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The results of the laboratory testwork on the Vangorda lead-zinc ore are

presented in this report. The development work was carried out on seven ore samples prepared

according to the mineralogical and geological characteristics of the orebody. The laboratory

procedure developed was then incorporated into locked cycle tests yielding the following results.

Wm

. Weight Assays %, g/t % Distribution

Test Product Comp
No. % Pb Zn Fe Au Ag Pb Zn Fe Au Ag

69 Pb Cl Gone 2 6.7 65.4 8.93 4.72 11.2 705 89.3 10.8 1.3 74.4 74.1

Zn Ci Conc 7.7 1.07 54.7 7.09 0.84 56.9 1.7 76.9 2.2 6.5 7.0

Zn Scav Tail 85.6 0.52 0.79 27.6 0.22 14.0 9.0 12.3 96.5 19.0 18.9

Head (Cale) 100.0 4.88 5.51 24.5 1.00 63.4 100.0 100.0 100.0 100.0 100.0

41 Pb CIConc
.

5.5 66.2 7.17 4.17 8.56 814 88.4- 7.6 1.0 65.0 75.3

Zn Cl Gone 3 8.0 1.03 55.3 6.72 0.28 48.5 2.0 85.8 2.4 3.2 6.5

Zn Scav Tail 86.4 0.46 0.40 25.7 0.27 12.6 9.6 6.6 96.6 31.9 18.2

Head (Cale) 100.0 4.14 5.19 23.0 0.73 59.7 100.0 100.0 100.0 100.0 100.0

84 Pb Cl Conc 2.8 59.2 5.27 5.80 5.22 670 80.9 3.9 2.1 34.1 64.5

Zn Cl Gone 4 6.2 0.61 53.6 8.58 0.44 39.1 1.8 88.1 6.8 6.3 8.3

Zn Scav Tail 90.9 0.39 0.33 7.90 0.28 8.8 17.3 8.0 91.1 59.6 27.2

Head (Cale) 100.0 2.07 3.80 7.90 0.43 29.4 100.0 100.0 100.0 100.0 100.0

71 PbCiConc 7.6 63.9 7.17 5.56 6.17 701 83.5

I

8.3 1.5 59.9 70.8

Zn Ci Gone 13 9.5 1.03 57.2 6.40 0.31 38.4 ‘1.7 82.2 2.1 3.8 4.8

Zn Scav Tail 82.9 1.05 0.76 33.6 0.34 22.3 14.8 9 5 96.4 36.3 24.4

Head (Cale) 100.0 5.85 6.61 28.9 0.79 75.6 100.0 100.0 100.0 100.0 100.0

’85 Pb ClConc 5.3 43.1 12.6 12.6 10.1 448 61.3 17.0 2.5 70.8 50.7

Zn Cl Conc 1A 4.5 2.92 52.4 8.70 0.49 73.8 3.5 59.6 1.5 2.9 7.0

Zn Scav Tail 90.2 1.46 1.02 28.0 0.22 22.1 35.2 23.4 96.0 26.3 42.3

Head (Calc) 100.0 3.74 3.95 26.3 0.76. 47.1 100.0 100.0 100.0 100.0 100.0



Abstract - Continued

With the exception of Composite 1A, the results obtained on the locked cycle tests were

considered satisfactory and were comparable to the results obtained on the Faro 3 ore.

From the laboratory testwork results the following conclusions can be made:

a)
_

Respectable concentrate grades and metal recoveries can not be obtained on

the Vangorda ore using the current flowsheet and reagent scheme. Modifications in both reagent

scheme and flowsheet would be’required to obtain high lead and zinc concentrate grades with

satisfactory recoveries.

V

'

b) Modifier and depressant additions on Vangorda ore would be higher than those

curremly used in the mill. This is largely attributed to i) the presence of pyrrhotite in the ore and ii)

the presence in part of the ore body of carbonaceous pyrite and secondary copper minerals,

resulting in high cyanide consumption.

c) The Vangorda ore is slightly softer than Faro No. 3 ore and, for the same power

consumption, a slightly finer primary grind may be expected (i.e. K80 =50 um). Slightly finer

regrinds of the corresponding lead and zinc concentrates would be beneficial for the concentrate

grade.

In this report, the details of the testwork, the results and the problems associated with

processing of the ore are described in detail.

7
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This report describes the metallurgical results obtained on the Vangorda ore

during the period May 1988 to December 1988. The scope of the work was described in Mr. B.
'

Scheding's letter dated April 15, 1988 and discussed with Mr. Ft. Coleman.

I

The testwork was to include the following:

a) Conduct detailed laboratory testwork on Composite No. 3 ore to evaluate the

primary grinding requirements and to test the levels of the reagents currently used in the plant.

b) Evaluate lead and zinc concentrate regrinding requirements.

c) Determine the processing characteristics of 6 different ore types.

d) Conduct final locked cycle tests on the individual composite samples to

determine the final metallurgical results.

e) Conduct impurity smelter analyses on the lead and zinc concentrates from the

locked cycle tests.

f) identity the potential processing problems of the varous ore types.

9) Conduct grindability tests on the major ore types.

The results of the testwork were discussed with Mr. R. Coleman, Consultant and

Mr. B. Scheding of Curragh Resources. Periodic monthly progress reports were issued.

'

LAKEFIELD RESEARCH

K. LJQ KM

{5d
Fi.S. Salter

/ ’

Gyz/al
Manager

\ /‘
VK/ng,

S. Bulatovic, P. Eng.,
Chief Development Engineer
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A total of 6 different composites were examined during the laboratory testwork.

The ore composites were prepared according to mineralogical characteristics and geological
’

setting. Most of the development testwork was carried out on Composite No. 3 and only

preliminary tests were performed on Composite No. 5 and the Master Composite. The head
'

analyses of the composites examined in the laboratory testwork are shown in Table No. 2.

WWW

Composite Assays %, g/t
Cu Pb Zn Fe 8 Mn Hg Au Ag C(T) C(g) Po

Comp1A 0.26 3.95 4.20 26.8 28.5 0.45 0.0018 0.57 49.1 1.47 0.057 11.2

Comp1B 0.22 5.75 6.69 28.1 28.9 1.16 0.0049 079 77.8 1.71 0.049 17.0

Comp 2 0.20 4.75 5.70 24.5 26.8 0.79 0.0036 0.93 64.5 1.67 0.049 12.5

Comp 3 0.15 3.96 5.35 21.7 28.2 0.61 0.0043 1.57 64.8 0.20 0.015 10.3

Comp 4 0.037 2.20 3.87 7.54 8.83 0.054! 0.0023 0.44 31.2 2.20 0.64 12.5

Comp 5 0.36 0.72 0.89 29.1 26.6 0.58 0.00023 1.60 12.7 1.01 0.060 9.40

Master 0.22 3.76 4.47 24.2 27.1 0.71 0.0025 0.96 57.9 1.37 0.081 17.2

The Master composite was prepared from individual composites 1 to 5 and represents

100,000 tons of ore to be tested in the plant towards the end of 1989. The individual composite

samples were prepared from 16 drill hole samples from the 1987 Vangorda drilling program.

W

The Vangorda Ore is a complex, massive sulphide ore in which the individual minerals are

finely disseminated and the flotation characteristics of both galena and sphalerite vary within the

orebody. In addition, the ore contains appreciable amounts of pyrrhotite and secondary copper

minerals which interfere with the rate of flotation of galena and sphalerite. Following are the major

processing characteristics of the individual ore composites.

(a)Wis the most refractory of the ore types and contains carbonaceous

pyrite and secondary copper minerals. The secondary copper minerals were responsible for the

extremely poor selectivity between lead and zinc minerals. During the lead rougher flotation, up

to 70 % of the total zinc reported in the lead rougher concentrate. In addition, the lead rougher

concentrate was heavily contaminated with pyrrhotite resulting in a low lead grade in the cleaner

concentrate.



‘\Summary - Continued

b). M945 is a high grade lead-zinc ore with high pyrrhotite content. This ore

contains less carbonaceous pyrite than Composite 1A. Production of high grade lead and zinc

concentrates with respectable recoveries did not represent a significant problem.

c)W is the coarsest grained of the composites examined, and gave the

highest lead recovery. However, because of the presence of secondary copper minerals, the

selectivity between lead and zinc was somewhat reduced, and up to 30 % of the total zinc

reported in the lead rougher concentrate.

d)W represents the largest portion of the orebody and most of the

laboratory development testwork was conducted on this composite. Although good metallurgical

results were obtained, it was positively established that Vangorda ore cannot be processed using

the plant flowsheet and reagent scheme. The most prominent feature of this ore, using the plant

reagent scheme, was slow lead flotation during the lead cleaning and reduced selectivity. With a

I

high dosage of cyanide in the rougher and cleaning and the use of a modified collector, the lead

cleaning efficiency improved dramatically.

e) mmpfilgg N9. 4 represents graphitic quartzite ore with high amounts of carbon and

carbonaceous pyrite. Using the conventional reagent scheme, a low grade lead concentrate was

obtained. With the use of an organic base depressant D820, the lead concentrate grade

improved dramatically.

‘

t)W is a low-grade ore (i.e. 0.66 % Pb and 0.91 °/o Zn). In spite of the

low head} grade, good lead metallurgical results were obtained. This ore made up about 20 % of

the Master composite. ,

9)W. The processing characteristics of the Master Composite were

similar to that'of Composite No. 2.

D v t m w rk

3| E'l'l'l'l [II 0 IE' 3!. E
.

|

The grindability of the ore differed within the orebody and'the Ball Mill Bond Work indices

(Table No. 3) varied between 7.9 and 11.6 metric. The. Vangorda ore, however, is somewhat

softer than the Faro 3 ore and a slightly finer grind can be expected in the plant than that obtained

on Faro 3 ore. The fineness of grind examined in the laboratory on the various composites is

shown in Table No. 4. It appeared that a primary grind of about kgo = 50 to K80 = 40 is the

optimum.
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TABLEI N9. 3 : BEII Mlll firlngfiglllfl Tgfij Rgsgllg

Description Composite Composite Composite Composite Composite
‘

No.3 No.2
- No.4 No. 1A - No. 18

Work Index (metric) 7.9 7.6 8.9 9.8 11.57 - 9.96 10.9 9.70 -

Screen Size, pm 104
_

74 104 74.0 104 - 104 74 104 -

Product per revolution 3.07 2.22 2.36 1.85 1.80 - 2.29 1.72 2.33 -

Product K80, um 81 53 78 59.0 81 - 83.0 60 82.0 --

. Feed K80, pm 890 1800 1230 1230 1150 - 980 980 1000 -

T N 4 : mm f Fin n f rln in h L r r T w rk

Grinding Composite 1A Composite 18 Composite 2 Composite 3 Composite 4

Time % Pass Cum K80 % Pass Cum K80 % Pass Cum K80 % Pass Cum KBo % Pass Cum K80

minutes 270Ml400M um 270M 400M um 270M 400M um 270M 400M um 270114400114 um

20 - - - — - - - 88.5 42.0 - - -

30 81.0 - 50.0 83.6 66.5 51.0 84.8 46.5 - - - 78.1 62.8 58.0

40 89.5 40.0 89.1 76.4 41.0 91.8 37.0 93.3 - 36.0 84.9 67.2 48.0

50 92.0 - 38.0 -92.7 81.4 36.0 95.0 33.0 95.7 86.9 31.5 91.2 74.9 41.0

60 96.4 87.0 31.0 - ~ - - - 97.6 91.3 27.5 - - -

70 97.1 - 29.0 - - 99.3 91.3 30.0-

.2. L n Zin n n r R rin

The grade of both the lead and zinc concentrates was determined by the fineness of

regrinding of the corresponding lead and zinc rougher concentrates. A regrind of the

7

total lead rougher and scavenger concentrates would be mandatory in order to maintain a

high lead concentrate grade. The present lead regrind flowsheet configuration used in the

plant would not be suitable for processing the Vangorda ore.

greatly improve both lead and zinc metallurgy. An estimate of the regrinding

'requirements for the lead and zinc concentrates is shown below:

(a) Lead Concentrate 90 % <25 um

(b) Zinc Concentrate 80 % <25 pm.

It should be noted that an improved sharpness of classification in the plant would
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W

W .

Problems with Composite 1A were experienced in obtaining satisfactory

selectivity between lead and zinc minerals. In most of the tests, over 60 % of the zinc

reported in the lead rougher concentrate. The major variables examined on Composite

1A included: a) fineness of primary grind

b) type of zinc depressant

c) regrinding requirements.

The effect of the variables examined on the lead and zinc metallurgical results can

be described as follows:
‘

.

1 . The fineness of regrind in the range tested (i.e. K30 = 29-50 pm) had no

significant effect on lead and zinc rougher concentrate grades and recoveries.

2. The use of an organic based zinc depressant (l.e. L88) improved lead

concentrate grade slightly but at the expense of recovery.

W

On this composite. standard roughing tests at different finenesses of grind and

cleaning tests using different finenesses of regrind were performed. The results

obtained indicated a) an improvement in the lead and precious metal recoveries at a finer

primary grind and b) the lead concentrate grade improved significantly with a finer

regrind of the lead rougher concentrate.

W22 .

On this composite the fineness of primary grind and regrind and the levels of

cyanide addition were examined.

Note that with this composite problems were experienced in obtaining a high

grade zinc concentrate. The effects of the variables examined on this composite can be

described asfollows:
. a)

.

a finer primary grind and a finer regrind of the lead concentrate had no

effect on lead metallurgical results. A finer regrind of the zinc concentrate, however,

improved both zinc concentrate grade and recovery.

b) Higher cyanide additions to the lead rougher and cleaners did not effect

lead metallurgical results. _

It appeared that the zinc in this ore type is more finely disseminated than in the

other ore types.
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W

Most of the laboratory development testwork was performed on this composite

and the data generated in this testwork served'as the basis for metallurgical evaluation of

the other composites.

The major variables examined on this ore included:

a) fineness of primary grind

b) fineness of lead and zinc concentrate regrind

c) grinding media
_

d) level of depressant and collector additions

e) type of collector and pyrrhotite depressant.

The results obtained in this testwork showed the following:

a) The fineness of grind had little or no effect on lead and zinc recoveries,

however precious metal recoveries increased with a finer primary grind. Replacing

ball mill grinding with rod mill grinding media significantly improved lead rougher

recovery.

b) Using the plant reagent scheme, the lead and zinc metallurgical results

were satisfactory. However, the upgrading of the corresponding lead and zinc

'

concentrates represented a significant problem, because both lead and zinc dropped

during the cleaning operation. Typical results obtained in the lead cleaning are shown in

Table No.5.

