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FLOTATION TESTS ON TWO FRIENDS AND

BANK OF ENGLAND ORE

SUMMARY

1. High grade concentrates of sphalerite and
galena, showing good recoveries of Zn and Pb, can be obtained
by using ordinary flotation methods.

2, Iron can be reduced to below 1.5% in both con-
centrates without complicating the flotation circuit.

3. No feasible method was found to substantially
reduce the high proportion of silver floating with the sphal-
erite.

4., Both the galena and sphalerite float more read-
ily in an alkaline circuit.

5. The cycle of flotation giving the best results
was roughly as follows:

(a) Depress sphalerite and pyrite with sodium
cyanide.

(b) Float galena with sodium ethyl xanthate,
using cresylic acid as a frother.

(¢) Reactivate and float sphalerite with copper
sulphate, using cresylic acid as a frother.

6. Further experimentation with grinding methods
might result in freeing more silver from the sphalerite.
7. A comprehensive mineralogical study of the ore

should be made prior to further investigations.
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INTRODUCTION

The object of the tests outlined in this report was
to determine practicable flotation methods for obtaining:

(a) a high grade, high recovery lead concentrate,

(b) a high grade, high recovery zinc concentrate,

and
(¢) maximum separation of silver from the zinc,

together with high recovery of silver.

Although the results of these tests are possibly
somewhat mediocre, the authors feel that much of the informa-
tion recorded in this report would prove valuable to anyone
contemplating further investigations as to the "flotability"

of the ore.

OUTLINE OF WORK

About 100 1b of representative samples of the coarse
ore were picked for the tests and crushed to -10 mesh. A
preliminary series of tests were then run to determine the
best grinding time, pulp dilutions, and basic flotation
circuit for this particular ore.

Grinding tests were carried out in conjunction with

the preliminary flotation tests; grinds much under 10 minutes
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resulted in poor separation of galena and sphalerite, while
those much over 10 minutes resulted in excessive sliming of
the sphalerite and, hence, low zine recovery in the sphaler-
ite concentrates. All grinding was done in a laboratory
rod-mill, 10" by 12" long, holding 24 steel rods weighing a
total of approximately 50 1b, and revolving at 44 r.p.m.;
pulp dilutions were l:1 for each grind.

The preliminary flotation tests, to determine the
best basic flotation cycle, were all carried out in a 1000-gm
Ruth laboratory flotation cell at a pulp dilution of 3.5:1.
Experimentation with different reagents finally resulted in
a fair separation of galena and sphalerite with moderately
high recovery of Pb and Zn in their respective concentrates;
this particular test was used as a basis for the final tests.

Final tests were in two groups. The first tests
were devoted to finding the best amounts of reagents to use
to obtain the best concentrates; these tests were carried
out in & 1000-gm Ruth laboratory flotation cell.

The second group of tests was devoted to obtaining
good rougher concentretes and, from these, to produce high-
grade, high-recovery concentrates; the roughers were obtained
from a 2000-gm Denver sub-aeration cell and cleaned in a
similar 1000-gm cell.

Skimmed concentrates and tailings were placed in
the laboratory oven, dried 24 hours, and assayed for zinec,
lead, iron, and silver,

At all times during the final tests, the operators



attempted to standardize the following factors:

1.
2.
5-
4.
5.
6.
7.
8.

Promoters

Grinding time.

Pulp densities,

Reagents and pH.

Pulp temperature.

Conditioning time of pulp with reagents.
Contact period of pulp with reagents.
Skimming practice.

Aeration of pulp in flotation cells.

REAGENTS USED

Aerofloat 31, undiluted, cell
Aerofloat 208, 5% solution, cell
Sodium Aerofloat, dry, cell
Sodium Ethyl Xanthate, dry, cell.

Frothers

Pine 0il, undiluted, cell
Cresylic Acid, undiluted, cell
Frother 60, undiluted, cell.

Aetivators

Copper Sulphate, 5% solution, cell
Sulphuric acid, 1:1, cell.

‘Depressants

(4)

Sodium Cyanide, 5% solution, rod-mill and cell
Potassium Dichromate, 5% soln., cell
Zinc Sulphate, 5% solution, rod-mill
Starch, 10% solution, cell

Lime, dry, rod-mill and cell

Sodium Silicate, 10% solution, cell.

