime plant. General features of the new
-plani have been descnbed by Howell, Homestake staff met-
allurgvst 10

‘Sarbon infet LT oo

) Stripping sclution —ea-.
Outlet
. %agéfbvolve
. Outlet ez~ - pressure .
e Stainless
Cylindrical < " [ steel waol
4o sereen oS- -Drain [ cathode
. .Carbon.outiet . . «[—Perforated
. L = b insulated -
. r—— —! g cy!mder
L. | Pressure : i
pumg ! :
3 i } [\Staintess
Surge 8 screen -
. mokeup | . ) . o anode
tonk . . Two electrolytrc
cells in series

Flgb3 Schematic of pressure system to smp gald from activated
carbon

.

‘returned to the loading circuit for reasons of process.

" gold loadings of 200 to 400°6z pet’tondown 6 ab

. tice'at Homestake and pilot tests:at our Iaboratory in

'w1th hot solution at atmosphenc pressure ar
. NaOH arid 5 1b.of NaCN per ton of carboni

- 150°C and 52 psi. Cyamde is not ordmanl) requx

" bed volumes of solution. Consumptron of NaOH i

. cathodes. Solution from electrolysns prel‘erably as
- than 0.03 oz gold is recycled to stripping. The g

carbon may be heated ina batch retort."
) lmproved electrowmnmg cell burlt

"bon stripping solutions, is basically a cylindrical shell cong

- steel wool as_the cathode, a concentric perforated plaS
cylinder-for- insulation and a cylmdncal stainless steel. el

T sure stripping is referred over burmn '
P es PP 8 P = orm tlectncal

some;areas <
onlact-or-st
.yme, in operati
agned: built.anc
l'ullul operatio
4ot of the steel
01l 2 with the cyl
..o uniform el
ex) wool and re
g actd removal frot
1. Barren solut!
o three of the fi
232 solution. Op
aty, bised on.th
sanket is 3.5 am

cover the gold, but it.is preferably stripped, reactwated‘““ v
omy. The stripping of gold (and silver) from loaded ¢3
with hot (93°C) I percent caustic:0.1 percent cyanide-
tion has been described by Zadra’ who reported that 6 kig;
of processing._under laboratory conditions., woul

However, former practice at the Carlton mill, curr

Development ‘work i being done at Salt* ,
Hcap leaching ch

A preliminary
the heap leach
iatation cyanid

iy Metallurgy

three process
- ’

elution flow rate is about 100 milliliter per mmute~pe
milliliter of wet -carbon (about 470 grams of dry carl
Minus 10, plus 20-mesh carbon loaded to 500 o6z of gold ¢
be stripped to less than 5 0z in 2 to 6 hours with“about’]
Ib per ton of carbon. N “Proce
Eluate solutions assay as much as lOO 0z gold P
the start.of stripping. These solutions’ are. cooled i i
denser to about 90°C before dtscharge from the;st
umt Gold is then recovered in a three- stage electroly

'

steel wool is melted with a standard reﬁmng ﬂux

contmuously operated mdrrectly heated kiln, nearly cl
to the atmosphere for at least 20 mmutes -at 600° to o

The cylmdncal electrowmmng cell used 0 até in.
and commercial applications. fot recovering goid from

taining a central stainless steel reel wound. with. staml
fig. 4. Impm\ed

 Sainless sieel o
thode. 4 Perfc

anode Careful attentron in assembly is’ requtred to.ob mghudunh st
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1ssaying less
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or agitators
reactivation
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carbon in a_
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l -contact or solution-short circuiting is found from time

fSianed; built and tested (see fig: 4): - :
fl‘fnual operations of the new cell mdlcate that replacc-
t of the steel wool cathode is much easier and faster
W fwnh the cylindrical unit. The weighted assembly in-
s uniform electrical contact -throughout the cathode
eel wool -and results in a-heavier gold .deposit and better
il removal from solution than when using the cylindrical
" Barren solutions of less than 0. 03 oz wére obtained us-
three of the flat cells-in series, starting with 60-0z strip-
o solution. Opérating voltage is 2.5 and the current den-
.based on_ the ‘rectangular- dlmensmns of the cathode
et; is 3 5amp per square | foot. -

pleaching c'héhﬁest of thtee processes

%relimihary estimate of the capital and operating costs
e heap leaching, carbon-in- -pulp and countercurrent de-
gmiation cyanidation processes was made at the Salt Lake
g

Metallurgy Research Centcr Relauve cost factors of

Cosl factor

iform ‘electrical contact and gold plating. Despite such
‘fire; some areas of poor plating caused by inadequate elec-

ime in operating cells. There{ore an lmprovcd cell was

Process . Cdpital Operation
umercurrcm decantauon» o - 100 .- 100
CriTy "7 .

68

- .30t044-

1atively, the [

late in pilot”
d from car-
I shell con-
th-stainless
ated plastic
 steel mesh’
d to obtain

ongress Journal

. Improved electrowirining cell. 1) Tank with outlet pipe.2)
ess Steel cdthode tray and solution feed pipe. 31 Steci wéol
thode. 4 Perforated plastic divider. 5) Stainless steel mesh unozle

g"' hl(‘d with steel bars|, andélhd

cemang ae

Amenable ore respondmg to the hcap leachmg process
when crushed to 2 to 3-in. size is assumed in the above.

Based on mid-1973 costs, a countercurrent decantation’

plant t6 treat 2,500 tpd of amenable ore is assumed to have
- a capital cost equivalent to $3;100-per daily ton capacity-
and direct operating costs not including return on invest-
ment of $2.25 perton.
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Investgation of the kinetics of the dissohitionof silyer in agueons-solutions of thiourea

V V Lodeishchikov, L-A-Shamis, I A Kakovskii-and O.D Knmél'nitskaya (Irgiredmet, Urals Polytechaical Institute)

In view of the prospects for the utilisation of-acidic solutions AG® %:<19:37keal
of thmurea as'a-solvent for gold oi® it‘was necessary to

evaluate the behaviour of silver in this process. The kinetics: .2Ag+6SC(NH,), - 2e=2Ag Sc(NH,), .3 E, = +0.023B; a0 =
of the dissolution of silver wasstudied by the rotatlng disc : / )

method, the details of which as applied to heterogeneous: =+1.06 Keal
N 2
processes have been set cut'in 2 series of articles?), 2Ag+ (SCNH,NH}3+4SC(NH=J, +2H = 2Ag SC(NH,),, +

In acidified thiburea solutions silver becomes a’fairly

base.metal (the standard potential of the process Ag.+ 3T - AG0=-18.31 kcal %
€ = AgT,*is 0.023 V), and this demonstrates the thermo- &
dynamlcapOSSIbllltY oI’ its passage into solution even in the The experiments confirmed the thermodynamic calculaﬂnn;
presence of relatively weak oxidising agents. the maxinium dissolution rate was obseryed with a molar

ratio of 41 between-urea and its disulphide: With other -

via‘{' g-ato/cn’ - ge ratios there was an-insufficiency of one of the reagents;

7 the dissolution rate decreased {fig.2).

gk v gfaton/cn® - sec ‘Bigi2

: ) ¢ Effect of the concentration o

z 4 thiourea and its d;su.tp.hide oni
3 k] the dissolutién rate of* suverg
' Fig.l > with overall concéntration of
. 3 ‘Degendence. of the dxssolutwn ' the-reagents Q. 13 moiéfl at 25
[ ‘of“Silver .on the concentration ! for n-=-0.67 £ps.

. angd nature. of ond:smg agents; g s - - k5%

A 1 - EBE03; 7 = K4Cr;0,. i a AN _:__5:5

2 ¢ E [7] [T

'

Unlike. the majority of oxidising agents. ferric “sulphate.
hardly exidises tiigurea at all although to judge from the 3
redox potential of the Fe?ty e = Fe¥' system (-0.7698 V), 55
this process is' thermodynamically possible. The.reason
The effect of certain oxn:hsmg agents was studied under the - for this clearly hes in the formation of complexes of the

B o1 2 ¥ scoimelé/l

following conditiong: UFea concentration 0,185 mole/1; Sul- FeT,2+.and FeTS0, ¥ iypet). For this reason the dissolutic
phuric acid 0. 051 male /l; temperature 259C; disc rotatmn ‘rate of silver.in the experimerts. ‘the.resulis from which
tate 0.67 rps {fig.1}. The dhserved dissolution rate of. silver are:givenin fig.l, decreased sharply with an excess.of the 'y
depends on the mdwn:iual characteristics of the oxidising ) omdismgragent 'l'lus was conﬂrmed by analysis by {polam--
agent; if thé predence of KBrO stlver dissolves more quickly graphy on an insttument désigned by the IFKhIMS lnstimtei
than with K, Cr; 0.,, and this is- explamed by the formation of of sblutidns containing 0.085 and 0.158 mole /1 of ‘thidurea -

a compact filth on the 'surface of the disc.whén the latter is (tWo series.of experiments 1“-3) and. variable concentrahons

uséd, The results:from rmcrospectral anaiysis on a Cameca of ferric ions {table}. A secdhd. advantage offerric: sulphate
instrument shawed the presence ol-dark and light sections isthe'fact that it is fairly cheap, and it was theréfore

in this film, wherg silvér and sulphur were found; thromium was'chosen as oudlslng agent for the subseguent experiments;
“Was dqtected at'individual poiats in the.sections. The lowest

¥ ,.{_-‘;.7; % .r—g':'m

fale was-observed when.aily was ‘blown: throygh the soluion

(0.9-10" ‘-‘g—atom / cm-'* sec) which is explained-by the. low Cg;\éin;ﬁt?;noi{th;:ﬁea
concentrahon of oxygen ‘in the-solution (2,5-1079 mole /1), mole /1 :
.although the experiméntal rafte constant.is equal to about o o Ll
45% of the theoretical, Armount of Fe't-added o

g-ion/1 1 2z o

Since it is known?) that in an acidic medium thiourea.is . ‘w%
capablé of being oxidised to formamidine disulphide L o ;%’4
(SCNH NH),, it was suggested that the latter behayves as. an 0.0 0.065 0158 &5
\"mternal" oxidising agent and electeon carrier. To check 0.025 0.065 0.158 ;’%:
‘this Suggestion;a thermotlynamic; calculation was made of : 0.050 0.065 0.158 %ﬁ
.the possibility of the occurrence of-the corresyondmg fe- ' 0.100 .0.065. 0.138 1
acton, and a series of experiments Wete sét'up on the dis- 0.200 0.085 0.126 I
solution of silver in mi¥tures gl thiouren and ils. thqu]]:hme: —_—— X

{The formiamidine disulphide was prepaeed. in’ the wigthod
of Pre15ler°l

The dependence of the dissilutidn’rate of silver on the
rotation.rate of thi- dise {hrr 3) up to 270 rpm_shows unaibi %

(SCNH,NH),+ 2H* 420 - 28C [NH o By= < 0.42B;
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Fig.3: .
bependence of sthe dissclution
rate ‘of silver 'on. the square
root 'of:the rotation rate of
the: dzsc with a ferric ion |
concentration of 0,02 g-mn)’l
at 25°C, Thiociurea concentration:
1 -0:26; 2 - 0.30 molell.

that the: reaction takes place accordifig to diffusion
wes: y =1({17). The dependénce of the dissolution rate of
giver on the thiourea concentration with'a constant concen-
tration of ferric ions (0.015 g-ion /], 25° C, n = 067 rps) is
eterésting. Without thiourea the Silver dissolves at-a.rate
of 6.8-107¢ g—atom/cm" séc, and under the game conditions
ot with a ferric ion concenttation of 0.025 g~jon /1 it dissol-

3

.—i”..... Fig.4
! Dependence of the dissolution
_‘_“"‘ Tate of silver on the concen-
traticon of thioufrea. Concentra-—.
tion of ferric iron: 1 ~ 0, 0l5;
2 - 0.025 g-ionfl.

P .
mlell

iiﬂ,
B {m-m

With increase in the thiourea concentration to 0.02-0,04-
ewle /1 the dissplution rate de creases sharply asa result

“of the formation on the surface of the disc of an insoluble

comipact greyish film, which is visible with the-naked eye
and becomes datk in.air. Silver, sulphur, andiron were
found in this film by m:cmspeotral analysis, Wit increase
lo'the thiourea concentration above 0,04 mole/1 4 linear
increase in the dissolution raté is observed up to'a certain
constant value V , wlich depends oni the concentiation of
ferricjons, Curves with ‘such character are always observed
dun.ng heterogeneous reactions with & complex—formmg
agent and an oxidising agent, The constant maximum disso-
lution rateis determined by an insufficiency of one of the
ftomponents (in.the present ‘case an, msu.fhciency of the,

“axidiging. agent, i.e., ferric'ions), The higher their con-

eentration, the higher. the maximum,rate. On the sloping

- section of the curve the rate of the process is confrolled
by the- d:ifusmn of thiourea, and on the horizontal.section:

At §5. controlled by diffusion of iron jons,

’fxme value of the theroretical rate constant, calculated at

5°C-aceording to the published datas), is equal to:

o 340- 1o*=o=

=6,1:1077 (l/em® - geck= . reyia)

Vhere D isthe d.lffosion coefficient of thiourea (the diffusion

. coefficient of urea was used for the puh}ished calculanonS),

- #qual to.1.25. 106 om*/sec m iE a stoichiometric coefficient.
. of the reaction, equal to 3. 'l‘he experimental value of the

- exmstant, calculated from the curve, is exaftly an order of
mg!ﬂhxde lower (6.1~ 107#), This effeci’has been observed
Tore than ance in our researches?) and is explained by the
tormation of compact films on the reaction surface, creat:l.ng
Iddihonal diifusion resistance,

. gmetom/cn? -seg Fig.5

Depena‘ence of the. o’:ssolution
rate of salver on the eoncen-
tration of ferric <ren at.25°C
with r ] 6.7 rps. The concenw
tration of thiourea:was 0.I30
1) ‘and 0.1%5 (2} wmolell:

fe g—lol‘ll 3
" 'The: ‘dependence of the dissolution rate of silver on the

) eoncentratlon of férric ions with a ¢onstant coneentrahon of

thicurea (two series of experiments with 0.130.and 0.195
mole/l) 1§ shown in {ig,5. In this case too the charagter. of

‘the curves is normal; there are two regmns with control by

the iron and: by the thiourea In the:region centrolled ty the
diffision of ferric ions the rate constant.is 7,1+ 10-7 1/cm?.
-sec”’. revi”, However, these experiments différ somewhat
from t.he previous experiments. In the-post limit region with
respect ‘to thiourea there i no horizontal section, since

the excess fertié ions {by forming a complex with ’r.l-uourea)
reduce: the concentration of its molecules in its soluhon,
and. this is.accompanied by a decrease in the dissoluhon
rate of silver,

The, effect of temperatire on the dissolution rate of silver
was uweshgated undet ihe following conditions: Ferric ion
conecentration 0.02 g-ion/1; thidurea 0.065, 0, 16, and 0.30
moje /1; sulphuric acid 0. 051 mole /1; temperawre from 15
to 35°C disc rotation-rateé 0.87 rps. The results{rom the
expenments were treated by the-method of least squares.
The deviations were small and only the expenmental
activation energ1es Are therefore given.instead of the
Arrhenius curve. They are equal to 9.61, 7.29.ang 5.56
keal/1 mole for thiourea concentrations. ot Q. 065 0.16 and
0.30 mole /1 reSpecﬁvely

-The zinc :and arsenic presenf in the solution reduce the
dissolution rate of silver by approximately‘a half only-at
high concentrations in the order-of 0.1 g-ion /l wheréas
‘the harmful effect of copper becomes appreciable-at con-
centraticns approx:lmately an order of magnitude. lower
{oxidafion of thiourea and the formation of ta.lrly stable
copper-thiouiea complexes)

" The reacticn.investigated of dissolution of silver in
acidified soletions of thiourea in the. presence of ferrie ions
is interesting in its.complexity and inconsistency. On theon
hand, the experimental dissglution rate is an order of mag-
mbude lower than the theorstical value, and the expenmental
actwahon energy reaches almast 10 kcal /mole, whxch is
hand; the dissolution-rate depends on the square root of
the, d:sc ‘rotation rate, i.e., the main-indicdtion of a diffasion
reg'ime It-has been observed many umes’) that the most’
reliable criferion of the mechanism*is the dependence of:
‘the rate.of the’ Process on the intensity of -agitation, while
the-other criteria can'bé distorted by the formation of
compact; ﬂlms on the reaciion surface, which create addition-
al diffusion But'not ehermesl resmtance ‘The-investigated
reaction i5 an exoephonally clear connrmatxon of this-fact.
The exper;mental activation energy- decreases sharply with
morease in thie thicurea concentration with a constant con-
centration of ferric ions (rapid dissolution of the films) and
reaches values (5 56 kcal/mole] characteristic of reactions
comphcated by the. rorrnahon of comparatively permeable
films. The comp].icatmg action of the films"is. also demcn-~
gtrated by the ratio of the. concentratlons of the complexing,
agent and the oxichsmg agent:at-the point of transition-from
the prelimit region to the postlimit region. During the:
eyaniding of the gold, silver, and copper this ratio is very
close. to the stmchlometric coemclent of the reaction; -and
during the. ¢yaniding.of palladmm and ‘its- -alloys with silver
and the tellurides of gold-and silver it'is cnsiderably great:
eF than the stoichiometric ooeiﬁcmnt and reaches 3009-9)

For the réaction which we invéstigated this ratio is 10-15
mstead of 3. In addition; during caléulation.of the values.

‘of the' expenmental rate constants account was taken of the
formial coneentrauon ‘of the reagents, whereas thé complexing
agent*zmd the-oxidising agent react with each othér ang this
‘is- accompamed by a decrease in their active ion concentra-
tiens, Finally, trivalent ifon in acidic sulphate solutions

1s present mainly in the form of° Fe[OH)H and FeS0," and
-niot Fe** 1°),. The. compact films, the formation of thiourea
complexes of trivalent iron, and the hydrolyszs of ferric
jons’are the factors which reduce: the rate of the investiga-
tecl Teaction. Nevertheless it takes piace according to
diffusion laws, although it is very much complicated by thé
above-menhoned ‘factors. However, with increase in tem-
perature “the discrepancies between the numerical values

of the experimental and calculated theoretical rate constants.
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will will become smaller and smaller, since the activation
energy of the reaction considerably exceeds the activation
energy of diffusion. The physical meaning of this relation
between the activation energies signifies, that the surface
films become thinner and the complexing of the iron ions
and thiourea becomes weaker with increase in temperature.
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V N Kryukova and G L Lobanova (Institute of Petrochemical and Coal-Chemical Synthesis, Irkutsk State

University).
Summary

The kinetics of the reaction of germanium disulphide with
an acidic solution of !erric chloride were investigated in
the region of temperatures between 60 and 130°C. It was
established that at temperatures above 120°C the reaction
takes place in the kinetic region At lower temperatures it
takes place in the diffusion® reg'xon

The apparent activation energy of the process amounts to
11.7 and 129.6 kJ /mole ior low and high tenperatures
respectively.

ll'gxf'_fusion coefficients of beryllium jions in an equimolar mixture of lithium and potassium chlorides

It was shown that in the region of 60-120°C the proceas:
of the dissolution of germanium disulphide is described by--

the equation, previously derived for processes mvolving :
retardation:

(/m)ml1/q -0 - px/7) = p

where x is the/ proportion of reacted substance, T is th
reaction time, and 8 and u are coefficients,

V P Butorov, E A Novikov, 1 F Nichkov, S P Raspopin, and A A Khamatshin

Summary ’ /

The diffusion coefficients of beryllium ions in an equimo-
Jlar mixture of lithium and potassium chlondes were
measured in connection with the product:lon of beryllium
by electrolysis of molten alkali-metal hahdes with additions
of beryllium salts. The following empincal relationship
was obtained:

log D = -3.11 - 1110/T +0.04;

Investigation of the ion-exchange separation of scandium from some accompanying elements
gt el

—

The experimental limiting diffusion currents for the dm-
charge of beryllium ions and the values calculated by %
means of the measured diffusion coefficients agree sahsv‘
factorily. The mobility of the beryllium ions and the acﬂov
vation energy of diffusion depend on the ionic composlum
of the electrolyte. :

Yu P Kudryavskii, E I Kazantsey, E A Kazantsev,\A S Baryshnikov and V N Onosov (Urals Polytechnical Institute.

Department of the Metallurgy of Rare Metals)

Summary

The behaviour of scandium and its accompanying elements
on a macroporous phosphate cation-exchange resin KFP-8
was investigated. It was shown that the sorbability of %
scandium exceeds the corresponding values for divalent \
and trivalent metals to a considerable degree.

\

X
%,
Three-dimensional zone model and calculation of the heat exchange in a copper reverberatory furnace
%

Yu A Zhuravlev (Krasnoyarsk Institute of Nonferrous Metals. De}’;artment of Metallurgical Furnaces).

At the present time the most complete physical method for
calculation heat exchange in the working area of combustion

62

furnaces is the zone method. Its use in conjunction with ﬁ’
Monte. Carlo method for determination of the generalised s

——,

Significant differences were found in the behaviour of .=
scandium and the impurity elements during the desorptioa”
processes. On the basis of the obtained differences in the?.
ion-exchange behaviour of the elements the quantitative -
separation of scandium from 5-100-fold amounts of Y, La'.,'~
Al Fe (III), Ca, and Mn was realised.
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" 1-vestgation of the leaching of bauxites from the Ayat' deposit
L pNi. BE Medvedkov, VI Grigor'ev and R A Abdulvaliev (Institute of Metallurgy and Concentration, Academy of
s.ieaces of the Kazakh SSR) SUBJ
MNG
ILB

various samples were different (table 1); the extraction of
Al;0; was lower than, higher than, or at the level of the
theoretically possible value. Three samples of the Ayat's
bauxite containing rock-forming minerals (gibbsite, kaolinite,

rne Ayat' deposit is confined to the western edge of the
.lowlands in northern Kazakhstan. All the bauxites

': z__; region are represented by gibbsite ores“*). 1t is well

o sa7. that the bauxites of the deposits of northern Kazakhstan ! : 1 2rals i

1+« generally similar in composition. Their differences lie goethite, haematite, magnetite and mdente) and the residues

.. the ratio of the minerals and lithologic forms and the size from their leaching were analysed by chemical, crystal- a

( eondary changes**®), having a large effect on the quality optical, and X-ray diffraction me}hods. ) . 7;

¢ the raw materials. This in turn is reflected in the tech- In sample No.1, crypto-crystalline formations with a ;

,_:.‘l o= for the production of alumina from the bauxites of yellow-brown colour.a.nd vanas)ble refracnve_ index (1..5 - '

e various deposits®). 1.62) were found. Itis knqwn‘* } that in bauxites and iron -

“'\ eraracteristic feature of the Ayat’ bauxites is the ores aluminium forms Solid solutions with goethite, haema- ﬁ

;n‘cnnsmncy of chemical composition even within a single tite and maghaemite. The presence of aluminium-iron : = 5

deposit: these fluctuations reflect the quantitative ratio of compounds in the bauxite leads to incomplete extraction of

e principal rock-forming minerals. A common feature of AlQ, during decomposition of such a bauxite. g &

e given deposit is the increased content of iron compounds A similar effect was observed during the leaching of &=

and. in particular, siderite (5-6%) and the preponderance of sample No.1, the deficiency in th-e extracton qf vghxch B o

swny forms. .. amounted to about 6%. The alumina combined in it passed éi: &
The present work was devoted to determination of the effect into the slime without chapge. 'I'pe amount of Al,0, m re- & esl)

of the principal factors on the technological characteristics lation to 8iQ; in the leaching residue therefore considerably &2 6=

and determination of the optimum conditions for the leaching exceeded the value required for the formation of only hydra- g! =z
f Ayat’ bauxites, ted sodium aluminosilicate (HSAS). During the leaching of = A
The investigation was carried out with various samples of sample No.2, which contained AL,O, only in the form of = g% !

wuxites (table 1) having silica ratios between 3.6 and 7.3 gibbsite and kaolinite, the theoretical yield of Al,0, was = e (18

icomposition of recycled solution g/1: 248.0Na_O., 120.0 obtained. The amount of dissolved SiQ, in this case was the i

ALO,. a. = 3.41; calculated caustic ratio 1.7; temperature highest, and this was due to its highest content in this .