TABLE N . : I n' M II r i l R l in w' PI n H

W

Test Product Weight Assays %, g/t % Distribution

No. ‘70 Pb Zn Au Ag Pb Zn Au Ag

24 Pb Cleaner Conc 3.5 63.6 6.03 12.6 855 57.6 4.1 60.7 52.8

Pb Rougher Cone 10.7 32.0 9.98 4.78 423 89.9 21.2 71.4 80.8

Pb Rougher Tail 89.3 0.43 4.45 0.23 12.0 10.1 78.8 28.6 19.2

z—n—s

‘

Head (Calc) 100.00 3.81 5.04 0.72 L559; 100.0 100.0 100.0 100.0
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Note that the lead concentrate recovery was dramatically reduced during the cleaning

operation . An improvement in the lead cleaning efficiency was realized with the introduction of

collector A317:3418A mixture (1:1 ratio). Table No. 6 shows the results obtained with the

above collector mixture.

Test Product Weight Assays, % % Distribution

No. % Pb Zn Pb Zn

32 Pb Cleaner Concentrate 4.81 69.0 4.93 83.1 4.8

Pb Rougher Concentrate 13.40 27.9 9.74 93.5 26.1

Pb Rougher Tailing 86.60 0.30 4.27 6.5 73.9

Head (Calc) 100.00 4.00 5.00 100.0 100.0

Figure No. 1 compares the lead metallurgical results obtained with the standard

and with the new collector mixture.

.

V

.

.

V

I

I

_

100

90

so

70
‘

60

5/0

Lead
Recovery

Test 24 - A343

so Test 32 - A317/A3418A(1 :1)

Test 33 - A317/A3418A(1:1)
'

40

1o 20
_

so 40 so so 70 so

% Lead Concentrate Grade
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This is the only reagent change which should be transferred to the plant operation

before processing Vangorda Ore.

c) The testwork results obtained with different pH's and cyanide levels

indicated that higher cyanide additions are required for Vangorda ore than those normally

used in the current plant.

d) In the zinc flotation, the most pronounced improvement was achieved in

the rate of zinc flotation by introducing high-speed high-power conditioning after the

regrind.

In general, satisfactory lead and zinc metallurgical results were obtained with

higher depressant additions and changes in the type of collector. High cyanide and soda

ash consumptions were mainly attributed to the presence of appreciable amounts of

pyrrhotite.

WA

The major problem in processing this ore type was in achieving a high lead

concentrate grade. The presence'of carbon and carbonaceous pyrite was the major reason

for the low lead concentrate grade.
'

The use of an organic based depressant in place of cyanide resulted in a significant

improvement in the lead concentrate grade. Table No. 7 compares the lead metallurgical

results obtained with cyanide and with organic depressant DS20.

wihN N

Test Depressant Product Wt Assays % % Distribution

No. Used % Pb Zn Pb Zn

66 NaCN Pb Cleaner Concentrate 2.37 40.9 4.76 46 2 3.0

Pb 1st Cleaner Conc 4.94 34.0 5.30 80 1 6.9

Pb Combined Tailing 95.06 0.43 3.69 19 9 93.1

Head (Calc) ‘

100.00 2.10
'

3.79
'

100.0 100.0

77 D820 Pb Cleaner Concentrate 1.71 57.4 4.74 47.3 2.1

Pb Rougher Concentrate 15.23 11.6 5.85 84.9 23.2

Pb Rougher Tailing 84.77 0.37 3.49 15.1 76.8

Head (Calc) 100.00 2.08 3.85 100.0 100.0
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Only prelimnary tests were conducted on these two composites. Composite 5 was a low

grade ore and was included in the Master Composite (Le. 20 %). The metallurgical results

obtained on these two composites were similar to that obtained on Composite 3.

4. Impurity Analyses 9f the Lead and Zing anggntratgs

The lead and zinc concentrates from the final locked cycle tests were submitted for

impurity analyses. The impurity analyses of the lead concentrate are given in Table No. 8 and

the impurity analyses for the zinc concentrate are shown in Table No. 9.

TABLE N . : P ncen rate Im urit Anal

Assays %, g/t
Element Comp. 2 Comp. 3 Comp. 4 Comp. 1A Comp. 1B

Iron (Fe) 4.90 4.12 5.86 11.6 5.15

Copper (Cu) 0.40 -

, 0.27 2.75 0.95

Nickel (Ni) <0.002 <0.002 0.004 <0.002 <0.002

Lead (Pb) 63.5 66.2 59.0 42.6 64.6

Zinc (Zn) 8.97 7.20 5.19 12.5 7.02

Bismuth (Bi) <0.002 0.002 <0.002 <0.002 <0.002

Cadmium (Cd) 0.014 0.011 0.008 0.019 0.012

Chromium (Cr) 0.003 0.022 0.003 . 0.003 0.002

Cobalt (Co) <0.002 <0.002 0.004 0.005 <0.002

Manganese (Mn) 0.082 0.10 0.037 0.079 0.076

Uranium (U) <0.001 - 0.005 <0.001 -

Arsenic (As) 0.032 <0.001 0.50 0.031 0.051

Antimony (Sb) 0.14 0.23 0.16 0.12 0.39

Tin (Sn) <0.001 0.002 <0.001 <0.001 <0.001

Fluorine (F) 0.053 0.093 0.033 0.021 0.038

Chlorine (CI) <0.005 - 0.008 0.011 -

,

Sulphur '(S) 18.4 17.8 17.2 25.4 18.0

Carbon Total 0.20 - 1.78 0.23 -

Silica (Si02) 0.76 2.36 6.42 0.56 0.52

Alumina (Al203) 0.06 0.085 0.61 0.11 0.13"

Magnesia (MgO) -

.

0.92 0.19 0.14 -

-

Lime (CaO) - 0.12 0.17 0.10 -

Sodium (Na20) 0.002 - 0.010 . 0.003 -

‘

Potassium (K20) 0.003 —

'

0.13 0.007 -

lnsol 2.79 5.79 7.53 1.26 0.96

Mercury (Hg) 0.006%) 0.0050 4;, 0.0030 3.. 0.0063? 0.0068?
Gold (Au) 14.0 8.60 5.67 10.3 7.32

Silver (Ag) 684. 813. 651. 490. 739.



Summary - Continued

12
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Assays %, g/t
Element Comp. 2 Comp. 3 Comp. 4 Comp. 1A Comp. 1B

Iron (Fe) 7.44 6.72 8.86 8.54 6.56

Copper (Cu) 0.89 - 0.26 0.53 0.23

Nickel (Ni) <0.002 <0.002 <0.002 <0.002 <0.002

Lead (Pb) 1.15 1.03 0.55 2.64 1.02

Zinc (Zn) 54.2 54.9 53.0 51.2 57.2

Bismuth (Bi) <0.002 <0.002 <0.002 <0.002 <0.002

Cadmium (Cd) 0.071 0.069 0.062 0.071 0.075

Chromium (Cr) 0.002 0.036 0.003 0.003 0.002

Cobalt (Co) <0.002 <0.002 0.003 0.002 <0.002

Manganese (Mn) 0.22 0.33 0.11 0.21 0.18

Uranium (U) <0.001 - <0.002 <0.001 -

Arsenic (As) 0.004 0.007 0.12 0.021 -

Antimony (Sb) 0.003 0.006 0.005 0.006 -

Tin
'

(Sn) <0.001 <0.001 <0.001 <0.001 -

Fluorine (F) 0.030 0.11 0.021 0.015 -

Chlorine (CI) 0.045 - <0.005 0.009 -

Sulphur (S) 31.3 33.3 32.9 31.1 -

Carbon Total 0.31 - 0.91 0.39 -

Silica (Si02) 0.30 0.25 3.15 0.43 0.25

Alumina (Al203) 0.07 0.034 0.43 0.13 0 07

Magnesia (MgO) 0.13 0.14 0.085 0.14 -

Lime (CaO) 0.34 0.40 0.22 0.39 -

Sodium (NagO) <0.002 - 0.007 0.003 <0.002

Potassium (K20) 0.004 - 0.097 0.008 0.003

Insol 1.89 2.00 3.82 1.09 .0.87
,

Mercury (Hg) 0.046% 0.028230 0.029% 0.016% 0.033%
Gold (Au) 0.59 0.28 0.33 0.57 0.37

Silver (Ag) 40.1 48.5 31.5 65.7 38.2

v r ll Tr a m n Process

5.1._ELoflshs.e.l

In order to obtain marketable lead and zinc concentrate grades on Vangorda Ore,

the current plant flowsheet (Figure 2) should be modified as follows (Figure 3).

(A)

3

Both lead rougher and scavenger concentrates should be reground before

cleaning.

(B) The lead first cleaner should be performed in open circuit cleaning with

the addition of an extra cleaner scavenger stage.
'

(C) The zinc first cleaner feed should include a high speed conditioner.
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'Pln Flwh

Pb Scav k
Feed

4.
v

Pb Regrind :

4—‘

V

Condition

‘

Condition

’

Pb 2nd Cl. I
' 2“ ROUQher —> Zn Scav. —>

Zn

Scav

Pb 3rd Cl.

Regrind
Tall

Zn 1st CI. —>Zn Cl. Scav —>
I

_

'

Zn 1ST
‘

. il -

Pb 3rd Cleaner Conc. Zn 2nd Cl'.
CI Scav Ta

,

Zn 3rd Cl.

Zn 4th Cl.



14

Summary - Continued

Fl
_

-

.

i Fl w

Feed

l
|Pb Rougher ——> Pb Scav

Pb Scav. Tail

'IPb Regrind

——>

Y

Pb lst Cl. ——th Cl. Scav.

Pb Cl. Scav. Tail

9b 2nd C].

Pb 3rd Cl.

Pb 4th Cl.

Pb 4th Cleaner Concentrate

V

Condition

i
Condition

F—J
Zn Rougner —> Zn Scav. >

Zn

Scav

Regrind Tail

H.S. Cond.

Zn lst Cl. Zn Cl. Scav >

Zn lst

Zn 2nd Cl.
Cl. Scav Tai.

Zn 3rd Cl.

Zn 4th Cl.

7n Afh Pi (‘nnr



Summary - Continued
1‘5

The modified flowsheet is shown in Figure 3. Comparative locked cycle tests

were performed using'both plant and modified flowsheets. These results are shown in

Table No. 10.

-TABLE N .1 : in

Test Flcmsheet Product Wt Assays ‘51:, git %Distribution

No. % Pb Zn Fe Au Ag Pb Zn Fe Au Ag

41 Modified PbCleanerConc 5.5 66.2 7.17 4.17 8.56 814 89.4 7.6 1.0 65.0 73.5

ZnCleanerConc 8.0 1.03 55.3 6.72 0.28 48.5 2.0 85.8 2.4 3.2 6.5

ZnScavTailing 86.4 0.46 0.40 25.7 0.27 12.6 9.6 6.6 96.6 31.9 18.2

Head (Cale) 100.0 4.14 5.19 23.0 0.73 58.7 100.0 100.0100.0 100.0 100.0

83 Plant PbCleenerCom 7.8 49.1 11.7 8.37 8.80 603 92.3 17.3 2.7 80.0 86.4

ZnCleanerConc 7.3 0.65 55.2 7.03 0.23 41.0 1.1 76.7 2.1 1.9 5.5

ZnSoavTailing 84.9 0.32 0.37 27.2 0.18 5.2 6.5 6.0 95.2 18.1 8.1

Head(Calc) 100.0. 4.14 5.26 24.2 0.86 54.3 100.0 100.0100.0 100.0 100.0

Using the plant flowsheet (Test 83), the production of a high grade lead

concentrate was not possible. The zinc recovery was about 10 % lower than that

obtained using the modified flowsheet.

522__Bfimflflflflmmfi

Table No. 11 shows the reagent balance developed for treatment of the Vangorda

Ore. The basic plant reagent scheme was retained with the addition of modified lead

collector and additions of sodium silicate to the lead cleaners.

TABLE N9. 11 : Reagent §gh§mg nggigpgdrgr Vanggrda Org

.

Reagent Additions, g/t

Reagent . Pb Pb Zn Zn

R0 + Scav Cleaners Ro + Scav Cleaners

M IT 5 D I

Na2003
‘

2000 - - -

NaCN 200 195 - -

Na28i03 (Silicate O) - 250 - -
-

Ca(OH)2
-

- 2500 2500

CUSO4 X 5H20 - - 8 0 0 1 0 0.

Collectors a Fromm

A31713418A (1 :1 ra io) 12.5 38 - -

A350 - - 4 0 4 0

MIBC
‘

3 5 2 8 - -

DF1012 - - 1 5 1 0
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The addition of Na28i03 to the lead cleaner improved the rate of lead flotation in

the cleaners. The use of collector A317z3418A mixture resulted in a significant

improvement-in the lead cleaner recovery and also improved precious metal recoveries.

High levels of depressant additions in, the laboratory testwork does not

necessarily mean that the same reagent levels would be required in the commercial

scale. It may be possible to reduce reagent levels in the plant especially with the use of

plant recycle water. It is, however, clear that higher levels of cyanide addition may be

required.

W

In general, most of the composite samples gave satisfactory metallurgical

results.

Composites 2, 13 and 3 gave similar metallurgical results and may be considered

as ores of similar processing characteristics. This can also be said for Composite 5 and

the Master composite. Composite 1A, however, can be considered a refractory ore type

which may represent significant problems during processing of the ore. One of the

major problems'with Composite 1A is the poor selectivity between lead and zinc

minerals and the active pyrrhotite and carbonaceous pyrite flotation in the lead

concentrate.

Table No. 12 shows the results of batch tests on the various ore composites.

Table No. 13 shows the results obtained in the continuous locked cycle tests on the
'

varous composites.