Meodifying Agents

Lime, as above

Sodium Carbonate, 5% solution, cell
Sodium Silicate, as above

Sulphuric Acid, as above.
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The best promoter for collecting the flotation pro-
ducts was sodium ethyl xanthate. The Aerofloat reagents did
not prove successful in separating lead from zinec; in each
case & heavy lead recovery was obtained in the zinc concen-
trate. This failure of the Aerofloats may not have been in-
vestigated thoroughly enough, but such good results were
obtained by using the xanthate that it was considered a waste
of time to cont%nue further experimentation with the Aero-
fleats, |

Cresylic acid proved to be the best frother, espec-
ially in conjunction with the sodium ethyl xanthate. The
froth obtained with pine oil broke down too easily towards the
end of the galena flotation, while that obtained with Frother
60 was too tough to allow for proper cleaning.

Copper sulphate was the natural choice for reac-
tivation of the sphalerite,

Sodium cyanide was used to depress sphalerite and
pyrite; zinc sulphate was used in the final tests to increase
the effectiveness of the eyanide and to reduce the condition-
ing time. Both these reagents were added in the grinding
circuit. Potassium dichromate was found to increase the
grade of the sphalerite concentrate by depressing galena.
Sodium silicate was used to disperse the gangue, to get &
cleaner sphalerite concentrate. Starch and lime were also
used in the preliminery tests, but were not required for the
final tests.,

Sodium carbonate was found to be the most successful
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agent for keeping the pH up to a practicable level., Lime
was not quite as successful in this, although it would
probably have been used had there been enough pyrite in the

ore to warrant it.

DETAILS OF TESTS

The tests conducted on the ore were divided into
two phases, preliminary and final. The preliminary tests
were conducted to determine the correct grind and to find a
basic flotation cycle,to start the final tests. The final
tests were conducted with a view to improving the grade and

recovery of the concentrates obtained in the basic test.

Preliminary Testé

Twelve preliminary tests were run. From these, 1t
was found that a grinding time of 10 minutes was the best
balance to strike between oversliming the sphalerite and
completely unlocking the galena and sphalerite. A secreen
analysis of this product ran 73.8% -200 mesh.

The authors consider that to record all these tests
would be a waste of the reader's time, since the only results
/obtained which were worthy of note were those of test No. 9.
For this reason, test No. 9 is the only test of the twelve
to be recorded in this report. Suffice it to say that the

balance of the tests were merely futile attempts to obtain



even fair lead and zine concentrates.

Test No. 9

1000 gm ore
Grind: 10 min., 0.3#NaCN/ton
Cell 1: O0.1#NaEX/ton, 2 drops Cresylic Acid.

Concentrate 1.

Cell 2: 0.05#Nagsioz, 0.8#CuS04/ton, 1 drop
Cresylic Acid.

Concentrate 2.

Concentrate 1 was a fair galena product, showing
the first good galena recovery of the preliminary tests.
Concentrate 2 was a good, clean sphalerite product, although
recovery was low. This test was used as the basis on which
to begin the final tests, and is recorded as test I in the

table inside the back cover.

Final Tests

The twelve final tests, Nos. II to XIII, and test
No. 9 of the preliminary tests, are recorded in the table
inside the back cover.

Beginning with the results obtained in test 9, it
was decided to vary the amount of cyanide in the rod mill,
keeping the quantities of all other reagents constant. Con-
ditioning time was eight minutes for each addition of reagents

to cell.

Test 1. See Test 9, Preliminary Tests.
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Test II. 1000 gm core ,
Grind: 10 min., 0.45#NaCN/ton
Cell 1: O0.1#NaEX/ton, 2 drops eresylic acid
Concentrate 1

Cell 2: 0.8fCuS04/ton, 1 drop cresylic acid.
Concentrate 2.

Test I1l. 1000 gm ore

Grind: 10 min., 0.6#NaCN/ton

Cell 1: same as test II

Cell 2: " roon 1iI.
Test IV. 1000 gm ore )
Grind: 10 min., 0.8¢ NaCN/ton
Cell 1: same as test II
Cell 2: " " " IT.
Test V. 1000 gm ore ,

Grind: 10 min., 1.0#NaCN/ton

Cell 1: same as test II

Cell 2: row " II.

Tests II to VU completed a series of tests to deter-
mine the optimum amount of NaCN to add to the circuit. A
graph was drawn (see Graph 1) showing per cent recoveries of
lead and zinc against the amount of NaCN added to the mill;
test IV was accordingly chosen as the basis for the following
tests, since it showed maximum lead recovery in the galena
concentrate and a fairly high zince¢ recovery in the sphalerite
concentrate.

A second series of tests was then begun to determine

the optimum amount of sodium ethyl xanthate. This was done

by varying only the amount of NaEX used.

Test VL. 1000 gm ore )
' Grind: 10 min., 0.8fNaCN/ton
Cell 1: 0.4#NaEX/ton, 2 drops cresyliec.
Concentrate 1.