105°C, duration 2h). The effect of the composition of the sample. The leaching of sample No.3 gave an Al,0; extrac- x

tion somewhat higher than the theoretical on account of the

muxite and its particle size, the concentration of the re-
cycled solution, the time, and the reaction temperature on
the leaching process was investigated. The results from the
leaching of Ayat' bauxites under various conditions are given

below.

presence of insoluble forms of SiQ, in the bauxite.

Leaching time. According to data from chemical analysis
of the liquid phases and physicochemical investigation of the
solid phases, the leaching time has a considerable effect on

the results from the process (fig.1); a maximum is observed !

Table 1: Results from leaching of various samples of on the kinetic curves for the extraction of AlQ, at 105°C.

)
B
"
i
1

Ayat' bauxites
703
80 ¢, 0y - 13
Sample No. 65 ” 9‘:’ o7 \1 g
DAL IS -2 —— 1}
47 88 /,/‘/‘/ \ 1!
Zxperimental Data 1 2 3 S ~d \ i
&r A R L
[ .57 i
smposition of bauxite X | Na,0 0.5 0.5 0.5 | 90!‘ - ]
: 5
AL,0, | 43.1 | 4.8 ; L B
'1 3 45.6 - ] < 20 ¥ T ain ‘
Si0, 5.9 | 12.4 7.0 i
Fe,0, 23.2 16.4 19.7 Fig.l variation of the concentracion cz Al .9, (s0lid 1ipes) g
- and Si0; (dotted lines) as rfunctions o: the bauxite .4
Tio, 1.7 2.0 1.5 leaching times. Samples. 1 - lo.l; 2 - No.l. f
calc, :'
loss | 25.0 | 23.0 | 23.8 It is known that an increase in the temperature of the pro- {
Composition of solutiom cess to 180-2207C leads to the disappearance of the extre- i
obtained g/l Na,0_ 1231.0 [225.0 [236.0 mum. We find an explanation for this in the following. In R
. X3,0, TG ) ) the f'u:st case, during.atmoa.:heric leaching thgre are two _
Y opposing processes (dissolution of Al,0, and SiQ, and o
20, [213.5 09.0 (220.0 crystallisation of HSAS), which are separated in time on ‘
Si0, 2.281 2.88] 2.01 account of a difference in rates. The left part of the kinetic ‘
o .76 1.771 1.76 curve (fig.1) characterises the dissolution of gibbsite and i3
po—. o ” kaolinite, while the right part characterises the crystallisa- f,
°‘f‘r2;‘1;:c;i§ ‘;“ ue 2.0 8.9 | 83| 9.0 tion of HSAS. Of course, there is no sharp boundary between .
8 ~2 : : : the end of the dissolution process and the beginning of the L
Al,0; | 17.3 1 23,9 }15.7 crystallisation process. However, when the first process .
510, 12.8 | 24.0 | 15.4 predominates, the kinetic curve passes abruptly into a ;
T maximum, and when the crystallisation process predomin- .
e,0, | 48.3 [31.2 [48.2 f
ates the curve decreases more gently. N
calc. During autoclave leaching the two processes (dissolution
loss 9.0 | 8.6 | 7.4 and crystallisation) take place simultaneously, since their %
Zxtraction of Al,0, theor.| 86.3 | 72.3 | 84,8 rates are commensurable and the kinetic curve in this case 8
oract.] 80.6 |72.0 | 85.9 reilect§ t:t\e overall eifec.:t.o( the two x.-eact:mns. During _de- H
composition of a more siliceous bauxite (fig.1) the maximum %
B passage of AlLO, and SiQ, into solution is reached later N
-j\s a result of the different ratios of the main rock-forming (120 min) than in bauxite with a smaller silicon content
Minerals in the bauxite, the results from leaching of the (60 min). Of course, the maximum concentration of dissolved "
. b4
‘B




Si0Q, is higher in the leaching of the more siliceous bauxite,
Particle size of the bauxite. Table 2 gives the results from
the leaching of bauxites with the various particle sizes .
under the conditions of the nonautoclave variant of the Bayer
scheme (composition of recycled solution: Na;O, 254 g/1,
a = 3.38; composition of +0.149 mm fraction %: Al,05, 5.6
Si0;, 21.4Fe,0,; Composition of -0.149 mm fraction %: 43.3
AL:O,, 6.2 Si0; ; 21.0 Fe,O, ; temperature 105°C, time 2h).
From these data it follows that the extraction of a Al,0,
decreases with increase in thé amount of the +0.149 mm
fraction in the bauxite. The extraction of AL,O, decreases

particularly sharply from bauxite containing more than 10%
of this fraction.

Table 2: Dependence of the extraction of A1;0, on the content of the +0.149mm fraction

On the basis of the results from X-ray and crystal-optical *
anmalyses of the solid phases it was established that a decreass.
in the leaching temperature leads to a qualitative change in
the composition of the products. *

As a result of decomposition of the bauxite at 1050C washed 2
red mud with the following composition was obtained %: >
6.2 Na;0, 18.1 AL,0,, 13.48Si0,, 47.8 Fe,0,, calcination loss 3
9.3.

From the results it follows that after thickening and
washing the composition of the mud changed somewhat com- :
pared with the mud after leaching (table 1), The phase c4m- -
position also changed. Apart from lines for HSAS, in which ;
most of the aluminium and silicon was combined, the X-ray é

Erutl

¢
in the bauxite
Composition of ubrained Content in residuc
Azount of residue solution 2 4
on + 0.149 mm . Extraction
screen 7 ¥a,0, Na,0 .. | A1.0; $i0, ac AL,0; | 5i0, }Fe,0, a
5 253.0 7.0 214.0 | 3.8 1.95 | 17.7 il.4 J47.0 81.8
10 249.0 7.0 208.0 | 3.4 1.97 18.3 12.0 j47.9 81,4
20 252.0 7.0 199.5 2,1 2.08 24.3 10.6 }41.7 71.2

The effect of the concentration of the recycled solution on
the extraction of Al;O, at 105°C is shown in fig.2. Increase
in the concentration from 156 to 243 g/1 in respect of caustic
sodium oxide leads to an increase of approximately 10% in
the extraction of Al,O,. .

-
-

v

Y YA ¢
Fig.2 Effeet o: :z.%¢ concencration of the alkali-aluminate
solution (witih ac = 3.4) on the extraction of Al,0,.

i gy eyt

Leaching temperature. The experiments were carried out
at 70, 90 and 103°C. Owing to the fact that the material compo-
sition of the residues from leaching at various temperatures
may be different, the subsequent operations of desiliconising
the aluminate solution and thickening the red mud will be
carried out under noncomparable conditions. The experi-
ments were therefore carried out in a system with desiliconi-
sing of the aluminate solution and thickening of the red mud
according to the standard procedure®). The results are given
in table 3 {bauxite composition %: 43.1 Al;0a; 5.98i0;; 23.2
Fe,0,: 25.0 calc. loss; composition of recycled solution:
Na,0. 247 g/1; a. = 3.38; calculated ratio 1.7; theoretical
extraction 86.3%). Decrease in temperature reduces the

extraction of Al;0,, while the SiO, content of the solution
increases.

Table 3: Results from decomposition of bauxite at various

separately. .

patterns also contained reflectons for gibbsite. The appear-d
ance of gibosite in the thickened bauxite mud is a special b
problem, which is not being considered in the present work. ¢

¢

_4
0
Part of the superfluous (over the HSAS) aluminium oxide is %

3

present in aluminjium-iron compounds. Under these conditions:
the kaolinite of the bauxite aimost completely decomposed; i
it could not be detected in the washed thickened red mud by
crystal-optical and X-ray methods.

With decrease in the leaching temperature the kaolinite of
the bauxite passes into the red mud without change. At 90°C ¥
the kaolinite only partly decomposes. During subsequent
operations part of the SiO, combines in the HSAS. The latter
is formed particularly intensively during the thickening of
the red mud. At 709C the kaolinite is hardly decomposed at
all. There is quite a small amount of HSAS in the thickened
red mud, which contains %: 3.4 Naz0; 27.1 ALO,; 11.78i0;,;
39.4Fe0,; 11.7 calcination loss. On the X-ray pattern of
this mud the lines for kaolinite are appreciably stronger
than on the X-ray pattern of the red mud obtained with a
leaching temperature of 90°C.

It should be noted that when the leaching temperature is
reduced a certain part of the gibbsite which has not passed
into solution remains in the red mud. Leaching at even
lower temperatures (709C) leads to even greater losses of
gibbsite in the red mud.

1
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Conclusions

1.1n the Ayat' bauxites the processes of dissolution of gibb-
site and kaolinite and crystallisation of HSAS take place

2.Increase in the alkalinity of the recycled alkali-aluminate
solution from 160 to 250 g/1 in respect of Na;O, leads to an
appreciable increase in the extraction of Al;O,.

3. The presence of aluminium-iron compounds leads to in-

T

¥

3

o

1

temperatures complete extraction of Al O, (to 6%) é

. g

Composition of solution g/l References i
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1zd. Akad. Nauk, Kaz. SSR, 1959, (2). 2
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IMPEDANCE MEASURING METHOD OF AND
APPARATUS FOR DETECTING ESCAPING
LEACH SOLUTION

TECHNICAL FIELD

The present invention relates generally to a method
of monitoring the presence or absence of leach solution
escaping from a desired leaching zone during in situ
uranium leaching. The invention relates more particu-
farly to a highly sensitive, improved method of and
apparatus for monitoring escaping leach solution by
measuring the electrical impedance of a predetermined
region outside the desired leaching zone using sets of
current and voltage probes and correlating the mea-
sured impedance to presence or absence of the solution.

BACKGROUND ART

As an alternative to conventional shaft and strip min-
ing techniques to recover ores containing valuable met-
als such as uranium and other elements, a technique
known as leaching has recently evolved for tapping
underground ore bodies, in situ, by treating the under-
ground ore with a leaching solution (lixiviant) which
establishes oxidation-reduction reactions for separating
and recovering a particular element or mineral from
unwanted material in the ore body. The process in-
volves mainly drilling an injection well into an under-
ground ore deposit, and then introducing the leach
solution to contact the ore. The leach solution dissolves
the mineral within the ore deposit, and thereafter, the
pregnant solution is recovered at a recovery well and
processed by conventional extraction means to recover
desired minerals therefrom.

In order to avoid contaminating an underground
region outside of a desired leaching zone, it has been
necessary to periodically monitor water samples with-
drawn from monitor wells surrounding the leaching
site. The water samples are analyzed for ions contained
in the water samples. An increase in ion concentration
in the samples is considered to be an indication of escap-
ing leach solution in proximity to the monitor wells
which are outside the desired leaching zone.

The above method is tedious and requires manual
attention by personnel. Even more important, however,
it is impossible to determine the presence of escaping
leach solution until the solution actually reaches the
monitor wells. Detection may therefore be delayed for
a substantial period of time after escape begins. Even
then, false indications of escaping leach solution some-
times occur because of locally high concentrations of
ions in migrating ground water. A need exists, there-
fore, for a method of detecting escaping leach solution
to avoid contamination of regions such as farm land
outside the desired leaching zone that is faster and more
reliable than previously known methods.

Accordingly, one object of the present invention is to
provide a new and improved method of detecting leach
solution escaping from a leaching zone.

Another object is to provide a method of and appara-
tus for detecting escaping leach solution that does not
require sampling of solutions from individual monitor
wells surrounding the leaching site.

Another object is to provide a new and improved
method of and apparatus for detecting escaping leach
solution that is faster and more reliable than prior meth-
ods.
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Another object is to provide a new and improved
method of detecting escaping leach solution that is
adaptable to automation to reduce personnel require-
ments.

DISCLOSURE OF INVENTION

The above objects are satisfied by establishing moni-
tor wells surrounding the standard injection wells and
recovery wells formed within a desired leaching site.
Escape of leach solution beyond the site is detected
using current and voltage probes to manitor the electri-
cal impedance of the subterranean regions between the
injection wells and nearest monitor wells. A decrease in
impedance between pairs of injection and monitor wells
is caused by leach solution replacing the natural ground
water between the wells and is therefore indicative of
escaping leach solution. The impedance between the
well pairs are continuously monitored or are monitored
periodically over the life of the leaching operation.
Occurrence and magnitude of escaping leach solution
are periodically reviewed by personnel or are analyzed
automatically by computer to determine the condition
of the subterranean regions outside the leaching site.

In practice, in order to measure the electrical impe-
dance of the ore formation distributed throughout the
leaching site, a series of injection wells and recovery
wells are established within the site in a pattern deter-
mined by particular mining requirements. Monitor
wells are then drilled surrounding the injection and
recovery wells outside the site. Each well is jacketed in
an electrically insulated, corrosion resistant, casing. A
portion of each casing at a preselected depth corre-
sponding to the depth of the ore deposit is formed with
a screen to pass leaching solution and dissolved materi-
als. A first current probe is located within the monitor
well just above the casing screen and a second current
probe is positioned at a corresponding depth in the
closest injection well. First and second voltage measur-
ing probes are positioned, respectively, in the two wells
adjacent the screens. A constant current source having
a magnitude of up to 10 amperes and a frequency in the
range of 1-20 Hz is connected to the current probes to
establish a constant current flow through the voltage
measuring probes, casing screens and ore deposit be-
tween the two wells. The voltage measured by the
voltage probes is a function of electrical impedance of
the ore deposit between the wells which in turn is a
function of amount of leach solution present. Thus, any
drop in voltage from an expected or nominal voltage is
indicative of the presence of escaping leach solution
between the injection well and monitor well.

As an glternative configuration, the voltage and cur-
rent probes may be placed between a single, center
recovery well and a series of outer, monitor wells sur-
rounding the injection wells. Electrical impedances are
measured between the center recovery well and the
monitor wells. Since only a common current probe and
a common voltage probe are located in the center re-
covery well for cooperation with the monitor well
current and voltage probes, the total number of probes
in the system is reduced by (M—1), where M is the
number of monitor wells provided. I am aware that
earth resistance monitoring has been used in the past for
various purposes, such as porosity logging (e.g., see
U.S. Pat. No. 3,975,674). 1 am also aware that it is
known that leach solution has a characteristic impe-
dance or conductance as described, for example, in U.S.
Pat. No. 4,071,278. The present invention is based on
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the realization that escaping leach solution can be de-
tected by monitoring the impedance of an ore formation
being mined in situ by leaching, using the probe ar-
rangement and operating parameters, described in detail
below. Much higher sensitivity to presence of leach
solution is realized by monitoring impedance or con-
ductance from within the monitor and injection or re-
covery wells in accordance with the invention than by
monitoring those parameters at the surface of earth, for
example, or by known other methods.

Still other objects and advantages of the present in-
vention will become readily apparent to those skilled in
this art from the following detailed description, wherein
I have shown and described only the preferred embodi-
ments of the invention, simply by way of illustration of
the best modes contemplated by me of carrying out my
invention. As will be realized, the invention is capable
of other and different embodiments, and its several
details are capable of modifications in various obvious
respects, all without departing from the invention. Ac-
cordingly, the drawings and description are to be re-
garded as illustrative in nature, and not as restrictive.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1is a cross sectional view of a subsurface min-
eral bearing formation penetrated by an injection well,
a recovery well and a monitor well equipped with cur-
rent probes and voltage probes for practicing the inven-
tion; :

FIG. 2 is a diagram of an equivalent electrical circuit
showing the constant current source and voltage drop
induced across the ore formation together with a com-
puter for interpreting the results;

FIG. 3 is a graph showing impedance verses time of
an ore formation into which leach solution has been
injected;

FIG. 4 is a diagram showing an array of injection
wells, production wells and monitor wells together
with impedance measurement paths at a leaching site in
accordance with one embodiment of the invention;

FIG. § is a diagram of an alternative array of wells
and impedance paths; and

FIG. 6 is a cross sectional side view of the array of
FIG. 5 showing probe placement.

BEST MODE FOR CARRYING OUT THE
INVENTION

Referring to FIG. 1, a pair of conventional boreholes
10 and 12 are shown drilled into the earth for penetrat-
ing overlying strata 14 and a uranium ore or other min-
eral deposit 16. The lower ends of boreholes 10 and 12
are sealed by conventional caps 18 and 20. The bore-
holes 10 and 12 are jacketed by electrically insulating,
corrosion resistant casings 22 and 24 formed preferably
of plastic or fiberglass. A portion of each of the casings
22 and 24 is formed as a screen 26, 28 having slots or
perforations that enable leach solution to flow out-
wardly from borehole 12 and dissolved minerals to flow
into the borehole 10 in the usual manner. The borehole
12 is usually reterred to as “injection well” while the
borehole 10 is referred to as “recovery well” in conven-
tional mineral leaching.

A suitable leach solution (lixiviant), such as ammo-
nium carbonate or sulfuric acid, is distributed into injec-
tion well 12 by suitable piping (not shown) and allowed
to disperse into the ore formation 16 through screen 28.
The screen 28 is positioned at a depth corresponding to
the depth of the ore formation, with enough leach solu-
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tion being supplied to cover a depth that is slightly
greater than the depth of the formation 16 to dissolve a
maximum amount of mineral. The leach solution chemi-
cally reacts with the ore 16 (e.g., UO3 UO; of uranium
ore) as the solution penetrates the ore toward the recov-
ery well 10. After some period of time, the zone be-
tween injection well 20 and recovery well 24 has been
bridged by leach solution and the solution and dissolved
ore are withdrawn from recovery well 10 by conven-
tional techniques, such as by pumping through tubing
(not shown). The leach solution is pumped to treatment
or processing equipment (not shown) where desired
minerals are separated for commercial use using con-
ventional chemical separation or refining processes.
The recovery process is continued until the desired
mineral is leached out to the extent that it is no longer
practical to continue the process.

During the leaching process, there is a tendency for
leach solution from injection well 12 to escape from the

desired leaching zone 30 between injection well 12 and’

recovery well 10 into an undesired zone 32. To detect
the presence of escaping leach solution 34, an additional
borehole 36 is drilled into the earth outside the desired
leaching zone 30. The borehole 36, identified hereinaf-
ter as “‘monitor well” is equipped with an end plug 38
and casing 40 having a screen 42, in the same manner as
described with respect to injection well 12 and recovery
well 10. It is to be understood that although only single
injection, recovery and monitor wells are shown in
FIG. 1, a number of each type of well arranged in a
predetermined pattern or array depending upon partic-
ular requirements would be provided in practice as
shown in FIGS. 3 and 4, for example.

In accordance with the invention, the electrical impe-
dance of zone 32 is monitored by positioning a pair of
current supply probes 44 and 46 together with voltage
measuring probes 48 and 50 within, respectively, the

- injection well 12 and monitor well 36. The current
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supply probes 44 and 46 are located within the two
wells at or just above the upper ends of screens 28 and
42. Voltage measuring probes 48 and S0 are positioned
beneath the current supply probes 44 and 46 in exposure
to each other through the screens 28 and 42. The cur-
rent supply probes 44 and 46 are preferably located
within the range of 5 to 20 feet above the upper ends of
the screens 28 and 42, aithough the exact position
within that range is not critical. The voltage probes 48
and S0 preferably extend along the entire length of
screens 28 and 42, that is, from just above the upper
ends of the screens to just below the lower ends thereof.
Shorter probes may be used, however, as shown in
FIG. 1, with proportionally reduced sensitivity. The
significance of the probe placement described herein is
that current is forced to flow along a path through ore
formation 16 at a depth defined by the depth of the
casing screens 26, 28 because the impedance of the
casing 22, 24 at each well to current flow is lowest at
said screen.

A constant current source 52 is connected to the
current supply probes 44, 46 through conductors 54 and
56. A voltage meter 58 is similarly connected to the
voltage measuring probes 48 and 50 through conductors
60 and 62, as shown in FIG. 1. The current source 52 is
preferably a constant current, square wave current gen-
erator having a frequency of between 1 hertz and 20
hertz. The magnitude of current generated by current
source 52 is preferably as high as possible in order to
maximize signal-to-noise ratio. In order to reduce

.
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power supply requirements,-and to avoid disassociation

-of the leach solution, I have found that a current magni-

tude of about up to 10 amperes peak is preferred.
Referring to FIG. 2, the 1rnpe.dance of 'the ore forma-

tion 16 between voltage measusing probes 48 and 50 i§

symbolized by Zo. The magnitude of this impedance is
a funcfion of the amount of 1éach solution within zone
32; that is, the impedance decreases as the quantity“of
léééh solution within the zone increases. The lower
impedance is caused as a result of the ionic concentra-
tipn of the leach solution which is greater than the ionic
concentration of water naturally occurring within the
zone 32, Since the nominal impédance of the zone 32
can be determined by measuring the impedance prior to
gelivery of leach solution.into the injection well 12; any
significant subsequent decrease in impedance can be
attributed to the presence of leach solution that has
escaped into the zone 32,

§til! referring to FIG. 2, since the amount of currerit
flnwing through zone impedance Zg is constant, it is
evident that the voltage drop -across probes 48 and 50 is
a function of only the magnitude of impedance Zg: This
valtage is monitored by meter 58 and compared with
the predetermined, nominal impedance of the ore for-
mation within zone 32 to determine the preseace or
absence of escaping leach solution.