Note that an improvement in the metallurgical results from Composite 4 was

achieved with the use of an organic based depressant (i.e. DS20). Depressant D820 was

found very effective for rejection of carbonaceous pryite and carbon.
'
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TABLE N9: 12 : Pregyglg T§§1 Rg§gl1§

Test Composite Product Wt Assays % % Distribution

No. % Pb Zn Pb Zn

67 2 Pb 4th Cleaner Conc 5.26 65.4 9.40 73.3 9.1

Pb 151 Cleaner Conc 8.07 52.1 9.80 89.6 14.7

Zn 4th CleanerConc 3.95 0.91 55.5 0.8 40.6

Zn Rougher Conc 19.33 1.03 21.7 4.2 77.5

Zn Rougher Tail 72.21 0.38 0.49 5.8 6.5

Head (Calc) 100.00 4.69' 5.40 100.0 100.0

40 3 Pb 4th Cleaner Conc 4.38 65.9 7.34 71.3 6.1
.

. Pb 1st Cleaner Conc 7.00 51 .-2 8.24 88.6 10.9

Zn 4th Cleaner Conc 7.10 1.27 56.0 2.2 75.4

Zn Rougher Conc 17.09 1.30 26.2 5.5 84.8

Zn Rougher Tail 75.63 0.30 0.24 5.6 3.4

Head (Calc) 100.00 4.04 5.27 100.0 100.0

78 4 Pb 4th Cleaner Conc
.

2.83 53.8 5.49 71.4 4.1

Pb 1st Cleaner Conc 5.63 30.7 6.39 81.0 9.4

Pb Rougher Conc 13.07 13.9 6.10 85.3 20.8

Pb Rougher Tail 86.93 0.36 3.49 14.7 79.2

Head (Calc) 100.00 2.14 3.83 100.0 100.0

68 1B Pb 4th Cleaner Conc 6.60 63.3 8.55 72.1 8.6

. Pb 151 Cleaner Conc 9.99 50.1 9.70 86.3 14.8

Zn 4th Cleaner Conc 4.19 0.95 57.0 0.6 36.5

Zn Rougher Conc 20.96 1.46 24.3 5.3 77.7

Zn Rougher Tail 68.28 0.64 0.41 7.5 4.3

Head (Calc) 100.00 5.80 6.54 100.0 100.0

72 1A Pb 4th Cleaner Conc 3.61 44.0 14.2 44.0 13.2
‘

Pb 1st Cleaner Conc 8.47 32.0 15.2 75.1 33.2

Zn 4th Cleaner Conc 2.40 1.22 53.0 0.8 32.8

Zn Rougher Conc 10.83 2.43 16.1 7.3 44.9

Zn Rougher Tail 79.96 0.72 0.83 15.9 17.1

Head (Calc) 100.00 3.61 3.88 100.0 100.0
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TABLEN 1 :L k IT R l n m i 2 413 n 1A

Test Composite Product W1 Assays %. g/t °/o Distribution

No. % Pb Zn Fe Au Ag Pb Zn 9 Au Ag

69 2 PbClConc 6.7 65.4 8.93 4.72 11.2 705 89.3 10.8 1.3 74.4 74.1

ZnCIConc 7.7 1.07 54.7 7.09 0.84 56.9 1.7 76.9 2.2 6.5 7.0

ZnSeavTail 85.6 0.52 0.79 27.6 0.22 14.0 90 12.3 96.5 190 18.9

Head (Cale) 100.0 4.88 5.51 24.5 1.00 63.4 100.0 100.0100.0 100.0 100.0

41 3
‘

PbClOonc 5.5 66.2 7.17 4.17 8.56 814 88.4 7.6 1.0 650 75.3

ZnClConc 8.0 1.03 55.3 6.72 0.28 48.5 2.0 85.8 2.4 32 6.5

Znvale 86.4 0.46 0.40 25.7 0.27 12.6 9.6 6.6 96.6 319 18.2

Head (Cale) 100.0 4.14 5.19 23.0 0.73 59.7 100.0 100.0100.0 100.0 100.0

84 4 PbCIConc
'

2.8 59.2 5.27 5.80 5.22 670 80.9 3.9 2.1 34.1 64.5

ZnClCorc 6.2 0.61 53.6 8.58 0.44 39.1 1.8 88.1 6.8 6.3 8.3

Zn SeavTail 90.9 0.39 0.33 7.90 0.28 8.8 17.3 8.0 91.1 59.6 27.2

Head(Calc) 100.0 2.07 3.80 7.90 0.43 29.4 100.0 100.0100.0 100.0 100.0
1

71 1B Pb Cl Cone 7.6 63.9 7.17 5.56 6.17 701 83.5 8.3! 1.5 59.9 70.8

ZnOlConc 9.5 1.03 57.2 6.40 0.31 38.4 1.7 82.2 2.1 3.8 4.8

Zn SeavTail 82.9 1.05 0.76 336 0.34 22.3 14.8 9.5 96.4 36.3 24.4

Head(Calc) 100.0 5.85 6.61 28.9 0.79 75.6 100.0 100.0100.0 100.0 100.0

85 1A PbCIConc 5.3 43.1 12.6 12.6 10.1 448 61.3 17.0 2.5 70.8 50.7

ZnClConc 4.5 2.92 52.4 8.70 0.49 73.8 3.5 59.6 1.5 2.9 7.0

Zn ScavTail 90.2 1.46 1.02 28.0 0.22 22.1 35.2 23.4 96.0 26.3 42.3

Head(Ca)c) 100.0 3.74 3.95 26.3 0.76 47.1 100.0 100.0100.0 100.0 100.0
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5. anglggigns

1 . The Vangorda orebody is a Massive sulphide ore in which the sulphide

minerals are finely disseminated. In most of the ore types, about 90 % of the valuable

minerals are liberated at about 40 um and less. In addition, the ore contains high

amounts of pyrrhotite and marcasite which are major contributors to slow lead and zinc

flotation and also increase depressant consumption.

2. The processing characteristics of the Vangorda Ore are different than

those of Faro 3 ore and in order to produce satisfactory metallurgical results,

modifications in both the reagent scheme and the flowsheet are required. This would

necessitate a careful examination of the plant flowsheet and reagent scheme, especially

the grinding and regrinding capacities and efficiencies, in order to adapt the present

-plant to processing the Vangorda ore.

3. Changes in the treatment procedure would include regrinding of total lead

and zinc concentratesand cleaning the lead concentrate in open circuit. Addition of the

new collector mixture would also be part of the modified procedure. Introduction of

high-speed high-power conditioning of the zinc 1st cleaner feed would be beneficial, not
i

only for the Vangorda zinc circuit, but also for Faro 3 and Grum ore.

4. In general, ore Composites 3, 2 and 18 gave similar metallurgical results

and high grade lead and zinc concentrates with satisfactory recoveries were readily

produced. Composite 1A was the most refractory and a high-grade lead concentrate

cannot be produced using the standard reagent scheme. Using the standard reagent

scheme, a low lead concentrate grade was also obtained on Composite No. 4. Organic based

depressant (D820) improved lead concentrate grade on Composite 4 significantly.



20

3599‘ MMENQAIIQNS

Recommendations proposed in this section are based on the results obtained in

the laboratory testwork.
.

1. It the Vangorda ore is to be processed with Faro 3 ore, further laboratory testWork

should be carried out on blends of Faro 3 ore and Vangorda ore.

2. In preparation for processing the Vangorda ore, adoption of both the modified

tlowsheet and reagent scheme ”should be carried out immediately. With regard to this, the

following is suggested:

(A) Conduct plant tests with the modified lead collector on Faro 3 ore (i.e.

A31723418A mixture). This may be beneficial for the lead metallurgy on Faro ore as well.

(B) Conduct a complete plant grinding survey to examine possible improvements in

the grinding efficiency. because Vangorda ore will require finer primary grinding and regrinding,

than does Faro 3 ore.

(C) Conduct laboratory tests on plant pulp to examine the effect of high-speed high-

power conditioning on zinc concentrate upgrading and to provide data for plant design of a high-

speed conditioning unit.

(D) Conduct a plant survey of the lead cleaning circuit to provide data for

reguirements of the 1st cleaner capacity for open circuit lead 1st cleaning._

3. Conduct a pilot plant test on a representative bulk sample of Vangorda ore in

order to provide operating conditions for plant processing.
'



21

W

A total of five composites and a Master composite were used in the laboratory testwork.
'

Following is a description of each composite:

a) W is an "E" and "G" ore from both the Eastern and Western

sections of the deposit. This is weathered ore and shows signs of oxidation. This composite

consisted offiintervals of non-porous core.

/.>_

b) WA is from the same location as Composite 18, but consists only of

porous and oxidized cores. 9 9 Imam/go)

0) W is an "E" and "G" ore type from the Eastern section of the deposit

which is non-porous and is slightly oxidized. This composite consists of about 50 intervals.

d) 531019951113 represents "E" and "G" ore type from the Western section of the

deposit which is non-porous and has an oxidation scale of less than 5. The composite consisted

of 240 intervals.

e) W is an "A" type ore from both the Eastern and Western sections of

the deposit, which is non-porous. OXidation is not a consideration with this ore with an oxidation

indicator of less than 3.

t) W represents "E" and "C" ore from both the Eastern and Western

sections of the orebody. It is low grade ore and has a low oxidation level (<3). Most of this ore

type is within the final pit envelope and can be considered as an over burden.

9) W1: consisted of 15 % oi Composites 1A and 18 divided

equally, _20 % of Composite 5 and the remainder was made up'of Composite 2. This material

would represent the 100,000 tonnes of Vangorda ore to be treated in the plant in late 1989.
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Prim rln In lz DI rl l

The size distributions of the different grinds used in the laboratory testwork on the various

composites is shown in Table No. 14 for Composite 1A, Table No. 15 for Composite 1B, Table No.

16,1or Composite No. 2, Table No. 17 for Composite No. 3 and Table No. 18 for Composite No. 4.

In general, most 01 the ore types had a ball mill Bond Work Index of below 10 (metric) at 74

um size and the ore is considered a soft ore.
.

From the size distribution data and the grindability test data, it can be concluded that with

the present grinding capacity of the plant, the Vangorda ore may give a grind of K30 52 pm. This

is the minimum requirement for achieving high lead and zinc rougher recoveries.

TBN 'rlnlnllerllnnmi1A

30 minute Grind 40 minute Grind 50 minute Grind 60 minute Grind 70 minute Grind

Particle % Retained % Pass Particle % Retained °/. Pass Particle ‘7. Retained % Pass Particle ‘7. Retained % Pass Particle % Retained % Pass

Size lnd Cum Cum Size lnd Cum Cum Size lnd Cum Cum Size lnd Cum Cum Size lnd Cum Cum

+150M 1.5 1.5 98.5 - -
-

- - - - < - +200M 0.9 0.9 99.1 - - -

200M 4.9 6.4 93.6 +200M 3.3 3.3 96.7 +200M 1.9 1.9 98.1 270 2.7 3.6 96.4 +200M 0.3 0.3 99.7

270M 12.0 18.4 81.6 270 7.2 10.5 89.5 270 6.1 8.0 92.0 400 9.4 13.0 87.0 270 2.5 2.8 97.2

27.8u.m 28.0 46.4 53.6 27.8um 25.9 36.4 63.6 27.8um 26.8 34.8 65.2 28.111m11.4 24.4 75.6 28.1p.m 18.7 21.5 78.5

21.6 11.2 57.6 42.4 21.6 12.5 48.9 51.1 21.6 12.8 47.6 52.4 21.8 11.4 35.8 64.2 21.8 12.7 34.2 65.8

- 15.1 11.3 68.9 31.1 15.1 13.5 62.4 37.6 15.1 13.7 61.3 38.7 15.2 15.9 51.7 48.3 15.2 16.2 50.4 49.6

10.4 8.3 77.2 22.8 10.4 9.8 72.2 27.8 10.4 10.3 71.6 28.4 10.4 12.8 64.5 35.5 10.4 13.1 63.5 36.5

8.0 4.8 82.0 18.0 8.0 4.7 76.9 23.1 8.0 5.8 77.4 22.6 8.1 7.4 71.9 28.1 8.1 7.4 70.9 29.1

-8.0 18.0100.0 . -8.0 23.1 100.0 - -8.0 22.6100.0 -‘ -8.1 28.1 100.0 ,

- -8.1 29.1 100.0

Total 1 00 .0 - - Total 100.0 - - Total 100.0 - - Total 100.0 - ~ Total 100.0

TABLE N9. 15 : gringlng slzg Disgrigggign gn ‘ggmgosigg 1B

30 minute Grind 40 minute Grind 50 minute Grind

Particle % Retained % Pass Particle % Retained % Pass Particle °/o Retained % Pass

Size lnd Cum Cum Size lnd Cum Cum Size lnd Cum Cum

+200M 6.3 6.3 93.7 +200M 3.4 3.4 96.6 +200M 1.5 1.5 98.5

270 10.1‘ 16.4 83.6 270 7.5 10.9 89.1 270 5.8 7.3 92.7

400 17.1 33.5 66.5 400 12.7 23.6 76.4 400 11.3 18.6 81.4

+27.0um 12.9 46.4 53.6 +27.0pm 15.1 38.7 61.3 +26.9um 14.3 32.9 67.1

20.9 10.7 57.1 42.9 20.9 12.0 50.7 49.3 20.9 12.1 45.0 55.0

14.6 12.1 69.2 30.8 14.6 13.7 64.4 35.6 14.6 14.7 59.7 40.3

10.0 8.8 78.0 22.0 10.0 10.1 74.5 25.5 10.0 11.0- 70.7 29.3

7.8 4.5 82.5 17.5 7.8 5.3 79.8 20.2 7.7 6.1 76.8 23.2

-7.8 17.5 100.0 - 27.8 20.2 100.0 - -7.7 23.2 100.0 -

Total 100.0 - - Total 1 00.0 - - Total 1 00.0 - -
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TABLE N 1 : rl in Iz Di rl I n n m N . 2

