





SMALL-SCALE CONTINUOUS SELECTIVE FLOTATION OF A NEW BRUNSWICK
MASSIVE SULPHIDE ORE

by

A.I. Stemerowicz¥*, T.F. Berry**, R,H. Bredin** and G.W. Leigh*¥¥

ABSTRACT

This investigation is a continuation of a research program
begun in 1975 to increase recoveries from the complex, fine-grained,
massive sulphide ores of New Brunswick. This was accomplished by
floating a high-recovery Zn-Pb-Cu-Ag bulk concentrate from the ore
with a grade of 30% zinc and then treating it by any of several pro-
posed hydrometallurgical methods to recover the contained metals.

The primary objective was to test in the continuous process
development unit (CPDU) an alternative scheme for producing bulk
concentrates. This was done by selectively floating lead and zinc
concentrates and then combining them to produce the desired grades of
bulk concentrates. In batch tests this scheme gave superior results
to direct bulk flotation. Upon producing satisfactory bulk concen-
trates, additional test runs were carried out to determine recovery
levels for the production of high-grade lead and zinc concentrates.
Two secondary objectives were also fulfilled: (1) an opportunity was
afforded for observing CPDU flotation machine performance at much
lower concentrate production rates than encountered previously and
(2) additional bulk concentrate was provided for hydrometallurgical
extraction tests.

In the best test run, lead and zinc concentrates assaying
28.5% lead and 39.4% zinc were selectively floated from the ore and
combined to produce a bulk concentrate assaying 29.0% zinc, 10.8%
lead, 0.7% copper and 264 ppm silver with recoveries of 95.6%, 83.9%,
65.9% and 78.3%, respectively. These results were achieved by conven-
tional selective flotation techniques at a grind of 86% minus 25 um
and were similar to those obtained in batch tests except copper and
silver recoveries were lower, Contrary to what was predicted from
batch tests, however, CPDU results for this scheme were no better than
those obtained for continuous, direct bulk flotation of the ore in a

previous CPDU investigation.
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Success was achieved in making a relatively high-grade lead
concentrate - in the best test run a concentrate assaying 61.5% lead
was produced with a recovery of 56.5%. On the other hand, attempts
to make a high-grade =zinc concentrate (55%+) were unsuccessful.
Because of incomplete liberation of sphalerite from pyrite it waé not
possible to produce a zinc concentrate grade higher than about 48%.

It was not possible to control concentrate grades with any
degree of precision at the low concentrate production rates encoun-
‘tered (as low as 15 g/min). Also, cleaning efficiency of the CPDU
cleaner cells was much lower than batch cleaning of similar feed.
‘These deficiencies are related to the very high froth surface to
volume ratio of the greatly down-scaled CPDU cleaner flotation cells
(76-78 em?/L compared with 8.4 cmz/L for large plant-size flotation
cells).
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FLOTATION DIFFERENTIELLE CONTINUE EN LABORATOIRE D'UN MINERAI
MASSIF DE SULFURE DU NOUVEAU-BRUNSWICK

par

A.I. Stemerowicz¥*, T.F. Berry*¥, R.H. Bredin¥** et G.W. Leigh¥*¥¥

RESUME

Cette enquéte est la continuation d'un programme de recherche
commencé en 1975 pour augmenter les récupérations de minerais globaux
complexes de sulfure a grains fins, provenant du Nouveau-Brunswick.
Ceci fut accompli en flottant un concentré global du minerai de Zn-Pb-
Cu-Ag a haute récupération, d'une teneur en zinc de 30%. On le traita
ensuite selon diverses méthodes hydrométallurgiques proposées afin de
récupérer les métaux contenus.

Le premier objectif était de tester selon 1'Unité de traite-
ment en continu (UTC/CPDU) un schéma alternatif pour produire des con-
centrés globaux. Ceci fut effectué en flottant de fagon différen-
tielle des concentrés de plomb et de zinc et en les combinant ensuite
de fagon a produire la teneur désirée dans les concentrés globaux.
Ce schéma de flottation a donné de meilleurs résultats que la flotta-
tion directe globale. Aprés avoir obtenu un concentré global accep-
table, d'autres tests furent poursuivis afin de déterminer les niveaux
de récupération pour la production de concentrés de plomb et de zine
a haute teneur. Deux objectifs secondaires ont également été
atteints: (1) nous avons eu la possibilité d'étudier la performance
de la machine UTC (CPDU) & des taux de production de concentrés beau-
coup plus bas que ceux rencontrés auparavant et (2) un concentré glo-
bal additionnel fut fourni pour des tests d'extraction hydrométallur-
gique.

Dans le cas des meilleurs tests effectués, des concentrds de
plomb et de zinc titrant 28,5% de plomb et 39,4% de zinc furent flot-
tés différentiellement & partir du minerai et combinés afin de pro-
duire un .concentré global titrant 29,0% de zinec; 10,8% de plomb; 0,7%
de cuivre et 264 ppm d'argent, avec une récupération respective de
95,6%; 83,9%; 65,9% et 78,3%. Ces résultats furent obtenus gréce 3
des technigques de flottation différentielle conventionnelles & un

broyage de 86% moins 25 um; ils étaient semblables & ceux obtenus en
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discontinu, sauf que les récupérations de cuivre et d'argent étaient
plus basses. Toutefois, contrairement aux prédictions suggérées par
les tests en discontinu, les résultats selon la méthode UTC (CPDU) ne
furent pas meilleurs que ceux obtenus lors d'enquétes précédentes par
flottation globale, directe et continue du minerai, selon la méthode
uTC (CPDU).

On réussit & produire un concentré de plomb & relativement
haute teneur; dans le cas du meilleur test effectud, on produisit un
concentré titrant 61,5%, & récupération de 56,5%. D'autre part, les
tentatives pour produire un concentré de zinc 4 haute teneur se sont
avérées un échec. A cause de la libération incompléte de sphalérite
de la pyrite, il fut impossible de produire un concentré de zinc d'une
teneur excédant 48%. '

I1 ne fut pas possible de contrdler de fagon préecise la
teneur des concentrds dans le cas des taux de production de faibles
concentrés (aussi faibles que 15 g/min). De plus, l'efficacité du
relavage des cellules de finition du systéme UTC (CPDU) s'est avérée
beaucoup plus faible que lors du relavage en discontinu d'un alimenta-
tion semblable. Ces faiblesses sont relides au grand rapport surface/
volume de la mousse des cellules de relavage du UTC (CPDU), dont les
cellules sont fortement miniaturisées (76-78 cm2/L par rapport & 8,4

cm2/L pour celles de dimension industrielle).
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PURPOSE OF INVESTIGATION

This investigation is a continuation of

a research program on New Brunswick sulphide ores.
Its primary objective was to test on a continuous
basis an alternative selective flotation scheme
for producing bulk concentrate. As noted above
this scheme consisted of floating separate lead
and zinc concentrates and then combining them to
form a bulk concentrate with a target grade of 30%
zine. When satisfactory bulk concentrate produc-
tion results were achieved, additional testing
was carried out to determine what recoveries could
be achieved for the production of high-grade lead
and zine concentrates.

Two secondary objectives were also ful-
filled: (1) an opportunity was afforded .for
observing CPDU flotaton cell performance at much
lower conecentrate production rates than had pﬂe—
viously been encountered when direct bulk flota-
tion was employed and (2) additional bulk concen-
‘trate was provided for hydrometallurgical extrac-

tion tests.

ORE SAMPLE

A shipment of BMS ore weighing aboiut 25 t
was received in August 1978. It consisted solely
of large 1lumps, free of fines and about 152 to
204 mm in diameter. The reason for removing the
fines at the mine prior to shipment was to mini-
mize oxidation. In so doing it was found that
the ore could be stored for many months without
adverse effects on flotation.

The ore shipment, which was contained in
barrels, was split into halves by dividing into
equal numbers of randomly-chosen barrels. Half
of the ore was used in the CPDU investigation of
direct bulk flotation while the remaining half
was reserved for selective flotation. Analysis
of this half as determined by averaging CPDU

flotation feed samples is given in Table 1,

Table 1 - Average analysis of CPDU feed to
selective flotation

Zn Pb Cu Ag

8.16% 3.06% 0.29% 92 ppm

QUTLINE OF INVESTIGATION

SCOPE
A total of 26 CPDU test runs were carried

out from August 14 to September 21, 1979, at a

feed rate of 30 kg/h. The choice of this particu-

lar feed rate was dictated by the fineness of
grind required (80% minus 25 um). Duration of the
test runs was 13 to 14 h starting at 9-10 a.m. and
ending at 11 p.m. with a set of samples taken
during the last 4 h of the run. ’

A categorical breakdown of the test runs
is given bhelow:

(a) To produce bulk concentrate with a target
grade of 30% zine - Flowsheet A, 12 test
runs. ,

(b) To produce high-gradé lead and zine concen-
trates - Flowsheet B, 9 test runs.