FIG. 3 illustrates, the measured specific impedance in
an acquifer as sulfuric acid leach solution replaced
groundwater. The strength of the injected leach solu-
tion was increased very slowly for about 30 days, and
then was increased more rapidly. FIG. 3 shows that the
specific impedance decreased to less than one-third of
the initial value. The decrease in specific impedance
{ohm-cm) decreased the total inmipedance - (ohm),
ihereby ‘making the invention feasible, -

Monitoring of the voltage drop across probes 48 and
50 can be made continuously or periodicaily, either
manually, or by a programmcd general purpose:- dlgﬂal
computer 64, as shown in FIG, 2. Of particular signifi-
cance, the output of voltage probes 48 and 50 is'respon-.
sive t0 the présence of any leach soluuon that escapes
into the zore 32 before the solution has migrated
toward. the monitor wetl 36. This is in contrast to prior
leach solution détection systems of which I am aware
.that are responsive to the presénce of leach solution
only after the solution has penetrated the monitor well
‘screen. Accordingly, the presencé of escaping leach
solution can be detected early, thereby enabling correc-
tive measures to be undertaken.

Referring to FIG. 4, an example of a typical well
array at a leaching site is shown. A number of injection
wells 12 are distributed: within the site and intefposed
with another, number of recovery wells, The number of
injection wells 12 in practice may be greatef, smaller or
equal to the number of recovery wells 10. The leach
solution injected into the leaching site through the in-
jection wells ¥2 is distributed throughout the site, but
should not be:permitted to extend substantially out of
the site, An array of moritor wells 36 are thus distrib-
wted around the outer most group of injection wells 36,
as shown, to monitor the impedance of the zone be-
tween the monitor wells'and injectioh wells shown in
FIG. 4. The arrows extending between monitor wells
36 and the closest, corresponding injection wells 12
indicate the-paths-along which geophysical impedances
aré monitoréd by the current and voltage probe pairs
described in connection, with FIG. 1. Thus, a pair of
current and voltage probes are needed for each monitor
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well 36.and ¢orresponding injeciibn well 12. The volt-
age outputs of the voltage measunng probes within the
cofresponding pairs of monitor and injection wells may
be supplied to a computer 64 (FI1G. 2) to develop a map
of the impedances distributed within the monitored
zone shown in FIG. 4. It is thereby possible to deter-
mine the amount of any leach solution that has escaped
into the monttored zone by inspection of the map.

An example of the above mentioned process is'shown
in FIG. 4, wherein the nombers distributed in the moni-
tored zoné defined by the arrows indicate relative volt-
ages that could be measured by voltage probes 48 and
50 at a particular point in time. It-can be noted that the
voltages measured in the monitored zone at a position of
about six o'clock are significantly lower than the re-
maining measured voltages. It can therefore be pre-
sumed that there is an abriormally high ion concentra-
tion within the.six o’clock region of the monitored zone
which is an indication that leach solution has escaped
into this region.

Referring to FIG. 5, an alternative array of monitor,
injection and récovery wells designed to reduce. the
total number of probes required for detecting escaping
léach solution is shown wherein a single, center recov-
ery well 10 is positioned in communication with four
injection wells 12 (the number of injection wells is arbi-
trary). This type of array is probably not suitable for

Jarge mining instaliations, but is adequate for smaller

applications. A number of monitor wells 36 are posi-
tioned outside the region surfounded by the injection
and recovery wélls 12, 10. During-a leaching operation,
leach solution tends to flow subsiantially along the
paths shown in the dotted lines. Any leach solttion
flowing along the paths defined by the-arrows; how-
ever, would have a tendency to escape. outside the
leaching site and be detected by the monitor wells 36, In
accordance with the embodiment of the invention
shown in FIG. 5, a single currént supply probe and a
single voltage measuring. probe are positiongéd in the
recovery well 10. An additional current sapply probe
‘and voltage measuring probe are also located in each of
the monitor wells 36, The current-and voltage probes in
each of the monitor wells 36 cooperate. with the single
current probe and voltage probe in.the center recovery
well 10, that is, each of the constant current sources has
one terminal connected to the probe.in recovery well 18
and its remaining terminal connected to the current
probe in a different oné of the-monitor wells 36. Simi-
larly, each voltage meter has one terminal connected to

. the voltage probe in center recovery well 10 and its

remaining terminal connected to the voltage rhcasuring
probe in a different monitor well. This arrangement s
illustrated schematically in FIG. 6 wherein is shown
two monitor wells 36 distributed around center recov-
ery well 10. Thé total number of current and voliage
probes-saved in the configuration of FIG. 6 compared
to the configuration of FIG. 4 is (M — 1), where M is the
number of monitor wells in the array.

In this disclosure, there is shown and described only
the preferred embodiments- of the invention, but, as
aforementioned, it is to be understcod that the invention
is-capable of use in various other combinations and
environments and is capable of changes or modifica-
tions within the scope of the inventive concept as ex-
pressed herein.

I claim:

1. A method of detecting presence or absence of
leach solution escaping. from a desired underground
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7
leaching zoné having an ifjection well and a recovery
well éxtending: thereto from ground above, wherein
leach solution is delivered through the injection well to
a region of said zone having an ore formation between
the two wells, and dissolvedd minerals are. recoveréd
from said recovery well, comprising the steps-of estab-
lishing-a monitor well ovtside szid region between said
injection and recovery wells; measuring an impedance

of 'underground formation betweeh said ‘monitor well -,

angd orie of said injection well-and said recovery well at
a depth below said ground substantiaily correspondmg
to that of said zone; and correlating said measured ifpe-
dance to a presence or abserice of leach solution.

2. The method of claim 1, wherein sdid measuring
step includes the steps of locating a first current probe
and a first voltage probe in said monitor-well; locating
a second ¢iirrent. probe and-a second voltage probe in
one of said injection well and recovery well, generating
3 constant current between said current probes; and
monitering a voltage drop between said voltage probs

3: The method of claim 2, wherein said locating steps

includeés positioning said voltage ‘probes below said

current probes within, said wells.

4, The method of claim -3, wherein said injection,
recovery and monitor wells are’jacketed in electrically
insulating casings, the casings of said probe-containing
‘wells-having a portion formed with apertures, and said
locaung steps_further include the steps of positioning
said current probes “above said ‘apertures, and position-
ing said voltage probés for exposure through' said | aper-
tures, a current flow path thereby being establmhed
through said voltage probes at the apertured pomons of
said well casings:

5. The -method of claim 1, wherein said locating steps
including positioning said current and voltage probes:in
said injection well and said monitor well.

6. The method of claim 1, wherein said locating steps
include positioning said. current and voltage probes’in
said recovery well and said monitor well.
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7. The method of claim 2, wherein said constant cur-
rent has-a frequency in the range.of 1-20 Hz.

8. An.gpparatus for detecting-legkage of leach solu-
tion outside a desired leaching-zone, comprising:

an injection well into which l18aéhing solution is de-
livered for dissolving'a mineral from an ore forma-
tion;

a recovery well for withdrawing dissolved minérals,.
said ‘injection and recovery wells being located
within the desired leaching zoné being mined, and
a monitor well located outside sdid desired feach-
ing zone, wherein each of said wells includes an
electrically insulating casing, and a portion having
formed therein apertures facilitating flow of said
solution and dissolved minérals. through said zone;

a set of impedance monitoring probes located within
said monitor well and one of:said injection well and
recovery well wherein gach set-of probes, includ-
mg a current supplymg probe and a voltage mea-
suring probe, is located at a depth in said wells
substantially corresponding to the position of said
apertures;

means for operating said probes to measure-electrical
impedance of an earth formation between. said
probes, and

means responsive to signals generated by said probes
for correlating an impedance measurement to pres-
ence or absence of leach solution between said
monitor weil and said one of said injection well and
recovery well.

9. The apparatus of claim 8, wherein said voltage

probes. are positionéd beneath said current probes.

10. The apparatus. of claim 9, including a source for
supplying a constant current to said current probes.

11. The apparatus of claim 8, wherein'said impedance
monitoring probes-are located in said monitor well and
said injection. well.

12. The:apparatus of claim 8, wherein said impedance
menitoring probes-are located in said monitor well and
said recovery well. )
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matrix of the set of normal equations:

the vector of the given values of the mdepcndvnt
variables;

x'and x, = the tr'.lnSppsed matrix and vector.

As follows [rom table 2, the predicted values of the
fluidised bed temper '\tu: e do not fall outside the confidence
level. The following I‘C{.,x ession equitions were also used in
the calculations:

=0.44622S , +0.69445 - 107 S% - 0.11065 (11)

Gy = 284.56-18.9945 4-»0;297238"1 (12)

where:
B = the fraction of the concentr '1te in the dry charge:
Gy = the amount of dust in the charge (kg/]OOkg of con-
centrate).

The excess blast coefficient was calculated by means of
the equation:

WY (13)
P8 (Trgp )
where:
vV = the consuimption of blast delivered to the furnace
m®/h;

P = the productivity of lhe furnace in the moist charge

Aov Now-Te .
9% % o & N3

Investigation of the-mechanism of oxidalive leaching of copper subsulphide

ton/h:
= the specific theoretical consumpuon of blast m®/ten
of concentrate (Vy = 1481.4m"/ton).

Conclusions

1. By a computer simulation experiment a mathematical
model was obtained, relating the temperature in the fluidised
bed during the roasting of nickel concentrates from the
Severonikel' Combine to the moisture content and sulphur
conlent of the charge, the oxygen content of the blast, and the
excess blast coefficient. ’

2. The adequacy of the mode] for experimental data ob-
tained on an’industrial roasting furnace was established.
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T V Radashevskaya and G N Dobrokhotov {Leningrad -Mining Institule, Department of the Metallurgy of Heavy

and Noble Metals)

Recent researches have shown that the reactions in oxi-
dative leaching of sulphides are well reproduced by electro-
chemical models!*"). Since the general content of these re-
actions largely reduces to two processes, i.e. cathodic re-
duction of the oxidising agent and anodic dissolution (oxida-
tion) of the sulphides, the localisation of the individual
slages possible in the electrochemical method greatly
improves and intensifies the investigations. The present
report sets out the results {rom an-electrochemical inves-
tigation into the oxidative leaching of copper subsulphide,
which is of interest in connection with the development of
various prospective hydrometallurgical schemes.

rig.l Didgram of the apparatus lor
measurement of anodic polaris-
ation: 1) cathode ccempartment,
2) anode compartment; 3) calomel
electrode; 4) sample.

The samples for the investigations were prepared from
a sample of fused white matte, containing 81.1% Cu and
18.7% S. Its structure was diagnosed by X-ray methods as
Chalcocite with small inclusions of metallic copper. These
samples in the form of cubes with an edge of 10-15mm were
coated with copper elecirolytically and attaclied mechanic-
ally to a copper conductor by soldering with tin. The whole

electrode was then effectively isolated by BF-2 cement, the
working part was reinforced by a self-hardening acrylic
plastic, and the surface of the sulphide was carefully
ground and polished. A general diagram of the apparatus
is shown in fig. 1. The anode compartment was assembled
in the form of a beaker with an airtight lid, to which the
sulphide electrode and a capillary with a calomel electrode
were attached. The observed potentials were read on the
hydrogen Scale by the usual method. The anolyte (solutions
of CuSQ, with concentrations of 0.01, 0.1 and 1M) was
thermostated with an’accuracy of + 0.58C. The cathode
compartment was an analogous device with a copper elec-
trode in an acidified solution of copper sulphate.

In the investigaled temperature range (25-600C) the
static polentials of the sulphide electrodes were estab-
lished after a few minutes. They were approximately 0.12V
below the equilibrium values calcuiated by means of the
Nernst equation and the standard potential of chalcocite
(0.530V) calculated frém tables of thermodynamic data.
The prelogarithmic coefficients in the temperature and
concentration dependences were close to the theoretical
values (0.029-0.033). These measurements and also ob-
servations on the formalion of pale blue deposits of covel-
lite in experiments with prolonged electrolysis and the
absence of sulphate formation during analogous electroly-
sis experiments with copper nitrate solutions showed that
the main anodic reaction in the oxidation of chalcocite is
the ionisation of copper according to the equation:

Cu,S ~ 2 = CuS + Cu®+

.For low current densities the obtained polarisation rela-
tionships were found to be practically linear (fig. 2). This
showed that the dissolution of chalcocite took place under
exchange current conirol, Its equilibrium values (A/m?)
obtained by means of the equation®):

Da RT
“na  2F

P
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where D, and n, respectively are the observed anodic
current density (A/m”) and the electrode polarisation (V).
are given in the table,

. Equilibrium values of the exdhzmge
CuSO,

current density (A/m‘ ) at
" concentration M- temperature °C
25 45 60
0.01 0.254 0.680 1.97
0.1 0.510 1.20 2.64
1 0.933 " 1.60 3.40
Da )
a/m? a \ " b \ I c \ N
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Fig.2 The anodic polarisation-of copper subsulphide
in CusO, solutions H4: a) 0.01; b) 0.1; ¢) 1.0.
Temperature °C: 1'- 25; 2 - 40; 3 ~ G0. e -
static potential; x - calculated value oft

. current density.

In a general assessment they were found to be compar-

. able with the exchange current for pure copper in a solu-

tion of 1M CuSO, + 1M H,S0, at 200C, which is equal to
30A/m? %), Some decrease in the exchange rate in the
transition to a more stable chemical compound was. quite
natural. The conceatration dependence of the exchange
currents showed that the oxidation rate of copper sub-
sulphide increases appreciably wnh increase in the CuSQ,
concentration.

From the variation of the exchange current with tem-
perature (fig. 3), it was established that the observed ac-
tivation energy for the ioniSation of copper in solutions
with copper concentrations of 0.01, 0.1 and 1M CuSQ, is
11,6, 8.9 and 7.5kcal/mole respectively. The direction of
the variation in these quantities makes- il possible to sup-
pose that the extent of the linear section of the poldarisation
curves will increase appreciably with temperature, and this
‘Increase will be somewhat greater in dilute solutions than

in concentrated solutions.

25

2]~
A/m \\
[ \

\ln
Qre
Qo
0 0 4 w ot °C ,
Y P ) 371 1000/T K™°

© Flg.3 The offect of temperature on

the exchange current at CuSOu
concentrations of 0.01,0.1 and
1.0M.

In addition, the graphs in figs. 2 and 4 show the calculated
values of the current density (0.2, 0.46 and 1.34A/m"), ob-

. tained from the known temperature dependernice of the rate

of the autoclave leachmg of a sulphide material with simi-
lar composition®). The positions of the calculated points
confirm that the dissolution of copper subsulphide takes
place under exchange current conirgl under the leaching
conditions.
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Fig.4 The polarisation curves for
tha anodic oxidation of copper
subsulphide (1), the cathedic
reduction of oxygen (2) and the
cathodic reduction of cu*? ions
(3.

Of the possible cathodic processes. associated with the
anodic dissolution of chalcocite of greatest interest is
‘the reduction of molecular oxygen:

0, + 4HY 4 4e = 2H,0
the dynamic potential of which is given by the equatipn:

0=1.220-230

2.303RT '
F qF )

lg- po2 “Ne

where n_ is the overpotential for the reduction of oxygen
(V). At present the kinetic characteristics of reaction (1)
have been poorly investigated, and the available informa-
tion is practically restricted to investigations in_the
region of normal temperature™ +%%% ). Since the over-
potential for the reduction of oxygen depends to a con-
siderable degree on the cathode material™)?), and the
reduction of oxygen at base nietals is masked by self-
dissolution elfects and by the presence of oxides, we
used data on the kinetics of the reduction of oxygen at
metillic silver for comparison®):®). According to these
data, the polarisation of an oxygen electrode at 200C is
given by:

e = a-b'pH+bligD,

where a is a constant determined by the general condi-
tions and by the dimensionality of the current density D ;
b’ is a constant obtained experimentally (0.054V) and
close to the theoretical value of 2.303RT/F =0.058V: b
is a constant found to be equal to 0.112 on' the average
and close to the theoretical value of 2.303RT/8F, where
B is the transfer coefficient of the cation (~0.5). Cor-
reclion of equation (1) accor dmg to published data®)°).
gives:

©=-0.019-0.005pH +0.127 Ig P, - 0.1121gD, (2)

The overpotential for the reduction of oxygen at silver
calculated by means of equation (2) is too high For ex-
ample, when pH = 1.8, Pg, = 0.21atm and D, = 1072 A/m?
the dynamic potential of the oxygen echlrode "u'nounts to
onty 0.110V with a polarisation of 0.916V. Comparison of
the curve for the cathodic polarisation of oxygen with the
anodic curve for chalcacite at 259C (fig. 4) shows that the

 dissolution of copper sulphide takes place at an extremely

low rate (fig. 4, point 2), i.e. approximately four urders
of magnitude lower than the caleulated value (0.2A/m?).
Since.the overpotential for the reduction of oxygen at base
metals is even higher than that at silver”), this disagree-
ment between the rates for chalcocite is even greater. In
this respect the comparatively slow surface reduction of
“copper Cu®* + e =Cu* with subsequent rapid oxidation of
Cut ions in the volume of lhe solution seems more pro-
mising:

4Cu"+0p + 4H* =4Cu®* 4 2H,0

According to published data®?*), at 250C the equilibrium
constant of the reaction 2Cu*® Cu**+Cis K = [Cv? +]/
{Cu*)® = 1.7-10%, which with a Cu?* content of 40g/dm®
and a H; SO,; contenl of 200g/dm® gives an equilibrium
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Cu* cancentration of 3%9mg/dm®. Even gentle hubbling of
the solution with oxvgen or nitrogen-oxygen mixtures
rapidly reduces the equilibrium concentration of Cut to
2-10mg/dm® . With increase in temperature the equilib-
rium content of Cu* ions and their oxidation rate in-
crease rapidly. In fig. 4 the dolted line shows the appro-
ximate position of the kinetic curves for the cathodic -
process Cu™++ e = Cu™ with an overall copper content of
0.1M and with nominat [Cu™ ] /[Cu*], . ratios or 100,
50, 20, 10 and 1, coleulated trom thé equilibrium vilues,
Au eement between the expecled rates of the anodic and
cathodic processes for a calculated current density of
0.2A/m?® *) is obtained with the nominal ratio |Cu' ‘J,‘
[Cu*],yom = 25 or with a real Cu* concentration of
=0.6mg/dm®. In view of the high intensily of aeratiun
and’the large volume ratio of the solution in the exper-
iments”), the altainment of such a dynamic equilibrium
seems quite tangible.

A further argument in favour of the catalytic action of
copper ions is provided by the known observations and
conclusions on the existence of an induction period
during the oxidative (sulphuric acid) lenching of chal-
cocite*™)*®), The leaching reactions can evidenlly only
develop to a full extent with n sulficient accumulation of
copper ions in the solution. On the potential dingrams
the positions of the cathodic curves are determined by
the attained dynamic equilibria. Many of the chalcocite
leaching characteristics (the observed rate of the process,
its temperature dependence etc.) will therefore be deter-
mined aiso by the composition and by the relative amount
of the solution, by the intensily of the aeration of pulp,
and by certain other specific conditions.

Conclusions

1. From examination of lthe anodic disSolution potentials
of copper subsulphide and the cathodic potentials for the
reduction of molecular oxygen it was established that the
leaching of copper subsulphide with the direct participa-
tion of oxygen takes place at low rates as a resull of the

Investigation of the reaction of lead sulphide with lead oxide and'sulphate at 11500C

high overpotential for the oxygen ionisation reaction.

2. The dissolution of copper subsulphide is appreciably
aceelerated with the development, of the side reactions
of cathodic reduction of divalent copper ions:

Cu?ts g = Cut,and lhe subsequent volume oxxd'mon of -
the pbtained Cu® ions:

4Cu* + Qg + 4H* = 4Cu”* = 21,0

The leaching rate of copper subsulphide and the temper-
ature dependence of the overall process will therefore

evidently be determined also by the composition and rel-
ative amount of the solution, by the intensily of the aera-
tion of the pulp, and by certain other specific conditions.
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M M Khalmetov and V Ya Zaitsev (Moscow Institute of Steel and Alloys, Department of the Melallurgy of

Heavy Non-Ferrous Metals)

The exist‘uig classical scheme of lead production (sintering,
smelting) has substantial disadvuntages. There are greater
prospects for the recently developed methods for the pro-
duction of lead by an autegenous method directly {rom sul-
phide concentrates in the liquid state*’*). "To develop the
technological regimes and to obtnin a better understanding
of such processes it is necessary accumulate a whole series
of data on the mechanism and kinetics of the reaction of
lead sulphides and oxide compounds al high temperatures.
The kinetics of the reactions in the solid state have been

"studied ®®), but these data are clearly insufficient to deter-
mine the characleristics of the reactions of the components
ol the lead charge in melts.

The present article sets out the resulls from an experi-
mental investigation into the reuactions of PhS with PHO and
PbSQ, , renlised on the apparatus shown in fig. 1. The alun-
dum crucible 1 with a weighed amount of the charge was
placed in a quartz tube 2 closed with an airtight water-
cooled stopper, and the tube was placed in a Silit furnace
(up to 5kW). The temperature in the reaclion tube was
measured by means of the thermacouple 3; automatic
control of the temperature conditions was realised with
an accuracy of £5°C by means of the KSP~6 instrument 4,

To eliminate fully the vpossibilitv of oxidation the argon

was purified {rom oxygen. Argon from the bottle 5 was
p'lssed successively through a column of copper filings 6.

92

Prg b Riagram ol the apparatus.

Columns with an active preparation of copper 8, a Drechsel |
bottle containing concentrated sulphuric acid 9, and avessel ;;
containing calcium chloride 10. The temperature conditions

in the heated gas purification columns were maintained by
means of laboratory autotransformers 7.

The gaseous reaction products were passed through a -
dust collector with a paper filter 11 and were dispersed
in a beaker of water 12, where the sulphur dioxide was
titrated automatically with a solution of iodine on an aulo-
matic titrator TFL-46-2 13. The amount of sulphur di-
oxide released or the reacted amount of sulphur at each

UDC 669.431.4
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MINERAL SYSTEMS INC.

300 Brood Street :
P.O. Box 10745

Stomford. Connecticut 06904
(203) 348-0332

DR. ALFRED WEISS

Presigent

October 16,.1980

Dr. Thomas A. Henrie

Chief Scientist . .
U.S. DEPARTMENT OF THE INTERIOR
Bureau of Mines

2401 E Street NW

Washington, DC 20241

Re: P.0O. #P0101349
Contract #J0100077
Identification of National
Needs and Industry Leader
Comments

Dear Dr. Henrie:

_Enclosed please find five copies of our final report entitled

"ldentification of National Needs with Industry Leaders
Comments on Research and Development Needs in Minerals

Extraction"” which includes work performed on the above

referenced project order and contract.

I have incorporated the results of our meeting in Washington
on October 10 and the comments you made on the draft report
submitted earlier.

It has been a pleasure to work with you in this effort
and I feel something very meaningful has been accomplished.

With best regards.

Sincerely,

AW/pc
enclosures
cc: Mrs. G. Neubert w/report



-

- — .
I o o N

- .

— &

Section 1 - Table of Contents

Coverihg'Letter

Section 1 -  Table of Contents
Section 2 - Summary
Section 3 -~ Iﬁtroduction

" Section 4 - Subject of Discussion

Overall Concept
Participants
Organization
Funding Levels
Next Steps

Section 5 - Analysis of Discussions

The Anaconda Company

New York University

Freeport Minerals, Company

St. Joe Minerals Corp.