30 minute Grind, . 40 minute Grind 50 minute Grind

Particle % Retained % Pass Particle % Retained % Pass Particle % Retained % Pass

Size Ind Cum . Cum Size Ind Cum Cum Size Ind Cum Cum

+150M' 1.0 1.0 99.0 +150M 0.5 0.5 99.5 - - - -

200 4.0 5.0 95.0 200 1.8 2.3 97.7 +200M 1.5 1.5 98.5

270 10.2 15.2 84.8 270 5.9 8.2 91.8 270 3.5 5.0 95.0

27.211m 27.3 42.5 57.2 27.1um . 26.1 34.3 65.7 27.1 urn 24.3 29.3 70.7

21.1 12.0 54.5 45.5 21.1 13.0 47.3 52.7 21.1 13.2 42.5 57.5

14.7 12.6 67.1 32.9 14.7 14.3 61.6 38.4 14.7 15.3 57.8 42.2

10.1 9.2 76.3 23.7 10.1 10.7' 72.3 27.7 10.1 11.7 69.5 30.5

7.8 4.8 81.1 18.9 7.8 5.5 77.8 22.2 7.8 6.1 75.6 24.4

-7.8 18.9 100.0 - -7.8 22.2 100.0 - -7.8 24.4 100.0 -

Total 1 00.0 - - Total 1 00.0 - - Total 1 00.0. - -

WW

20 minute Grind

Particle % Retained % Pass

40 minute Grind 50 minute Grind 60 minute Grind

Particle 91. Retained 96 Pass Particle as Retained '36 Pass Particle 96 Retained 96 Pass Particte as Retainedfit. Pass

70 minute Grind

Size ind 01m Cum Size ind Gum Cum Size Ind Cum Cum Size Ind Cum Cum Size ind Cum Gun

+200M 3.7 3.7 95.3 - — - +270M 4.3 4.3 95.7 427011 2.4 2.4 97.5. +270M 0.7 0.7 99.3

270 7.5 11.5 55.5 427011 5.7 5.7 93.3 400 5.5 13.1 55.9 400 5.3 5.7 91.3 400 5.0 5.7 91.3

27.7.1111 25.9 40.4 59.5 27.55111 24.7 31.4 55.5 27511111115 24.7 75.3 27.815m10.9 19.5 50.4 27.50111 20.1 25.5 71.2

21.5 12.3 52.7 47.3 21.5 13.3 44.7 55.3 21.5 12.3 37.0 53.0 21.5 12.3 31.9 55.1 21.5 15.3 45.1 54.9

15.0 13.5 55.5 33.5 15.1 15.7 50.4 39.5 15.1 15.9 53.9 45.1 15.1 17.7 49.5 50.4 15.1 17.5 52.9 37.1

10.3 9.5 75.1 23.9 10.4 11.3 71.7 25.3 10.4 12.5 55.7 33.3 10.4 14.0 53.5 35.4 10.4 11.5 74.4 25.5

5.0 4.9 51.0 19.0 5.0 5177.5 22.2 5.0 7.0 73.7 25.3 5.0 7.9 71.5 25.5 5.0 5.7 50.1 19.1

-5.0 19.01000 -e.o 22.21000 -5.0 25.31000 .50 25.5 100.0 - 50 19.91000

Total 100.0 Total 100.0 15151 100.0 151311000 - - 'Total 100.0

W

30 minute Grind

T

40 minute Grind
_

50 minute Grind
'

Particle °/o Retained % Pass Particle % Retained % Pass Particle % Retained % Pass

Size Ind Cum Cum Size ind Cum Cum Size Ind Cum Cum

+150M 1.5 1.5 98.5 - - - - -'
5

- - -

200 7.6 9.1 90.9 +200M 4.4 4.4 95.6 +200M
_

2.4 2.4 97.6

270 12.8 21.9 78.1 270 10.7 15.1 84.9 270 6.4 8.8 91.2

400 15.3 37.2 62.8 400 17.7 32.8 67.2 400 16.3 25.1 74.9

34.811m 4.0 41.2 58.8 34.6pm 3.9 36.7 63.3 34.80m 4.4 29.5 70.5

27.0 8.4 49.6 50.4 26.8 8.3 45.0 55.0 27.0 9.3 38.8 61.2

18.8 13.8 63.4 36.6 18.7 15.3 60.3 39.7 18.8 16.9 55.7 44.3

12.9 11.1 74.5 25.5 12.9 11.9 72.2 27.8 12.9 13.4 69.1 30.9

10.0 5.9 80.4 19.6 9.9 6.0 78.2 21.8 10.0 6.8 75.9 24.1

-10.0 19.6 100.0 - -9.9 21.8 100.0 - -10.0 24.1 100.0 -

Total 100.0 - - Total 100.0 - - Total 100.0 -

‘

-
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WWW
'

A detailed evaluation of the lead regrinding requirements was conducted on Composite 3

ore. On the other composites, the optimum regrind developed on Composite 3 ore was used.

The lead regrinding size distribution is shown in Tables 19 (Composite 1A), Table 20 (Composite

1B), Table 21 (Composite 2), Table 22 (Composite 3) and Table 23 (Composite 4).

I

W

No Regrind 20 minute Regrind
Particle % Retained

_

% Pass Particle % Retained % Pass

Size lnd. Cum Cum Size Ind Cum Cum

+270 mesh 2.3 2.3 97.7 - - - -

27.8 pm 15,1. 17.4 82.6 +29.0 um 0.1 0.1 99.9

21.6 10.6 28.0 72.0 22.5 0.9 1.0 99.0

--15.1 15.7 43.7 56.3 15.7 9.2 10.2 89.8

10.3 12.8 56.5 43.5 10.8 8.0 28.2 71.8

>

8.0 6.9 63.4 36.6 8.3 13.1 41.3 58.7

-8.0 36.6 100.0 - -8.3 58.7 100.0 -

Total 100.0 - - Total 100.0 - -

WW

No Regrind
Particle % Retained % Pass

Size lnd. Cum Cum

+270 mesh 1.2 1.2 98.8

26.8 um 22.6 23.8 76.2

20.8 13.6 37.4 62.6

14.5 17.0 54.4 45.6

9.0 11.2 65.6 34.4

7.7 4.8 70.4 29.6
-7.7 29.6 100.0 -

Total 100.0 - -
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TABLE N9. 21 : P9 Regrind Size Dl§1rl§mlgn on composite 2

No Regrind 30 minute Regrind
Particle % Retained % Pass Particle % Retained % Pass

Size Ind. Cum Cum Size Ind Cum Cum

+270 mesh 3.1 3.1 96.9 -
»

-
- - -

26.8 pm 16.6 19.7 80.3 33.9 m 0.5 0.5 99.5

20.8 9.1 28.8 71.2 26.3 1.4 1.9 98.1

14.5 15.4 44.2 55.8 18.4 10.2 12.1 87.9

9.0 11.4 55.6 44.4 12.6 19.1 31.2 68.8

7.7 5.4 61.0 39.0 9.8 12.6 43.8 56.2

-7.7 39.0 100.0 - -9.8 56.2 100.0 -

Total 100.0 - - Total 100.0 - -

TABLE N . 22 ': P R rln Iz Dl rl l n n m i

No Regrind . 5 minute Grind 10 minute Grind

Particle % Retained % Pass Particle % Retained % Pass Particle % Retained % Pass

Size Ind Cum Cum Size Ind Cum Cum Size Ind Cum Cum

+24.611m 28.2 28.2 71.8 24.6 um 15.4 15.4 84.6 24.6 1.1m .

6.7 6.7 93.3

19.0 14.5 42.7 57.3 19.0 13.9 29.3 70.7 19.0 10.3 17.0 83.0

13.3 16.2 58.9 41.1 13.3 18.7 48.0 52.0 , 13.3 9.7 26.7 73.3

9.1 11.6 70.5 29.5 9.1 14.9 62.9 37.1 9.1 2.1 28.8 71.2

7.1
- 5.9 76.4 23.6 7.1 8.0 70.9 29.1 7.1 6.1 34.9 65.1

-7.1 23.6 100.0 - -7.1 29.1 100.0, - -7.1 65.1 100.0 -

Total} 1 00:0 - - Total 1 00.0 - - Total 1 00.0 - -

20 minute Regrind
Particle % Retained % Pass

Size Ind. Cum Curn

+24.6 um 5.5 5.5 94.5

19.0 8.3 13.8 86.2

13.3 17.6 31.4 68.6

9.1 18.0 49.4 50.6

7.1 10.2 59.6 . 40.4

-7.1 40.4 100.0

Total 100.0 -
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TABLEN.2 :P R rin izeDlsrlb Ion n mol 4

No Regrind 20 minute Regrind
Particle . % Retained % Pass Particle % Retained % Pass

Size Ind. Cum Cum Size lnd Cum
.

Cum

+270 mesh 3.9 3.9 96.1 - - - -

34.6 um 11.2 15.1 84.9 35.1 um
- - 100.0

26.8 8.1 23.2 76.8 27.2 0.6 0.6 99.4

18.7 14.3 37.5 62.5 19.0 7.1 7.7 92.3

12.9 13.1 50.6 49.4 13.1 16.4 24.1 75.9

9.9 7.7 58.3 41.7 10.1
'

12.8 36.9 63.1

-9.9 41.7 100.0 - -10.1 63.1 100.0 -

Total 100.0 - - Total 100.0 - -

The best metallurgical results were obtained using a regrind of 20 minutes. In

order to obtain a similar size distribution in the plant, 4 inch cyclones are required.

These cyclones would operate at a lower pulp density (Le. 25 % solids). Under these

conditions, a similar regrind fineness to that obtained in the laboratory may be achieved

with the present regrinding capacities.

W

4.1.
'

i 1

Composite 1A consisted of oxidized ore and contained secondary copper minerals.

A total of eight tests were performed on this composite, five of which were roughing

tests and three cleaning tests. In general, problems were experienced with this

composite in obtaining selectivity between lead and zinc minerals and with production of

a high grade lead concentrate.

W

A series of five teSts were conducted in which the primary grinding time varied

from 30 minutes to 70 minutes per 2000 grams. The results of several tests are shown

in Table No. 24.

The results obtained in these testsindicated the following:

1. Finer primary grinding improved lead and zinc rougher recovery

slightly.
2. An average of 65 % of the total zinc reported in the lead rougher

concentrate. Even with high cyanide additions, zinc rejection was not possible.
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TABLE NQl gg ;

Eff
'

f Fin n

h m m i 1

Test Grind Product Weight Assays. %. g/f
°/. Distribution

No. Time '4 Pass
'

% Cu Pb Zn Fe Au Ag Cu Pb Zn Fe Au Ag

min. .

28pm
.

Pb ro. cone. 14.29 1.40 21.9 14.3 19.7 3.23 256 72.5 78.4 48.6 10.3 62.7 72.8

52 60 75.6 Pb Scav cone. 3.73 0.36 4.52 17.9 26.3 2.44 88.9 4.9
,

4.2 15.9 3.6 12.4 6.6

Pb to + Scav con: 18.02 1.18 18.3 15.1 21.1 3.07 221 77.4 82.7 64.5 13.9 75.1 79.4

Zn r0. cone. 4.61 0.22 2.10 16.2 27.3 0.40 44.6 3.7 2.4 17.8 4.6 2.5 4.1

Zn Scav'ficonc 2.45 0.24 2.27 2.60 34.8 0.61 44.6 2.1 1.4 1.5 3.1 2.0 2.2

Zn to + Scav cone 7.06 0.23 2.16 11.5 29.9 0.47 44.6 5.8 3.8 19.3 7.7 4.5 6.3

Zn Flot. tail
-

.

74.92 0.062 0.72 0.91 28.5 0.20 9.6 16.8 13.5 16.2 78.3 20.4 14.3

Head (calc.) 100.00 0.28 3.99 4.20 27.3 0.74 50.2 100.0 100.0 100.0 100.0 100.0 100.0

.
Pb ro. cone.

‘

12.85 1.53 23.6 15.7 17.2 3.25 286 73.6 77.4 49.2 8.2 62.3 70.6

53 70 78.5 Pb Scav cone 4.22 0.37 5.09 16.1 27.6 1.17 86.8 5.8 5.5 16.6 4.3 7.4 7.0

Pb ro + Scav cont 17.07 1.24 19.0 15.8 19.8 2.74 237 79.4 82.9 65.8 12.6 69.7 77.6

Zn to cone. 4.41 0.20 2.03 15.9 26.2 0.91 47.2 3.3 2.3 17.1 4.3 6.0 4.0

Zn Scav cone. 2.24 0.22 2.42 2.48 33.7 0.47 45.5 1.8 1.4 1.4 2.8 1.6 2.0

Zn to + Scav oonc 6.64 0.21 2.16 11.4 28.7 0.76 46.6 5.1 3.7 18.4 7.1 7.6 6.0

Zn Flot. tail 76.29 0.054 0.69 0.85 28.3 0.20 1 1.2 15.4 13.4 15.8 80.3 22.8 16.4

Head (calc.) 100.00 0.27 3.92 4.10 26.9 0.67 52.1! 100.0 100.0 100.0 100.0 100.0 100.0

MW

Three lead cleaning tests were performed in which different zinc depressants

were examined. The conditions and results for these tests are summarized in Table 25.

From the results obtained, the following conclusions can be made:

1. No efficient zinc rejection during the lead cleaning was Obtained.

Moreover, high lead losses occurred in the cleaner tailings.

2. With the use of L88 depressant (Test 74), lead concentrate grade and zinc

rejection during lead cleaning improved significantly.

Depressant D820 had no significant effect on either lead concentrate grade or

recovery.

3. No problems were experienced with zinc flotation and upgrading (Test

72).

’ ‘
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TABLE N : P imin r I nin T I 1A r

J C IT

Te}?
""""

15'sfififi""l"’""'EEa'Eat-TGEIEEETEE"""nfi'T‘
No. Pb Circuit Zn Circuit Pb Circuit Zn Circuit Pb Zn

Time Media Time Media Depressant Collector Depressant Collector

72 20 RM 30 PM Nazcoa=sooo A317/ Ca(OH)2=5000 A350=70 9.6 11.7-

NaCN=345 341 8A: CuSO4=900 1 2.3

Na28i03=250 44.0
‘

74 20 RM - . Na2003=5000 A317/ -
- 9.3- -

L88 = 350 3481A: 8.9

N328103=150 80. O

Oxalic Acid=900

NaCN=500

76 20 RM - - Na2003=5000 A31 7/ -
- 9.4 -

0820-370 3418A:

Na28i03=250 7 7 . 5

bLBesulls

Test Product Weight Assays, %,g/t % Distribution

No. . °/o Pb Zn Pb Zn

72 Pb 4th Cleaner Concentrate 3.61 44.0 14.2 44.0 13.2

Pb 131 Cleaner Concentrate 8.47 32.0 15.2 75.1 33.2

Zn 4th Cleaner Concentrate 2.40 1.22 53.0 0.8 32.8

Zn Rougher Concentrate 10.83 2.43
>

16.1 7.3 44.9

Zn Rougher Tailing 79.96 0.72 0.83 15.9 17.1

Head (Calc) 100.00 3.61 3.88 100.0 100.0

74 Pb 4th Cleaner Concentrate 2.11 51.5 12.6 30.4 6.5

Pb 2nd Cleaner Concentrate
-

3. 70 44.8 13.6 46.4 12.3

Pb Rougher Concentrate 15.04 18.9 14.4 79.5 52.9

Pb Rougher Tailing 84.96 0.86 2. 27 20.5 47.1

Head (Calc) 100.00 3.57 4.10 100.0 100.0

76 Pb 4th Cleaner Concentrate 3. 06 41.6 15.6 34.3 11.8

Pb 2nd Cleaner Concentrate 6.58 32.9 16.3 58.2 26.6

Pb Rougher Concentrate 17.95 16.9 12.4 81.7 55.3

Pb Rougher Tailing 82.05 0.83 2. 20 18.3 44.7

Head (Calc) 100.00 3.72 4.04 100.0 100.0
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performed at different primary grinds. The results from these tests are summarized 'in
During the initial testwork, preliminary lead and zinc flotation tests were

_

Table No. 26. The results obtained in these tests showed the following:

metal recoveries improved slightly.

were reasonably good. However, the lead losses in the final tailing were relatively high

and averaged about 15 % of the total lead.