(e) As in (b) but with a zine scavenger concen-
trate taken off as a separate product -~

Flowsheet C, 5 test runs.

CRUSHING

The lump ore was first crushed to minus
25 mm. It was then reduced to minus 2.38 mm in
small lots as required by the CPDU.

GRINDING

The identical two-stage primary grinding
circuit employed in the previous CPDU bulklflota-
tion investigation was utilized to produce the
required 80% minus 25 um flotation feed. This

consisted of a 12 x 24 rod mill in open eircuit

with a 2 x 3 pebble mill., The rod mill was
charged with 38 kg each of 25-mm and 19-mm diam
steel rods while the pebble charge consisted of
132 kg of oval-shaped flint pebbles having average

thickness of 16 mm and length of 25 mm.

FLOTATION .
The CPDU selective flotation procedure
followed closely that employed in bateh tests with
two exceptions: (1) only the froth from the first
lead and zine rougher cells was c¢leaned - the
balance .of the rougher froth (5 cells in the case
of lead and 7 cells in the case of zine) was

recirculated and (2) the lead rougher concentrate



In batch tests
all of the rougher froth was combined and cleaned

was reground prior to cleaning.

and it was not generally the practice to regrind
the lead rougher concentrate prior to cleaning.
When making a bulk concentrate the
requirement was to produce low-grade lead and zinc
concentrates - 30% lead and 40% 3zinc, respec-
tively. This required single-stage cleaning only.
To produce higher-grade lead.and zinc concentrates
the extent of cleaning was increased to three or

four stages.

CPDU VERSUS BATCH CLEANING

During the investigation batch cleaning
tests were conducted on samples of CPDU lead and
zine rougher concentrates to determine the dif-
ference in efficiency between CPDU and batch

cleaning.

ACCUMULATION OF CONCENTRATES

All concentrates produced during the

investigation were collected separately in plas-
tie-lined steel drums, dewatered, air-dried to
about 3% moisture and sent to the Extractive

Metallurgy Section.

ANALYSIS OF PRODUCTS

CPDU test products were routinely ana-

lyzed by X-ray fluorescence (XRF) using an INAX
energy-dispersive Model 311 XRF analyzer. Accu-
racy of XRF analyses was periodically checked by
atomic absorption spectrometry (AAS) carried out
by the CANMET Chemical Laboratory. As a further
check samples of various CPDU products were sent
for analysis to Bondar-Clegg and Company Ltd., a
commercial analytical laboratory in Ottawa.

For control purposes tailing and concen-
trate pulp streams were monitored continuously
for zinc, lead, copper and per cent solids with

the INAX Model 411 on-stream XRF analyzer.

TEST DETAILS AND RESULTS

Flowsheets, details of test procedures

and metallurgical balances for the test runs which

gave the best results are given in Appendix A.

EVALUATION AND DISCUSSION OF RESULTS

EVALUATION CRITERIA

To conform to previous practice the valu-
able mineral (VM) content and recovery in the bulk
concentrate were the main criteria used to obtain
The VM

content is calculated on the assumption that the

a meaningful comparison of results (1,2).

three VMs - sphalerite, galena and chalcopyrite
contain 60% =zinc, 86.6% lead and 34.6% copper,
respectively.

Separation efficiency (SE) as expressed
elsewhere was utilized as a measure of the degree
to which the VMs were concentrated (%), It is
caleulated by subtracting the per cent recovery
of the unwanted gangue minerals in the concentrate
from the per cent recovery of the VMs concen-

trated.

BULK CONCENTRATE PRODUCTION RESULTS
The best CPDU results achieved using

selective flotation to produce bulk concentrate
(Flowsheet A) are given in Table 2 followed by
Table 3 which gives the range of results. In
Table 4 a comparison is made between the bulk
concentrate production results using selective
flotation and those using direct bulk flotation.

Note the significant variations in bulk
concentrate grade and zinc tailing losses from
run to run (Table 3). These are much greater than
can be attributed to experimental error. The
cause 1s related to the inability to control
within the desired limits the very small concen-
trate froth flows obtained in the CPDU.

As can be seen from Table 4 CPDU recover-
ies for bulk concentrate produced by blending
selectively-floated lead and =zinc concentrates
did not quite match those obtained in batch tests.
Zinc recovery was similar but lead, copper and
silver recoveries were significantly lower. When
compared with CPDU direct bulk flotation the
selective flotation method gave similar results
but the former scheme had an edge in that similar
recoveries were obtained for a 1% higher =zine

grade in the bulk concentrate. This contradicts



Table

2 - Best results achieved using selective flotation to produce bulk concentrate
(Test Run No. 10)

Analysis Distribution %

Product Wt % Zn % Pb % Cu % VMZ% Ag g/t ‘Zn Pb Cu VM Ag SE %
Lead cone 8.65 7.77 28,48 0.54 - 533 8.4 72.9 16.7 - 52.0 -
Zinec cone 17.68 39.37 2.10 0.78 - 132 87.2 1.0 k9,2 - 26.3 -
Zine rougher tail  73.67 0.47 0.74 0.13 - 26 4.4 16.1 34.1 - 21.7 -
Feed (caled) 100.00 7.98 3.38 0.28 - 89 100.0 100.0 100.0 ~ 100.0 -
Feed (assay) 7.98 3.38 0.30 - 97 - - - - - -
Bulk cone (caled)* 26.33 28.99 10.77 0.70 62.78 264 95.6 83.9 65.9 91.8 78.3 79.8
Bulk conc (assay)** - 29.92 9.89 0.69 - 254 ~ - - - - -

¥Lead + zinc concentrate

#%3ample taken at exit of XRF sampling station

Table 3 ~ Range of results obtained using selective flotation to produce bulk concentrate

Run Analysis % Distribution %
No.  Remarks Product Wt % Zn Pb Cu VM Zn Pb Cu VM SE %
5 XRF Bulk conc¥* 29.89 25.91 8.79 0.62 54.05 95.3 86.4 70.5 90.8 Th.1
analyses  Zinc ro tail  70.11 0.54 0.59 0.1 - 4.7 13.6 29.5 9.2 -
6  AAS Bulk conc#* 24,68 28.93 11.71 0.95 64.49 87.9 84.8 69.0 86.3 75.6
analyses Zine ro tail  75.32 1.30 0.69 0.14 - 12.1 15.2  31.0  13.7 -
6 XRF Bulk conc¥* 22,66 31.72 11.12 0.88 68.25 88.8 83.1 72.0 86.8 T8.0
analyses Zinc ro tail 77.34 1.18' 0.66 0.10 - 11.2 16.9 28.0 13.2 -
7 XRF Bulk conc* 27.00 28.21  9.56 0.72 60.14 94,1 84.9 67.2 91.0 77.9
analyses Zine ro tail  73.00 0.66 0.63 0.13 - 5.9 15.1 32.8 9.0 -
8 XRF Bulk conc¥* 24.10 31.99 10.90 0.71 67.96 93.5 84.0 63.5 90.4 , 81.0
analyses _ Zinc ro tail 75.90  0.70  0.66 0.13 =~ 6.5 16.0  36.5 9.6 -
9 XRF Bulk conc¥* 25.23 29.66 9,87 0.80 63.14 94,2 84.1 71.1 91.1 79.8
analyses Zinec ro tail  T74.77 0.62 0.63 0.1 - 5.8 15.9 28.9 8.9 -
10 AAS Bulk conc¥* 26.33 28.99 10.77 0.70 62.78 95.6 83.9 65.9 91.8° 79.8
analyses Zine ro tail  73.67 0.47 0.74 0.13 - 4.4 16.1 34.1 8.2 -
10 XRF Bulk conc¥* 24,01 30.71 10.95 0.77 66.05 95.0 83.0 68.8 91.4 81.5
analyses Zinc ro tail  75.99 0.50 0.71 0.1 - 5.0 . 17.0  31.2 8.6 -
10 AAS ~Bulk conc*#* 25.50 29.92 9.89 0.69 63.28 95.6 82.1 64.5 91.5 80.1
analyses Zine ro tail  74.50 0.47 0.74 0.13 - 4.4 17.9 35.5 8.5 -
12 XRF Bulk conc¥ 25.50 28.94 9.93 0.65 61.58 86.9 81.1 61.3 84,7 72.7
analyses Zine ro tail 74,50 1.49 0.79 0.14 - 13.d 18.9 38.7 15.3 -
14 XRF Bulk conc#* 22.68 32.07 11.14 0.74 68.45 87.8 80.7 57.5 85.0 76.2
analyses Zinc ro tail  77.32 1.31 0.78 0.16 - 12.2  19.3  42.5 15.0 -
15 XRF  Bulk conc* 26.19 -28.32  9.48 0.69 60.14 93.8 82.8 63.7 .90.3 T7T.7
analyses Zinc ro tail _ 73.81 0.67 0.70  0.14 - 6.2 17.2 _ 36.3 9.7 -
16 XRF Bulk ro conc* 23.74 31.89 10.27 0.79 67.81 91.7 81.3 64.7 88.5 79.2
analyses Zine ro tail  76.26 0.91 0.75 0.13 - 8.3 18.7 35.3 11.5 -