Union Carbide Corp.

Amax Inc.

Columbia University.

Exxon Corporation

Asarco, Inc.

University of California
Bechtel Corporation

Envirotech Corporation

Kaiser Aluminum Co.

Kennecott Minerals Co.
-University of Utah

University of Utah Research Institute
Occidental Minerals Corporation
Amax Inc. - Denver

Colorado School of Mines

Duval Corporation - Tucson
Asarco - Tucson

Anaconda - Tucson

University of Arizona

Gulf Resources and Chemical Corporation

L] L] L L [ ) [ [ ] [ ] L] [ ) L] L] [ ] L] L L ] L] [ ) [ ] L] * L L ] L]

Section 6 - Conclusion

Appendix A - Companies Visited
B - Universities Visited
C - Individuals Visited

Minerol Systems Inc. ____j




-

N K

EASL ]

2

’. ‘

-

-

&

IDENTIFICATION OF NATIONAL NEEDS
INDUSTRY Lgxggks COMMENTS
RESEARCH AND DECELOPMENT NEEDS
MINERALS ?&TRACTION

Section 2 - Summary

Approximately forty top level executives were visited at seventeen
company locations, seven universities and .a number of executives
representing three additional corporations were contacted by telephone
in order: '

1. to discuss a cooperative program in mining-metals research
and development proposed by the Office of Science and Technology
Policy of the Executive Office of the President, and

2. to identify problem areas reflective of national needs.

Stfong expressions of interest were received for participation in an
industry-governmént cooperative R&0D program; and national needs with
respect to minerals were identified in areas of energy conservation,
environmental control’, and broad-based research and development in
specific phases of the mineral cycle.

-3- Minercl Systems Inc. __._)
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Section 3 - Introduction

Early in 1980, Dr. Thomas A. Henrie, Chief Scientist of the U. S.
Department of the Interior, Bureau of Mines, discussed with

Or. Alfred Weiss, President of Mineral Systems Inc., plans to contact
industry leaders. The principal purpose of such contacts would be the
identification of national needs with emphasis on Research and
Development (R&D) needs in minerals extraction. Contacts would be
established by visits with top management,‘and initial discussions would
centér around a possible industry-government cooperative program in
mining/metals R&D proposed by the Office of Science and Technology
Policy (0STP) of the Executive Office of the President.

Or. Weiss' assistance was requested because of his long standing
acquaintance with and acceptance by many industry leaders and his
familiarity with the planning and evaluation functions of the Bureau of
Mines. His involvement included:

a. Assistance in setting objectives as to
overall industry leaders' visitation program.

b. Assistance in the identification of key industry
leaders.

‘c. Participation in the preparation and scheduling of
visits; in some instances take lead in approaching
Chief Executive Officers.

d. Participation in meetings and discussions.
e. Analysis of each meeting/discussion session.
f. Preparation of report on discussions with industry

leaders.

This document is submitted to address items £ and F of the project.

Mineral Systems Inc. ______ ./
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Section 4 - Subject'of Discussion

In contrast with other investigations, it was decided to conduct all |
discussions with corporate officers before contacting any research and
development managers.

Also, while the intention was to keep the discussions unstructured, it
was decided to start with a description of the proposed 0STP industry-

government cooperative program in mining-metals Research and Development.

The following is a description of the R&D concept which was discussed
with industry leaders during the project.'

Qverall Concept

The basic concept is that the extractive industry would join the Federal
Government in a major effort of cooperative research. Such effort may

last some 10 years. and cost at least a billion dollars. Initiale, the
program would need to start small, possibly at the ten - twenty thousand
dollar level; and grow as the management of such program would be able

to effectively steer and guide the activity. By developing a cooperative
program, the knowledge and experience derived would flow to all participants,
generally in amounts far greater than could be achieved by individual
corporate or Federally supported project investment in R&D. Furthermore,

through such effort, technology transfer--one of the most troublesome

aspects of Federal R&D--would be‘maximized.

Participants

The program that would be funded is one of basic and applied research

and advanced technology development. Universities would participate in
the basic research projects oriented toward the total program; government
laboratories which combined have larger resources and capabilities would
conduct the basic core program; and industry would execute engineering

type programs such as pilot plants and demonstrations.
-5-
Mineral Systems Inc. ___/
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The program would be open to participation by-all those firms seeking to
join with other firms and the government. Costs would be shared in such
a way so as not to impact disproportionately the smaller companies.
Entry in the program would be voluntary.

The program would start with Federal government participation through

" the Department of the Interior (the Bureau of Mines and the U.S. Geological

Survey) and the National Science Foundation with the Bureau of Mines
assuming a lead role.

Organization of the Research

The cooperative research activities envisioned in the government-industry
mining-metals program could be organized in any of several ways. A
specifit organizational framework could be selected by the contributing
companies, which could support research (through grants) at universities.
In this case, the research management teams would be guided in their
decisions by the agreement of all particpating parties on a research
framework .

In another cooperative industry-government cooperative program, the
industry funding is contributed to one proje:t account, managed by one
agency. Another model might be to establish an independent research
organization to which both the government and industry would contribute
funding. In any case, an advisory or steering committee would include
government, industry, academic and possibly public representatives.

The discussions of these arrangement and other elements of administration,

‘clearance of the program from the antitrust standpoint, patents, etc.,

would begin if there is a sufficient expression of interest in a cooperative
program on the part of a number of firms in the mining-metals industry.

At the same time, there would be continuing discussions of the possible
research topics that would constitute a cooperative program. )

Mineral Systems Inc. ____J
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On the basis of its experience with similar research programs and university-
industry programs the Bureau of Mines knows of no insurmountable issues
that would inhibit successful cooperation between industry and government.

Funding Levels and Duration of the Cooperative Effort

Funding for R&D in mining-metals industry is significantly below that of
other major industrial sectors, and Federal support is less than that
for some other industry-related work. [t is necessary to see what the
capacity within the research community is, or can be expected to be
after several years of support. Also important is the extent to which
there will be funding directed toward applied research or pilot plants.

As a target for distussion, the industrial firms and the government
should undertake planning that could lead to an increase of investment
of at least $100M, achieved over several years, and then sustained over
the rest of the decade.

-7-
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Next Steps

Joint discussions of this concept would be followed by a more formal
series of meetings.in autumn, 1980 to seek a decision on an agreementlof
principles, endorsed by a sufficient number of firms to warraﬁt inclusion
of some funding for a sectoral initiative in the 1982 Federal Budget.

The discussions will be conducted on the Federal side by the Office of
Science and Technology Policy-Executive Office of the President and the
Department of the Interior.

The above conceptual framework was discuésed face to face with each
executive or small group of executives viéited and discussions were held
in terms of expressing interest and of making suggestions. No promises
of commitment or of assurgd actions were made; emphasis was placed on an
OSTP initiative to take the next step.

1 ~ 8-
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Section 5 - Analysis of Discussions

4

THE ANACONDA COMPANY

Discussions at the Anacohdg Copper Company took placé with

Messrs. J. S. Morrison, President and J. Anderson, Senior Vice President.
Both men were unaware of the Bureau's research program, but were in
faQor of participating in a joint R&D program.

They believed, however, that if industry shared in the funding, the
individual companies would want to have a say in determining the R&D
problem. It was recognized that the probiems need to be of a general
nature so that industry as a whole and the national economy would
benefit.

They were very much in favor of the R&D concept especially those aspects
related to an advisory or steering committee in which academia, govern-
ment labs and industrial groups could all participate.

They believed Anaconda would be most interested in participating and
assisting in the development of such programs and wanted to be kept
advised.

Problem areas mentioned were:
. Smelting research to meet ambient air standards, or alterna-
tively, substitute for smelter by alternative methods such as

hydrometallurgical processes,

. Pit-wall leaching of mines which cannot be mined economically
in the conventional manner, and

. Processes and systems related to in-situ leaching of deep-
seated copper deposits; both pxides and sulfides.

-9- Minerol Systems Inc. ____J
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NEW YORK UNIVERSITY - Center for Science and Technology Policy

Discussion at NYU/Center for Science and Technology Policy took place
with Drs. Herbert 1. Fusfeld, Director and A. C. Dameske, visiting Pro-
fessor. - A number of pertinent questions related to any possible in-
dustry-government research program were addressed. The overall con-
clusions drawn were that there would be little gain for individual com-

panies to develop technology, and there is sufficient incentive for a

major individual effort to participate in a cooperative research and

development.

A number of organizational and procedural problems were discussed and a
strong interest was expressed on behalf of NYU to contribute to the
solution of some of these problems.

The Center for Science and Technology as represented by its Director,
Dr. Herbert Fusfeld is most anxious to help the Bureau of Mines in
planning any industry-wide meeting or even staging the meeting itself.
We were shown facilities which would be ideally suited for such purpose.
Dr. Henrie indicated that the first meeting would be held in the Indian
Treaty Room at the 01d Executive Building in Washington, DC, but that

there might be a good opportunity to use the NYU facilities at a later
date.

Industry problems of national scale perceived by the Center include:

. Energy Conservation, and
« Environmental Control.

FREEPORT MINERALS COMPANY
Discussion at Freeport took place with Mr. Milton H. Ward, Executive

Vice President. Visit was relatively brief because of Mr. Ward's pend-
ing departure for Australia and Indonesia. '

-10-
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Strong support was ‘expressed by Mr. Ward on behalf of the company for an
R&D prog-am with the Bureau of Mines assuming a lead role. Freeport
would like to be informed and Mr. Ward volbnteered to represent Freeport
in any follow;up meeting.

The late hour and Ward's pending trip to Australia prevented an in-depth
discussion of national problems and issues.

ST. JOE MINERALS COPORATION
Discussions ¢t St. Joe took place with Messrs Joseph G. Sevich, Vice

President of Technology and John A. Wright, Executive Vice President.
We were later joined by Mr. John C. Duncan, Chairman.

-St. Joe also expressed strong support for a Bureau of Mines managed R&D

program and saw as a potential obstacle the selection of research prob-
lem(s). ‘The management through.a Steering Committee with federal and

industry representation appeared the solution to maintaining broad-based °
interest and to assuming selection of problems of national scope.

Currently, St. Joe sees as problems of national importance which infringe
heavily on mineral produceré:

"« Wilderness Bill consequences,

. Implications, such as technological obsolescence created by
EPA and OSHA regulations,

. Energy problems at the smelter, and

. Competition from imports.

St. Joe oriented problems and concerns include:

. Lead chloride process, and

. Direct reduction of iron process.

-11-
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UNION CARBIDE CORPORATION

Discussions at Union Carbide took place with Mr. F. J. Shortsleeve, Vice
President. While Union Carbide was only retaining their Vanadium, Uran-
jum, and Tungsten business, having 'sold its domestic plants in the ferro-
alloy business, Mr. Shortsleeve expressed support for the program we

outlined and wanted to be kept informed as to the progress. Furthermore_

" he offered his personal assistance to encourage the concept of any fu-

ture cooperative research program. He pointed out-that Union Carbide

"had sold its research laboratory in Niagra Falls lending additional

weight to our impression that industry finds itself less and less in a
position to sponsor its own research activities.

AMAX INC.

Discussions at Amax were held with Dr. Herbert Kay, Vice Président of
Technology. Or. Kay, who had previously visited with Dr. Henrie in
Washington, DC to seek Bureau of Mines support, was in complete agree-
ment with the concept of an industry-government cooperative R&D program.
On behalf of Amax, he offered his personal involvement and those reporting
to him at the regional level in Denver, CO.

He stressed Amax's interest in a broad-based program.as his company has
plans for and is involved in the exploratinn and/or production of prac-
tically all minerals of commercial value. The organizational chart he
showed us reflected a broad-based and complex organization. Or. Kay
urged us to contact his associates in Amax's Denver laboratory, and
especially to discuss the program with Dr. Eugene Michael. A

National problems expresseq'by Dr. Kay concurred with those listed under -
St. Joe and Anaconda. ' '

-12- . .
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COLUMBIA UNIVERSITY

Discussions at Columbia were held with Professor Stevan Boshkov, Chairman
of the Henry Krumb School of Mines, and Herbert Kellogg, Professor of
Metallurgy. Professor Boshkov not only expressed stroﬁg support for the
cooperative R&D program, but pointed out that in many countries such
programs are and have been successful and have served to place the
respective countries in a strong cOmpetitive position.

Professor Kellogg pointed out that the ‘'old technology' may not be obso-

" lete and that any effective R&D program should not necessarily abandon

the old technology; but should examine it to determine which parts of
the unit processes should be maintained. He admits that the smelter.has
many environmental problems and that the blast furnace is not flexible
enough to accomodate the various grade and ore characteristics.'

Professor Boshkov expressed some apprehension that the industry might

not be forward looking enough and might fail to appreciate the effect of

an R&D program to maintain a high level of technology. However, with
increased involvement of the 0il companies in the minerals business and
their differing views as to high technology operations, the more traditional
segments of the minerals industry may follow with support once'it is
obtained by the 0il companies.

Both gentlemen expressed complete support and offered their personal
involvement should this be required.

EXXON CORPORATION

Discussions at Exxon took place with Messrs. W. Cooper, Senior Advisor
in Science and Techno]ogy,'Exxon Corporation, and E. Paul Mortimer,
Senior Vice President Exxon Minerals Corp. in charge of Research and
Technology Development.

-13-
Mineral Systems Inc. '




. - -

N - ] a A s

- ﬁ
’

—

Both gentlemen were extremely interested in the program and pointed out
that Exxon is already spending a sizable amount of money in all areas of
the mineral business even though its cash flow from minerals is minimgl.
Mortimer in particular pointed out that aspects of organizational
concurrence oh'research programs and monetary support from industrial
companies would be our greatest problem areas as he experienced similar
obstacles just within the Exxon family.

- After about an hour and a half discussion on the program and some of the

concepts and how it would work, Mr. Mortimer thought it best that he be
kept abreast of developments and was sure that when the time came Exxon
would -find a way to support a cooperative program in minerals research
and would surely want to be part of it. He had very little doubt that
McCardell's (William M. McCardell, President, Exxon Minerals Corp.)
feelings would be the same. We felt that it was a productive meeting
and that Exxon was quite forward looking in their minerals pfogram.'

ASARCO INC.

Discussions at-Asarco took place with Messrs. C. F. Barber, Chairman and
Chief Executive Officer, R. L. Hennebach, President; Richard Osbourn,
Executive Vice President; K. D. Loughridge, Senior Vice President; Bill
Roe, Vice President Research; and other staff members.

Mr. Hennebach expressed skepticism and concern regarding the joint
government-industry R&D program based on fear for the underlying premises.
For instance, an R&D in smelting technology might imply inadequacies of
current smelting practices, a subject matter on which-Asarco has testified,
defended in public hearings, and argued for in numerous court battles.

Mr. Barber had a completely different perspective on any such joint
program and viewed such activity more in light of a broad-based R&D
program to develop new and more effective ways of mineral extraction.

-14- — Minerol Systems Inc. ————/
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Further, he offered his personal support as President of the American.
Mining Congress to see to it that the Executive Committee of the AMC
would adopt a resolution in principle supporting a joint government-
industry R&0D program. '

while the initial phase of our meeting started in an adversary way, the
meeting concluded very much in a positive and supportive posture.

Mr. Barber suggested that we commit in writing (4 to 10 pages) a
synopsis of the R&D program concept and how it would work to be reviewed

UNIVERSITY OF CALIFORNIA at Berkeley

Discussions at Berkeley todk place with Dean A. M. Hopkins and Dr. Sherman.
They were quite impressed with the idea of a joint R&D program but were
relatively uninformed about industria] research within the extractive
minerals industry. Neither appeared to know much about government-
industry relations in the R&D area.

Much of the conversation channelled into a discussion concerning the contract
and grant policy of the Bureau of Mines and both expressed concern over

the publication of technological information policy introduced by the

Bureau in the current R&D contracts with the University.

We felt, however, that we could count on the University of California at
Berkeley for its support when a joint R&D program is formulated.
BECHTEL CORPORATION

Discussion at Bechtel took place with Mr. Robert Shoemaker, Manager of
Metallurgy. The reason for visiting Bechtel was to obtain the reaction

-15- " ,
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of a large engineering-construction firm as to the idea of a cooperative
research program between industry and government .

Mr. Shoemaker was extremely supportive and hoped there would be a way;
the engineering-construction companies could get involved. He pointed
out that during engineering of a large mining project the engineering-
construction firm, if they were current, would be able, in many areas,
to implement innovative technology and to demonstrate such technology'
through the pilot plant stages.

ENVIROTECH CORPORATION

Discussions at Envirotech took place with Messrs. Bob Byron, Vice President
Technology; Booker Moorey, Directory of Research; and Elwood Cone, Project ‘

Manager.

Not only did they support the concept of a joint research program, but
they urged that we keep them in mind as the involvement of equipment
manufacturers would be key to the success of any joint program. They '
wantéd‘to be kept informed and to be brought into the program as an
active participant.

KAISER ALUMINUM COMPANY

Discussions at Kaiser took place with Mr. Don McPherson, Vice Presient
of Technology. Mr. McPherson pointed out that two elements would be
important in the success of such a research program: development of an
objective and the cohesiveness with which the various program objectives

"will be maintained. He expressed his personal commitment to work with

us and would be available for an initial guidelines meeting should we
call on him. '

-16- . . ‘ /
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He .cited numerous projects in which he had extensive experience.and in
which the two elements cited above were key to the success of such
projects.

Mr. McPherson expréssed the hope that participants would be obligated to

contribute in the funding, thereby committing themselves to an active
interest and participation in making the program a success.

KENNECOTT MINERALS COMPANY

Discussions at Kennecott took place with Messrs. G. F. Joklik, President;
K. Richards, Vice President, and R. N. Pratt, Vice President. Apprehensions
and concerns of these gentlemen centered around three areas: 1) organization,

2) funding, and 3) integration of company proprietary technologies into

the joint program. Dr. Joklik pointed out that Kennecott has just curtailed
its basic research activities and that as a result of many years of
Kennecott's R&D programs, extensive knowledge a]réady exists in the

areas of in-situ leaching and ocean mining. His concefn therefore was

to what degree would the existing technology be integrated and what

level of funding would be expected from a company such as Kennecott

which already has developed extensive knowledge.

On a personal basis Dr. Joklik had reservations as to the sincerity and
Administration commitment of even starting a program since his most

‘recent and extensive involvement in the Minerals Availability study

sponsored by the Administration came to no avail.

We felt, nevertheless that the meeting with Kennecott was productive and
that the reservations expressed at that meeting could be dealt with
effectively.

-17- .
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UNIVERSITY OF UTAH

Discussions at the University of Utah took place with Dr. Larry Latman,
Dean of the Mining School and Acting Dean of the School of Engineering.
Dr. Latman appeared to be well informed of the cooperative research
agreeménts between industry and government. He appeared extremely
interested and would definitely wish the University to be an active
participant. He even offered his personal involvement if political
pressure on the Utah delegation should be required.

UNIVERSITY. OF UTAH RESEARCH INSTITUTE

Discussions at the University of Utah Research Institute took place with -

‘Dr. Bill Partridge, the President of the Institute. Dr. Partridge had

already been visited by Dr. Henrie so that our meeting was brief and
served the ‘purpose of bringing Dr. Partridge up to date on the immediate
future plans of the program. o

OCCIDENTAL MINERALS COPRORATION

Discussions at Oxy took place with Dr. Paul A. Bailly, President. ODr.
Bailly was quite supportive but was hesitant as to his commitment for
funding since Oxy Minerals at present has no cash flow and most likely
will not be in the black for some time to come. Based on Dr. Bailly's
extensive éxperience he is well aware of research problems in the mineral
industry and felt the time had come for industry and government to pool
their respective resources and establish a cooperative research program.
Having a broad international background, he also indicated the number of
industrialized countries which have implemented a nonfuel minerals policy
which emphasized mutual support and cooperation between industry and
government.

-18- , Minerol Systems Inc. -/ .
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AMAX INC. - Denver

Discussion at Amax, Denver took-place with Dr..Eugene Michée]s, Direqtor

of Research; and Paul Quenau, Research Supervisor. Both géntlemen éuppported
the general idea of a cooperative research program but pointed out certain
problem areas similar to those we encountered in earlier discussions.

COLORADO SCHOOL OF MINES

Discussions took place with Dr. Bil Muellar, Vice President Academic
Affairs. While not familiar with the cooperative research program he
expressed keen interest and wanted to know'what he could do to help:
further the cause. He felt that the Colorado School of Mines by its

‘'very nature is interested in making a contribution either through specific

research contracts, through managing parts of the program, or any
combination thereof.

DUVAL CORPORATION - Tucson, AZ

Discussions at Duval took place with Messrs. George Edward, Chairman and
Chief Executive Office and Royce Hardy, Vice President. Mr. Edwards
expressed skepticism and reservations as to the effectiveness of bringing
'all of these people together to develop a research program'. Mr. Hardy,
having been an Assistant Secretary in the Department of the Interior was
much more positive in his outlook. We felt that if a joint program were
td be developed, Duval would lend its support. '

ASARCO - Tucson

Discussions took place with Mr. Charles Campbell, General Manager, Western
and Southwestern Mines. Mr. Campbell expressed a typical operators'

-19- . .
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point of view - viewing studies as a means to promulgate more ahd more
regulations causing his already difficult job to become more burdensome.
He did express satisfaction concerning our visit with him which he
perceived as a foilow-up to an earlier meeting he had attended with Dr.
Lindsay Norman, Director of the Bureau of Mines. It's our impression

that at an operating level, the joint R&D program will be viewed from a

much more parochial standpoint; indicative of the necessity to keep any
future R&D program broad-based, fundamental, and beneficial industry-
wide. '

ANACONDA - Tucson
Discussions at Anaconda took place with Mr. Bill Stern, Metallurgical

Consultant. Mr. Stern was formerly Manager of Research. Supportive of
the cooperative program, he feels especially strong concerning

- hydrometallurgy to be the answer to future treatment of pyrittic

nonferrous ores, especially the McArthur deposit in Australia and many
mineralizations in Alaska. His remarks also reflect a much more site-
specific view point. '

_UNIVERSITY OF ARIZONA

Discussions took place with Dr. William Dresher, Dean of the Mining
School. Dean Dresher was well apprised'of the program having been a

.staunch supporter of the joint research program concept. He's presently

chairman of the COMINTECH Committee of the National Academy of Engineers.
Dresher's concern was centered around the timing, pointing out that the
program perhaps, should await publication of the COMINTECH report. He
would prefer to see the report as a basic instrument in developing the
joint R&D program. '

-20-
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GULF RESOURCES AND CHEMICAL CORPORATION

Discussions at Gulf Resources took place with Mr. Jack M. Webb, Vice .
President Government Relations. Mr. Webb, having had a few bad expérieﬁces
with Government, including Interior, éxpressed reservations concerning

any cooperative research program. After learning of the Bureau of Mines'
involvement, he became much more sympathetic and in the final analysis
suppOftive of a Bureau managed program.