1.

2.

With an increase in fineness of primary grinding, the lead and precious

At all finenesses of grind, the lead and zinc rougher concentrate grades

Test Grind Product Weight Assays. %. g/t '70 Distribution

No. Time % Pass .°/. Cu Pb Zn Fe Au Ag Cu Pb Zn Fe Au Ag
min 27pm

-

Pb m. cone. 9.49 1.13 42.5 10.7 11.6 4.86 487 49.4 68.2 15.1 3.8 55.5 59.7

54 30 56.6 Pb Scav cone. 4.94 0.52 16.3 13.3 24.3 2.35 205 11.81 13.6 9.8 4.2 14.0 13.1

Pb to + Scav conc 14.44 0.92 33.5 11.6 16.0 4.00 391 61.2 81.8 24.9 8.0 69.5 72.8

Zn to cone. 13.02 0.21 2.62 34.7 17.7 0.39 56.8 12.6 5.8 67.2 8.0 6.1 9.5

Zn Scav cont: 8.66 0.26 3.75 3.27 36.0 0.65 70.0 10.4 5.5 4.2 10.9 6.8 7.8

Zn to + Scav conc 21.67 0.23 3.07 22.1 25.0 0.49 62.1 22.9 11.3 71.4 18.9 12.9 17.4

Zn Hot. tail 63.89 0.054 0.64 0.39 32.8 0.23 1 1.9 15.9 6.9 3.7 73.1 17.7 98

Head (caic.) 100.00 0.22 5.92 6.72 28.7 0.83 77.4 100.0 100.0 100.0 100.0 100.0 100.0

_

Pb r0. cone. 9.28 1.19 44.2 10.2 10.6 5.03 527 52.4 69.7 14.3 3.5 63.0 62.4

55 40 61.3 Pb Scav cone. 4.75 0.59 16.8 15.3 23.6 1.61 214 13.3 13.6 11.0 4.0 10.3 13.0

Pb to + Scav conc 14.03 0.99 34.9 11.9 15.0 3.87 421. 65.7 83.3 25.2 7.5 73.4
‘

75.4

Zn ro. cone. 9.48 0.17 1.65 43.3 12.3 0.25 44.1 7.6 2.7 61.8 4.2 3.2 5.3

Zn Scav cone. 9.84 0.26 4.22 6.35 34.4 0.61 75.6 12.1 7.1 9.4 12.1 8.1 9.5

Zn ro + Scav conc 19.32 0.22 2.96 24.5 23.6 0.43 60.1 19.8! 9.7 71.3 16.3 11.3 14.8

Zn flot. tail 66.64 0.046 0.62 0.35 32.0 0.17 11.5 14.5 7.0 3.5 76.2 15.3 9.8

Head (calc.) 100.00 0.21 5.89 6.64 28.0 0.74 78.4 100.0 100.0 100.0 00.0 100.0 100.0

Pb r0. cone. 10.11 1.20 43.3 9.87 11.5 4.80 502 56.2 73.4 14.8 4.1 63.7 63.9

56 50 67.1 Pb Scav. oonc. 4.51 0.65 15.0 15.8 22.5 2.09 221 13.6 11.4 '10.6 3.6 12.4 12.5

Pb ro+Scav cone. 14.62 1.03 34.6 11.7 14.9 3.96 415 69.7 84.8 25.4 7.7 76.1 76.4

Zn to. echo. 9.78 0.15 1.59 43.7 12.5 0.21 50.4 6.8 2.6 63.4 4.3 2.7 6.2

Zn Scav conc. 8.89 0.27 4.17 5.92 35.0 0.62 74.7 11.1 6.2 7.8 11.0 7.2 8.4

Zn to + Scav cond 18.66 0.21 2.82 25.7 23.2 0.41 62.0 17.9 8.8 71.2 15.3 9.9 14.6

Zn 1101 tall 66.71 0.040 0.57 0.35 32.6 0.16 10.8 12.4 6.4 3.5 77.0 14.0 9.1

Head (calc.) 100.00 0.22 5.96 6.74 28.3 0.76 79.5 100.0 100.0 100.0 00.0 100.0 100.0
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Only standard lead cleaning tests at different finenesses of regrind were

performed on this composite. The results obtained indicated that both lead and zinc

rougher concentrates can be upgraded successfully and with the finer regrind, the grade

of the lead concentrate improved significantly (Table 27). The zinc cleaner recovery at

finer regrind also improved.

Test Regrlnd Reagent Additions, g/t pH
No. Pb Circuit Zn Circuit Pb Circuit Zn Circuit Pb Zn

Time Media Time Media Depressant Collector Depressant Collector

. 63 20 RM 20

I

PM Na2003=2000 A31 7/ Ca(OH)2=5000 A350=50 9.8 12.3

NaCN=395 341 8A= CuSO4=800

NaZSiO3=250 46.5

64 so RM 30 ‘PM Na2C03=2000 A317/ Ca(OH)2=5000 A350=65 9.8 12.3

NaCN=395 341 BA: CUSO4=900

Na28i03=250 46.5

Mesults

Test Product Weight Assays, % % Dis-ribution

No. % Pb Zn Pb Zn

63 Pb 4th Cleaner Concentrate 6.46 61 .0 8.31 70.7 8.2
Pb 1st Cleaner Concentrate 9.82 49.0 9.20 86.4 13.8

Zn 4th Cleaner Concentrate 4.98 0.86 56.6 0.8 43.3

Zn Rougher Concentrate 20.94 1.48 24.9 5.6 80.2

Zn Rougher Tailing 68.47 0.59 0.34 7.3 3.6

Head (Calc) 100.00 5.57 6.51 100.0 100.0

64 Pb 4th Cleaner Concentrate 5.24 68.9 6.1 1 63.3 5.0

Pb 1st Cleaner Concentrate 9.13 53.4 8.30 85.5 11.8

Zn 4th Cleaner Concentrate 6.19 0.89 56.8 1.0 54.4

Zn Rougher Concentrate 21.40 1.61 24.8 6.0 82.0

Zn Rougher Tailing 68.61 0.61 0.36 7.3 3.8

Head (Calc) 100.00 5.71 6.46 100.0 100.0
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Initially, a series of lead and zinc rougher tests were performed using the

conditions developed with Composite No. 3. In these tests, the grinding time was varied

from 30 minutes to 50 minutes per 2000 grams. The conditions and results for these

tests are shown in Table 28.

TABLE N 2 : Pr Iimin r R hin T n m i 2

Test Grind Product Weight Assays %,g It % Distribution

No. TIme'
- % . Pb Zn Au Ag Pb Zn Au Ag

45 30 Pb R0 + Scav Conc 13.61 30.91 12.36 4.36 365.28 88.0 30.2 69.6 76.1

Zn R0 + Scav Conc 16.22 2.00 22.21 0.45 54.57 6.7 63.6 8.5 13.3

Zn Scavenger Tail 69.97 0.37 0.50 0.27 10.0 5.3 6.2 21.9 10.6

Head (Cale) 100.00 4.85 5.66 0.86 66.30 100.0 100.0 100.0 100.0

46 40 Pb R0 + Scav Conc 13.56 31.02 12.12 5.16 374.9 89.4 29.9 79.8 76.9

Zn R0 + Scav Conc 14.77 1.93 23.88 0.28 54.14 6.1 64.1 4.6 12.1

Zn Scavenger Tail 71.67 0.30 0.46 0.19 10.1 4.6 6.0 15.5 11.0

Head (Cale) 100.00 4.71 5.50 0.88 66.06 100.0 100.0!1000 100.0

47 50 Pb R0 + Scav Cone 13.90 30.78 12.22 4.72 373.34 89.6 30.0 75.7 76.6

Zn R0 + Scav Conc 14.29 1.78 24.30 0.42 75.74 5.3 63.1 7.0 16.0

Zn Scavenger Tail 71.60 0.34 0.47 0.21 7.0 5.1 6.1 17.4 7.4

Head (Calc) 100.00 4.78 5.51 0.87 67.76 100.0

1oo.ol_100.o
100.0

The results from these tests indicated the following:

1. With an increase in fineness Of grind, the lead rougher recovery

improved'only slightly. The zinc grade and recovery, however, remained unchanged.
'

2. The preoous metal recoveries improved significantly with the increase i

grinding time from 30 minutes to 40 minutes. A further increase in grinding time had

no effect on precious metal'reooveries.

n
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A series of four tests was performed to examine a) fineness of regrind and b)

level of cyanide in the cleaners. The conditions and results for these tests are

summarized in Tables 29 (a) and (b).

TABL N : r limin r l nin T i

I C I'
.

Test Regrind
'

-

Reagent Additions, g/t pH
No. »

Pb circuit Zn circuit Pb Circuit
_

Zn Circuit Pb Zn

Time Media: Time Media Depressants Collectors Depressants Collectors circuit circuit

7 Nazcoa - 2000 A317/3418A Ca(OH)2 = 2250 A350 a 45 9.6-9.5 11.5-11.9

51 20 RM. 10 PM. NaCN - 320 a 46.5 CuSO4 = 800

Nagsso3 . 250

V Na2003 .2000 A317/3418A Ca(OH)2 - 5000 A350 .. 45 9.7 12.2

60 20 RM. 10 PM. NaCN - 395 - 46.5 CuSO4 - 300

Na28i03 =- 250

'

Na'2003 a 2000 A317/3418A Ca(0H)2 = 5000 A350: 45 9.7 12.2

61 20 RM. 20 PM. NaCN . 395 = 46.5 CuSO4 = 800

NaZSi03 = 250

.Na2003 . 2000 A317/3418A Ca(OI-l)2 . 5000 A350 3 55 9.7 12.2

62 30 RM. 30 PM. NaCN - 395 a 46.5 CuSO4 :3 800

Na28i03 . 250
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Test Product Weight Assays. % % Distribution
No. % Pb Zn Pb Zn .

Pb 4th Cleaner cone.
'

5.14 60.4 11.0 68.1
-

10.3

51 Pb 1st Cleaner conc. 7.97 50.3 10.5 88.0 15.2

Zn 4th Cleaner conc. 8.02 1.61 49.4 2.8 71.9

Zn rougher cone. 17.43 1.49 .243
.

5.7 76.9

Zn rougher tail 74.08 0.35 0.46 5.7 6.2

Head (Calc.) 100.00 4.56 5.51 100.0 100.0

Pb.4th Cleaner conc. 6.15 57.2 11.7 75.8 13.2

60 Pb 1st Cleaner conc. 9.11 45.9 10.9 90.1 18.2

Zn 4th Cleaner conc. 6.41 1.17 51.6 1.6 60.8

Zn rougher conc. 17.53 1.17 23.1 4.4 74.3

Zn rougher tail 72.77 0.32 0.44 5.0 5.9

Head (Calc.) 100.00 4.64 5.44 100.0 100.0

Pb 4th Cleanerconc. 5.10 60.1 10.6 67.8 10.1

61 Pb1st Cleaner conc. 8.35 47.9 10.2 88.5 15.9

Zn 4th Cleaner conc. 5.20 1.20 54.5 1.4 52.8

Zn rougher conc. 17.24 1.26 23.6 4.8 . 75.8

Zn rougher tail 73.91 0.38 0.49 6.2 6.7

Head (calc.) 100.00 4.52 5.37 100.0 100.0

Pb 4th Cleaner conc. 4.88 60.6 9.88 ~ 65.6 8.9

62 Pb 1st Cleaner oonc. 8.08 49.3 9.70 88.4 14.5

Zn 4th Cleaner conc. 6.00 1.22 55.0 1.6 60.8

Zn rougher conc. 18.43 1.27 22.9 5.2 77.7

Zn roughertail 72.89 0.36 0.45 5.8 6.1

Head (calc.) 100.00 4.51 5.42 100.0 100.0

From the results obtained the following conclusions can be made:

1 . Finer regrinding of the lead concentrate (Tests 61 and 62) had no effect

on lead metallurgical results. A finer regrind of the zinc concentrate improved both zinc

concentrate grade and recovery.

2. Higher cyanide additions to the lead rougher and cleaner did not effect lead

metallurgical results.

Although the behaviour of the lead and zinc flotation in the corresponding rougher

and scavenger stages was similar to that of Composite 3, the upgrading of the lead and

zinc concentrates was not as efficient as that obtained on Composite 3. it appeared that

this ore type contains more weathered ore than the ore type of Composite 3.
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This composite was used for a detailed evaluation of the Vangorda ore, since the

ore types included in this composite represented the largest portion of the orebody. A

large portion of the testwork was devoted to a detailed evaluation of the current plant

reagent scheme and flowsheet in order to accomodate the standard plant procedure used

’

for Faro 3 ore on processing of the Vangorda ore. During the testwork, it became

obvious that the Vangorda ore cannot be processed using the Faro 3 procedure exactly as

is. In this testwork, minimum changes in the reagent scheme and flowsheet have been

indicated to obtain satisfactory metallurgical results on Vangorda ore. The effect of the

parameters examined on the Vangorda ore Composite 3 are described in the following

sections.