%#Calculated ~ lead + zinc concentrate

*%Assay - sample taken at exit of XRF sampling station



Table 4 - Comparison of bulk concentrate production results, selective flotation
versus direct bulk flotation

Analysis Distribution %
Product Wt % Zn % Pb % Cu % VM % Ag g/t Zn Pb Cu ™ Ag SE %
Continuous selective flotation in CPDU - Test Run No. 10
Bulk conc 26.33 28.99 10.77 0.70 62.78 264 95.6 83.9 65.9 91.8 78.3 79.8
Zine rougher tail  73.67 . 0.47 0.74 0.13 - 26 LR 16.1 34.1 8.2 21.7 -
Feed (caled) 100.0 7.98 3.38 0.28 - 89 100.0 100.0 100.0 100.0 100.0 -
Batch selective flotation - Test A-21
Bulk conc 27.54 30.00 10.75 0.68 64.40 247 95.3 86.6 76.7 92.8 84.6 80.7
Zinc rougher tail 72.146 0.43 0.58 0.073 - 17 4.7 4.4 23.3 7.2 15.4 -
Feed (caled) 100,00 8.67 3.42 0.25 - 81 100.0 100.0 100.0 100.0 100.0 -
Continuous direct bulk flotation in CPDU - Test Run No. C-6-1
Bulk conc 27.01 30.24 9.42 1.06 64.34 291 96.0 82.1 78.1 92.3 75.3 80.1
Bulk ro tail 72.99 0.47 0.76 0.11 - 33 4.0 17.9 21.9 7.7 24.7 -
Feed (caled) 100. 00 8.51 3.10 0.37 - 99 100.0 100.0 100.0 100.0 100.0 -
Bateh direct bulk flotation - Test A-30
Bulk conc 27.15 30.00 11.15 0.73 65.00 274 92.2 81.9 4.1 89.5 gh.4 77.7
Bulk ro tail 72.85 0.94 0.92 0.095 - 19 7.8 18.1 25.9 10.5 15.6 -
Feed (caled) 100. 00 8.83 3.70 0.27 - 88 100.0 100.0 100.0 100.0 100.0 -

the results of the batch investigation from which
it was predicted that higher recoveries would be
obtained for bulk concentrate produced by selec-

tive flotation.

RESULTS OF FLOTATION OF HIGH-GRADE LEAD AND ZINC
CONCENTRATES

The best results achieved when the objec-
tive was to float high-grade lead and zinc concen-
trates are given in Tables 5 to 7. Zinc flotation
results were disappointing. It was not possible
to produce a concentrate higher than about 48%
zinc even when Flowsheet C was employed (Table 6).
With this flowsheet it was anticipated that all
the lower-grade middling particles would be
diverted to the zinc scavenger concentrate thus
enhancing the chances of producing high-grade zinc
concentrate (55%+). In batch tests a 51% zinc
concentrate had been produced after only two
stages of cleaning.

In the case of lead flotation, however,
it was possible to produce a concentrate of 61.5%

lead with 56.5% recovery in the concentrate

(Table 7, Test Run No. 19) but attempts to dupli-
cate these results in subsequent runs were not
successful. See discussion under Concentrate

Grade Control.

MINERALOGICAL EXAMINATION OF ZINC CONCENTRATE

To determine the cause of the lower~than-

expected grade a sample of concentrate assaying
48.5% zinc was submitted to the Mineralogy Section
of the Physical Sciences Laboratory. Image analy-
sis determined that this sample contained 11%
pyrite, 95% of which was attached to or enclosed
in sphalerite grains (full details in Report
M-3052 in Appendix B). Thus the 80% minus 25-um
grind which had been determined necessary for
sphalerite 1liberation in previous mineralogical
investigations of BMS ore was not adequate in this

case.

METALLURGICAL BALANCE BY SIZE FRACTIONS

To determine to what extent very fine

particles were recovered by selective flotation,
samples from CPDU Test Run No. 26 (repeat of No.



Table 5 - Best results for flotation of high-grade lead and zinc concentrates
(Flowsheet B, Test Run No. 25)

Analysis¥* Distribution %

Product Wt % Zn% Pb% cCu% Agg/t .Zn Pb Cu Ag
Lead conc 4.9 5.80 43.10 0.20 675 3.5 67.0 3.3 39.8
Zine conc 15.73  146.33 2.11  0.65 126 88.3 10.4 33.8 23.5
Zinec ro tail 79.31 0.85 0.91 0.24 39 8.2 22,6 . 62,9 36.7
Feed (caled) 100.00 8.25 3.19 0.30 84 100.0 100.0 100.0 100.0
Feed (assay) - 8.25 3.19 0.28 9l - - - -
Combined cone 20,69 36,38 11.94 0.54 258 91.8 TT.4 37.1 63.3
%By AAS, Internal Report MS-CL-5U49

Table 6 - Best resulis for flotation of high-grade lead and zinc concentrates
and zinc scavenger concentrate (Flowsheet C, Test Run No. 20)
Analysis® Distribution %

Product We ¢ Zn % Pb % cu g Ag g/t Zn Pb Cu Ag
Lead conc 5.79 6.63 35.46 0.28 T45 4.7 66.6 5.2 47.2
Zine conec 11.39 47.80 1.73  0.U45 106 66.1 6.4 16.6 13.2
Zinc scav conc 8.13 24.58 2.37 0.96 143 24.3 6.2 25,2 12,7
Zinc scav tail 74.69 0.54 0.86 0.22 33 4.9 20.8 53.0 26.9
Feed (caled) 100.00 8.23 3.09 0.31 91 100.0 100.0 100.0 100.0
Feed (assay) - 8.23  3.09 0.31 83 - - - -
Combined conec 25. 31 30.92 9.65 0.57 264 95.1 79.2 47.0° 73.1
%By AAS, Internal Report MS-CL-549

Table '7 - Best lead flotation results (Flowsheet C, Test Run No. 19)#
Analysis Distribution %

Product Wt % Zn % Pb 4 Cu % Ag g/t Zn Pb Cu Ag
Lead conc*# 3.03 4,38 61.45 0.13 876 1.6 56.5 1.3 27.3
Lead ro tail*#* 96.97 8.27 1.48 0.30 73 98.4 43,5 98,7 72.7
.Feed (caled) 100.00 8.15 3.30  0.29 97 100.0 100.0 100.0 100.0
Feed (assay)*#* - 8.32 3.30 0.29 94 - - - -
Zine cone - 42,56 2.97 0.82 - - - - -
Zinc scav conc - 28,40 2.54 0.65 - - - = -
Zinc ro tail - 4,73 1.14 0.23 - - - - -
Zine scav tail - 1,00 0.87 0.16 - - - - -

*Test procedure similar to that employed in Test Run No. 20

¥%By AAS, Internal Report MS-CL-T9-548, all other analyses by XRF




25) were sized and the size fractions submitted
for analysis. The samples were first screened
through a minus 37-um screen to remove the
coarsest fraction and then the finest fraction
(about minus 4 um) was removed from the minus

37-um material by beaker decantation using a
settling time of 1 h. The remaining portion of
the sample was fed to a Warman cyclosizer to
obtain the intermediate size fractions. Metal
distribution by size fractions along with metal-
lurgical balances for each are given in Appendix C
and the results are summarized in Tables 8 and 9.
Only 0.4 g of plus 37-um lead concentrate was
obtained in the sizing test. Because this was
insufficient for accurate analysis a separate
metallurgical balance for the plus 37-um fraction
could not be calculated. Therefore for calcula-
tion purposes the plus 37-pym and No. 1 cyclosizer
cone underflow fractions were combined.

As expected tailing losses were high in
the minus U4-um slimes fraction. However, this was
not accompanied by a deterioration in concentrate
grade which was comparable with that obtained for
some of the intermediate fractions. High losses
were also sustained in the plus 37-pm fraction of
the tailings probably because of incomplete lib-
eration of sphalerite and galena. This coarsest
fraction of the tailings contained 1.54% zinc and
1;14% lead (see page 8). Together the plus 37-um
and minus 4-pm slimes fractions accounted for
about two thirds of the total zinc and lead lost
in the tailings. Most of this loss was sustained
in the slimes fraction which made up only 16.15%
of the weight of the tailings but contained U4.6%
of the zinc and 55.7% of the lead.