- Underlying Mr. Webb's views was his feeling concerning timing. He couldn't

help but feel that introducing a joint program at the end of an Administration
which has not been supportive of the minerals industry could only be

construed as a political gimmick to gain voter support. He expressed
suspicion of government and was also of the opinioh that government

research would lead to more regulations. He would also see some

complication of Gulf Resources support since his own orgaﬁization has
essentially curtailed its technical program.

-21- ' )
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Section 6 - Conclusions

This project entitled Identification of National Needs with Respect to
Minerals has served a two-fold purpose: 1) By structuring and centéring
the discussions around a possible industry-government cooperative program
in mining-metals R&D an expression of interest was obtained; and 2)
Throughout the discussions, industrialists expressed those R&D needs in
minerals extraction reflective of their perception of national mineral
problems. Based on this project methodology,.the following conclusions

- may be drawn:

1. Informal expressions were obtained of keen interest by industrial
companies in participating in industry-government cooperative
programs in mining-metals'R&D. ‘ '

2. Such an interest will continue provided the program is planned
and  implemented carefully with all parties concerned.

3. Such planning and implementation should include the development
of a research agenda and the institutionalization mechanism to
begin work in the summer of 1981 (FY1981) or later in the
calendar year 1981 (FY82);

4. The most frequently mentioned problem areas reflective of
“industry views as to national problems were:

. Smelting research to meet ambient air standards,
or alternatively, substitute alternative methods
.such as hydrometallurgical processes for the smelter,
« Pit-wall leaching of mines which cannot be mined
economically in the conventional manner,
« Processes and systems related to in-situ leaching
of deep-seated copper deposits; both oxides and sulfides,
. Energy conservation,
« Environmental control,
. Wildefness Bill consequences,
. Implications, such as technological obsolescence
created by EPA and OSHA regulations,
o Energy problems at the smelter,
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. Competition from imports, -
« Lead chloride processes, and
« Direct reduction of iron process.
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Appendix A

Companies Visited

Amax Inc.

Amax Center
Greenwich, CT 06830
(203) 622-3000

Amax Research Laboratory
5950 McIntrye Street
Denver, CO 80212

(303) 279-7636

Anaconda Copper Company

Sub. of The Anaconda Company,

a Sub. of Atlantic Richfield Co.
555 17th Street

Denver, CO 80202

(303) 575-4000

Anaconda .Copper Co.

"Metallurgical Research Dept.

Box 27007

Interstate 10 £ & 8000 South Colbe Road
Tucson, AZ 85726

(602) 889-5361

Asarco Inc.

120 Broadway

New York, NY 10005
(212) 732-9500

Asarco Inc.

Western and Southwestern Mines Division
1150 N. Seventh Ave. :
Tucson, AZ 85705

(602) 792-3010

Bechtel Corporation
P.0. Box 3965

50 Beale Street

San Francisco, CA 94119
(415) 768-1234

Duval Corporation

4715 E. Ft. Lowell Road
Tucson, AZ 85712

(602) 327-5941
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Envirotech Corporation

3000 Sand Hill Road ‘
Menlo Park, CA 94025

(415) 854-2000

Exxon Corporation

1251 Ave. of the Americas
New York, NY 10020

(212) 398-3000

Freeport Minerals Company
200 Park Avenue

New York, NY 10017

(212) 578-9200 '

Gulf Resources and Chemical Corporation
1100 Milam Bldg.

Houston, TX ~ 77002

(713) 658-0471

Kaiser Aluminum and Chemical Company
300 Lakeside Drive

Oakland, CA 04643

(415) 271-3300

Kennecott Minerals Company
Box 11248

Salt Lake City, UT 84147
(801) 534-8111

Occidental Minerals Corporation
Div. Occidental Petroleum Corp.
Irongate Bldg. 4

777 S. Wadsworth Blvd.
Lakewood, CO 80226

(303) 988-2200

St. Joe Minerals Corp.
250 Park Avenue

New York, NY 10017
(212) 953-5000

Union Carbide Corp.
270 Park Avenue
New York, NY 10017
(212) 551-2345
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Appendix B

Universities Visited

University of Arizona
College of Mines

134 Geology Building 011
Tucscon, AZ 85721

(602) 626-4357

University of California at Berkeley
Hearst Mining Building

Berkeley, CA 94720

(415) 642-6000

Colorado School of Mines
Mining Dept.

Golden, CO 80401

(303) 279-0300

Columbia University -

Henry Krumb School of Mines
120th St. & Amsterdam Ave.
New York, NY 94720

(212) 280-1754

New York University
251 Mercer Street
New York, NY 10012
(212) 598-1212

| University of Utah

Met. 312 W.C. Browning Bldg.
Salt Lake City, UT 84112
(801) 581-8006 :

University of. Utah Research Institute
391 A Chipeta Way

Salt Lake City, UT 84108

(801) 581-5226
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Appendix C

Individuals Visited

Dr. Paul A. Bailly

President

Occidental Minerals Corp.

Div. Occidental Petroleum Corp.
Irongate Bldg. 4

777 S. Wadsworth Blvd.
Lakewood, CO 80226

C. F. Barber

Chairman, Chief Executive Officer
Asarco Inc.

120 Broadway

New York, NY 10005

(212) 732-9500

R. L. Hennebach
President

Asarco, Inc.

120 Broadway

New York, NY 10005
(212) 732-9500 '

K. D. Loughridge
Sr. Vice President
Asarco Inc.

120 Broadway

New York, NY 10005
(212) 732-9500

William Roe

Vice President - Research
Asarco Inc.

120 Broadway

New York, NY 10005

(212) 732-9500

Prof. Stevan Boshkov
Chairman

Columbia University

Henry Krumb School of Mines
120th St. & Amsterdam Ave.
New York, NY 10027

(212) 280-1754

Robert Byron

Vice President - Technology
Envirotech Corporation
3000 Sand Hill Road

Bldg. 1 -

Menlo Park, CA 04025

:.'“ “.
. .

(415) 854-2000
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Booker Moorey ‘
Director of Research
Envirotech Corporation
3000 Sand Hill Road
Bldg. 1

Menlo Park, CA 04025
(415) 854-2000

Elwood Cone
Project Manager
Envirotech Corporation
3000 Sand Hill Road
Bldg. 2 :

"~ Menlo Park, CA 0402

(415) 854-2000

Charles Campbell

General Manager

Asarco Inc.

Western and Southwestern Mines Div.
1150 N. Seventh Ave.

Tucson, AZ 85705

(602) 792-3010

W. Cooper

Sr. Advisor - Science and Technology
Exxon Corporation

1251 Ave. of the Americas

New York, NY 10020

(212) 398-3000

E. Paul Mortimer

Sr. Vice President

Exxon Minerals Corp.

1251 Ave. of the Americas
New York, NY 10020

(212) 398-3000

Dr. William Dresher

Dean of the Mining School
University of Arizona
College of Mines

134 Geology Bldg. 011
Tucson, AZ 85721

(602) 626-4357
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John C. Duncan
Chairman

St. Joe Minerals Corp.
250 Park Avenue

New York, NY 10017
(212) 953-5000

Joseph G. Sivich

Vice President - Technology
St. Joe Minerals Corp.

250 Park Avenue

New York, NY 10017

(212) 953-5000

John A. Wright
Executive Vice President -

- St. Joe Minerals Corp.

250 Park Avenue
New York, NY 10017
(212) 953-5000

George Edward :

Chairman & Chief Executive Officer
Duval Corporation

4715 E. Fort Lowell Road

Tucson, AZ 85712

(602) 327-5941

Royce Hardy

Vice President

Duval Corporation

4715 E. Fort Lowell Road
Tucson, AZ 85712

(602) 327-5941

Dr. Herbert Fusfeld-
Director '
New York University

© 251 Mercer Street

New York, NY 10012
(212) 598-1212

Dr. A. C. Dameske
New York University
251 Mercer Street
New York, NY 10012
(212) 598-1212

-29-

Minerol Systems inc. _____/




A - -

i
'

K

p

53D

Dean A. M. Hopkins
University of California
Hearst Mini-g Building
Berkeley, CA 94720
(415) 642-6000

Dr. Sherman

University of California
Hearst Mining Building
Berkeley, CA 94720
(415) 642-6000
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G. Frank Joklik

President

Kennecott Minerals Company
Box 11248

Salt Lake City, UT 84147

{801) 534-8111

Kenneth Richards

Vice President

Kennecott Minerals Company
Box 11248

Salt Lake City, UT 84147 -
(801) 534-8111

Robert N. Pratt

Vice President

Kennecott Minerals Company .
Box 11248 :
Salt Lake City, UT 84147
(801) 534-8111

Or. Herbert Kay

Vice President - Technology
Amax Inc.

Amax Center

Greenwich, CT 06830

(203) 622-3000

Dr. Laurence Lattman

Dean

University of Utah

209 Mineral Science Bldg.
Salt Lake City, UT 84112
(801) 581-8006

Donald McPherson

Vice President - Technology
Kaiser Aluminum & Chemical Company
300 Lakeside Drive

Oakland, CA 94643

(413) 271-3300

Dr. Eugene Michaels
Director of Research
Amax Research Laboratory
5950 McIntrye Street
Denver, CO . 80212

(303). 279-7636
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Paul Quenau -

Research Supervisor.
Amax Research Laboratory
5950 McIntrye Street
Denver, CO 80212

(303) 279-7636

J. S. Morrison

President

Anaconda Copper Co.

Sub.. of The Anaconda Company,

a Sub. of Atlantic R1chf1e1d Co.
555 17th Street

Denver, CO 80202

{303) 5?5-4000

J. Anderson

Sr. Vice President

Anaconda Copper Co.

Sub. of The Anaconda Company,

a Sub. of Atlantic Richfield Ce.
555 17th Street

Denver, CO 80202

"(303) 575-4000

CDr. WiYliam Muellar

Vice President -- Academic Affairs
Colorado School of M1nes

M1n1ng Dept..

Golden, CO 80401

(303) 279-0300

Dr. William Partridge

University of Utah Research Institute
391 A Chipeta Way

Salt Lake City, UT 84108

(801) 581-5226

Robert Schoemaker
Manager of Metal]urgy

Bechtel Corporatien

Box 3965

San Francisco, CA 94119
{415) 768-1234 -

F. J. Shortsleeve
Vice President
Uriion Carbide Corporation

- 270 Park Avenue

New York, NY 10017
(212) 551 2345
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- William Stern
Metallurgical Cofisultant
Anaconda Copper (o,
Metallurgical Research Dept. . ) :
Box 27007 -
lnterstate 10 E & ‘8000 South Colbe Road '
Tucson, A7 80202
{602) 889 5361

= = = 0 -
- 7.

SR ; Milton H. Ward ,
Executive Vice President
- Freeport Minerals

i 200 Park Avenue

" New York, NY 10017

{212) .578-9200 '

ﬂ : Jack’ Webb .
Vice President - Government Relations
T : Gulf Resources and Chemical Corp.
‘ o 1100 Milam Bldg.
Houston, TX 77002
~ {713) 658-0471

#
|
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The Miami mine is located near the town of Midmj,
Gila County, Ariz. The Miami mine started mining in
1910 and finished in July 1959. The ore body was divided
and mined-as follows:

Tons
High Grade 24,400,000 Top sli¢ing, sublevel daving. efe.
Law Grade 105,100,000 Biock ciaving
Mixed ore ‘i 800 Black “eaving

Low Grade #2
Total Mining

3,100 A ‘Blinck caving

152 52,400,000,

Geology: Ore minerals are largely in Precambrian Pinal
schist intruded by tertiary Schultz granite porphyry and
covered fo 'sdmé extent by Qudrternary Gila cong]om-
erafe, The structures are hlghly fauited and shattered.
The Miami fault on the east cuts off the ore and the
"Pinto fault én the southwest faused reoxidation [ en-
.riched sulfides producing-mixed ore;

. Mineralégy: The chief-minéral i§ chalcocite, with chal-

copyrite, bornite, covellile, malachite, azurite, chryso-
.vola, cuprite, native copper; and molybdemte as minor
minetals, The gre minerals octur in séams, veinlets, and
disseminated particles: _

In block caving there is dlways some -dilution, and
drawing of ore stops when thé:prade drops past an ecd-
‘nomical point. This resulis in-a. small amount’ of copper
left in the stopes be]cw the capping. There.is some cop-
per in the cappmg, probably below 0.03% dr less than
06 Jb pei tun. Over the low grade No. 2 ore body and
portions of the high grade, there was an oxide capping
which was not mined. The crushed plllars are: another
sturce of coppel. The leaching, at Miami is an attempt
to recover this last remaining copper ‘of a worked out
mine,

The emmhment at: the Miami mine had gong moreé
nearly to completion than mnst ore bodies: in the south-
west, Theéré is prachcallv no pyrite in the capping and
very little in the ore;

Leaching

Leachmg started on a small scale m December 1941,
Some.of the early problems that were met aré asfollows:

The first leaching ‘was tried through the conglomerate
over the high grade mining. No solution came through
the fault. There had been mining beléw the high grade
since the first-leaching; which had broken the conglom-
erate for the second time, but this problem has not been
completely solved to date.

Thé next l€aching was tried over the mixed ore body -

w1th water. Thé vso‘lu‘m-:m came through with very iittle

4

J. B. FI.ETCHER Member AIME, is Leaching, Superintendent, Miomi
Copper Operations; Cities Service Co., Miemi, Ariz. SME Preprint
714540, AIME Centennial Annual Meeting, New York, Morch 1971,
Manuscript, Nov, 6, 1970. Discussion of this paoper, submitted in
duplicate prior to Mar. 15, 1972, will appear in SME Tronsactions,
June 1972, and in AIME Tronsoctians, 1972, Vel 252.

310 — DECEMAER 1971

In-Place Leaching at Miami Mine, Miami, Arizona
by James B. Fletcher

Leaching of the block caved mine from 1941 through 1870 is described, and the im-
prouements mdde dre listed, Detailed is the increased knowledge of leacking gained
mcludmy methotds used in forecasting nr oduction,
tion of the economicul end pomt rite of recovery, and wltimaté recovery

rant solution. If the acid in the pregnant soiutmn dropsi

solution from thé precipitation plant would clog thé®

Seciety of Mining Engineers, AIME

predic-

recovery of copper. Then acid was added to the wateérf§
over the mixed ore. The first leaching was started with
a 3%, H.50, solntio"n which was immediately droppéd ta

B
?:

lhe H SO. feed by the amount of free acid in thewpreg j

rauch bélow 0.5 1b H.30, per ton.of ‘solution, the pumpsi
pipe lines, sumps, etc., are.clogged with iron salts.
The early thinking was that the reuse of the ferrous

caved area and stop the leaching. .

In order to leach sulfides il was realized that F
wotlld be necéssary, and -seviéral attempis were made ¢
manufacturesa high Fe' gsolution. It was discovered ths
by adding acid: te the off- solution from the precipitating’s
plant, Fe” was converted to Fe' a§ the solotion wen
through the caved g:ound The eguation for this reac
iioh is:

4FeSO0, + 2H.SO. + O. Bacteria 2Fe.(SO:), + 2H=0 '
R
Thé fervic sulfaté-reacts wilth the copper sulfide min
eral, ¢halcocite, t6 form copper sulfate, ferrous sulfate, s
and_ elemental sulfur as shown jn the following equa- -
tion: .
Cu.S 4 2Fe.(SO)s Bacieria 2CuUS®, 4+ 4FeS0, + 5.
The ferrous sulfate is then reoxidized by the iron
oxidizing bacterja to form more ferric sulfate, and the
cycle is repeated. Thé elemental sulfur set free in the
dissplution of the copper mineral is pxidized by the
sulfur- oxidizing bacteria, Thiobacillus Concretivoues, inf ]
thé presende ol oxygen arid water, to form. sulfunc amdk'
as shown in the following equation:
25+ 3 O, + 2H.0 Bacteria2H:S0. | r'»i
e 1 . , N
The iron-oxidizing bacteria, Thiobacillus Ferrooxidan,g
and the sulfur-oxidizing bacteria, Thiobacillus Con
cretivoues, are present in the Miami solutions. ]
Miami reports assay values in terms of pounds per ton
of solution. Practically, it is a simplé term, because all
pumps are rated in gallons per minute and we talk in;
gallaris per ninute and days. 1.gd] = §-1/3 1b; therefore’
1 gpm for 24 hr = (8-1/3 > 1440/2000 = 6 tons.
‘Requiremeiits: The Miami plant was designed to tréat,
2000 gpm and tb produce 1,500,000 1% Cu per month er
50,000 1b Cu per day, Therefore.

2000 gpm X 6 = 12,000 tons of solution.per day

50,000 o ..
—— = 4,17 b Cu per ton of solutién
12,000
1004 Tail-
4:21
+0.07 Smeler Loss .

" 4.28 Required Assay
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h 0o Jbring the solution to 0.5 1b H.80, per ton of the solution.
7aler "AThis keeps-the iron from precipitating out, which gives
with” Aus a clean sump, pump, and pipelines to the caved
id.to “daround. This strength aeid does not.deteriorate the ce-
"{trol -Jment. aghestos pipeline. ‘When the solution réaches the
reg-. ll caved ground it is meastred in weir boxes and addi-
rops '-‘ﬁa tional acid is added to bring the strength up to the acid
mps,."frequired at each area, From this point on, the solution
‘ -§is carried in polyethylene ‘plastlc pipe to- the point of ap-

Toust Jdplication. We have useéd ponds, sprays and drill holes to
the Jintroduce the sclution to the cayed ground. Due to the

‘{Lune\en surface slope encountered” in the caved area,

:IFEM - Msprays are the most satisfactory, Sprays also allow the

e to

Tt

. Leaching can best be thought of in four dimerisions:
‘;The first two dimensions are” the surface fo be covered,
JWe have. approximately- 5,000,000 -sq ft to cover, One-

“halt of the area was covered in the Rrst 20 years: of

{leaching. The .entire area had been covered in the next
(tour years. Since 1963, the entire: area has been under
“Aleach.
‘4 Tailing water from the premp:tatlng plant-constitutes

.-c::I‘the most importaht source of leach -sclution. Water losses

Hoceur principally from evaporation and at Miami they
Aapproximatle 10%:; Fresh water .is used as. wash water in
fthe precipitating plant ard usually-supplies the makeup

! dwater te maintain the 2000 gpm from underground, Acid
. fis immediately added to the off-solution at the.sump to

Jsoluticn to be introduced slower than by pondmg Dril}

that . }holes were used in an attempt to-iniroduce the solution

ating’
went -
- gapplication except where sealed off by the Heavy gouge
. >¥of the Miami fault. Holes that were drilled through this

“Hhelow the conglomerate caver east of the Miami fault,

The solution descends vertically from the. p‘ciinta of

gougé leached an area approximately 5¢ ft in diam di-
rectly bélow the hole. To Jeach this ares wotld reguired
dulhng on 50-{t spacing.

The third dimension is the.-amount of are dnd waste
410 be penctrated, This averages about 800 ft, ©f this 600
1it, the bottom 150 fi contains the mixture 6f ore and
waste we are leaching. We- try to maintain the under-

A xkey sampling points,
The fourth dimension is the time factor. Tt takes from

- 3 to 4 weeks after a spray is turned on to the surfage

e" Tfor it to eomie through ori the 1000.level. The same spray

. 250

- Yone place before the grade drops. This depends 6n the

R j will drop off in about 2 weeks after it is turned off.

The next point is how long can the. spray remain, at

;Lamount of ore in the ared being leached. Tt is praciteally
‘impossible to ¢orrelate the .mining extractmn records

. ?{g ‘with the material to be leached. So wHen a néw area is
o be leached; {he spr ay .is turned on and there is

X waiting period of 3 to 4 wee_ksﬁbefm'e a sample can be

‘4 taken vnderground. -

The sprays are left .in one place uhiil the grade from

g ‘that area drop$ below 2 1b, Cu per ton. The spray-is then

"turned off and the area allowed to lie idle for a period
of time. The rest and leach penods aré alternated over
.and over, The sécond time .oveér an area we can remain

-4 about pné-half the time used or:gmally and redover

Fabout one-half the amount of copper. The third time
over it is one-hall the Second, the fourth is onezhalf the

" third, ete;

";ﬂ There are several explanations for this. During the
‘Arest period axidation of the sulfides may take place
:5, but since we are ]eachmg with an acid fefrie sulfate
b ‘soJutmn and from obsefved action on the surface it
"';‘a‘ppéalq that a reverse capillary action is the best ex-
.Y planation. A copper-bearing boulder ¢an bé put in 4
‘flow .of a leaching solution, then the solution removed,

S TRANSACTIONS — vOL. 250

Jeround éollecting system so that we have’a free' flow’ of
water in the main haulage ways and we hdve a few

Socicty of Mining Engineers, AIME

) and as the boulder begms to-dry, a cupper oxide coatmg. '

forms on its surface. When a copper-bearing .rock is

.broken, ‘it usually éracks on the mineralized seams and
" ‘shows-that the solution is actually penetrating the:tock.

The sulfide areas do'not give ds high grade s pregnant

solution as the oxide areas. The leaching of chalcocite,

the-predominate ore at Miami, seems to thke two steps,
which are expressed in the’lollowing. reactions:

(1) CuS 4 Fex{$0)s = CuS0, + 2FeSO + CuS
(2) CuS + Fe, (SO, = CusSO, + 2FeSO, + 8.

The first feactiori iakes' place fajrly rapidly. The
second reaction is much slower. Chalcopyrite, a minor
ore mineral at Miami, does leach but at . a much slower

Taté,

The time to allow [6r an area lo rest is difficult to de-
terpiing due to the wvarying depth of ‘the column being
leached, and the type and amount of mineralization.

With a depth of 600 ft, tHé minimum rest period seems

to Be one month.

To Jan. 1,1970, the Miami mm'e has produced by leach-
ing 261,000,000. Ib of copper. The iron to copper ratiois 1.3
and the acid to copper ratio is 2.4, both figures based on
nel smelter returns. It is apparent that the largest fac-
tors-affééting the cost per pound of copper are the iron

and acid consumption. If the acid in the pregnant solu-
tion becomes too hHigh, the irdn consumiption per pound

of coppeir will .go up. (The ferric iron in the pregnant

_ solution-alse ‘affects the iron consumption.} "1f the .acid

sllength is too hu;,h the, g'mgue consumption of:acid will
#o up. The acid strength is kept below 15 1 even in the
high grade oxide areas unless the ore is very tlose ta'the
surface. The time lag betweén the solution entering- the
caved ghound and the same sp],l_lt;on ‘appearing under-
grountd where it-can be sampled and assayed makes this
problem of control dificult, The best wiay we have foungd
i§ t& keep graphs of the assays of the underground
sample points: From l}}c{‘fc_: graphs we cén check the
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Fig. 1—Typical assdy reports for 1962 ond 1968,
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Fig. 2—Assdy and. copper production by months '
from start (1969) to Novembar. 1970 with o pre-
jection 1o 1972, Miomi mine.

llcnd and .mtlupdte 4 drop in Emde or a decrease in
ar idi consumptmn

The operation sifice 1963, the i=ir‘ne‘ when no’ new
areas to leadH wete added, shows a gradual drog in
grade of the pregnant solution from 4.08 1b per ton in
1963 1o 3.10'1b pérton in-1968.