1 I I B I
.

I I

IIIIEHIIE' [E' E'I

Two series of tests with different finenesses of grind were performed. In the

first series of tests (Table 30), the plant reagent scheme was used and in the second

series of tests Table 31, the modified collector mixture was tested. The results from

these tests showed the following:

1. The fineness of grind in the range tested had little,or no effect on lead and

zinc recoveries, however,'precious metal recoveries increased with the finer grind

(Table 30).
'

TABL N '

' ' '

n R h r Fl
'

-

92mm
Test Primary Grind

'

Product Wght Assays,%.g/t % Distribution

No. Mill Time % passing % Pb Zn Fe Au Pg Pb Zn Fe Au Pg
Type min 28pm

*

PbConc 9.7 36.3 10.4 13.0 2.35 181 86.7 19.0 5.5 27.2 24.0

1 Ball 30 . 59.6 ZnConc 15.7 1.92 26.1 19.0 2.99 312 7.4 77.2 13.0 55.9 67.2

Zn Tail 74.6 0.32 0.27 25.2 0.19 8.60 5.9 3.8 81.5 16.9 8.8 .

HeadEalci 100.0 4.07 5.30 23.1 0.84 72.9 100.0100.0100.0100.0100.0

{ PbConc 9.2 38.3 9.73 12.1 4.12 200 86.1 16.3 4.9 60.8 33.1

2 _Ball 40 68.6 ZnConc 13.4 2.15 32.7 16.6 0.73 224 7.1 79.9 9.8 15.6 54.0

Zn Tail 77.4 0.36 0.27 25.1 0.19 9.30 6.8 3.8 85.3 23.6 12.9

Head(calc) 100.0 4.09 5.49 22.8 0.62 55.6 100.0100.0100.0100.0100.0

PbConc 9.3 37.8 9.06 12.2 5.56 499 85.0 15.3 4.9 67.1 75.0

3 Ball 50 75.3 ZnConc 13.0 2.55 34.1 15.5 0.33 57.5 8.0 80.6 8.8 5.6 12.1

Zn Tail 77.7 0.37 0.29 25.5 0.27 10.2 7.0 4.1 86.3 27.3 12.9

Head(calc) 100.0 4.12 5.49 23.0 0.77 61.7 100.0100.0100.0100.0100.0

PbConc 9.3 38.3 8.57 12.3 4.59 508 88.1 14.4 5.0 71.4 79.9

4 Ball 60 80.4 ZnConc 13.3 1.96 34.3 15.9 0.31 47.5 6.4 81.9 9.2 6.7 10.6

.
Zn Tail 77.4 0.29 0.26 25.3 0.17 7.30 5.5 3.6 85.7 21.9 9.5

Head(calc) 100.0 4.06 5.55 22.8 0.60 59.4 100.0100.0100.0100.0100.0

PbConc 10.9 35.0 10.3 15.3 5.68 486 91.5 20.3 ’7.1 76.4 77.9

5 Flu! 70 71.2' ZnConc 13.2 1.01 31.9 18.6 0.41 70.3 3.2 76.3 10.4 6.7 13.7

Zn Tail 75.9 0.29 0.25 25.6 0.18 7.50 5.3 3.4 82.5 16.9 8.4

Head(calc) 100.0 4.16 5.51 23.6 0.81 67.8 100.0100.0100.0100.0100.0
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2. Rod mill grinding gave much better lead and precious metal recoveries

than did the ball mill for the same fineness of grind. It appeared that the grinding media

plays a significant role in the flotation behaviour of lead. In the commercial plant,

however, classification'efficiency may be as critical as the grinding media in the

laboratory testwork.
_

3. Using the modified collector and a coarser grind, lead recovery improved

significantly (Table 31). At the finer grind no significant changes in the lead recovery

occurred.

TABL N . 1 : Eff f Fin n f rin -Zn Fl i in

M 'f R n h m - m i
~

Test Grind Product Wt Assays % % Distribution

No. Time %Pass % Pb Zn Pb Zn

min 28pm

42 30 59.6 Pb Rougher Concentrate 9.52 36.0 10.2 83.1 18.7

Pb Scavenger Conc 5.50 7.26 10.2 9.7 10.8

Pb Ro+Scav Conc 15.02 25.5 10.2 92.7 29.4

Zn Rougher Concentrate 9.94 0.87 34.0 2.1 65.0

Zn Scavenger Conc 3.61 1.36 3.14 1.2 2.2

Zn Ro+Scav Conc 13.55 1.00 . 25.8 3.3 67.1

Zn Flotation Tailing 71.43 0.23 02.5 4.0 3.4

Head (Calc) 100.00 4.13 5.20 100.0 100.0

43 40
’_

68.6 Pb Rougher Concentrate 8.73 37.9 9.57 81 .5- 16.2

Pb Scavenger Conc 2.29 9.38 12.8 5.3 5.7

Pb Ro+ Scav Conc 11.02 32.0 10.2 86.8 21.9

Zn Rougher Concentrate 10.66 1.83 35.2 4.8
‘

72.8

Zn Scavenger Conc 3.93 3.58 2.36 3.5 1.8

Zn Ro+Scav Conc 14.58 2.30 26.4 8.3 74.6

Zn Flotation Tailing 74.40 0.27 0.24 4.9 3.5

Head (Calc) 100.00 4.06 5.15 100.0 100.0

44 50 75.3 Pb Rougher Concentrate 7.24 44.1 8.55 77.7 11.5

Pb Scavenger Conc 2.79 13.0 13.5 8.8 7.0

Pb Ro+Scav Conc 10.03 35.5 9.93 86.6 18.5

Zn Rougher Concentrate 8.85 1.64 44.1 3.5 72.6

Zn Scavenger Conc 5.35 4.07
'

5.43 5.3 5.4

Zn Ro+Scav Conc 14.20
_

2.55 29.5 8.8 78.0

Zn Flotation Tailing 75.78 0.25 0.25 4.6 3.5

Head (Calc) 00.00 4.11 5.38 100.0 100.0
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Using a 40 minute ball mill grind, a series of four tests was performed in which the levels of

cyanide addition to the grind were varied from 50 g/t to 200 g/t. The conditions and results for

these tests are shown in Table No. 32.

I

TABLEN.2:Eff orN NLvlnRohrFl ln- m 1

Test NaCN Product Wght Assays,%.g/t % Distribution

No. g/t % Pb Zn Fe Au Ag Pb Zn Fe Au Pg

,_

PbConc 9.2 38.3 9.73 12.1 4.12 200 86.1 16.3 4.9 60.8 33.1

2 150 -»Zn_.Conc 13.4 2.15 32.7 16.6 0.73 224 7.1 79.9 9.8 15.6 54.0

211 Tail 77.4 0.36 0.27 25.1 0.19 9.30 6.8 3.8 85.3 23.6 12.9

Head(calc) 100.0 4.09 5.49 22.8 0.62 55.6 100.0100.0100.0100.0100.0

' Pb‘Conc 8.1 34.7 7.62 13.1 7.59 477 70.3 12.3 4.4 69.3 70.3

6 50 ZnConc 16.1 5.88 26.2 18.6 0.41 67.3 23.8 84.7 12.7 7.5 19.9

Zn Tail 75.8 0.31 0.20 26.0 0.27 7.1 5.9 3.0 82.9 23.2 9.8

Head(calc) 100.0 3.98 5.00 23.8 0.88 54.7 100.0100.0100.0100.0100.0

PbConc 9.6 34.8 8.90 11.9 5.13 475 85.0 16.8 5.0 73.0 77.0

7 100 ZnConc 14.4 2.14 28.1 17.2 0.37 51.0 7.9 80.0 10.8 7.8 12.4

Zn Tail 76.0 0.37 0.21 25.3 0.17 8.20 7.1 3.2 84.2 19.2 10.6

Head(calc) 100.0 3.92 5.04 22.9 0.67 59.0 100.0100.0100.0100.0100.0

PbConc 11.5 29.7 8.72 12.9 4.12 390 86.1 20.2 6.2 72.6 79.4

8 200 ZnConc 13.9 2.45 27.2 18.9 0.37 49.8 8.6 76.3 11.0 7.9 12.3
I

Zn Tail
‘

74.6 0.28 0.23 26.4 0.17 6.30 5.3 3.5 82.8 19.5 8.3

Heachalc) 100.0 3.95 4.95 23.8 0.65 56.4 100.0100.0100.0100.0100.0

The results from these tests showed that during the processing of'Vangorda ore,

the cyanide consumption would be much greater than the cyanide consumption for

processing Faro 3 ore. Under laboratory conditions, the optimum level of cyanide

addition would be between 100 g/t and 150 g/t. It is interesting to note that silver

recovery increased significantly with the increase in cyanide addition.

4 iv llr

Three tests were performed in which the level of collector was varied between

12 g/t and 25 g/t. The conditions and results for these tests are shown in Table No. 33.

TABLE N9, 33 : Efigg: Qt Deflector 3343 Level 9;] an 3mm; Elgtatign - ngpgsug' a

Test A343 Product Wght Assays,% g/t % Distribution

No. g/t %
'

Pb Zn Fe Au fig Pb Zn Fe Au Ag

PbConc 9.2 38.3 9.73 12.1 4.12 200 86.1 16.3 4.9 60.8 33.1

2 12.5 ZnConc 13.4 2.15 32.7 16.6 0.73 224 7.1 79.9 9.8 15.6 54.0

Zn Tail 77.4 0.36 0.27 25.1 0.19 9.30 6.8 3.8 85.3 23.6 12.9

Head(balc) 100.0 4.09 5.49 22.8 0.62 55.6 100.0100.0100.0100.0100.0

PbConc 11.0 31.8 9.76 14.3 4.46 428 88.1 21.0 6.5 68.6 80.1

9 18.75 ZnConc 13.4 1.97 28.7 18.7 0.55 43.4 6.7 75.5 10.4 10.3 9.9

Zn Tail 75.6 0.27 0.23 26.5 0.2 7.7 5.2 3.4 83.1 21.1 9.9

Head(calc) 100.0 3.96 5.10 24.1 0.72 58.7 100.0100.0100.0100.0100.0

PbConc 11.0 33.2 10.2 15.3 4.23 434 90.0 22.1 6.9 65.1 82.7

10 25 ZnConc 13.6 1.54 27.6 18.8 0.45 36.5 5.2 74.4 10.5 8.6 8.6

-

'

Zn Tail 75.4 0.26 0.23 26.6 0.25 6.70 4.8 3.5 82.6 26.3 8.7

Head(calc) 100.0 4.05 5.05 24.3 0.72 57.8 100.0100.0100.0100.0100.0

PbConc 11.5 29.7 8.72 12.9 4.12 390 86.1 20.2 6.2 72.6 79.4

8 2O ZnConc 13.9 2.45 27.2 18.9 0.37 49.8 8.6 76.3 11.0 7.8 12.3

Zn Tail 74.6 0.28 0.23 26.4 0.17 6.30 5.3 3.5 82.8 19.5 8.3

Head(calc) 100.0 3.95 4.95 23.8 0.65 56.4 100.0100.0100.0100.0100.0
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The higher level of collector gave slightly better lead recovery but the selectivity

between lead and zinc minerals deteriorated. The precious metal recoveries improved

with the higher additions of collecto’r.

44-IIEEEIEII'IS IE 1'"

The effect of different high speed conditioning times was investigated in Tests 11,

12 and 13. These results are compared with the results of the standard test in Table No.

34. The results obtained indicated that high speed conditioning reduces lead recovery

significantly.

TABLE N . 4 :
' ' ' ' '

-

Test HSCor‘d Product Wght
‘

Assays,%,g/t . % Distribution

No. min % Pb Zn Fe Au Ag Pb Zn Fe Au A;
PbConc 9.2 38.3 9.73 12.1 4.12 200 86.1 16.3 4.9 60.8 33.1

2 0 ZnConc 13.4 2.15 32.7 16.6 0.73 224 7.1 79.9 9.8 15.6 54.0

Zn Tail 77.4 0.36 0.27 25.1 0.19 9.30 6.8 3.8 85.3 23.6 12.9

Head(calc) 100.0 4.09 5.49 22.8 0.62 55.6 100.0100.0100.0100.0100.0

PbConc 9.8 34.9 9.63 13.5 5.56 424 81.7 17.9 5.4 75.0 75.3

11 10 ZnConc 15.5 3.34 26.7 19.8 0.40 61.8 12.4 78.8 12.5 8.5 17.5

Zn Tail 74.7 0.33 0.23 26.9 0.16 5.3 5.9 3.3 82.1 16.5 7.2

Head(calc) 100.0 4.17 5.26 24.5 0.72 55.0 100.0100.0100.0100.0100.0

PbConc .8.3 37.0 8.56 12.4 5.54 500 74.7 13.7 4.2 66.3 69.7

12 20 ZnConc, 16.0 4.94 26.9 17.6 0.56 80.9 19.2 83.1 11.6 12.9 21.7

Zn Tail 75.7 0.33 0.22 27.1 0.19 6.70 6.1 3.2 84.2 20.8 8.6

Head(calc)100.0 4.11 5.18 24.4 0.69 59.5 100.0100.0100.0100.0100.0

PbConc 7.7 40.6 8.79 11.2 5.88 552 74.7 12.7 3.5 76.0 70.9

13 30 ZnConc 15.6 4.83 28.3 18.5 0.27 70.0 18.1 83.4 11.9 7.1 18.4

Zn Tail 76.7 0.39 0.27 26.8 0.13 8.30 7.2 3.9 84.6 16.9 10.7

Headtcalc) 100.0 4.16 5.30 24.3 0.59 59.6 100.0100.0100.0100.0100.0

4 4 . L
_ '> |
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Initially, a series of eight tests were performed in which the regrinding time,

type of regrinding mill and cleaning conditions were examined. The conditions and

results from these tests are shown in Table No. 35.
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a) Conditions

Primary Grind Concentrate Regrind HSCond

Test Mill Time % Passing Mill Time % Passing after regr

No. Type min 28 um Type min 28 um min.

14 Ball 40 768.6 - - 29.5 -

15 Ball 4 0 68.6 Pebble 5 37.1 -

16 Ball 40 68.6 Pebble 10 - -

17 Ball 40 68.6 Pebble 20 50.6 -

18 Ball 40 68.6 Pebble 20 50.6 20

22 Ball 50 75.3 Flod 10 - -

23 de 70 71.2 Rod 10 - -

24" Rod 60 61.1 Flod 10 - -

'802 to pH 7.5 in cleaning

b) Results

Test Product Wght Assays,% It % Distribution .