Generally, most sulphide flotation plant
operators only size their products to the finest
size fraction obtained with the widely-used Warman
cyclosizer which is about minus 10 um. Invariably
it is found that the metal losses in the minus
10-um fraction of flotation tailings are very
high when compared with those in the coarser,
intermediate fractions. For this reason it is
widely believed that the recovery of base metal
sulphides falls off for particle sizes below
10 ym. The senior author has observed that if

size fractionation is extended beyond minus 10 um,

the high tailing losses will be shifted towards a
finer particle size range. For example, in the
sizing of tailings from Test Run No. 26 it was
calculated that before removing the fine slimes
fraction by beaker decantation, the finest cyclo-
sizer fraction (minus 8.2 um sphalerite) contained
1.06% zinc and 1.39% lead. After slimes removal,
zinc and lead content in this fraction was reduced
to 0.39% and 0.31%, respectively because most of
the zinc and lead was concentrated in the slimes
portion (minus 4.9 um sphalerite) which assayed
1.75% zinc and 2.50% lead.

To determine more precisely the particle
size at which an abrupt drop in recovery occurs,
a sample of flotation tailings from Test Run No.
26 was deslimed in three successive stages by
beaker decantation to yield separate slime frac-
tions having particle diameters of approximately
1, 2 and 4 um. For a qualitative assessment of
the sharpness of particle size separation, photo-
micrographs of each slime fraction were taken
using a scanning electron microscope. Results are
given in Table 10 while Fig. 4a, b, ¢ are photo-
micrographs on the same scale of the 4, 2 and 1 um
slime fractions, respectively.

From Table 10 it can be seen that for
both sphalerite and galena an abrupt drop in
recovery occurs for particle sizes somewhere in
the range of approximately 2 to 4 um.. Note the
very high lead content in the nominal 1-um size
fraction of the tailings. It is most likely that
a contributing factor to the high losses in this
fraction is the rapid oxidation of galena at this
size rendering it non-floatable.

Note from the
although there is an appropriate gradation in

photomicrographs that

grain sizes for the three slime fractions, the
sharpness of separation could be improved. Also
there is an unacceptably large discrepancy between
the calculated and assay heads in Table 10. How-
ever, neither of these factors is judged signifi-
cant enough to detract from the validity of the

conclusions reached in the preceding paragraph.

COMPARISON OF ANALYTICAL METHODS
In Table 11 energy—dispersive XRF analy-

ses obtained for a range of CPDU test products



Table 8 - Zine balance by size fractions (Test Run No. 26)

Sphal Wt % %

diam total Analysis % Zn Distribution % Zn Total tail
Size fraction Hm feed Feed Pb coné Zn conc  Tail Pb conec Zn conc Tail Feed loss
+37 um 38 - - - - - - - - - -
CS Cone 1-UF 28 18.27 6.31 8.149 42.18 0.99 . 5.9 81.0 13.1  100.0 28.7
CS Cone 2-UF 21.3 15.14 7.85 8.65 42.00 0.32 5.0 91.8 3.2  100.0 7.4
CS Cone 3-UF 15.5 13.33 8.17 T.74 43.50 0.20 4.y 93.7 1.9  100.0 4.1
CS Cone i4~UF 10.7 13.80 8.55 6.98 15,66 0.15 4.0 94.6 1.4 100.0 3.3
CS Cone 5-UF 8.2 7.16 8.99 6.13 47.12 0.15 3.4 95.3 1.3 100.0 1.7
CS Cone 5-0OF -8.2 19.16 9.39 5.05 51.13 0.31 7.5 89.6 2.9 100.0 10.2
Slimes 4.9 13.14 7.38 3.09 42.85 1.75 3.0 78.2 18.8  100.0 44,6
Total - 100.00 8.02 6.24 46.06 0.63 5.4 88.5 6.1 100.0 100.0
+37 ym - 8.00  6.56 - 47.31  1.54 - - - - 19.0
CS Cone 1-UF - 10.27 6.11 8.49 40.35 0.58 - - - - 9.7

Table 9 - Lead balance by size fractions (Test Run No. 26)

Galena Wt % . %

diam total Analysis % Pb Distribution % Pb Total tail
Size fraction - Hm feed Feed Pb conc Zn cone Tail Pb cone Zn cone Tail Feed loss
+37 1m + 38 - - - - - - - - - -
CS Cone 1-UF 19.1 18.27 2.64 40.58 1.42 0.82 68.5 6.5 26.0 100.0 20.9
CS Cone 2-UF 14.5 15.14 2.15 38.05 0.92 0.35 79.9 7.4 12.7 100.0 7.1
CS Cone 3-UF 10.6 13.33 1.98 35.71 0.74 0.23 84.4 6.6 9.0 100.0 4.2
CS Cone U4-UF 7.3 13.80 1.92 33.96 0.64 0.17 87.2 5.9 6.9 100.0 3.3
CS Cone 5-UF 5.6 7.16 1.99 34.76 0.59 0.17 88.0 5.4 6.6 100.0 1.7
CS Cone 5-0F -5.6 19.16 5.28 35.11 0.85 0.31 93.3 2.6 4.1 100.0 7.1
Slimes 3.3 13.14 5.55 43.46 3.06 2.50 56.9 7.4 35.7  100.0 55.7
Total - 100.00 3.22 36.35 1.03 0.72 71.7 4.9 17.4  100.0 100.0
+37 um - 8.00 2.30 - 1.72 1.14 - - - - 12.3
CS_Cone 1-UF - 10.27  2.91  40.58 1.31 0.59  77.7 5.8 16.5 100.0 8.6







10

Table 11 - Comparison of analyses, XRF versus chemical methods

Analysis by Analysis %
Run Bondar- and method employed
No. Product CANMET  Clegg Zn Pb Cu
3 Final zinc conc X 49.07 XRF 5.41 XRF 0.76  XRF
X I5.54  AAS 5.59 AAS 0.34 AAS
X 45.81 AAS - -
X 45.90 Vol - -
X 45.56 Vol 5.75 0.32 AAS
6 Zine ro conc X 38.21 XRF 3.72 XRPF 0.88 XRF
X 35.57 AAS 3.81 AAS 1.08  AAS
X 35.81 AAS - : -
X 36.15 Vol - -
X 35.67 Vol 3.72  AAS 0.99 AAS
6 Zinc cl tail X 21.39 XRF 2.46 XRF 0.77 XRF
X 19.94  AAS 2,70 AAS 1,24 AAS
X 20.41 Vol 2.60  AAS 1.09 AAS
10 Zine cl cone X 41.93 XRF 1.97 XRF 0.83 XRF
X 39.37 AAS 2.10 AAS 0.78  AAS
X : 39.47 Vol 1.91 AAS 0.72 AAS
19 Final lead cone X 3.81 XRF 70.84  XRF 0.038 XRF
X 4,38 AAS 61.45 AAS 0.13  AAS
X 4,50 AAS 62.83 Vol 0.13 AAS
20 Lead conc X 7.64  XRF 37.34  XRF 0.52 XRF
X 6.63 AAS 35.46 AAS 0.28 AAS
X 6.95 Vol 37.60 Vol 0.24  AAS
20 Bulk conc X 25.20 XRF 2.34  XRF 0.77 XRF
X 24,58  AAS 2.37 AAS 0.96 AAS
X 24.42 Vol 2,36  AAS 0.92 AAS
20 Zinc conc X 49,13  XRF 1.68 . XRF 0.52 XRF
X 47.80  AAS 1.73  AAS 0.45  AAS
. X 47.93 Vol 1.66 AAS 0.36 AAS
25 Final lead conc X 6.08 XRF 46,98  XRF 0.48 XRF
' 5.80 AAS  43.10  AAS 0.20 -AAS
X 5.70 Vol 45,48 Vol 0.20 AAS
25 Final tail X ) 0.78 XRF 0.83 XRF 0.19 XRF
0.85 AAS 0.91  AAS 0.24  AAS
X 0.78  AAS . 0.78 AAS 0.22 AAS
Abbreviations: ‘
XRF energy~dispersive X-ray fluorescence
AAS atomic absorption spectrophotometry

Vol -volumetric
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Table 12 - Concentrate production rate versus grade for CPDU lead and zinc concentrates