Tion. salts"do precipilate as Lhe solution goes through
the caved material, From the assay report, Fig. 1, it can
be seen that iron loss from thé cave area feed to the
precipitation plant feed is' 4.2 1b Fe per ton of sahititn
1o 1962, In 1968-the loss is 2.8 b Fe per toiv of solution.
It has heen our experience thal Lhere is no- plu”gmg
action of the dave giound fram these basic ivon salts. It
is mot known where the iron precipitales, bul is probatly
high in.the calumn.

Since the tdjl solution from the jron launders is io be
récirculated the argument always occurs: 'why make a

Table 1. Assay Resuits in 1867

Cu-Assay, Asiiy, Lh

Yeor Lb per Ton rer Ton (erlrcu-

1065 ‘Faid (o Tland hlt WA \mlulﬂln
duly a2 .05
AugrasP 2,48 1.03.
September . s20 1.37
Qetdher.” 2.44 107
‘Navainbif 2.0, 04
Devewiber 240 095

Tabte 2. Copper Cities Dam Ko, i Assay Regort, January 1954

Gpm Tons Axsuy' Lh ¢ fe R0,

T Dump tRTT RE732 1.39 !-H 0e7 =1.04 035
From Dann RY6 1. SH - ]l{“ a76 0.42 0.24
BilTeronee Y DX 24,501 067 on

Tahte 3.-Copper Cities:Dam Mo, 1 Assay Report, Octoher 1964

Cu Assuy : Feu H.80,
To D 0,01 . .03 .00
Trom Dok 1.10 - .20 PR

D Furenee : Tan 2,83 Toan
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good recovery? It has often been pioposed to recireulate
low grade sblution back through the seme area (with
addition of acid) inrorder to upgrade the solution to the
iron Jaupders, A strike was called at Miami in August
1954, The prégnant solution was pumped from the mine
and siored in a pond on the mill tailings dam. In Sep-
Ttember this solulion, which assayed.5 1b Cu per.ion, was
pumped back to thé )eaching areas, more acid was

added, and spraved back on to areas. No pickup in the
. pregnant, solution was noted .in the following months,

The pregnant solutioh {rom the mine continued to assay
5 Ib ‘ger ton as il had prier (o the striké. Miami was
again. on strike in 1867, Only thé minimum amount of
wuoshing of the ivén launders. was allowed. The assay
testts in Table 1 show that recirculation did not -up-
grade the solution.

‘Acig was added t6 bring the.acid strength of the re-
ciieiilated solution to the normal spray solution,

Migmi Copger has two other prhpertics» Castle Dome
and Copper Citiés, whére dump leaching is earried on.
In hilh operations the dumps contain :enough pyrite o
that acid is not requived for leaéhing. No. 14 dump at
Copper Cities miné was producing a low grade solution,
InDecember 1964 it was dcmdcd to try recirculating No.
1 dgm pregnant solution over this durip with the hope
that the Fe™ and H.80, in the solution would help the
leaching: On Dei. 21, 1984, 500 gpm of No. 1 -dam solu-
tion was started on the-dump. Thé aisays for the month
‘of January 1964 showed thelresults given in Table 2

From Table 2. it is apparént that no copper is being
ledch®d from the dump to date. The copper assay shows
such.a small drap that it could be in assaying. The only
positive readtion is-the loss of ivon in the dump. The ag-
sdy from this dump the last time it was run (QOctober
1964} with tail solution is given in Table 3.

In 1869 a pmtion of the Miami ore body that was tao
caving, was mined bw, open pit
and dumped into the caved area adjacent fo ihé mining
argd, This tet;u]ted in 'JU'D 000 sq ft of level area ideal for
Iecu.hlm.,, comammg 1‘348 172 tons assaying 0.78% total
Cu, 0.59% oxide Cu, dnid 0.19% sulfde Cu or 21,000,000
ib. Cu. The solutiow.came ihrough io the 1000 level and
mixed with the solution from other parts of the mine,
I—Iowum wé weré ahle {@ weir and assay this solution,
From the resulis obtained from this area a closé ap-
proximation of the overall recover can be’ made, The
graph (Fig. 2) Shows assay and copper production by
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"Fi'g_.‘ 3—Projected assays and preduction, with tlaw of 2600 gpm,

2} Miami ming. \

lhls area wltheui excessive poolmg is QD(] gpni. This

£ 10% 'by evaporation and gives:a recovery of 800 gpm
roni this area, )

Although ihe jplant was designed for a flow of 2,000
fepm, as the grade dropped the flow was increased in
Horder 1o keep the production as high as possible, At the
pzesenl time 2600 gpm is the maximum flow without
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Jizives a tlow rate of 045 gpm per 100 sy ft with a loss

major cthanges in the pumpmg system and precipitation
plant. With the '5;000,000 sq ft -of area available, if the

entité ared weré covered, it would give a flow" rate of’

0, 052 gpm per 1(]0 gq ft. Using ‘960[] Epmm, @ graph of the
projected assaysand production was made: (Fig. 3).

Assummg the: Iollowmg «cost and the projected pro-
duetipn of 4000 060 1b for 1980 the economics would be
as follows:

Assumed Cost: Ar.jid '$25.00 ton, 1.25¢ per Ib
Iron $64.00 ton, 3.2¢ per 1b
Irén to Cu.ratio:
décreases, the iron consumption incr'eases due 1.0 Fe™)
Acid to Cu ratio: 2.3
Gives: o
'1.25¢ % 2.3 = 2875¢ per lb Cu’
3.2¢ % 2 = 6;400¢ per 1b Cu
Freight, Smelting, and
Refining — 17.00¢ per'ib Cu (Assumed)
Total Fixed Cost 16.275¢ .

As the production: drops, the manpower could prob-
ably be cul, But fer this study, assume an operation
cost of 83000 per day whieh would include labor, power,
taxes, gverhead, etc: Using the.projected copper: ploduc»
tion- 0[ 4,000, 000 lb for-the year 1980 Eives:

4,000,000 o ‘
365 ' ’
3,000 © . :
33000 97.375¢ per Ib Cu
10, 959 . '

16.27%¢ + 27:375¢ =
the year 1980.

43.65¢ total cost per Ib Cu for

Therefore, the ulfimate recovery will depend on the
price of copper,

The 1,348,172 tons mined in 1969 weré dumped into an
area of 200, 000 sq ft w1th an average depth of 135 ft.
Fromr this dump it is projected to have a recovery of
80% in 3 years. If the area could have been doubled,
1800 zpm of solution could have been sprayed on the
dump with a quicke; recovery. This dump was rﬁbsfly
axitlé which gives®a tompdrably rapid recovery.’ The ore
broke ‘fairly fine with very few rocks over 12 in. in
diam.
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Takle 4. Qperating Crews for Miami Leach Dperation

l:.h:fls
Day.shift

Preecipitating Plant; T-day oper-

satinn

1.®perator ov pumpman

1 Equiprént, D[)LT'II.OI

1 Cave.ar pumpnnn

K] Coll waghers

1 -Foreman

J, I‘unbm LlL\\b ﬁ men
iz

Undergiound, Sday apdrnlion.

D.n sshifl

T3 tiit

Mamtgn HRCE . crew’, frofn Copyer
Cities, ‘§-day. ()[)Lhil!un

Dy shift

1 \lu NELITY

At the Copper Cities ming; as the.durmp matérial came
from lower in ithe mine;, where chalcopyrite was ihe

main mineral, the rate of récovéry dropped rapidly. At

Casile Dome mine, ‘at the tge of the dumps, which are
composed of lar ge bouldms leaching is very slow.

The precipitating ‘plant at Miami is similar o ethers
in the southwest. The only diferénce is the method of
cell loading, Detinned shredded cans are recefved by rail
and unloatled by a magnet. The magnet dmps the cans
into a hopper which feeds a belt conveydr. The belt
travels over the center of the cells and by
traveling iripper the cells are evenly chalged' with iron.
The precipitaied copper 1s washed from tlié €ans through
wooden screens by hlgh pressure waler, Thc precipitates
dischérie onto. @ decant lah, Washing is done on the day

shift only. Solutions. dré drained from thié précipitated.,

copper and pumped back to the cells gu ‘the alternoon
shift. Thé copper is movéd from the decant slab to a

drying slab early the nexl mdining before washing’

begins. The copper is moved witha front-end loader. The
samme loatder loads the diy copper into the vailroad car,
The copper is shipped to the smélier at Douglas;

The plant operates every day in the*year. The copper
Fécovery at the plant is %9% ar 0.04 Th Cu per ton of

solulion

Diay shifl.
hi

means of a.

tail. The. précipitales shipped average 235%
moisture and assay 70, copper.
The operating crew of the plant islisted in Table4,
The overall recovery Hy leaching at Miaimi will be

" impossible to determine as we do not know exactly how
-much: C'Oppél we had at thHé start. A percaent recovery
figure f01 ledchmg is;a misleading: figure, A 50% recov- -

very of & 1% ore body would be poor.

The fif'st 15% or 20% of \he topper in place is very.'.__
Tt is only possible through carveful at- i
téntion 1o détuils lo maihtain a steady production and !

casy 1o vecgver,

to get'a goud ovérall recovery by this method.
To give a complete picture of the leaching at Miami,

a-flowsheet: (Fig. 4} -and iwo typical assay reports (Fig,

1) are inéluced.

Summary and Conclusions

1) Lia
the remaining copper.
2} Oxide mineralsleached with HiSO, selution,

3) Feriic $ulfate sclution is necessary for leaching 3
sulfide minerals arfd can be obtaifed hy utilizing the
action of bacieria on the ferrous solution from theiron |

laundeis.

4) There is no. pluggmg Of the ground by disposition

of iron salts fuom the reclaimed solution. _
5} Sprayvs ivere found to be the most economical and
simplest way tp introduce solution to the caved avea.

) Recivculation does not upgrade the solution; there~
fore, a. gdgod stripping of tlie solution in the ivan launders

is good practice,

7) A vest.period is utilized to-induce reverse capillary
action,

8} Rate of leaching is controlled by the size of the
material, lype of mineralization, and the area available,

99 The eécononiical end point and, recovery can he
closely predicted by graphs of the'léaching,

TECHNICAL\NOTE

In mining; all urdit operatibns ave closely inlerrelated,
and the résulis of blasiing are prowably the key factor
within t}mt sequence.

Thé: drilling program prior to blastiyg is just as de-
pendent updn the desired réck fragmenthiion as are the
loading, hauling, and mechanical crushiRg. operations
which are- economically -and technically infuenced by
the results of blasting, ndariely, the Size -dnd\scatter of
the plOdLlCl

-dcglee of fragmentauon 50 that ovmal] mining
are minimized. Applying this criterion often resulis iy

C.-D. DA GAMA, Member AIME, is Assistant Professor, University
of Lugndg, Angola, Partugal. TN T1AM203. Menuscript, Jun, 19,
1971.
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ize Distribution General Law of Fragments Resulting
from Rock Blasting

by C. Dinis.da Gama

different. program thah when an
pattern is chosen only on the basis of the lowest opera-
tional cost for that pattern, EilSIEng‘dll'Tr what comes
hefere or alter the blast. Fig. 1 shows the characferistic
variation of mining unit costs with the degree of frag-
mentdlion, or the maximum size of blocks obtained from
blasting.® From the figuré, it éan be seérn thdt optimum
breakage must correspond to the lowést total costs, but
1educmg, dullmg blasting costs only- does nol achieve
such an ophmum solution.

Mcihcds of designing sur face or undergiound blasting
aperations should comply with the optimization cri-
térion, bui this:complilince. is, feasible only if a detailed
mining system analysis is available. Therefore, predic-
tions of costs of loading, transporting; and mechamcal
bredkage: of ore as a tunction of its size will gleﬁne a
rgnge: of variation for drilling and Tlasting
qraumeters in order {o get the minimum lmdl costs:
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Table 1. Summary of Dew3tering Systems at Pine Point Mines,

Jan 1970

Pump- Draw-
Ore T, Number of Wells age, down,
it Gpd per Ft 5 Driltead Pumping Mgd - Ft
N-42 54,000 0.015 8 2 2.2 70
0-42 72,000 0.035 9 g 10.1 © 13
J-44 25,000 +0.02 10 1 10.8 71
X-15 34,000 0.006 12 11 7.9 57
K-57 40,000 0.001 10 6 7.9 51
Total 47 38 38.9
was run under carefully controlled conditions for g total

gpm for 13 days and then a second well was turned\on
at 750 gpm for 4 days. During the entire test perio
drawdown measurements were made in the two pumpin
wells and in 10 observation wells. After 2% weeks of
pumping, about 15 of the required 40 {t of dewatering
had been achieved in the center of the ore pit.

Extrapolation of the pumping-test data was done
largely by methods described by Cooper and Jacob,' to
provide a basis for dewatering design. A pattern of six
production wells was recommended to provide rapid and
complete dewatering at all points of the ore pit, with
an adequate safety factor for equipment breakdown.
After the additional wells were dr illed, a delay in the
mining schedule provided sufficient time so that only
three of the wells were required to comp]ete the nec-
essary dewatering.

Pumping-test methods were apphed to two deep pits
by mine personnel and the designs were reviewed by
our firm.? The testing conducted by mine personnel pro-
duced highly satisfactory results. By 1969, the extent of
dewatering operations was such that the mine added a
hydiogeologist to the staff.

The scope of dewatering at Pine Point Mines is indi-
cated by Table 1, which gives design parameters and
results as of January 1970. Ore pits as large as 2000 by
3000 ft in areal extent are being dewatered by peripheral
wells. Plans calling for development of new ore pits
having several benches that require dewatering will re-
sult in greater pumpage in the future® The differences

" in aquifer transmissibility and storage characteristics
“highlight the need for individual testing of each ore pit.

Costs of dewatering are reported o total 30¢ per ton of
ore mined in 1969. These costs are about one-third capi-
tal expenditure and two-thirds operating costs.*

The results demonstrate that dewatering of open pit °

mines may be accomplished in a satisfactory manner by
high-capacity peripheral wells, provided hydrogeologic
conditions are favorable. The separation of such wells
from the immediate area of mining activity provides
advantages of efficiency, equipment protection and op-
erating convenience. In cold climates, peripheral wells
do not have troublesome freeze-up problems during
equipment failure that may be experienced with central
sump-pump systems in exposed open pits.

Aquifer testing by conventional and relatively simple
ethods can provide data for dewatering design. Testing
programs may be tailored to the hydrologic and eco-

S

nomical dewatering.
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DISCUSSION

In-Place Leac.hing at Miami Mine, Miami, Arizona

by James B. Fletcher

Transactions SME/AIME, Vol. 250, No. 4, December 1971, pp. 310-314

Harmon E. Keyes (Chemical & Metallurgical Engineer,
Eagar, Ariz.)——Chemical dissolution of chalcocite by
acidic ferric suifate is well known. Resulting elemental
sulfur may be oxidized to sulfuric acid by heated ferric
sulfate. Laboratory tests at Southwest Experiment Sta-
tion,, USBM, Tucson, generally confirmed stoichiometric
relations of I part Cu dissolved to 1.750 parts ferric iron
reduced, using CP chemicals, dried ore samples, and
apparatus cleaned with potable water. Recirculation
with open-drainage percolation to increase copper in
leaching solvent was followed successfully when ap-
propriate, both in laboratory and Pinto Valley pilot
tests.!
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Before 1924 attempts to produce ferric sulfate by
aerating ferrous suifate solution were known. Initial
oxidation was satisfactory, but rate slowed below prac-
ticality as oxidation progressed and acidity increased.
Also, due to hydrolysis of ferric sulfate, a ferric pre-
cipitate of hydroxide and basic sulfate resulted. Both
laboratory and pilot plant tests gave similar results,

. regardless of whether CP ferrous sulfate or scrap iron

cementation discard solution was used.

Rapid oxidation of ferrous hydroxide by air alone is
well known to’ analytical chemists. I demonstrated a
process- to produce acidic ferric sulfate solutions by
precipitating ferrous hydroxide with milk of lime, aerat-
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ing to form ferric precipitate in matter of minutes, dis-
solving ferric precipitate with sulfuric acid, and separat-

ing the calcium sulfate precipitate. Limestone can be.

used under similar conditions.

A USBM project was demonstration of a cheap method
to produce acidic ferric sulfate solution applicable
to leaching chalcocite. The well-documented® mixed
ore acidic ferric sulfate leaching and electrolysis process
at Inspiration was beyond the scope of smaller installa-
tions.

The SW Experiment Station, USBM, prior to 1924,
proved that acidic ferric sulfate solutions could be pro-
duced by aerating ferrous sulfate solution with sulfur
dioxide and excess of finely divided air.* About 1925 a
cooperative agreement was arranged with Pinto Valley
Co. Investigations were made and complete pilot plant
erected and operated at this company’s Castle Dome
mine near Miami, Ariz. An objective was accelerating
heap leaching of crushed chalcocite ore to compeie with
vat leaching rates, thereby eliminating tight vats. Stoi-
chiometric relation of ferric iron-copper sulfate was
contemplated.

This pilot demonstration® noted acid consumption con-
sistently higher than in laboratory tests. Calculations
showed that ferric sulfate was regenerated in the leach-
ing columns, giving a higher ratio of copper leached to
ferric iron reduced than stoichiometric conditions or
previous laboratory tests indicated. This regeneration
of ferric iron usually varied inversely with increased
percolation rates. Estimates gave possibility of leaching
crushed chalcocite ore in about six months, adding
acidified’ ferrous sulfate. Accordingly, a patent was
issued to Garret Mott, president, and assigned to Pinto
Valley Co. about 1928. This covered regeneration of
ferric sulfate in heaps. .

Independent of these investigations further evidence
was secured proving increasing stability of state of iron

oxidation as acidity increased, and vice-versa. Research
by me on regeneration of waste steel plant pickling
liquors in Pennsylvania, about 1939, showed that ferric
iron in acid of 10 to 20% strength resisted reduction to
ferrous with SO. of sulfur burner concentratién. A pre-
vious book on ‘“inhibition of chemical reactions” verified
this conclusion. Contacting this acidic ferric sulfate with
SO. and activated carbon achieved successful reduction.

The foregoing illustrations show pH as a major factor-
in controlling oxidation or reduction of iron in sulfate
solutions. If iron is oxidized in a separate circuit, ferric
precipitate can be dissolved by acid and applied to
leaching at any desired strength of acid.or ferric iron.

Noteworthy advances in microbiological leaching give-
new evidence on sulfide extraction.*® However, the un-
expected ratio of copper dissolved to ferric iron reduced,
demonstrated by Pinto Valley Co. at Castle Dome mine
during 1926-27, probably furnished the first documented
quantitative account of what now is recognized as bio-
logical acceleration of chalcocite leaching.

Local conditions may determine whether direct
chemical action with ferric sulfate or biological effects
dominates heap leaching of chalcocite.

In conclusion, as stated by Mr. Fletcher®, a controlling -
leaching factor is rate ingress and egress of the solu-
tion along the mineralized veinlets of an ore boulder.
This, and many other variables, may offset differences in
efTfectiveness of various leaching agents.
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Cost of

by R. B. Scott,

amation and Mine Drainage Ahatement,
Eikins Demonstration Project

. C. Wilmoth, and R. D. Hill

A cost breakdown is given for reclamatiomand mine drainage abatement conducted

by the Federal Water Quality Administrati

Vs demomnstration project near Elkins,

W. Va. Costs for construction of control measixes have been developed and include
backfilling strip mines, sealing subsidence areas, Pgconstructing stream channels, and
installing mine seals to prevent the entrance of wateNgnd «ir.

Acid mine drainage, discharging from coal beds, has
polluted our streams and rivers since early times. These
pollutants affect water quality by lowering the pH, re-
ducing natural alkalinity, increéasing total hardness, and
adding undesirable amounts of iron, manganese, alu-
minum, and sulfates. The tangible damages are the costs

R. 8. SCOTT, R. C. WILMOTH, and R. D. HILL, are with Federal
Water Quality Administration, U.S. Dept. of the l[aterior, Elkins,
W.Va. SME Preprint 70AG349, SME Fall Meeting, St. Louis, Mo.,
Oct. 1970. Manuscript, Sep. 23, 1970. Discussion of this paper, sub-
mitted in duplicate prior to Sep. 15, 1972, will oppear in SME Trans-
actions, December 1972, and in AIME Transactions, 1972, Vol. 252.

TRANSACTIONS — VOL. 252

Society of Mining Engincers, AIME

involved in Peplacing equipment corrolled by the acid
water, additiond] treatment costs at municipal and in-
dustrial water tréqtment plants, and damages resulting
from corrosion of stagl culverts, bridge piers, locks, boat
hulls, steel barges, piymps, and condensers. Intangible
damages, which are realNand important, include destruc-
tion of biological- life of Yhe stream, reduced property
values, and sireams render undesirable for recrea-
tional uses.!

The major problems of mine drainage occur in the
anthracite and bituminous coal regions in Appalachia,
However, many of the western mining, states have sig-
nificant mine drainage problems in specific areas, but
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IN-PLACE LEACHING RESEARCH AT THE SENECA MINE,
MOHAWK, MICH.

by

Peter G. Chamberlain!

ABSTRACT

The Bureau of Mines is conducting a broad research program to promote
in-place leaching of mineral values from ore deposits. One project
within that program was designed to develop technology for in situ
leaching of ore in underground mines. In this project the Bureau of
Mines, in cooperation with Homestake Copper Co., attempted to develop a
method of confined blasting suitable for use in underground mines that
would create enough fracturing in the native copper ores to permit
leaching. Results of tests conducted at the Seneca mine, Mohawk, Mich.,
indicated that confined blasting without void space to break the rock
into is not a practical scheme for preparing deep ore bodies for leaching
if the formation is relatively impermeable.

INTRODUCTION

The Bureau of Mines is conducting a broad research program to stimulate
in-place leaching operations in the country. Leaching is commercially
feasible in dump and heap leaching operations; in situ leaching has been
applied with some success to near-surface deposits. Research at the
Twin Cities Mining Research Center focuses on fragmenting ore bodies for
leaching at surface, shallow, and.deep depths. Current and past Bureau
research projects in Arizonma (1, §)2 have provided technology for frag-
menting surface and shallow ore bodies for leaching. The work described
in this ‘presentation was an attempt to develop a method of fragmenting
deep ore bodies for subsequent leaching (Overhead 1).