Cell 2: 0.8fCuS04/ton, 1 drop eresylic.
Concentrate 2.
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Test VII. 1000 gm ore
Grind: Same as test VI
Cell 1: 0.7#NaEX/ton, 2 drops cresylic.
' Concentrate 1.

Cell 2: same as test VI.

After test VII concentrates were assayed, another
graph was drawn (see Graph 2) to show per cent recoveries
against the amount of NaEX added to the cell. Test VI showed
the best results and was therefore used as a basis for the
following tests. With the exception of test VIII, which was
carried out to confirm the effect that lowering the pH had
on recoveries of sphalerite, the remainder of the tests were
run with 0.8#NaCN/ton added to the grinding circuit and 0.4
NaEX added to the cell.

Test VIII. 1000 gm ore
Grind: 10 min., 0.8#NaCN/ton

Cell 1: 0.3#NaEX-ton, 1 drop cresylic.
Concentrate l.

Cell 2: 0.8#CuS04, 1.0#Hs304/ton, 1 drop cresyliec.
Concentrate 2.

Test VIII proved that lowering the amount of NaEX
in cell 1 raised the zinc recovery in the lead rougher and
confirmed that an acidic circuilt was unsuitable for floating
sphalerite.

Since sphalerite showed a tendency to increase
slightly in the galena rougher as the amount of NaEX added
to cell 1 was increased, it was decided to add an additional
0.15#NaCN/ton to cell 1, in order to depress the additional
sphalerite; 2.0#ZnS04/ton was added to the grind to increase

the effectiveness of the NaCN. It was also decided to
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double the size of batch, in order to have enough rougher for

a 6:1 pulp dilution in the zinc and lead cleaner cells.

Test VI was used as a basis.

Test IX.

2000 gm ore
Grind: 10 min., 0.8#NaCN, 2.0#ZnSO4/ton.
Cell 1: 0.154#NaCN, Q.4#NakX/ton, 3 drops cresylic.
Rougher 1 - Pb Concentrate
- Pb Middlings.

Cell 2: 0.25¢NapgSi0z, 0.85#CuSOs4, 1.0#K2CrgQ7/ton,
& drops cresylic.

Rougher 2 - Zn Concentrate
: - Zn Middlings.

2000 gm ore

Grind: same as test IX. ,

Cell 1: 0.75#NapSi0z, 0.15# NaCN, 0.4#NaEX/ton,
% drops cresylic.

Rougher 1 - Pb Concentrate
- Pb Middlings.

Cell 2: 1.0f# CuSO4, 0.5# KgCrzOp/ton, 2 drops
cresylic.
Rougher 2 - Zn Concentrate
. - 2Zn Middlings.

2000 gm ore

Grind: 15 min., 0.8# NaCN, 2.0 # ZnS04/ton.

Cell 1: same as test X.

Cell 2: 0.5f CuSO4, 0.25f NagSiOz, 1l# KaCrgOn/ton,
4 drops cresylic.

Rougher 2 - Zn Concentrate
- Zn Middlings.

Zine recovery in the zinc rougher dropped consid-

erably in test XI, so the original 10 minute grind was

resumed.,

Test XIT.

2000 gm ore

Grind: same as test X.
Cell 1: " " * X.
Cell 2: " " XI.
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Test XII1. 2000 gm ore
Grind: same as test X.
Cell 1: 0.15# NaCN, 1.0# NagSioO3, 0.5# NaEX/ton,
3 drops cresylic.

Rougher 1 - Pb Concentrate
Cell 2: 0.25# Na38103, 1.1# CuS04, 1.0 K20r207/
ton, 3 drops cresylic.

Rougher 2 - Zn Concentrate
- Zn Middlings.

Refloatation of roughers in tests IX to XI1I pro-
duced high grade lead and zinc concentrates, but only at the
expense of recovery of Pb in the lead concentrates. Recovery
of zinc in the zinc concentrates was almost as high as in

the roughers, little cleaning being necessary.

CONCLUSIONS

Discussion of Results

In tests IX to XIIT, lead recovery was increased
from 90.0 to 91.3% in the lead roughers and zinc recovery
from 87.4 to 92.5% in the zinc roughers. Cleaning the lead
roughers gave only fair results; grades were increased to
over 60%, but the resulting concentrates still contained
over 5% zinc. Cleaning the zinc roughers was more successful;
concentrates still recovered almost 90% of the zinc, while
the grade was over 63%% zinc in all five cases. Zinc recovery
was not seriously affected by the retention of zinc in the

lead concentrates, 5% Zn in the lead concentrates representing



approximately only 1% of the total zinc in the ore.