Cone production

Cleaner flotation machines rate
CPDU Test Grade % Wt % Volume, Froth surface g/min/cm2
Conc Run No. Pb or Zn feed No L area cm2 g/min area
Pb cl 10 28.48 8.65 1 2.5 195 43.3 0.22
Pb cl 19 61.45 3.03 1 2.5 195 15.2 0,078
Pb ro 19 45,05 4.18 1 8% 428 20.9 0.049
Pb cl 20 35.46 5.79 1 2.5 195 29.0 0,15
Pb ¢l 25 43.10 4,96 1 2.5 195 24.8 0.13
Zn cl 10 39.37 17.68 2 2x4 610 88.4 0.15
Zn cl 20 47.80 11.39 1 4 305 57.0 0.19
Zn cl 25 46,33 15.73 1 4 305 78.7 0.26

¥No. 5 Denver lead rougher flotation machine

CONCENTRATE GRADE CONTROL IN THE CPDU

In a large-scale cleaner flotation opera-

tion concentrate grade can be controlled at any
desired level by simply increasing or decreasing
the concentrate production rate. This is accomp-
lished by (1) either increasing or decreasing the
amount of frother fed to the cleaners, (2) raising
or lowering pulp level in the cleaner flotation
of
froth from the tail end of the cleaner flotation
stage to the feed.

cells or (3) recirculating varying amounts
Because of the large volume
of froth produced in a large-scale operation these
methods can effect small changes in froth overflow
rate and therefore concentrate grades can be main-
tained within a narrow range of values.
of the

methods described above (1,2) has been effective

However, neilther applicable
in precisely controlling the concentrate produc-
tion rate of the CPDU cleaners. Changes in rate
of froth flow can be effected but the extent of
the change is unpredictable and is generally much
larger than desired. Table 12 gives the concen-
trate production rates corresponding to a range
of lead and zinc concentrate grades.

As can be seen from Table 12, the dif-
ference in the lead concentrate production rates
for a grade of 43.1% lead (Test Run No. 25) and a
grade of 61.45% lead (Test Run No. 19) is 9.6 g/
min, In terms of percentage (about 39%) this is

‘

a large change but on a physical scale it is very.
small. It has been observed that to effect such
a small change in the concentrate production rate
of the CPDU cleaners requires the gummy character
of the froth to be modified such that the trickle
of large bubbles overflowing the lip of the cell
will be either slowed or speeded up. As was
stated previously this cannot be done with any
Thus the degree of froth
"gumminess" of
61.45% in Test Run No. 19 could not be duplicated

in subsequent runs even though reagent feed rates

degree of precision.

which gave a lead concentrate

and other conditions such as pH and pulp densities
were identical. '

On the other hand, if the operation were
1000 t/d

relatively small commercial operation) the dif-

upscaled to an ore throughput of (a
ference in tonnage between the 43.1% and 61.45%
lead concentrate grades compared above would be
19.3 t(d which is a large difference. It is esti-
mated that it would be feasible,

amount of cleaner froth recirculated from the tail

by varying the

end of the cleaning stage, to control the concen-
trate production rate by increments of 10% which
amounts to about 3 to 5 t/d of lead concentrate.
On the CPDU scale this is equivalent to production
rate changes of 1.5 to 2.5 g/min. Assuming that
two 12 ft3 cells (Denver No. 15) are .employed for

the final lead cleaning stage of the large-scale




operation the areal production rate for a 61.U45%
lead concentrate grade would be 2.4 g/cmz/min
which is about 30 times higher than the CPDU rate.

EFFICIENCY OF CPDU CLEANERS

To check the cleaning efficiency of the
CPDU lead and zinc cleaners, batch cleaning tests
on similar feeds were carried out using a U-L
Denver laboratory flotation machine (details given
in Appendix A). Table 13 compares the cleaning
separation efficiencies obtained.

Batch cleaning proved to be considerably
more efficient than continuous cleaning in the
CPDU. This confirms results obtained previously
in the comparison of batch versus CPDU cleaning
of BMS bulk concentrate (2). Note that most of
the increase in efficiency of batch cleaning is
accounted for by the large difference in recover-
ies in the final concentrate. The inferior clean-
ing efficiency of the CPDU cleaners is attributed
to the difference in froth characteristics dis-

cussed in detail on page 11 and illustrated in

13

CONCLUSIONS

Despite the difficulties encountered in
operating the CPDU flotation circuits at very low
concentrate production rates, satisfactory results
were achieved using the selective flotation method
for the production of a bulk concentrate. How-
the recoveries obtained were no better than

direct bulk flota-

ever,
those achieved by continuous,
tion.
that

flotation method would give higher recoveries.

From the batch tests it had been predicted

in a continuous operation the selective
It was demonstrated that a high-grade
(60%+)
floated from the ore with a recovery of more than
50%. On the other hand,

grade zinc concentrate

lead concentrate could be selectively
attempts to make high-
(55%+) were unsuccessful
because of incomplete 1liberation of sphalerite
from pyrite. Success in making a high-grade lead
concentrate is attributed mainly to the beneficial
effect of regrinding the lead rougher concentrate

with cyanide and soda ash prior to cleaning.

Fig. 5 and 6. Lack of success in controlling the very
Table 13 - Comparison of zinc and lead cleaning separation efficiencies - CPDU versus batch
Test Analysis % Distribution %
No. Remarks Product Wt % Zn Sphal  Gangue Zn Sphal Gangue SE %
8-5 Batch cleaning Zinc conc 54:71 48,50 80.83 19.17 81.1 81.1 23.1 58.0
- b stages Zinc cl tail¥* 45,29 13.63 22.72 77.28 18.9 18.9 76.9 -
Feed (caled) 100.00 32.71 54,52 45,48 100.0 100.0 100.0 -
25 CPDU cleaning Zine cone 38.26 46.33 77.22 22.78 55.0 55.0 18.8 36.2
- 4 stages Zinc cl tail* 61,74 23,46 39.10 60.90 45,0 45.0 81.2 -
Feed (caled) 100.00 32.21 53.68 46.32 100.0 100.0 100.0 -
Pb Galena Gangue Pb Galena Gangue
S-1 Batch cleaning Lead conc 47.76 60.36 69.70 30.30 75.4 75.4 25.9 l9.5
- 4 stages Lead cl tail* 52.24 18.04 20.83 79.17 24.6 24.6 4.1 -
Feed (caled) 100.00 38.25 4u,17 55.83 100.0 100.0 100.0 -
19 CPDU cleaning Lead conc 41,37 61.45 70.96 29.04 56.4 56.4 25.0  31.4
- U4 stages Lead cl tail* 58.63 33.48 38.66 61.34 43.6 43,6 75.0 -
Feed (caled) 100.00 45,05 52.02 47.98 100.0 100.0 100.0 -

*#Combined



low concentrate production rates indicates the
need for smaller capacity CPDU cleaner flotation
cells with a lower froth surface area to volume
ratio.
with a froth surface to volume ratio of 10 cm2/L
had been used instead of one 2.5-L cell for the
final lead cleaning stage, the areal production
rate in the 61.45% lead concentrate would have
been 1.5 g/cmz/min instead of 0.078 g/cmz/min.
This would have resulted in a much finer-grained,
free-flowing froth over which a greater degree of

control could have been exercised.
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APPENDIX A

FLOWSHEETS, DETAILS OF TEST PROCEDURE
AND METALLURGICAL BALANCES






List of Abbreviations

18x24"
CONDITIONE

A-17

Z-11
2-200

Dow Chemical Co. reagents

sodium isopropyl xanthate, collector

ethyl isopropyl thionocarbamate, collector

DF 250 Dow froth 250, water soluble frother

Cyanamid of Canada reagent

AF 242 perofloat 242, liquid dithiophosphate type

collector
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Fig. A-1 -~ Flowsheet A -~ To float low-grade lead and zinc concentrates

for blending to produce bulk concentrate
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Fig. A~3 -~ Flowsheet C - To float high-grade lead and zinc concen-

trates and a separate zinc scavenger concentrate for optimum recovery




OPERATING REPORT

A-19

CANMET
CONTINUOUS PROCESS DEVELOPMENT UNIT

Test Run No.; 10

Feed rate:

30 kg/hour

Date:

August 29, 1979

Time operated:

10:30 a.m,- 11:00 p.m.

Ore: BMS - #2 shipment, 2nd half
re:

SamD”nq Deriod: 7:00 p.m.- 11:00 p.m.

Flowsheet: A~ To float low-grade lead and zinc concentrates for blending to produce

a bulk concentrate.