Access to the ore presents a major obstacle to widespread consideration
of leaching deep deposits in-place. There are many ore bodies, particu-
larly on the fringes of o0ld mining districts which are too low grade for
conventional mining and too deep to fragment for leaching from surface
blastholes. 1In the project that is the subject of this presentation,
the primary interest was developing ore bodies where access is gained
via conventional underground mine development openings.

1 Geophysicist, Twin Cities Mining Research Center, Bureau of Mines,

U.S. Department of the Interior, Twin Cities, Minn.
2 Underlined numbers in parentheses refer to items in the list of
references at the end of this report.



The Bureau's research in developing a system for fragmenting deep ore
bodies for leaching required a suitable field test site. Since Homestake
Copper Co. has had an interest in evaluating the leachability of the
native copper ores in the copper mining district of Upper Michigan and
since that district represented the closest suitable test site for the
Bureau's research, the two parties entered into a cooperative agreement
for the research (Overhead 2). Homestake's contribution consisted of
providing a test site in an underground mine, renovating the site into
usable condition, and providing a limited amount of support for the
operations. The Bureau designed and conducted all research in the mine
and provided most of the services associated with the operations. A
service contract was subsequently awarded to Michigan Technological
University, Institute of Minerals Research, to perform laboratory 'vat"
leaching tests, porosity and permeability tests, water analyses, and
emergency machine-shop work.

The research approach emphasized developing blocks of virgin ore for
leaching rather than leaching existing stopes filled with rubblized gob.
Two basic approaches were originally conceived for fragmenting deep ore
bodies for leaching--confined blasting from drifts and blasting to
relief provided by raises or other mine development openings (Overhead
3). For ease and economy, confined blasting was selected as the first
research effort, It was hoped that confined blasts could break rock
sufficiently even without swell space to permit leaching fluids to flow
through the ore body. Such a system would be much easier to establish
than a fragmentation system predicated on removing a percentage of the
ore to create appropriate swell space. This presentation will provide
results of tests conducted at the Seneca mine to determine the possible
application of confined blasting for preparing an ore body to be leached.

SITE SELECTION AND PREPARATION

The resident geologist for Homestake Copper made the preliminary site
evaluation. The Kearsarge amygdaloidal basalt seemed the most desirable
geological setting for a test site based upon remaining reserves, rela-
tively recent workings which provided access to the ore, and water
levels below any potential working locations. After several mines
situated on the Kearsarge ore body were visited by Homestake and Bureau
personnel, the Seneca No. 2 Mine, third level, was selected as the best
test site. The mine had been abandoned since the mid-1960's--no surface
facilities were available. '

The geology of the district is a series of basaltic flows--often inter-
spersed with conglomerate beds-~which were tilted subsequent to their
extrusion and now dip toward Lake Superior. In the Seneca mine, the
copper occurred in the amyggaloidal top of the Kearsarge basalt. The

dip of the flow is about 37 in the mine. Since no stopes are present,
the third level of the mine apparently did not ‘contain significant

amounts of copper. The drift was surveyed with a metal detector by
Homestake to locate copper so that a test site with typical mineralization
could be selected.
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A mining crew from Homestake rejuvenated the surface facilities at the
mine so that it could be used as a test site. Shelters were constructed
for the Bureau's air compressor and for a small hoist. Airlines and
waterlines were installed down to the third level where a plat was
constructed. A man-car brought to the site was modified so that equip-
ment could be easily lowered to the third level. A small amount of
retimbering was necessary to restore the shaft.

After Homestake had reconditioned the mine to the third level, a Bureau
crew laid airlines and waterlines along the drift to the test site. As

a final step preparatory to the research, fractures and joints traversing
the test site were mapped.

TEST PROCEDURES

The first research efforts at the Seneca mine were to determine natural
permeability, porosity, and fracture characteristics of the amygdaloidal
basalt before blasting. These data provide baseline information for
evaluating the effects of the blasting schemes tested. They also identify
any problems in containing leaching fluids within a specified area in

the mine. Several core holes were, therefore, drilled down-dip into the
formation for porosity and permeability tests.

Effective porosity was determined by forcing a given amount of com-
pressed air into the formation at a known pressure to estimate the

length of paths over which the pores in the formation were interconnected
(Overhead 4). )

Several schemes for measuring permeability were tested in the core

holes. The method which seemed to give best results employed a mechanical
packer to seal the hole (Overhead 5). Water was then forced into the
formation from the hole at a constant pressure (arbitrarily selected

from 60 to 80 psi); the volume of water injected into the formation was
recorded as a function of time. Where the extreme ''tightness'" of the
formation precluded measuring injected water with standard water meters,
calibrated beakers were used to catch water outflow from adjacent holes
and hence determine the volume of water flowing between holes with

respect to time.

Baseline fracture characteristics of the formation were obtained from

two sources--geological mapping of joints in the drift and analyses

of fractures in cores retrieved during drilling. Although mapping is
familiar to most attendees at this meeting, analyzing drill cores for
fracture characteristics may not be. Over the years the Bureau has
determined that the rock quality designation (RQD)--the percentage of

core pieces at least 4 inches long--and the average length of core

pleces over 1 inch long have given the best quantitative characterizations
of fracturing in rock. The number of core pleces in each of several

size ranges can be plotted to provide an in-place fragment size distribution
profile. A more detailed description of fracture analyses from cores

can be found in reference 3.
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The basic approach to confined blasting was to drill and shoot blastholes
drilled down dip into the formation from the third level drift, located
280 feet below the surface. Parameters such as hole depth, hole diameter,
hole spacing, explosive type, and stemming were considered in designing

a blast that would break rock without moving it. Hole depth was set at
40 feet; this would minimize the effects of the drift on the blast yet
keep drilling costs within the research budget. A 3-inch hole diameter
was then selected based on the expected range of burdens associated with
the 10-foot ore zone thickness. Finally, a slurry blasting agent suitable
for wet conditions was chosen for the shots with a 20-foot powder column
and 20 feet of water stemming (Overhead 6).

The only significant blasting parameter remaining for evaluation in the
tests--blasthole spacing--held the key to economic feasibility of
confined blasting. If the blastholes had to be drilled very close
together to create adequate permeability for leaching, confined blasting
would be uneconomical. To evaluate fracturing and permeability as a
function of blasthole spacing, a blast incorporating three different
triangular blasthole patterns was designed (Overhead 7). This design,
used successfully in earlier projects in Arizona, permits evaluation of
three patterns with only seven holes instead of the nine required for
three totally isolated patterns. In addition, three patterns in such a
configuration will be affected by fewer variances from geologic inhomo-
geneities than would three separate patterns. The interaction between
shots from adjacent patterns also closely approximates the interaction
that would occur in a production blast consisting of many blastholes
detonated in one shot.

The three ratios of burden/blasthole-diameter selected for the test
series were 10, 14, and 18. These ratios corresponded to blasthole
spacings of 2-1/2, 3-1/2, and 4-1/2 feet. The calculated powder factors
in the ore around the loaded portions of the blastholes were 8, 4, and
2-1/2 1b/ton, respectively. Three-inch coreholes accordingly were
drilled in triangular patterns at the desired spacings with a rotary,
pneumatic drill for blasting. Core obtained from these holes was examined
for the fracture analysis; permeability tests were also conducted in the
blastholes before shooting. Borehole deviation was surveyed to determine
the actual blasthole spacing present in the loaded portions of the

holes.

After permeability tests were completed, the holes were bottom primed
with three l-inch sticks of power primer. The holes were hand-loaded
with three 30-pound bags of water gel in each, which created a 22-foot
explosives column. Since the holes were filled with water while the

gel was being poured, the water stemming was automatically applied. All
three interconnected patterns were detonated in one shot using electric
blasting caps.




The fragmentation effectiveness of each blasthole spacing was evaluated
with postshot core holes drilled in the center of each triangular pattern.
Fracturing in the core was then compared with that in the preshot core:
the permeability was also then determined in the postshot core holes for
comparison with preshot measurements.

Dyes were injected into the formation after the shot to locate fracture
zones capable of transmitting fluids. A two-component fluorescent dye,
zinc 8-hydroxyquinolate, was forced from the upper three blastholes to
the lower row of holes before the core holes were drilled in the center
of each blast pattern. It was hoped that the dye would appear in the
postshot core to identify fluid carrying fractures.

DISCUSSION OF RESULTS

All preshot tests and analyses pointed to a '"tight" impermeable formation
that contained few fractures. Crude measurements of permeability ranged
from O to 1.5 ft/yr (1.5 millidarcys)(table 1). One major fracture
traversing the test zone apparently communicated with the surface ground
water supply since it "made' water even before blasting. The test zone
had a high RQD and a high average size of core pieces over 1 inch long.
Both of these measurements indicate a very competent formation. Effec-
tive porosity tests showed that the pores were interconnected for an
average of only 1 inch away from the core holes.

The deviation survey indicated that in the powder column, the actual
hole spacing was 2-3/4, 3-1/4, and 4-3/4 feet. Blasting did create new
fractures, particularly at the closer spacings with their associated
high powder factors (Overhead 8). The RQD and average piece length from
the postshot core shows a definite trend towards increased fracturing at
the 2-1/2- and 3-1/2-foot spacings when measurements on postshot core
are normalized to those of the preshot core. At the 4-1/2-foot spacing,
no fracturing could be observed. The high scatter in data associated
with such a test blast precludes absolute quantification of the fracture
damage.

The permeability changes created by the fracturing were disappointingly
small. Even with injection pressures of 80 psi, very little fluid could
be pushed from one hole to the next. Permeabilities of at least 500
ft/yr (or 500 millidarcys) are normally desired for leaching. Since the
best permeability achieved with the close spacings was only 40 ft/yr (40
millidarcys), blasting simply did not create enough permeability to
consider leaching. Furthermore, studies of the postshot core to locate
fractures containing dye injected into the formation revealed only one
2-foot fracture that contained any traces. The remainder of the core
from all three postshot core holes showed no evidence that dye had been
transmitted through the formation.



SUMMARY

Confined blasting did not provide an adequate network of permeable

cracks for leaching. Although the studies indicated fracturing with
closely spaced blastholes, the fractures apparently cannot transmit

fluids because the overburden pressure effectively reseals them. It
'would seem logical, therefore, that if a mining company wished to con-
sider leaching a deeply buried ore body, any of three conditions must be
present: (1) Fragmentation must take place where significant swell

space allows the rock fragments to jostle and realine themselves; (2)
leaching fluids must be injected at pressures significantly higher than
stresses from overburden to force open the fractures; or (3) the formation
must be permeable enough for leaching without appreciable new fractures.
Permeable deep formations occur primarily in sedimentary rocks--uranium
deposits in sandstones frequently can be leached without fragmentation.
Hydraulically "jacking open'" fractures created in a formation is tech-
nically feasible. A production leaching operation employing high
pressures would, however, be very expensive and much more dangerous than
low-pressure systems. Further research in preparing impermeable formations
for in situ leaching at depth must, therefore, concentrate on methods
whereby significant swell space is provided to allow the fragmented rock
to expand and realine.
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IMPROVING SOLUTION CONCENTRATION BY EVAPORATION IN ALUMINA PRODUCTION
UDC 669.712.1

A. A. Bolotov, E. S. Fomin, Yu. V. Kartovskii, E. N. Starkov, andV. P. Velichutina

Increasing the bglk of evaporating batteries is one way to reduce steam consumption
for the concentration of solutions in alumina production. When treating bauxites of
varying quality, solutions are evaporated in 3-, 4-, and 5-unit batteries, depending
on the required alkali concentration and the soda concentration in the solutions. - By
employing the current industrial method of leaching diaspore bauxites, the caustic
alkali concentration in the evaporated solutions is maintained within 300 g/l. More-
over, the carbonates contained in the solution as soda tend to separate intensively
on the heated surfaces. 1In addition, the alkali-aluminate solutions with the indica-
ted concentration indices show a depression at 16-18°C. 1In order to keep the batt-
eries from clogging up, it was proposed that the 4-unit direct-flow evaporation batt-
eries of the Urals Aluminum.Plant (UAZ) be replaced by 3- and 2-unit installations.

Converting the evaporating batteries to a direct-flow arrangement made it possible
tO vaporize the water in 3-unit batteries with a capacity of 60-70 tons of evaporated
water per hour.

Attempts to increase the number of times that the steam was to be used, by altering
the sequence of solution feed to each unit -~ in currently-employed apparatus --
waére not successful because the production units became encrusted with soda deposits.
Therefore, two approaches were used to increase the freguency of steam use: designing
an apparatus capable of operating with an increased heat-transfer coefficient for so-
lutions which are supersaturated with respect to soda, and developing a system which
would keep soda from encrusting on to the heating surfaces.

Workers at VAMI and at the Bogoslovo Aluminum Plant (BAZ) developed an apparatus
with a decreasing film and forced circulation. This apparatus, though it.has a num-
ber of shortcomings, is being used today at several BAZ batteries and does provide a
drop in steam consumption.

At the UAZ, where this apparatus could be introduced at only one of the three bat-
teries without being forced into a major reconstruction of the building, industrial
tests are being conducted on a two-stage evaporation system which had been developed
in collaboration with SverdNIIkhimmash.

The essence of the approach is as follows:

1. The starting solution is evaporated in a multi-unit countercurrent evaporating
battery to a concentration of 240-250 g/l Na:0czustics i-e€., to the start of soda
crystallization.

2. The "medium lye" obtained is heated to 140-150°C, and then subjected to step-by-
step evaporation in a system of series-connected units of flash-evaporator crystalli-
zers, where the concentration is increased to 300 g/l Na»Ocaystici soda will crys-
tallize here.

Reducing the solution concentration in the battery makes it possible:

- to eliminate any soda separating at the heating surfaces; thus, when a constant
productivity is maintained, it is possible to increase the period between battery.
washes; :

- to reduce losses in useful temperature differences by reducing solution depress-
ion. This makes it pessible to select an evaporating battery for the two-stage sys-
tem with a larger number of units and, correspondingly, with a lower specific steam
consumption;

- to reduce the corrosion rate of the boiler pipes. i

In making the industrial tests, I-stage evaporation was performed with a 4-unit
countercurrent system. The solution from the production unit, with a 239-249 g/l
Na O caustic concentration was transferred by a pump through a medium-lye preheater
to‘a chain of 5 flash-evaporator units where, as a result of step-by-step evapora-
tion, up to 290-300 g/1 was concentrated. Solutions from the fifth flash-evapo-
rator were fed, at 60-70°C, to a preheater (heated with steam from a heat- and elec-
tric-power plant); it was then directed, at 100-105°C, to a soda—settler'as a means
of separating the soda. In order to maintain the concentration of the circulating
solution at a specific level, some part of it was directed to recirculation in the
4th flash evaporator.
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In working out the system, questions were resolved with respect to inten51fying the
heat-exchange in the vacuum unit, reducing the rate at which the flow pipes become
overgrown in the flash-evaporator , and with respect to soda separation,

Under conventional conditions, the vacuum units operate at heat-transfer coeffi-
cients of 600-800 kcal/(m?.hr°C). During the tests, in order to intensify the heat-
exchange in the vacuum unit, steam and air were blown into the lower solution chamber.
Steam was sampled from the gas-exhaust of the lst unit, the air being sucked in from
the atmosphere. The steam-gas mixture -- directed to the lower solution-chamber of
the boiler -- preheated the solution and agitated the preheating zone in the pipes,
penetrating it.in the form of bubbles and forming a two- phase mixture on this section.
That kind of hydrodynamic system contributed to an increase Ln heat-exchange intens-
ity. The heat-transfer coefficient increased to 1200 kcal/(m *hr-°C).

Intensive overgrowth of the flow pipes was slowed down through elimination of boi-
ling within the pipes and by the introduction of soda as a seed crystal to the flash
evaporation system,

The following indices were obtained during the tests:

Amount of evaporated water, tons/hr.......e5e00000.. To 100
Heat~-transfer coefficient per unit, kcal/(m":hr.°C):
Leiieiiiiiiiii it tiiiiietenaereaassseesss 1100-1300
2iuiaconssoneassnnrsessasernasssasesasessses 1500-1800
3eeeeoeecertetessnnsssersestscnsenascrnsasnaas 2100-2200
I Y B W 1]
Duration of period between washes:
with seed crystal added to flash-evaporator, days. 5
with no seed crystal added....secevrinnoncencannns 76-78
Specific steam consumption, t/t evaporated water.... 0.39

Heating solutions, after they have passed through flash evaporators of two series-
connected preheaters -- with one of them using liguor steam from the lst installa-
tion =-- makes it possible to reduce steam consumption to 0.37 tons per ton of evapo-
rated water. ’

The flash evaporators operated stably, with neither pulsation nor froth being ob-
served. Soda will not always precipitate from the evaporated solutions normally.
Moments occurred when there was a deterioration of the discharge from the industrial
soda-settler. It was established under laboratory conditions that soda will settle
very slowly or that a large part of the soda will float upwards as flocs which inc-
lude air bubbles. Boiling the circulating solution under laboratory conditions pro-
vided a positive effect.

Industrial verification of the eff1c1ency of solution boiling was performed by
passing an evaporated solution -- after it has gone through preheaters -- through
the production installation of a 3-unit battery. As a result, the potential of the
soda to deposit was about the same as from solutions in other shop batteries.

Using the results of laboratory and industrial tests it became possible to set up
a system in which solutions -- after passing through flash-evaporators -- were di-
rected to an evaporator which was heated by steam from heat- and electric-power |
plants. Heating the solution before it reaches the evaporator was performed in a
tubular and contact preheater using the liquor steam from this apparatus.

Calculations show that the specific consumptlon of steam by a two~stage system
in which- there is a 4-fold use of heat in the battery and employing the given pre-
heating method will amount to 0.365-0.370 ¢/t of evaporated water.

"1. By using the process of soda crystallization from concentration apparatus to
solution flash-evaporators it becomes possible to convert from the use of 3-unit
batteries to 4- and 5-fold uses of steam. The average capacity of a 4-unit batt-:
ery using flash evaporation was about 90-95 tons/hr of evaporated water. The in-
terwash period for the apparatus was 3-5 days.

2, For flash-evaporation of crystallized solutions one can use flash-evaporators
with natural circulation. They are sufficiently simple and operate reliably: they
operate with a stable circulation with no frothing, discarding solutions into the
lower part of the circulating circuit.

3. By introducing small amounts of soda seed crystals into the flash evaporator
it becomes possible to slow down encrustation of the flash evaporator.
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IN-SITU
AT THE OLE

THE Old Reliable Mine located approxi-
mately nine miles east of Mammoth,
Arizona, U.S. has been sporadically
mined since about 1880. The most
L ;ecent mining, prior to acquisition by
“Ranchers Exploration and Development
Corp., was in 1953-54. The orebody is a
" gear-vertical breccia pipe containing
“approximately 4 million tons of 0-8 per
“centcopper with mineralisation occurring
‘ss chalcocite, chalcopyrite, malachite,
,and chrysocolla. The host rocks are
extrusive lavas of Cretaceous age which
| were intruded by the Copper Creek
“granodiorite.
. The ore zone which outcrops on the
‘erest of a ridge, is about 300ft x 6ooft in
plan with the bulk of the deposit
atending from the surface to a depth of
ipproximately sooft.

The mine, as it existed prior to
Ranchers’ work, consisted of two levels.
-The bottom level or 200 level was
located just a few feet above the bottom
of a wash and consisted of some 1,400ft
of drifting and cross-cuts and a few
- raises, A second level located 100ft
. sbove the 200 level consisted of 2,8c0ft
o drifts and cross-cuts and some
- Sopes. :

L

_Mining Magazine—May 1974
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Upon leasing the property from
Occidental Minerals Corporation and
Siskon Corporation, Ranchers took bulk
samples and began column leach tests at
its Bluebird Mine lab with additional
test work being done by an independent
research lab. The results of these tests
being satisfactory, additional tests were
run on Bluebird and Old Reliable ores
to obtain a correlation between the lab
tests and actual leaching. The results of
this study indicated that the Old
Reliable ore was amenable to in siru
leaching.

During the drilling programme, it
was established that the water table was
only a few feet below the bottom level.
Further investigation revealed that this
would be an ideal floor from which to
recover solutions. Permeability and
porosity tests were undertaken on the
samples to analyse the fracture and
flow characteristics of the ore, and it
was soon apparent that the orebody
would have to be shattered to obtain
the required degree of permeability.

Several types of explosives were con-
sidered for breaking the deposit—
nuclear, slurry, or ammonium nitrate.
After serious study, the nuclear possi-
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bility was eliminated primarily because
of safety and blast monitoring costs and
the time involved. Conventional ex-
plosives loaded for coyote blasting was
the method eventually selected. The site
was well suited for the large blast, being
remotely located and situated on the
side of a hill so that leaching solutions

could be drawn off by gravity at the

base.

The blast design developed by E. 1.
du Pont de Nemours & Company called
for 4 million Ib of ammonium nitrate

explosives to be loaded throughout -

6,000ft of 6ft x 6ft coyote tunnels on
three levels. An over-all powder factor
of 0-66 Ib of explosives ton or 1-70 Ib/yd3
was used to fracture the 4 million tons of
ore and 2-1 million tons of waste.
Additional underground develop-
ment amounting to I,300ft on the 200
level, 1,050ft on the 100 level and
1,700ft on a new level located 1o0ft
above the 100 level .was accomplished
by Kop-Ran Development Corporation.
Fifty - pound bags of ammonium
nitrate were packed in pre-determined

353
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Farerns at specific points in the drifts
¥nd cross - cuts. As the ammonium
Wirate was loaded, approximately
go,000ft3 of sand stemming was blown
i place utilising a Radmark stowing
gachine and by hand-stacking sacks of
sand. C e
The blast was detonated from a firing
{ Eunker one mile from the mine.

Completed blasting circuit included
lead wires connected to blasting caps,
detonating cord, and high explosive
primers placed in bags of ammonium
nitrate. Dual blasting circuits were
utilised to reduce the possibility of a
mis - fire. Millisecond delays were
attached with instantaneous delay on
the top level followed by 100-milli-

: ‘n: Blast at the Old Reliable deposit. Right: Ore throughout an area measuring approximately 5001t in diameter and 350ft deep
Lras broken into pieces averaging around 9in in diameter

second delays on the middle level and

150-millisecond delays on the lower

level, ‘

Surface disturbance, as anticipated,
was minimal with an area of only
450-500ft in diameter being affected.
The plant area, which was located down-
hill and some 8ooft from the blast zone,
was not disturbed at all. Subsequent

Y .