An alkaline circuit proved best for floating both
the galena and sphalerite. Recoveries were considerably
lower in an acid circuit.

Silver values recovered were high in tests VI and
IX, being divided approximately equally between the lead and
2zinc concentrates. No method was found to get most of the
silver into the lead concentrates. A more comprehensive
mineralogical study of the ore should be obtained before
future work is attempted on separating the silver from the

l, a good deal of the

sphalerite. According to Dr. Warren
silver in the ore may be in the form of very fine particles

of native silver in the sphalerite.

A report on the microscopic examination of the ore
is at present being completed by one of the authors of this
report, Mr. P. H, H. Hookings; this report should be obtain-
able from the Department of Geology after April, 1944. If
the silver is indeed locked in the sphalerite in very fine
particles, the problem of its extraction from the sphalerite
is a difficult one.

Since time spent in the laboratory was necessarily
short and since facilities were somewhat limited, it was
found impossible to duplicate a circulating-load type of
circuit in the laboratory. Due to the rapidity with which

roughers oxidized it was found difficult to collect enough

1pr. H. V. Warren, personal communication, Dept. of Geology,
University of British Columbia,




BALL ORE Schemalic Dragrem of o

ML Tentrar/ve Flow Shee? For
— _| Bank of Enrnglona omo
Ywo Friesrds Orc.
I} ‘
o
I R
oN ER
I
|
.
s 2 _
Lead Cellls \
r INC CFLLS
P Rauy/»et- f;;-,"@ 2n koﬂ’/)eﬁ-
Pb M:ros,
Pb ¢ Zm ClAghner TAILS
Cleanesy
v L]
Pb Core. - Y
o] Cahe.+




(13)

of them for a representative cleaning flotation or a regrind.
Pulp dilutions of 6:1 were obtained for cleaning the lead

roughers and 4:1 for cleaning the zinc roughers.

A Tentative Flow Sheet

A schematic diagram (see facing page) and expana-
tion of a suggested flow sheet for this particular ore is
included at this point:

l. A fairly heavy ecirculating load and short grind
in the ball-mill-classifier circuit would be used to obtain
maximum unlocking of galena-sphalerite particles and, at the
same time, to reduce excessive sliming of the sphalerite.

2. One cell would be used in each of the groups
shown to pull off & good concentrate, The remaining cells
would pull a rougher to be cleaned in the cleaner cells, the
resulting concentrate to be added to the first.

3. Lead and (or) zinc middlings would be returned
to the head of their respective circuits or, if the amount
of locked particles warranted it, would be short-circuited
through the ball mill for a regrind.,

Attention is drawn to the fact that this flow sheet
is only a tentative suggestion and has not been teéted in

any manner,

Recommendations for Further Research

1. Starting with test VI or one of tests IX to

XIIT, an attempt might be made to better the grades and
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recoveries obtained, with special emphasis placed on effec-
ting a cleaner separation of lead and zinc roughers,

2. To avold excessive sliming of the sphalerite
and, at the same time, to unlock as much of the Pb-Zn par-
ticles as possible, the following method of grinding is
suggested:

(a) Grind in bateh rod-mill for five minutes.

(b) Wet-screen pulp, saving particles below

a chosen mesh, and put coarser particles back in the
rod-mill.

(c) Regrind coarse material for five minutes.

(d) Wet-screen and repeat, if necessary, adding

the screened material to the material obtained in (b)
in each case,

A more evenly ground material for flotation
tests would be the result. This material would more nearly
approximate the classifier discharge of & closed-circuit
grinding operation.

3. Regrinding the sphalerite conecentrate might
result in better separation of silver from sphalerite. As
has already been pointed out, a further mineralogical study*
of the ore should be made before attempting to further separ-
ate the silver from the sphalerite. There is evidence %o
support the theory that a large proportion of silver may lie
close to the galena-sphalerite grain boundaries; an assay
of the lead middlings of test XI ran 554 oz. Ag/ton, showing
nearly 30% recovery.

¥i detailed report on microscopic investigations of this ore

is being made at the moment (March, 1944) and should be
cbtalnable from the Dept. of Geology after April, 1944.
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4. Further study of reagents, especially of sodium
Aerofloat and Reagents 213 and 226, might improve the flota-
tion of sphalerite. It is also suggested that lime could be
used to raise the alkalinity of this circuit in order to
further depress pyrite and improve the quality of the sphal-
erite rougher.

5. If the silver is present in the ore as native
silver, blanketing might be tried after grinding. Probably

some of the silver could be recovered before entering the

flotation circuit.
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