AVERAGE CONDITIONS DURING SAMPLING PERIOD

Point Reagents, g/t ore treated
of
Addition iosc;‘a NaCN|Lime|CuS0O,|Z-11 '[2\52 7-200 ZDSFD Product | %S5 | pH
Rod mill 1750 | 100 Rod mill disch 66
Pebble mill 20 20 Pebble mill disch 66
Lead ro-cell 1 15 Lead ro-cell 1 35 9.0
wenwn ono2 15 Zinc ro-cell 1 30 110.2
A 15 Zinc cleaner 9,1
Lead ro conc.
regrind mill 250 50 \Sc\reen analysis
Zinc condit 1200 | 1000 of flot. feed:
Zinc ro-cell 1 15 20 +400m 6.0
R 10 +500m 7.5
" "o 3 10 ~500m 86.5
Zinc scav-cell 1 20

Zinc cleaner




METALLURGICAL BALANCE

T=-i Run No; 10 Ores BMS - #2 Shipment, 2nd half Dates aug. 29/79
Flowsheet A - To float low-grade lead and zinc conc. for blending to produce bulk conc.
Product i Analysis Distribytion % | SE
"|zn | Pb| Cul Agt| VM Zn|Pb | CulAg | VM| %

Lead conc 8.65 7.77 | 28.48 0.54 533 8.4 172.9 16.7 52.0

'iinc conc 17.68 |39,37 2,10 0.78 132 87.2 {11.0 49,2 26.3

Final tail 73.67 0.47 0.74 0.13 26 4.4 116.1 34,1 21.7

Feed (calcd) 100.00| 7.98 3.38 0.28 89 100.0 [LOO.O 100.0} 100.0

Teed (assay) 7.98 | 3.38] o0.30] 97

Bulk Conc (caled) 26,33/ 28.99 | 10.77 0.70 264 62.78 95.6 | 83.9 65.9 78.3 91.8 79.8
Bulk Conc (assay) 29.92 | 9.89} 0.69| 254

Lead Cleaner

Lead Conc 50.77{ 7.77 |28.48 0.54 51.1 | 85.3 59.9 42.9
Lead Cleaner Tail #% 49,23] 7.67 5.08 0.93 48.9 | 14,7 40.1

Feed (caled) 100.00f 7.72 |16.96 0.73 100.0 |L00.O 100.0

Feed (lead ro conc-assay) 8.86 [16.96| 0.86

Zinc Cleaner

Zinc Conc 75.21) 39,37 2.10 0.78 86.9 |77.3 76.4 27.0
Zinc Cleaner Tail %% 24,79/118.07 | 1,89 | 0.73 13.1 [ 22.7 23.6
_Feed (calcd) 100.00} 34.09 2.05 0.77 100.0 {100.0 100.0

Feed (zinc ro conc-assay)] 34.09 | 2.07{ 0.82

Remarks:

x g/t

*% XRF analyses — all other analyses by AA

0g-v
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CANMET
CONTINUOUS PROCESS DEVELOPMENT UNIT
OPERATING REPORT

Test Run No.: 25 Feed rate: 30 kg/hour
Date: Sept. 20/79 Time ODerated: 8:45 a.m. - 11:00 p.m.
Ore: BMS - #2 Shipment, 2nd half Sampling period:7:90 p.m.-11:00 p.m.

Flowsheet; B To float high-grade lead and zinc concentrate

AVERAGE CONDITIONS DURING SAMPLING PERIOD

Point Reagents, g/t ore treated
of S Product | %S | pH
oda . AF. DF rodauc p
iti NaCN| Lime{CuSO, |Z-11 7-200

Addition Ash 4 242 250
Rod mill 1250 | 125 Rod mill disch 65
[Pebble mill 20 20 ' iPebble mill disdh 65
Lead ro-cell 1 15 Pb flot feed 39.3 9.2
womwoomo2 15 7Zn £lot feed 30.5110.5
woonro "3 15 Zn rougher conc | 27.6
" 0 " 5 4 Zn cl conc - 3 26.6

d
fegrind mill 250 | 50 Zn cl tail - 4 |14.3
Zinc condit 960 | 1250 Zncl -~ 1, cell 1 11.8
Zinc ro-cell 1 25

woowowo2 20 Screen analysis

0 W 3 10 of flot feed:

" wen 4 10 H400m 9.7
Zinc scav-cell 1 20 +500m 9.1
Zinc cl feed - 1 200 5 -500m 81.2




METALLURGICAL BALANCE

Test Run No; 25

Ore: BMS - #2 Shipment, 2nd half

Dates Sept. 20/79

Flowsheet B - To float high-grade lead and zinc concentrates

Wt . . . .
Product % Analysis % Distribytion % | SE
Zn | 'Pb | Cuj Ag*| VM Zn|Pb | Cu| Ag | VM| %
Lead conc 4.96 | 5.80| 43.1d 0.20| 675 3.5 | 67.0| 3.3 39.8
Zinc comnc 15.73 | 46.33] 2.11] 0.65] 126 88.3 | 10.4 | 33.8| 23.5
Final tail 79.31 | 0.85| 0.91] o0.24| 39 8.2 | 22.6| 62.9] 36.7
Feed (calcd) 100.0 | 8.25] 3.19 0.30] 84 100.0 |100.0 | 100.0 | 100.0
Feed (assay) 8.25! - 3.19 0.28 94
Lead conc 47.23 | 5.80] 43.10 0.20 36.7 | 64.5] 27.6 27.2
Lead cl tails™ (combined) |52.77 | 8.97| 21.23 0.47 63.3 | 35.5| 72.4
Feed (calcd) 100.00[ 7.47| 31.56 0.46 100.0 |100.0 |100.0
ER
Feed (lead ro conc-assay) 8.11} 31.56 0.46
Zinc conc 38.24 | 48,;33] 2.11 0.65 55.0 | 35.7 | 33.2 36.2
. E3 -

Zinc cl Tails  (combined) [61.76 | 23.46] 2.35 0.81 45.0 | 64.3 | 66.8
Feed (calcd) 100.0 | 32.21{ 2.26 0.75 100.0 {100.0 |100.0
Feed (zinc ro conc-assay) 32,21 2.24 0.80

Femarks:

E g/t

*% XRF analyses - all other analyses by AA

ce-v



CANMET

CONTINUOUS PROCESS DEVELOPMENT UNIT

OPERATING REPORT

Test Run No.: 20

Feed rate:

30 kg/ hour

Date:

Sept. 13/79

Time ODerated: 9:15 a.m. - 11:00 p.m.

Qre:

BMS - #2 shipmwnt, 2nd half

Samnlinq DeriOd: 7:00 p.m, - 11:00p.m.

Flowsheet: ¢ - To float high-grade lead and zinc concentrate and a separate zinc

scavenger concentrate for optimum recoveries

AVERAGE CONDITIONS DURING SAMPLING PERIOD

Point Reagents, g/t ore treated
of o
addition |2 INaCN Lime| cuso, | z-11[ AF [z-200 | DF | P70 v

Rod mill 12501 125 Rod mill disch. 65
Pebble mill 20 20 Pebble mill disch 65
L.ead ro-cell 1 15 Pb flot feed 37.2] 9.2
"ron "2 15 Pb cleaner feed | 33.6] 10.9
roon "3 15 Pb cleaner tail 8.1
ron " 2 {Zn flot feed 29 110.5
rgggir]{g 1(1:335 250 50 Zn rougher conc 29
Zinc condit 720 1250 Zncl tail - 1 11.9
Zinc ro-cell 1 28 Zncl conc - 1 33.9
mtoomromo9 20 Zncl tail - 2 16.7
e 10 ncl No,l-cell 1 10.2
R 10
Pine scav-cell 1 20 Screen analysis

pf flot feed:

+400m  12.3
+500m 9.4
-500m 78.3




METALLURGICAL BALANCE

Test Run No: 20 Ore: BMS - #2 Shipment, 2nd half Dates Sept. 13/79
Flowsheet C - To float hi-grade Pb and Zn conc and a separate zn scav conc for optimum recoveries
' ) Wit . . . .
Product % Analysis % Distribution % | SE
‘ Zn | Pb | Cu| Ag*{ VM Zn{Pb | CulAg{ VM| %

Lead conc ** 5.794 6.63} 35.44 0.28} 745 4,71 66.6}] 5.2 47.2

Zinc conc ) '11.39| 47.80( 1.73 0.45} 106 66.1 6.4 16.6 13.2

Zinc scav conc 8,131 24,58] 2.37t 0.96] 143 24,3 6.2} 25.2 12.7]

Final tail 74,691 0.54} 0.8 0.22 33 4,91 20.8| 53.0 26.9

Feed (caled) 100.00 8.23 3.09 0.31 91 100.0{ 100.0{100.0 100.0¢

Feed (assay) 8.23]  3.09 0.31 83

Lead cleaners
e

Lead conc 66.92| 6.63] 35.4§ 0.28 59.1| 80.6] 52.1 20.7
Lead cleaner Tails 33.08| 9.29| 17.2¢ 0.52 40,9 19.4] 47.9

Fééd (calcd) 100.00{ 7.51| 29.44 0.36 100.0 | 100.0{100.0
|Feed (lead ro conc=assav) 8,581 29,44 0,51