Ehematic diagram of Old Reliable project. 1.2 x 500 gal/min leach pumps ; 2. Barren solution pond ; 3. Make-up water ; §7Precipitation
Is; 5. Shredded and de-tinned cans; 6. Fresh H,0 for plant; 7. Acid tanks; 8. By-pass; 9. Pregnant solution pond ; 10. 1,000 gal/min
fop of ore and distribution water sprinklers—dual lines, 6in @ ; 11. Approximately 1,000 gat/min pregnant solution; 12, Saloon wash;
'12in @ by-pass; 14. Saloon wash collection dam ; 15. Diversion dam
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inspection of the blast area indicates
(hat the shot was a complete success,
with an average rock breakage size of
9-10in.

w

gre zone survey

Following the blast, the entire ore
sone was resurveyed and on March 15,
wrracing of benches (2oft high and
varying from 15 to 18oft wide) was
pegun. The operation was completed on
May 30, 1972. During the same period,
g 6-ccll precipitation plant, pregnant
solution and barren solution storage

nds, and a drying pad were com-
leted. To provide water for leaching
colutions, a 6 mile-long, 6in-dameter
ipeline was laid from a 17}in O.D,
csed well drilled near Mammoth. This
well is presently providing up to 200
I/min of fresh water, The average
monthly consumption of fresh water is
spproximately five million gal or 10}
‘per cent make-up.

I N— |
4

Leach liquor
gOn August 23, 1972, the first leach
Tiquor was pumped to the ore, and in
September, 1972 the initial underflow
eited the orebody. In mid-December,
1972, nominal recovery of cement
topper was commenced and by February,
. 1973, the orebody had been completely
saturated. From December through
February, the cement copper was
tockpiled, and in March, 1973 ship-
Cent of precipitate began. Mine pro-
uction capacity of 19,000 to 20,000lb
ily was reached in August, 1973.
Leach liquor is now being distributed
ver 245,000 fi2 of surface ar the rate of
J100 gal/min. The solution is acidified
gpﬂ of 1-8. The ratio is five pounds

facid for each pound of cement copper
Tecovered.

Water used in the leach solution is
idified with sulphuric acid in the
en solution pond and fed by gravity
two 200hp two-stage Goulds centri-
al pumps. Each pump provides
ution to a distribution system cover-
1g one-half of the terraced area. Each of
¢ systems consist of one 6in main
mission line and several 2in distri-
tion lines. Rainbird sprinxler heads
spaced at goft intervals along the
ribution lines. The front and rear
“| 'pray nozzles cover a circular area having
1t 6oft radius. The pregnant solution
xits the orebody at the base of the hill
Xar what was once the 200-level portal.
Nown in the drawicg above is the
neral flow diagram of the solutions.
—" The solution is collected by a con-
‘Ztte catch dam and then directed by
1 ¥0 Yoin plastic pipes by gravity to the
“tgnant liquor pond at the plant site.
3] ‘2 carthen diversion dam above the

. Yning Magazine—May 1974
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Note: Barren soln, pumping system will
consist of 2-500 gal/min pumps « 18pore

2
%
°

Satoon wash
coflection dam

Preg. sotn. storage

Shredded & de. tinned
cans ( 2"Fa/*Cu)

Precipitation celis
Fresh Ha0 for plam

-~
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L ey N4 DA=e LR

Copper-bearing solution (left foreground) seeps from the bottom of the orebady
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blastéd area channels storm run-off
[hrough 6ooft-of 72in culvert around the
bregnant liquor collection pond and
into the nafural drdinage system below
the mine.

From the pregnant liquor pond, the:
mppﬁr -laden sotution passes’ through a

Copper-beating sulutions seeping from
the: bottom of the orebody towards the
p:éclpltaﬂon plant

g

Production of cement. copper in the
precipitation cells at the plant -

magnetic flow meter and into the ‘pre-
dpitation cells where shredded irom is
added. The six'cells are.24ft'long by 8ft
tide by 4ft deep and are usually
operated in parallel, although they may
be operated in series. -Makeup acid is
3dded to the barren solution in the tail-
race of the cells to provide adequate
mixing before discharge into the barren
solution pond.

Wining Magazine—May 1974

The copper precipitate is'washed each
day from the czlis into a. decant sump.
The wash water is returned to the feed

-end of the cells by decanting from the

top of the liquid, The precipitate is
moved from the sump by a frontend
loader to a concrete drying pad to reduce
the moisture content to I5 per cenat,
The precipitate, which averages 80 to
83 per cent copper, is hauled by trucks
m the railhead wheré Jit_is_thereafter

ped for refining into Wsreﬁar on.a
‘to"i E:Els.

~Solution - momtonng wells

‘were
drilled above and below and leach area.

and are .continuously monitored for

liquid level changes, température, pH,
total dissolved.solids, copper, iron, étc.
This monitoring, along with the water
balance, indicates- there is no solution
loss into the ground.
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Trelleborg Rubber Limited

Tel:: 01-969 8303. Telex: 262477

Mill linings of rubber

Trellex mill linings consist of héavy-duty rubber units
‘forthe shell, the inlet and discharge heads and grates:
Wear resnsiance in the rubber is utitized to the full,

as fitting is accomplished by means of rigid metal
retainers. A lining of Trellex heavy-duty rubber appreciab-
ly reduces the'cost perton of processed materials

and provides excellent sound insulation.

Treltex can easily be fitted to.all types of mills, wittiout
special toois being required. Standard units of accurate
size ensure that a rubber lining can be fitted in place

up to three times faster than.a steel liner,

TRELLEBORG W7

124 Barliyy Road, Longdon W10 6BN
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IN SITU COPPER LEACHING RESEARCH AT THE
EMERALD ISLE MINE

by Deanis V. D'Andrea’ and Sidney M. Runke®

1 Geophysicist, Twin Cities Mining Research Center,
Bureau of Mines, U.S. Department of the Interior, Twin Cities, Minn.

2 Metallurgist, El Paso Mining and Milling Company,
El Paso, Tex.

ABSTRACT )

This paper describes the Bureau of Mines-El Paso Mining and Milling
Company cooperative rescarch program at the Emerald Isle mine® near
Kingman, Ariz. This research program was directed toward developing
in situ leaching methods for 200,000 tons of ore exposed in the pit
bottom and also 1,500,000 tons of ore under 200 feet of overburden ad-
jacent to the pit. A test area in the pit bottom containing 15,000
tons of ore was blasted and leached. The results of this leach test
vere encouraging, and the entire pit bottom was leached in-place for
about 7 months. Two test blasts under 200 feet of overburden and ex-
tending to 290 feet were detonated in an area near the open pit. The
results of these blasts were evaluated by core drilling and permea-
bility measurements. An in situ leaching system was designed, but not
implemented, to recover copper from the 1,500,000-ton area near the
pit. The company decided to terminate operations at the Emerald Isle
mine in November 1975. :

INTRODUCTION
The‘Emerald Isle mine located 15 miles northwest of Kingman, Ariz.,

1s nwned by El Paso Mining and Milling Company.- This copper deposit
(principally chrysocolla) was owned by several companies over the

° The work upon which this repeort is based was done under a coopera-
tive agreement between the Bureau of Mines, U.S. Department of the
Interior, and the El Paso Mining and Milling Company, E1 Paso, Tex.
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years and was mined by underground and open pit methods. The ore has
been heap leached and most recently treated in a leach-precipitate-
float plant. El Paso has mined 1,400,000 tons of l-percent-copper ore
since it acquired the property. Approximately 200,000 tons of
1-percent-copper ore remains exposed in the bottom of the pit, and
about 1,500,000 tons of 0.5-percent ore remains under 180 to 250 feet
of overburden.

Open pit wmining at the Emerald Isle mine ceased in July 1973 be-
cause increased stripping requirements made continued operatioa uneco-
nomical. El Paso decided to develop an in situ leaching system to re-
cover as much of the remaining copper as possible. The Bureau of Mines
entered into a cooperative agreement with El Paso Mining and Milling
Company in November 1973 to conduct research at the mine related to
the development of this system. Both-the Twin Cities Mining Research
Center and the Salt Lake City Metallurgy Research Center of the Bureau
of Mines became involved in this cooperative program. El Paso agread
to pay for all parts of the program that were required for the actual
production of copper such as blasthole drilling, explosives, solution
distribution and recovery systems, acid, and scrap iron, etc. The
Bureau conducted core drilling, drill core analysis, physical property
measurements, ground water studies, permeability measurements, labora-
tory leaching tests, seismic measurements, and assisted El’ Paso with
the design of the blast and the in situ leaching system.

A research program for the Emerald Isle mine was prepared. Phase I
of the research program began in Jamuary 1974 with a test blast fol-
lowed by in-place leaching of 15,000 tons of ore in the pit bottom.
The information developed from this Phase I test was used to design &a
in situ leaching system for the remaining 200,000 tons of ore exposed
in the pit bottom. Leaching of this ore began in December 1974 and
continued for about 7 months. A Phase II test site with again about
15,000 tons of ore was selected in an area under 200 feet of overbur-
den. --A Phase II test blast was detonated in July 1974 with seven 280-
foot-deep blastholes. Circulation tests with water showed that this
blast did not create sufficient permeability for leaching. In August
1975 a second blast was detonated in the Phase II test area with three
blastholes. The effects of this second blast were evaluated using
core drilling and permeability techniques. In November 1975 El Paso
Mining and Milling Company decided to terminate operations at the
Emerald Isle mine, and plans to leach the Phase II test area were
abandoned.

This paper presents the research program at the Emerald Isle Miae
and describes an in situ leaching system which was designed to re-
cover copper from a 1,500,000-ton area under 180 to 250 feet of over-
burden. .

o ar . g
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EMERALD ISLE DEPOSIT

41

Figure 1 1s a cross section through the Emerald Isle mine showing

the Phase I and Phase II test areas.

The deepest portions of the open

it have been excavated to about 200 feet exposing the top of the ore
The Gila Conglomerate averages about 70

body (Gila Conglomerate).

feet thick and dips approximately 10° to 15° to the southwest.
Gila Conglomerate is overlain by alluvium (quaternary) which is 150
to 250 feet thick and underlain by a granite gneiss.
copper mineral ian the Gila Conglomerate at the Emerald Isle mine is

chrysocolla.
&7“) ' ’ ’ Y ~T
3600 |
N Phas. 1
Phan.n Test :iln
3,500
Z 3400
=
s
w 3300
@ LEGEND © o %00
3200 £ ED > et Cu 0 o % © |
£ > 03 per 0 No M::l..:;:;mlmn
O <0.5pet Cu J
s100 |,
3m A T N . , )
[ 200 400 600 800 1000 1,200
DISTANCE, 1t

The

The dominant

Figure 1. - Cross section through Emerald Isle deposit

Figure 2 is a plan view of the Emerald 1sle mine with contours of

the copper grade of the Gila Conglomerate.

During open pit operation

El Paso mined 1,400,000 tons of ore that averaged 1.0 perceat copper.
The copper mineralization continues beyond the pit in the downdip di-
rection in a channel type distribution that decreases in grade down-
dip. At about 1,000 feet from the pit crest the grade is about 0.1
Total ore reserves gréater than 0.1 percent copper are es-
timated to be 3,000,000 tons. )

Percent.
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Figure 2. - Contour map of copper grade

Table 1 lists the physical properties of Gila Conglomerate core

TABLE 1. - Physical properties of
the Gila Conglomerate

Property Phase 1 Phase Il
POrOSitY.ccseaceascascanssanssPCln, 20.6 16.3
Density....veeeeeccases...g/cu cm.. 2.29 2.28
Permeability................darcy.. - .65

- Pulse Velocity.eoeeoreaonn .ft/sec.. 8,100 9,500
Torsional Velocity..eceeevee...do.. 4,200 5,100
Compressive Strength.......... psi.. 2,600 -
Tensile Strength.........c..... psi.. 72 -
Young's Modulus........... ldigpsi.. 0.85 -

samples measured in the laboratory. The porosity, permeability, and

_ strength values probably reflect the characteristics of the cementing

material in the conglomerate and not the actual in situ values.

Ground water entering the pit, about 14 gpm, was pumped from a suTP
area for about 30 hours each week. The ground water table was con-
trolled by sump pumping at about 5 feet below the surface of the pit
floor.
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PHASE I TEST BLAST

Figure 3 shows the Phase I test blast design. Seven 8-3/8-inch-
diameter blastholes, about 50 feet deep were spaced 25 feet apart in a
seven-spot pattern with one central blasthole. These blastholes had
an average 22-foot powder column with 25 feet of stemming. A total of
4,500 pounds of slurry was detonated without delays. Table 2 lists
the blast design data for the Phase I blast and the two Phase II
blasts.

TABLE 2. - Blast design data

Phase I Phase 11 Phase II1
lst Blast 2nd Blast
Number of blastholes.......... 7 7 3
Blasthole spacing........- fe.. 25 20 18
Average hole depth........ do.. 47 277 277
Average top powder column.do.. 25 205 192
Average powder column.....do.. 22 72 85
Average stemuing....eeeee- do.. 25 205 192
(90 ft gravel)
Blasthole diameter........ino.. 8-3/8 9 9
Expiosive diameter........do.. 8-3/8 7 7-1n bags cut
Explosive...ccccvnvenane esscsse | nonaluminized smokeless smokeless
slurry powder slurry powder slurry
Total explosives..... eenealb.. 4,500 12,000 7,450
Loading density........lb/ft.. 29.2 23.7 29.3
Powder facto? ........ 1b/ton.. 0.30 - -
Powder factor ............ do.. 0.78 0.95 1.47
Delays (between each hole).... | Instantaneous 17 ms 25 ms

1 Powder factor (lb/ton) includes ore above top of powder column

? Powder- factor (1b/ton) = 1814 Pe (g’) )
Pr S )
)
Pe = specific gravity, explosive ) for ore in powder columa
Pr = specific gravity, rock ) zone only
D = blasthole diameter, ft, and )
S = blasthole spacing, ft, for infinite ;

triangular pattern, ore Zone only.

Topographic surveys were run before and after the Phase I blast so
that the blast swell could be calculated. The maximum surface rise
was only about 1.5 feet, and the blast swell was 1.4 percent. The
volume of ore broken by this blast was estimated to be 15,000 tons.

PHASE II TEST BLASTS

Two blasts were detonated {n the Phase 11 test area under 200 feet
of overburden. The first blast had seven blastholes drilled to an
average depth of 277 feet. These holes were 9 inches in diameter and
20 feet apart in a seven-spot pattern. Figure & shows the blasthole

- T ————
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blast design blast design

patterns for the two Phase 1I blasts. The second blast had three
blastholes, 9 inches in diameter, 277 feet deep, and they were spaced
18 feet apart. Table 2 lists the blest design data for the Phase Il
blasts.

The first blast was loaded with 7-inch-diameter, 50-pound-bags, of
smokeless powder slurry in 9-inch-diameter blastholes. The second
blast was loaded with the same explosive, but the bags were cut before
they were lowered into 9-inch holes. The cutting procedure increased
the loading density from 23.7 1b/ft for the first blast to 29.3 1b/ft
fér the second.

The second blast in the Phase II area was considered necessary
after circulation tests with water revealed that the first blast had
not created sufficient permeability for successful leaching. After
the first blast a recovery well pump was installed at a depth of 290
feet, end drawdown tests were conducted with and without water i{njec-
tion at the 2C0-foot level. Flow rates from these tests averaged less
than 1 gpm over a 24-hour period and were not considered adequate for
leaching. In addition the water injected at the 200-foot level did
not work its way into the fractured zone and into the recovery well
but apparently flowed across the top of the alluvium-conglomerate con-
tact. The water table in the Phase II area was at a depth of 230 feet.

T
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In Situ Copper Leaching Research, Emerald Isle Mine 415

After the second blast the recovery well pump would have been re-
installed and water circulation would have been tested but this plan
was not implemented before E1 Paso closed down the Emerald Isle oper-
ation. However, a core hole was drilled after the second blast for
fracture analysis. Permeability tests were also run in this core hole
and in one of the blastholes that was open to a depth of 250 feet,

The core fracture analysis and in-place permeability tests indicated
that the second blast substantially improved the breakage and flow.

Detailed topographic surveys before and after each Phase 11 blast
did not reveal any significant surface rise. Elevation increases of
4 to 6 inches were observed near the collars of some of the blastholes
that vented.

PHASE I LEACH TEST

The Phase I leach test began in March 1974 and continued for 117
days until July 1974. Leach solutions were distributed over the sur-
face of the broken ore through perforated pipes. Solutions were re-
covered in a well located on the east side of the blasted zone as
shown in figure 3. The recovery well hole wes drilled with a churn
drill using one of the blastholes that remained open after the blast.
The recovery well hole was about 11 inches in diameter, 50 feet deep,
‘and had a 9-inch-diameter casing. The bottom 20 feet of this casing
was perforated.

During the 117-day leaching period flow rates averaged 57.4 gpm.
Because of ground water dilution of the leach solutions and the desir-
ability of drawing down the water table, a bleed of 9 gpm was estab-
lished in the flow circuit after discharge from a cementation System
and before recharging with acid. The water table was about 5 feet
below the surface before leaching, but during the leach test it went to
about 20 feet below the surface and reached a maximum of 23 feet
drawdown.

Table 3 lists the results of the Phase 1 leach tests and also data
from the pit bottom leaching. The pH averaged 1.18 for the sulphuric
acid influent solutions and 1.71 for effluent solutions. Effluent
copper grade averaged 0.562 gram/liter, calculated copper production
was 245 1b/day, and a total of 29,000 pounds of copper was produced.
Copper was recovered by cementation on scrap iron. Iron consumption
was 4.7 1b Fe/lb Cu. The acid consumption figure of 15 1b H SO /1b Cu
was high, but this was attributed to the 9 gpm bleed in the solution
circulation system, the small size of the test area with important
fringe effects, the short duration of the leaching test, and the small
difference between the pH of influent and effluent solutions. Figure
5 shows the cumulative copper recovery for the Phase I leach test.

'\‘mw - - ﬁ-‘—_ vt o —— e e
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TABLE 3. - Leaching results

<. TR

Phase 1 Pit Bottom )
Leach Test Leaching Yy
Ore leached.......e0000......tOns.. 15,000 100,000 L
Grade of ore........0c0ceesss.pCte.. 1.0 1.0 :
Duration of leaching.........days.. 117 190
Average running time.......hr/day.. 20.5 23.2
Leach influent:
S 1.18 1.10
(o7.7.7-7-3 S -7 2 TO 0.147 0.091
b § -7 VO - 72 T 8.5 - :
Leach effluent: . ]
Flow rate......c.eeoeeeveees 8PM.. " 57.4 115.9 i
2 1.3 - ‘
COPPET.cvtcsssvrencnnessaneaB/le. 0.562 0.646 ; b
Iro0..ccccreaneccanncaccensa@ll.. 6.2 - Pl
Precipitation effluent; oo
Y : U B 1.62 \
COPPEeT..ccovesncescnsessanesBll.e 0.067 0.076 .
Acid consumption...lb H SO /1b Cu.. 15.0 10:0
Iron consumption......f% FE/1b cu.. 4.7 2.75
Copper production..........lb/day.. 245 748
Total copper production........lb.. 29,000 142,000 ;
180 ; . . , — L

150 |

120 T

€0

30

CUMULATIVE CdPPER RECOVERY, Ib(x 1,000}

—1 1 1 I .

Acid discontinued ot 190 doys after start of leaching

KEY
o Pit bottom leoching]
4 Phase I leaching

0 30 60 20 120 150 180
DAYS AFTER START OF LEACHING

Figure 5. - Cummulative copper recovery - Phase 1

test and pit bottom leaching

210 240 :
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PIT BOTTOM LEACHING

Pit bottom leaching of about 100,000 tons of ore began in December
1974 and continued for 190 days. A system of seven recovery wells
was installed. These wells were installed in 12-inch-diameter holes
to an average depth of 50 feet and were spaced 50 feet apart. The ore
in the pit bottom was not blasted before leaching in the hope that
natural permeability was adequate for successful-leaching.

Pit bottom leaching results are listed in Table 3. The average
flow rate was 116 gpm, pH of influent solution was 1.10, and the
copper grade of effluent solutions was 0.646 gram/liter. Calculated
copper production averaged 748 lb/day, and a total of 142,000 pounds
of copper was produced. Solutions were circulated for 41 days after
acid addition ceased to bring up the pH of the solutions remaining in
the pit bottom. During this period an additional 9,000 pounds of
copper were produced. Figure 5 shows the cumulative copper production
for the pit bottom leaching.

During pit bottom leaching acid consumption averaged 10 1b H SO /1b
Cu, and iron consumption averaged 2.75 1lb Fe/lb Cu. This was gh ih-
provement over the Phase I leach test but was still high. However,
acid consumption was dropping as the test contioued.

Pit bottom leaching was stopped because the flow rates of leach
solutions were not as high as desired. Pit bottom leaching was
halted, and the ore was to be blasted to improve permeabilities and
flow rates. The drilling and blasting program began, but the Emerald
Isle operation closed before the pit bottom ore was leached further.

DESIGN OF FULL~SCALE OPERATION

Based on the experimental blasting and leaching tests, a full-scale
in situ system was designed to recover the majority of the remaining
copper. However, this plan was not implemented because the mine
closed, This plan involved blasting and leaching of first a higher
grade area followed by blasting and leaching of a second lower grade
area. The first area would include some ore in the pit bottom, some
ore under the pit walls, and ore under 180 to 250 feet of overburden
along a channel extending 700 feet from the crest of the pit. The
700-foot-channel would follow the high-grade copper mineralization as
shown in figure 6. The second area would be along the flanks of the
700-foot~-channel and would include lower grade ore. A third area
parallel to the second area could be added if leaching of the initial
areas were successful,

Fragmentation would be accomplished primarily with vertical blast-
holes, although some inclined holes from the pit crest and some hori-
zontal holes in the pit bottom would be required to break the ore
under the pit walls., The ore in the pit bottom aad under the pit




rxm e g h—,

418 World Mining and Metals Technology

(o

LEGEWD . .
Ao 2 N Y

Channal oren B
= it wall orem “'-..‘_

[T PH erea
Cantoue irterwal 0.0 parzent

[E———]
100 st

Figure 6. - Blast design for full-scale operation -

walls would be broken in one blast while the channel area would be
broken in & series of seven-liole blasts beginning at the pit crest and
proceeding in the downdip direction. Each of the seven-hole blasts
would be detonated as soon as drilling was completed so that this
drilling and blasting program woild continue for several months. &
series of blasts would also break the second area. Table & liste the
full-zcale blast design data.

- TABLE 4. - Full-scale blast data
Area 1 Area 2

- _ Pit Walls Channel

Area..............89 fL,. 59,000 56,000 96,000 88,000
Thickness............£t.. 40 69 78 .76
Volume..,..v......cu yd.. 87,000 143,000 276,000 246,000
Weight.......i.....ton8.. 167,000 274,000 530,000 472,000
Grade....viusaeeasaapeln. .70 .58 .35 .41
Totdl copper.........lb..| 2,300,000 | 3,200,000 { 5,800,000 | 3,900,000
Drilling depth.......ft.. 40 125 287 297
Powder factor....lb/tom.. 0.5 1.0 1.5 .75
Total drilling.:.....ft.. 2,200 12,900 76,300 36,000
Total explosives.....lb.. 83,000 274,000 | - 795,000 354,000

Leach solution injection would occur primarily in the pit bottom
with some vertical imjection holes mear the pit crest. Solutfons
would be recovered downdip with a series of recovery wells, It is

2