No. % Pb Zn Fe Au Pg Pb Zn Fe Au Ag

PbClConc 4.9 48.2 14.2 7.26 6.07 607 58.0 12.9 1.5 38.7 53.0

14 PbRoConc 10.7 33.3 10.1 14.8 4.25 412 87.3 19.9 6.7 59.2 78.5

Pb Flo Tail 89.3 0.58 4.83 24.8 0.35 13.5 12.7 80.1 93.3 40.8 21.5

Head(calc)- 100.0 4.06 5.39 23.7 0.77 56.0 100.0100.0100.0100.0100.0

PbClConc 3.8 53.9 10.8 5.94 6.57 689 52.5 8.0 0.9 41.3 46.7

15 PbRoConc 10.6 31.5 9.88 15.3 4.19 400 86.8 20.7 6.7 74.6 76.8

Pb Ro Tail 89.4 0.57 4.50 25.5 0.17 14.4 13.2 79.3 93.3 25.4 23.2

Head(calc) 100.0 3.86 5.07 24.4 0.60 55.5 10.0.0100.0100;0100.0100.0

PbClConc 3.0 57.8 8.66 5.47 10.2 787 44.2 4.9 0.6 38.9 42.1

16 PbRoConc 8.7 35.4 9.23 14.1 4.92 461 78.7 15.1 4.9 54.5 71.6

Pb R0 Tail 91.3 0.91 4.95 26.2 0.39 17.4 21.3 84.9 95.1 45.5 28.4

Head(calc) 100.0 3.90 5.32 25.1 0.78 55.9 100.0100.0100.0100.0100.0

. PbClConc 3.3 59.4 8.16 5.71 11.3 781 50.3 5.1 0.8 52.0 47.5

17 PbRoConc 9.8 33.6 10.2 15.1 5.22 423 85.3 19.3 6.0 72.2 77.3

Pb Ro Tail 90.2 0.63 4.66 25.7 0.22 13.6 14.7 80.7 94.0 27.8 22.7

Head(calc) 100.0 3.87 5.20 24.7 0.71 53.9 100.0100.0100.0100.0100.0

PbClConc 2.7 62.4 7.91 4.42 13.7 820 43.0 4.1 0.5 59.4 41.1

18 PbRoConc 9.7 34.0 9.82 14.7 4.53 421 83.3 18.0 5.7 69.8 75.1

Pb R0 Tail 90.3 0.73 4.81 26.1 0.21 15.0 16.7 82.0 94.3 30.2 24.9

Head(calc) 100.0 3.95 5.29 25.0 0.63 54.3 100.'0100.0100.0100.0100.0

PbClConc 2.6 67.7 3.95 3.60 12.1 952 49.1 1.9 0.4 51.2 67.6

22 PbRoConc 6.8 38.5 7.69 13.4 5.91 521 71.6 9.7 3.7 64.2 95.0

Pb Ro Tail 93.2 1.11 5.22 25.1 0.24 2.0 28.4 90.3 96.3 35.8 5.0

Head(calc) 100.0 3.65 5.39 24.3 0.62 37.2 100.0100.0100.0100.0100.0

PbClConc 5.2 58.5 7.29 6.39 9.25 737 78.5 7.5 1.3 70.0 67.4

23 PbRoConc 11.1, 32.1 9.49 17.1 4.69 408 91.6 20.8 7.7 75.5 79.4

Pb Ro Tail 88.9 0.37 4.51 25.8 0.19 13.2 8.4 79.2 92.3 24.5 20.6

Head(calc) 100.0 3.89 5.06 24.8 0.69 57.1 100.0100.0100-.0100.0100.0

PbClConc 3.5 63.6 6.03 4.44 12.6 855 57.6 4.1 0.6 60.7 52.8

24 PbRoConc 10.7 32.0 9.98 16.9 4.78 423 89.9 21.2 7.3 71.4 80.8

Pb F10 Tail 89.3 0. 3 4.45 25.7 0.23 12.0 10.1 78.8 92.7 28.6 19.2

.. ._ .. ._---_. _-. A... n-In PEA 4nnn4nnn4nnn1nnn1nnn
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From the results obtained the following observations can be made:

1 . Regardless of the fineness of regrind, the lead during cleaning floated

slowly resulting in low lead recovery in the cleaner concentrate. It was observed that

'the flotability of the lead changed significantly from roughing to cleaning.

2. With increasing fineness of regrind, the lead concentrate grade improved

but without significant changes in recovery.

'

3. The type of regrinding mill (Tests 18 and 22) had no significant effect on

lead flotation performance in the cleaning.

4. High collector additions to the cleaner (Test 23) significantly improved

lead cleaner recovery.

5. The addition of $02 to the lead cleaners (Test 24) was not effective.

llEEElIIlI IIQ i! IIE'I IEI'

Comparative tests were carried out with different levels of cyanide added to the

regrind and cleaning stages. The results of these tests are shown in Table No. 36.

The results obtained showed that the use of high cyanide additions to the regrind

and the cleaners resulted in a dramatic improvement in the lead cleaner recovery. It

appeared that the level of cyanide additions to the cleaners was more critical than the

level of cyanide additions to the primary grind.

TABLE N . : Eff f L v I f nid in th R rin - om i

Test NaCN Product Wt Assays % % Distribution

No. Cleaners’
'

°/o Pb Zn Pb Zn

30 60 Pb Cleaner Concentrate

'

2.73 61.4 8.01. 43.7 4.4

Pb Rougher Concentrate 14.10 25.4 11.9 93.3 33.6

Pb Flotation Tailing 85.90 0.30 3.89 6.7 66.4

Head (Calc) 100.00 3.84 5.03 100.0 100.0

31
_

150 Pb Cleaner Concentrate
~ 4.02 66.3 4.44 69.4 3.5

Pb Rougher Concentrate 13.95 25.4 9.36 92.2 25.6

Pb Flotation Tailing 86.05 0.35 4.40 7.8 74.4

Head (Calc) 100.00 3.84 5.09 100.0 100.0
’

‘NaCN Cleaners g/t
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A series of three tests was performed in which different types of collectors were used.

The purpose of these tests was to find an effective lead collector that would maintain a high rate of

lead flotation in the cleaners. Collector A317/3418A mixture and collector CD3 were included in

these tests. The conditions and results for these tests are summarized in Table No. 37.

TABLEN.7:Eff fT f II r- m I

Test Collector Product Wt Assays % % Distribution

No. Type ,

% Pb Zn Pb Zn

31 A343 Pb Cleaner Concentrate 4.02 66.3 4.44 69 4 3.5

Pb Rougher Concentrate 13.95 25.4 9.36 92 2 25.6

Pb Rougher Tailing 86.05 0.35 4.40 7 8 74.4

Head (Calc) 100.00 3.84 5.09 100.0 100.0

32 A317/3418A Pb Cleaner Concentrate 4.81 69.0 4.93 83 1 4.8

1:1 ratio Pb Rougher Concentrate 13.40 27.9 9.74 93 5 26.1

Pb Rougher Tailing 86.60 0.30 4.27 6 5 73.9

Head (Calc) 100.00 4.00 5.00 100.0 100.0

33 CD3‘ Pb Cleaner Concentrate 5.20 64.0 5.99 82.4 6.1

Pb Rougher Concentrate 15.57 24.5 9.37 94.8 28.4

Pb Rougher Tailing 84.43 0.25 4.35 5.2 71.6

Head (Calc) 100.00 4.03 5.13 100.0 . 100.0

‘cleaners

From the results obtained, the following observations can be made:

1. Collector A317/3418A mixture gave an excellent rate of lead flotation in the

cleaners. As compared to the results obtained with collector A343, the lead cleaner recovery was

about 14 % higher when using the collector mixture. The lead concentrate grade was also higher.

2. Collector CD3 also gave higher lead cleaner recovery, but because of the

complex preparation procedure, no further work was performed with this collector.

Collector A317/3418A mixture is considered as a standard lead collector for treatment of

Vangorda Ore.

I
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Tests were performed using both rod mill and ball mill primary grind to determine the effect

of grinding media on the lead cleaning. These results are compared in Table No. 38.

Test Grinding Product Wt Assays °/o %_Distribution

No. Media % Pb
'

Zn Pb Zn

32 Rod Mill Pb Cleaner Concentrate 4.81 69.0 4.93 83 1 4.8

Pb Rougher Concentrate 13.40 27.9 9.74 93 5 26.1

Pb Rougher Tailing 86.60 0.30 4.27 6.5 73.9

Head (Calc) 100.00 4.10 5.15 100.0 100.0

37 Ball Mill Pb Cleaner Concentrate 5.35 60.8 6.92 79.3 7.2

Pb Rougher Concentrate 9.12 40.48 8.45 90.0 15.0

Pb Rougher Tailing
'

90.88 0.45 4.82 10.0 85.0

Head (Calc)
'

100.00 4.10 5.15 100.0 100.0

As shown with the lead roughing tests (Table 39) the rod mill grinding media

gave superior results compared to that obtained using the ball mill grinding media

(Table 37).

In subsequent testwork, ball mill primary grinding wasretained in order to

maintain a grinding product size distribution similar to that of the plant. Note that the

rod mill grind gave a product containing less slimes than the ball mill grind.

4.4.2.5. Effect 91 anrse Erimary grind

At the request of Mr. Bill Schedding of Curragh Resources, comparative lead and

zinc flotation tests were carried out at grinding times of 40 min/2000 g and 20

min/2000 g, respectively. These results are shown in Table No. 39.
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TABLE _N9. 30 -, Eflggt g: angsg Erimam gang Eingngss Qn Eb—Zn' nganing Etticiencx

W

I E !'|'

Primary Grind Reagent Additions, g/t

Test .
,

No. Time % Passing K80 'Pb Circuit Zn Circuit

min. 270M 28 um um Depressants Collector Depressants Collector
,

40 40 93.3 68.6 36.0 Na2c03=2ooo A317/ Ca(OH)2=2250 A350=45

NaCN=320 3418A=44 CuSO4=800

Nazsi03=250

73 , 20 88.5 59.6 42.0 Na2003=2000 A317/ Ca(OH)2=2250 A350=45

NaCN=320 3418A=44 CuSO4=800

Na28i03=250

b) Results

Test Product Weight Assavs, % % Distribution

No. % Pb Zn Pb Zn

40 Pb 4th Cleaner Concentrate 4.38 65.9 7.34
'

71.3 6.1

Pb tst Cleaner Concentrate 7.00 51 .2 8.24 88.6 10.9

Zn 4th Cleaner Concenrate 7.10 1.27 56.0 2.2 75.4

Zn Rougher Concentrate 17.09 1.30 26.2 5.5 84.8

Zn Rougher Tailing 75.63 0.30 0.24 5.6. 3.4

Head (Calc) 100.00 4.04 5.27 100.0 100.0

73 Pb 4th Cleaner Concentrate 5.64 57.0 10.0 81.3 10.9

Pb 1st Cleaner Concentrate 7.83 44.7 10.1 88.6 15.3

Zn 4th Cleaner Concentrate 7.57 1.62 50.1 3.1 73.3

Zn Rougher Concentrate 18.65 1.28 22.1 6.0 79.6

. Zn Rougher Tailing 73.02 0.27 0.26 5.0
. 3.7

Head (Calc) 100.00 3.95 5.17 100.0 100.0
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Reducing the primary grind from 40 minutes to 20 minutes did not change the

size distribution of the ground product significantly, but the lead and zinc metallurgical

results were affected in the following ways.

a) Lead cleaner concentrate grade was reduced by 9 %.

b) Significantly more zinc reported to the lead cleaner concentrate.

c) Zinc concentrate grade was significantly reduced.

Note that the overall lead and zinc recoveries with the coarser grind were not

effected.

| | E i 2' El
.

I

A series of four zinc cleaning tests was performed to determine the zinc cleaning

performance. In all tests, the lead tst cleaner tail was combined with the lead scavenger

tail for zinc flotation and cleaning. The results of these tests are summarized in Table

No. 40.

In most of the tests good zinc cleaner concentrate grade at satisfactory recovery

was obtained.
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TABLE 4 : Zin I nin T ‘- i

Test Product Weight Assays, % % Distribution

No. % Pb Zn Pb Zn

.

35 Pb 1st Cleaner Concentrate 8.41 43.25 7.92 89.6 12.4

Zn Cleaner Concentrate 7.42 0.87 57.8 1 .6 79.6

Zn Rougher Concentrate 13.87 1.09 32.47 3.7 83.6

Zn Rougher Tailing 77.72 0.35 0.28 6.7 4.0

Head (Calc) . 100.00 4.06 5.39 100.0 100.0

36 Pb 1st Cleaner Concentrate 9.94 35.81 8.21 89.1 16.0

Zn Cleaner Concentrate 7.01 0.92 56.2 1 .6 77.4

Zn Rougher Concentrate 13.12 1.14 31.27 3.7 80.5

Zn Rougher Tailing 76.94 0.37 0.23 7.1 3.5

Head (Calc)

:

100.00 3.99 5.09 100.0 100.0

37 Pb 1st Cleaner Concentrate 9.12 40.48 8.45 90.0 15.0
‘

Zn Cleaner Concentrate 7.23 1.78 55.6 3.1 78.1

Zn Rougher Concentrate 14.03 1.40 29.89 4.8 81.5

Zn Rougher Tailing 76.84 0.28 0.24 5.2 3.6
’

Head (Calc) 100.00 4.10 5.15 100.0 100.0

40 Pb 1st Cleaner Concentrate 7.27 49.41 8.53 88.9 11.8

Zn Cleaner Concenrate 7.10 1.25 57.0 2.2 75.4

Zn Rougher Concentrate 17.09 1.30 26.16 5.5 84.8

Zn Rougher Tailing 75.63 0.30 0.24 5.6 3.4

Head (Calc) 100.00 4.04 5.27 100.0 100.0

4,5. Elgtalign IQSMQEK Qn ngms'ng 4

test were performed on this composite.

This composite is a low-grade ore with relatively low pyrite content but high in

carbon and carbonaceous gangue. A total of 10 laboratory batch tests and a locked cycle
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Initially, three tests were performed on Composite 4 to examine the effect of

primary grind on lead and zinc rougher and scavenger flotation. The conditions and

results for these tests are summarized in Table No. 41.