Lead rougher tail 8.93| 0.9 0.28

Zinc rougher tail 1.99|] 0.83% o0.22

Zinc rougher conc 36.91] 1.87 0.9%

Zinc cleaner conc - 1 40.19/ 1.89 0.86

Zinc cleaner tail 1 22,89 2.17 1l.12

Zinc cleaner tail 2 31.82f 2.11 1.02

Remarks:
* g/t B

** Analyses of final concentrates, final tail and feed by AA - other analyses by XRF

he-v




METALLURGICAL BALANCE

Test Run No: 19 Ore: BMS - #2 Shipment, 2nd half Datez Sept. 12/79
Flowsheet C - To float hi-grade Pb and Zn conc and a separate Zn scav conc for optimum recoveries
Product V};t Analysis % Distribuytiop % | SE
" |zn | Pb | Cul Agr| VM Zn|{Pb | Cu | Ag | VM| %
Lead conc ** 3.03| 4.38| 61.4 0.13 876 1.6 56.5] 1.3] 27.3
Lead ro tail *% 96.97f 8.27{ 1.48 0.300 73 98.4 43.5 98.7 | 72.7
Feed (caled) l1o0.00| 8.15f 3.30 0.29 97 100.0 | 100.0;100.0 | 100.0
Feed (assay) ** 8.32} 3.30 0.29 9
Zinc conc¥*** 42.56] 2.97] 0.82
Zinc ro tail 4,73} 1.14 0.23
Zinc scav conc 28.40] 2.54 0.65
Final tail 1.00{ 0.87 0.16

qe-v

\ 0 o
Remarks: * g/t

#* AA analyses - all other analyses by XRF

Test procedure similar to that employed in Test 20
b Could not calculate overall metallurgical balance-obtained negative product weights.




FLOTATION TEST REPORT

TEST NO. >+ SAMPLE: Pb ro conc (regrind mill disch) 1:30-2:00 p.m. DATE: Sept Z1{79
3 T CHARGE:
OBJECT OF TEST: To compare cleaning efficiencies - batch vs CPDU cleaners TESTED BY: &5+
R : Reagents, Grams
Time % unit 2
1 H
) OPERATION min |Solids| " used MIBC
Cleaners
No. 1 6 9.9( 1000-g cell
No. 2 — Stage 1 2 1000-g cell
"2 3 0.02
‘WNo. 3 - Stage 1 1 500~-g cell
"2 23 0.02
No. 4 - Stage 1 2 500-g cell
" 2 1 0.02

REMARKS: Froth high-grade and voluminous small bubbles with "windows" obtained at the start of each cleaners.

92-v



METALLURGICAL BALANCE

Test Run No: S-1

Ore; PP ro come (regrind mill disch.) 1:30-2:00 p.m.

. 7
Date: Sept. 11, 1979

To compare cleaning efficiencies -batch vs CPDU cleaners.

W1 . . . .
Product % Analysis % Distribution % | SE
Zn | Pb | Cuj Ag*| VM Zni{Pb | CujAg | VM| %
Lead conc 47.76| 5.44| 60.34 0.10 35.9 | 75.4 17.4 49,5
Lead cl tail - & 4.83] 7.99] 27.41 0.45 5.3 3.4 8.
womon g 4.64] 8.07| 24.43 0.46 5.2 3.00 7.8
noom ) 12.50] 8.45| 21.27 0.45 14.6 6.9 20.
L L | 30.27] 9.34] 14.24 0.42 39.0 | 11.3] 46.3
Feed (calcd) 100.00] 7.24[ 38.29 0.27 100.0 | 100.0[ 100.0
Feed (assay) 7.99} 35.32 0.29
Calculated Analyses
Lead cl conc - 3 52.59] 5.67| 57.33 0.13 41,2 ] 78.8] 25.4 47.0
oo g 57.23| 5.87| 54.67 0.16 46.4 | 81.8] 33.2 45,0
v g 69.73] 6.33] 48.68 0.21 61.0 | 88.7[ 53.7 34.0
Combined Lead
cl tail 52.24] 8.89] 18.04 0.43 58.8 | 24.6 82.6
Wemarks:
S e gl hSe. Analyses by XRF

Le~v




FLOTATION TEST REPORT

TEST NO. S-5

SAMPLE: Zn ro conc, 1:30 - 2:00 p.m.

DATE: gept:. 20, 1979

OBJECT OF TEST:q, compare cleaning effeciencies - batch vs CPDU cleaners

CHARGE: 4 L

TESTED BY: A.S.

Reagents, Grams

g | Time| % Unit
R 1
OPERATION min [Solids| pH used MIBC

Cleaners
No. 1 - Stage 1 11.6| 1000-g cell

"2 0.02

" 2 0.02
No. 2 -~ Stage 1 10.5] 1000-g cell

"2 0.02

"3 0.02
No. 3 - Stage 1 1 9.7] 500-g cell

" 0.02

" 0.02
No. 4 - Stage 1 1

"2 1 0.02

"3 2 : 0.02

REMARKS: Active, light-brown froth obtained but became "gummy" after initial skimming period in each cleaner
therefore required fxother to float sufficient weight.

ge-y




METALLURGICAL BALANCE

Test Run No: S-5 Ore: Zn ro conc, 1:30-2:00 p.m. Date: Sept.20, 1979
Product % Analysis % Distribution % | SE
Zn | Pb | Cul Ag*| VM Zn | Pb Cul Ag | VM| %
Zinc conc 54,71 48.50] 1.29 0.73 81.1y 41.8f 48.8 58.0
Zine el tall - 4 3.82| 28,04 2.00 1.04 3.3 4.5 4.9
nonron 3 4.88] 22.51} 2.03} 1.02 b 5.9 6.1
_ " non -2 9.97} 15.79 2.200 1.25 .8 13.0 15.2
" v -1 26.62 9.12 2.21f 0.77 7.4 34.8 25.0
Feed (caled) 100.0 32.71 1.69 0.82 100.0| 100.0[ 100.0
Feed (assay) 34,85 1.66] 0.86
Calculated Analyses
Zinc el conec - 3 58.531 47.16] 1.34 0.75 84.4] 46.3] 53.7 56.9
oo _2 63.41| 45.26] 1.39 0.77 87.8] 52.2f 59.8 53.5
" mon -1 73.38} 41.26 1.500 0.84 92.6 65.2 75.0 42,2
Combined zinc
cl tail 45,29| 13.63 2.171 0.93 18.9 65.2 75.0

RPemarks: saiyses by xar

6c-v
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APPENDIX B

MINERALOGICAL EXAMINATION OF ZINC CONCENTRATE









CUMULATIVE %
8 88883888

o ©

MICRONS

Fig. B-2 - Size distributions of free and unliberated pyrite in sample
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APPENDIX C

METAL DISTRIBUTION AND METALLURGICAL BALANCES
BY SIZE FRACTIONS, TEST RUN NO. 26






METALLURGICAL BALANCE

Test Run No: 26 Ore: BMS Dates sept. 21, 1979
Metal distribution in size fractions of lead concentrate
Product W Analysis % Distributiopn % | SE
% Zn [P | cul Ag] VM ZolPb [ CulAg | VM| %
Cyclosizer, Cone 1-UF 4,99f 8.49{ 40.54 0.14 6.8 5,61 2.9
" " 2-UF 10.66{ 8.65| 38.05 0.16 148 11,20 7.1
i T 3% 13.57] 7.74| 35.711 o0.19 16.8 | 13.3[10.8
B " 4UF 18.02| 6.98] 33.94 0.23 20.2 | 16.8 |17.2
" " 5.UF 10.51] 6.13| 34.76 0.27 10,3 | 10,1 [31.8
" " 5-0F** | 32,48| 5,05 35.11 0.30 26.3 | 31.4 [40.4
- 4Hm g3 imes 9.77| 3.09| 43.46 0.24 4.8 | 11.6| 9.8
Total (caled) 100.00{ 6.24| 36.35 0.24 100.0 {100.0 100.0
Total (assay) 6.24| 36.35 0.24
Remarks: %% Analysis obtained by difference

LE-D




METALLURGICAL BALANCE

Test Run No: 26 [Ore: Bws Dates sept. 21,1979
Metal distributionA in size fractions of zinc concentrate.

Product Wt Analysis % Distributiop % | SE

P Za T [ cul Agt] Vi ZnlPb [ Cu | Ag | VM| %
+400 mesh 2.55] 47.31] 1.72| o.18 2.6 | 4.3] 0.9
Cyclosizer, Cone 1-UF 7.14] 40.35] 1.31| 0.19 6.3 9.1 2.6
o " o gE 14.18| 42.00] 0.92] 0.23 12.9 | 12.6| 6.2
BT " 3.UF 13.89| 43.50] 0.74| 0.36 13.1 | 10.0] 9.5
B " 4 15.32] 45.66| 0.64| 0.69 15.2 | 9.5 20.0
o " 5.UF 7.93] 47.12] 0.59| 1.02 8.1 | 4.5| 15.3
" " 5-0F 30.60| 51.13| 0.85| 0.53 34.0 | 25.2 | 30.7
Zipm Slimes 8.39| 42.85| 3.06| 0.93 7.8 | 24.8 | 14.8
[ Total 100.00| 46.06| 1.03 | 0.53 100.0 |100.0°{100.0

"Remarks:

8€-0




METALLURGICAL BALANCE

6£-D

Test Run No; 26 [Ores BuS Dates Sept. 21, 1979
Metal distribution in size fractions of final tailing

Product e Analysis % Distribution % | SE

Zn | Pb | Cul Ag*| VM Zni{Pb | CujAg | VM| %

+ 400 Mesh 7.84 | 1.54{ 1.14{ 0.23 19.0 12.3] 7.1
Cyclosizer, Cone 1 ~UF 10.58 0.58] 0.59{ 0.24 9.7 8,6 10,1
S "2 -UF  |14.72 | 0.32] 0.35| 0.26 7.4 7.1 15.2

" " 3 -pF (13.04 | 0.200 0.23} 0.24 4,11 4,21 12.4

" " 4 -gF {13.94 | 0.15! 0.17| 0.16 3.3 3.3| 8.9

" "5 -UF 7.10 | o0.15) 0.17] o0.11 1.7 1.7 3.1

" " 5-0F {16.63 | 0.39 0.31{ 0.19 10.2| 7.1} 12.5
-4um Slimes 16.15 § 1.75] 2.50{ 0.48 44,61 55.7| 30.7
Total 100.00 | 0.63] 0.72{ 0.25 100.0 }100.0 } 100.0
Slimes *#*
-4+2 m 57.65 | 0.88] 0.67] 0.40 20.8| 9.9 28.7
~2+1 um 16.66 | 1.80{ 1.22| 0.59 37.9 | 14.9| 36.8
-1 um 25.69 1.78] 5.59] 0.50 41.3 ] 75.2 | 34.5
Total (calcd) 00.00 | 1.11f 1.91| 0.37 100.0 | 100.0 | 100.0
Total (assay) 1.75] 2,50} 0.48

7

RemarkKsS: obtained by three successive stages of beaker decantation with settling times of 16 hours for
-1ym slimes, 4 hours for -2+luym slimes and 1 hour for -4+2um slimes.




METALLURGICAL BALANCE

‘est Run Noz 26 Ores BMs Date: sept. 21, 1979.
Metal distribution in size fractions of flotation feed ‘ )
Product | Analysis % |  Distribytion % | SE
1zZn | pPb | cul Ag®| VM ZnlpPb | Cu| Ag | VM| %

+400 mesh 8.00] 6.56] 2.30| 0.19 : 6.3 5.7 4,9
Cyclosizer, Cone 1-UF 10.27} 6,11 2.91| 0.24 - 7.5 9.2 8.0

" " 2-UF 15.14] 7.85] 2.15{ 0.27 . 14.3} 10.0] 13.2

" " 3-UF "13.33] 8.15| 1.98{ 0.28 13.0 8.2 12.0

" " 4-Up 13.80| 8.55[ 1.92| 0.30} . - 14.2 8.2 | 13.4

" " 5-UF . 7.16] 8.99). 1.99| 0.34 . 7.7 4.4 7.8

" " 5-0F . | 19.16| 11.01} 5.38| 0.37 25.3 | 31.8} 22.9
~4ym Slimes . 13.14f 7.38} 5.55| 0.42 . 11.7 | 22.5| 17.8
Total 100.00f 8.33| 3.24 0.31 100.0 | 100.0 | 100.0

demarks:

0f=D




METALLURGICAL BALANCE

=0

Test Run No; 26  |Qre: B8 Date: sept. 21, 1979
Metallurgical balance for Cyclosizer, Cone 1,2 and 3 - UF size fractions "
Product i Analysis % Distribytion % | SE
“[zn [ Pb | Cul Agt| WM Zn{pPb | CulAg | VM| %
CONE 1 ~ UF
Iead conc 5.57} 8.49) 40.58| O0.14 7.7 77.7 3.8
Zine conc 12.80| 40.35} 1.31] 0.19 84.5 5.8 1.6
Final tail 81.63}| 0.58) 0.52| 0.24 7.8 16.5 94.6
Feed (caled) 100.00 6.11 2,91 0.21 100.0 |} 100.0/ 100.0
Feed - (assay) 6.11 | 2.91| 0.24
CONE 2~ UF
Lead conc 4.51| 8.65| 38.05| 0.16 5.0 79.9 2.9
Zinc conc 17.16 | 42.00 0.92 0.23 91.8 7.4 15.8
Final tail 78.33| 0.32 0.35 0.26 3.2 12,7 81.3
Feed (calcd) 100.00 7.85 2.15 0.25 100.0 100.0{ 100.0
Feed (assay) 7.85| 2.15| 0.27
CONE 3 -~ UF
Lead conc 4.68| 7.74]35.71| 0.19 4.4 | 84.4| 3.4
Zine cone 17.59 | 43.50 0.74 0.36 93.7 6.6 24.5
Final tail 77.73¢ 0.20 0.23 0.24 1.9 9.0 72.1
Feed (caled) 100.00 8.17 1.98 0.26 100.0 100.0| 100.0
Feed (assay) 8.15| 1.98f 0.28

R ema fAR'S: #% Calculation of +400 um size fraction omitted because only a trace of this fraction was
obtained for lead concentrate.




METALLURGICAL

BALANCE

Test Run No: 26

BMS

Date: Sept. 21, 1979

Ore;

Metallurgical balance for Cyclosizer, Cone 4 and 5 — UF size fractions

Product V,‘,’} Analysis ‘% Distribution % | SE
“1zn | Pb | Cul Ag*| VM Zn|Pb | Cu| Ag | VM| %
CONE 4 - UF ’
Iead conc 4,93 6.981 33.96 0.23 4,0 87.2 4.4
Zinc conc 17.72| 45.66 0.64 0.69 94.6 5.9 47.5
Final tail 77.35 0.15 0.17 0.16 1.4 6.9 48.1
Feed (calcd) 100.00 8.55 1.92 0.26 100.0 >100.0 100.0
Feed- (assay) 8.55| 1.92{ 0.30
CONE 5 - UF
Lead conc 5.040 6.13] 34.76| 0.27 3.4 88.0] 4.8
Zinc conc 18.18| 47.12 0.59 1.02 95.3 5.4 65.4
Final tail 76.78 0.15 0.17 0.11 1.3 6.6/ 29.8
Feed (calecd) 100.00 8.99 1.99 0.28 100.0 100.0;100.0
Feed (assay) 8.991 1.99| 0.34 : :

Remarks:

2h-0




METALLURGICAL BALANCE

ER-0

Test Run No: 26 Ore: BMS Date:s Sept. 21, 1979;
Metallurgical balance for Cyclosizer, Cone 5 - OF and -4um Slime size fractionms
Product Y Analysis % Distribyutiopn % | SE
"l zn [ Pb | Cul Age| VM Zn [ Pb | Cu [ Ag | VM| %
CONE 5 — OF
Lead conc 11.59 4.594 43.13| 0.30 4.8 92.9{ 12.9
Zinc conc 19.97 51.13 0.85| 0.53 92.8 3.2 39.1
Final Tail 68.44 0.39| 0.31] 0.19 2.4 3.9 48.0
Feed (caled) 100.00 11.01} 5.38] 0.27 100.0 | 100.0{ 100.0
Feed (assay) | » 11.01| 5.38| 0.37
~4um Slimes !
Lead conc 7.26 1 3.09 ! 43.46] 0.24 3.0 56.9 3.3
Zinc conc 13.46 4 42.85) 3.06} 0.93 78.2 7.4 23,9
Final tail 79.28 1 1.75 2.50) 0.48 18.8 35.7 72.8
Feed (caled) 100.00 7.38] 5.55| 0.52 100.0 { 100.0{ 100.0
Feed (assay) 7.38}| 5.55| 0.42
___|

Remarks:




OPINION POLL

The opinion of concerned readers may influence the direction
of future CANMET research.

We invite your assessment of this report - No.

Is it useful? Yes No

Is it pertinent to an industry problem? Yes No

Is the subject of high priority? Yes No
Comments

Please mail to: CANMET Editor, EMR, 555 Booth Street,
Ottawa, Ontario, K1A 0Gl

A complimentary copy of the CANMET REVIEW describing CANMET

research activity will be sent on request.