The results obtained showed that with an increase in the fineness of primary

grind from 78 % <270 mesh to 85 % <270 mesh, the lead recovery improved from 78

% to 85 %, respectively. The zinc recovery, however, was not effected by changes in

the fineness of primary grind.

TABLE N9. 41 : ngg and Zing Rggghing T§§1 Rg§ul1§ - QQmQO§i1§ 4

Test Grinding Product Weight Assays °/o, g/t % Distribution

No. Time %Pass % Pb Zn Au Ag Pb Zn Au Ag
min 270M _

57 30 78.0 Pb Ro+Scav Gone 1 1.65 14.69 5.86 1.26 198.23 77.9 17.4 42.0 68.6

Zn Ro+Scav Conc 18.43 1.19 16.70 0.57 33.04 100 78.6 30.0 18.1

Zn Scav Tailing 69.92 0.38 0.22 0.14 6.4 12.1 3.9 28.0 13.3

Head (Cale) 100.00 2.20 3.92 0.35 33.7 100.0 100.0 100.0 100.0

58 40 84.9 Pb Ro+Scav Conc 14.94 12.61 5.78 1.34 168.7 84.6 22.0 52.5 76.7

Zn Ro+Scav Conc 16.58 0.62 17.52 0.51 27.13 4.6 74.0 22.3 13.7

Zn Scav Tailing 68.47 0.35 0.23 0.14 4.6 10.8 4.0 25.2 9.6

Head (Cale) 100.00 2.23

‘

3.93 0.38 32.9 100.0 100.0 100.0 100.0

59 50

'

91.2 Pb Ro+Scav Conc 13.74 14.0 5.79 1.32 162.3 85.0 19.8 - 77.2

Zn Ro+Scav Conc 17.54 0.81 12.77 0.54 25.8 6.2 77.1 - 15.7

Zn Scav Tailing 68.71 0.29 0.18 - 3.0 8.8 3.1 - 7.1

Head (Cale) 100.00 2.27 4.02 - 28.9 100.0 10.0 - 100.0

Note that both lead and zinc rougher concentrate grades were much lower than

those obtained on Composite 3.
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Two preliminary tests were performed on this composite to examine the effect of

fineness of regrind on lead and zinc cleaning. These results are summarized in Table No.

42.

The results obtained showed that increasing the fineness of the lead regrind had

no effect on lead concentrate grade.

TABLE N . 42 : in -

I Q l'
.

Test Regrind
'

Reagent Additions, g/t pH
No.

Pb circuit Zn circuit Pb Circuit Zn Circuit Pb Zn

Time Min. Time Min. Depressants Collectors Depressants Collectors circuit circuit

Na2003 = 2000 A317/3418A Ca(OI-l)2 a 5000 A350 . 50 1 0.0 12.5

65 20 20 NaCN = 395 =50.5 Cuso4 = 800
-

NaZSi03 a 250

Nazpos = 2000 A317/3413A Ca(OH)2 = 5000 A350 1 0.1 1 2.5

66 30 30 NaCN - 395 = 50.5 Cuso4 = 800 =

Na28i03 = 250

b.)__Re_sul.t§

Test Product Weight Assays, mg/L, g/t % Distribution

No. % Pb Zn Pb Zn

Pb 4th Cleaner conc 2.52 42.7 5.52 51.0 3.6

65 Pb 1stCieaner conc. 5.11 32.7 5.60 79.2 7.5

Zn 4th Cleaner conc. 5.26 0.54 54.1 1.3 74.6

Zn rougher conc 12.20 1.13 27.3 6.5 87.3

Zn roughertail
.

82.26 0.35 0.20 13.6 4.3

Head (Calc.) 100.00 2.11 3.81 100.0 100.0

Pb 4th Cleaner conc. 2.37 40.9 4.76 46.2 3.0

66 Pb 1st Cleanerconc. 4.94 34.0 5.3 80.1 6.9

Zn 4th Cleaner conc. 5.18 0.58 54.4 1.4 74.4

Zn rougher conc. 14.17 1.08 23.7 7.3 88.7

Zn roughertail 80.57 0.32 0.18 12.3 3.8

Head (Cato) 100.00 2.10 . 3.79 100.0 100.0
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Discussion - Continued

_In general, the problem in these tests was to obtain a satisfactory grade of lead

concentrate. In both teststhe lead concentrate was contaminated with carbonaceous

gangue. The zinc metallurgical results on this ore were satisfactory.

| 5 2 2 E I
.

E Q
.

E | E E
.

|

In a search for improvements in the lead concentrate grade, a number of tests

were conducted with organic depressants L88 and D820. The results of these tests are

compared to the results obtained with cyanide addition in Table No. 43.

1. Depressant L88 at reduced additions (Test 78) gave significantly

improved lead concentrate grade over that obtained with cyanide. Higher L88 additions

produced a high lead concentrate but at reduced recovery.

2. Depressant 0820 gave similar results to depressant L88.

Note that the two depressants are specifically developed for depression of

marcasite and carbonaceous gangue.
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TABLEN .4
'

'

-

'

_'_§_QUJD_$

Test Depressants .
Product Wt Assays % % Distribution

No. Pb Ro Pb Cl %
'

Pb Zn Pb Zn

Type g/t Type g/t

66 NaCN 200 NaCN 195 Pb 4th Cl Conc 2.37 40.9 4.76 46.2 3.0

Pb tst ClConc 4.94 34.0-
.

5.30 80.1 6.9

Zn 4th Cl Cbnc 5.18 0.58 54.4 0.5 74.4

Zn Ro Conc 14.17 1.08 23.7 7.3 87.7

Zn Ro Tail 80.57 0.32 0.18
‘

12.3 3.8

Head (Calc) 100.00 2.10 3.79 100.0 100.0

75 L88 300 L88 195 Pb 4th Cl Conc 0.58 73.3 2.68 21.4 0.4

Pb tst Cl Conc 4.63 32.9 6.27 77.1 7.4

Pb Ro Conc 12.07 13.7 6.12 83.5 18.9

Pb Ro Tail 87.93 0.37 3.60 16.5 81.1

Head (Calc) 100.00 1.98 3.90 100.0 100.0

77 0820 200 D8201 195 Pb 4th Cl Conc 1.71 57.4 4.74 47.3 2.1

Pb 1st Cl Conc 6.22 26.9 6.36 80.5 10.3

Pb Ro Conc 15.23 11.6 5.85 84.9 23.2

Pb Flo Tail
.

84.77 0.37 3.49 15.1 76.8

Head (Calc) 100.00 2.08 3.85 100.0 100.0

78 L88 150 L88 97.5 Pb 4th Cl Conc 2.83 53.8 5.49 71.4 4.1

Pb tst Cl Conc 5.63 30.7 6.39 81.0 9.4

Pb Ro Conc 13.07 13.9 6.10 85.3 20.8

Pb Ro Tail 86.93 0.36 3.49 14.7 79.2

Head (Calc) 100.00 2.14 3.83 100.0 100.0
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Only standard batch tests were performed on Composite 5 and the Master composite.

Composite 5 is a low grade ore (i.e. below cut-off grade) and may only be considered as dilution

material. The Master composite represents ore that would be treated in the plant towards the end

of the year 1989. The results obtained on Composite 5 are shown in Table No. 44 and on the

'

Master Composite in Table No. 45.

TABLE N . 44
'

' '

C l'
.

Test Product Weight Assays, %.g/t % Distribution

No. % Pb Zn Pb Zn

82 Pb 4th Cleaner Concentrate 0.96 54.0 1.50 78.2 1.6

Pb 1st Cleaner Concentrate 2.06 28.3 1.88 88.3 4.2

Zn Rougher Concentrate 9.86 0.24 7.21 3.6 77.7

Zn Rougher Tailing 87.60 0.054 0.18 7.2 17.2

Head (Calc) 100.00 0.66 0.91 100.0 100.0

TABLE N . 4 : Pr limin Cl nin T s on Master rn ie Uin Standr Fl in

942mm

Test Product Weight Assays, %,g/t % Distribution

No. % Pb Zn Pb Zn

81 Pb 4th Cleaner Concentrate 5.49 58.0 9.46 81.7 1 1 .6

Pb tst Cleaner Concentrate 8.28 42.2 9.60 89.6 17.6

Zn 4th Cleaner Concentrate 4.96 1.34 52.8 1.7 58.4

Zn Rougher Concentrate 17.33 0.90 19.4 4.0 75.0

Zn Rougher Tailing 73.83 0.32 0.36 6.1 5.9

Head (Calc) 100.00 3.90 4.49 100.0 100.0

Composite 5 gave good lead metallurgical results in spite of the low head grade.

Only a zinc rougher concentrate was floated from this composite.

The flbtaiton response of the Master Composite was similar to that of Composite



5'0

Eleven 200 liter drums of drill core samples were received at Laketield on March 16, 1988.

The ore was identified as Vangorda ore from the 1987 drilling program.
On the instruction of Mr. B Schedding ot Curragh Resources, composite samples were

prepared from the drill core intervals.

Initially, Composite 3 was prepared by combining 240 intervals. The composite was

crushed to 10 mesh and test charges were prepared. Other composites were prepared in the

same manner. The number of intervals per composite were as follows:

Composite 1A 48 intervals

Composite 1B 12 intervals

Composite 2 50 intervals

Composite 4 25 intervals

All core samples and cmshed composites were stored in the freezer.
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APPENDIX N9. 1
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Tg§1 N9. 1

Purpose:
‘

The first in a series of tests to determine the effect of fineness of primary grind on

Pb and Zn flotation.

Procedure: As shown below.

Feed:
'

2000 g of minus 10 mesh Composite 3.

Grind: 30 minutes at 65% solids in a lab ball mill

Conditions:

Stage Reagents Added, grams per tonne Time, minutes pH

Na2003 NaCN A343 MIBC Ca(OH)2 CuSO4 A350 Grind Cond. Froth

Grind 2500 150 - - - - - 30 - - 10.2

Pb Rougher
- - 5 1O - -

,-
- 1 4 -

Pb Scavenger
- - 5 10 - - -

- 1 3

- - 2.5 5 - - - - 1 3 -

OF

101 2

Zn Conditioning 1 - - -
.

- 1250 - -
- 5 - 11.5

Zn Conditioning 2 - - - - ~ 800 - - 5 - 11.5

Zn Rougher
- - - 10 - - 20 '- 2 4 -

Zn Scavenger
- - - 10 - - 10 - 1 3 -

WW

Particle Size % Retained % Passing
Individual Cumulative Cumulative

+ 200 mesh 3.7 3.7 96.3

270 mesh 7.8 11.5 88.5

27.7 um 28.9 40.4 59.6

21.5 12.3 52.7 47.3

15.0 13.8 66.5 33.5

10.3 9.6 76.1 23.9

8.0 4.9 81 .0 19.0

- 8.0 19.0 100.0
-

Total 100.0 -
—



M salaidl urgiczal 8:21] anI: a

Test ND. 1

0 US

Cl. fl-OZIr‘IIZZ.

aca'vi 'IIIFII: .

. 0. 0m.

. n ‘EW. (INC.

Cw.

Combined Products

U1 '1 27.22.1315 180.51 35.?" ._.

13E! 55.33233 31294? T":
“FTrWinductra 1+5: gin 31.323 10.33

F'r‘IJdIACtEi 3+4 15.53 1 .92 236.07" -_,-

_.

5.1

9::

1‘) “HI-t“ fuC'2'?

h.“

13:2

l'_|_'l

C‘

D

Pm; e 1

CS



54

Tg§1 N9. 2

Purpose: Repeat the conditions of Test 1, but increase the Primary grinding time to 40

minutes.

Procedure: As shown below.
'

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Stage .
Reagents Added, grams per tonne Time, minutes

Na2003 NaCN A343 MIBC Ca(OH)2 CuSO4 A350 Grind Cond. Froth

Grind 2000 150 - ~ - - - - 40 - -

Pb Rougher - - 5 10 - - - - 1 4

Pb Scavenger
- - 5 10 - - - - 1 3

- - 2.5 5 - - - - 1 3

OF

1 0 1 2

Zn Conditioning 1 - - - - 1250 - - - 5 -

Zn Conditioning 2 - - — - - 800 - - 5 -

Zn Rougher - - - 10 - - 20 - 2 4

Zn Scavenger -- - - 10 - - 10 -

_1 3

WWW

Particle Size
.

’

% Retained
. % Passing

'

Individual Cumulative Cumulative

+ 270 mesh 6.7 6.7 93.3

27.8 um 24.7 31.4 68.6

21.6 13.3 44.7 55.3

15.1 15.7 60.4 39.6

10.4 11.3 71.7 28.3

8.0 6.1 77.8 22.2

- 8 . 0 22.2 1 00.0 -

Total 1 00.0 -

_

-

S.G. 4.32



Melollurgical Balance

Test No. 2

Product Weigbt A3:oy,%,gl‘t
‘

35 Distribution
.

a x Pb . Zn Fe Au An Pb Zn Fe . Au

1. Pb Flo.Conc. . 9?.4 4.88 48.2 6.21 8.30 3.29 58. 5?.5 5.5 1.8 25.8

2. PD Scav.Conc. 86.3 4.32 2?.1 13.?0 16.4 5.05 361.0 28.6 10.8 3.1 35.0

3.Zn Ro.Conc. 18?.? 9.40 1.56 44.3 10.? 0.25 51.5 3.6 ?5.9 4.4 3.8

4.Zn Scav.Conc. 80.0 4.01 3.54 5.38 30.6 1.84 628. 3.5 3.9 5.4 11.8

5.Zn Scav.Tail. 1544.5 ??.38 0.360 0.2? 25.1 0.19 9.30 6.8 3.8 85.3 23.6

Head Cale. 1995.9 100.00 4.09 5.49 22?? , 0.62 55.63 100.0 100.0 100.0 100.0

Combined Products

Products 1+2 9.20 38.29 9.?3 12.1 4.12 200.13 86.1 16.3 4.9 60.8 33.1

Products 3+4 13.41 2.15 32.6? 16.6 .?3 223.?8 ?.1 ?9.9 9.8 15.6 54.0

Page 1

SS
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Test N9. 3

Purpose: Repeat the conditions of Test 1, but increase the Primary grinding time to 50

minutes.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 50 minutes at 65% solids in a lab ball mill

. Conditions:

Stage Reagents Added, grams per tonne Time, minutes pH

Nazooa NaCN A343 MIBC Ca(0H)2 CuSO4 A350 Grind Cond. Froth

Grind 2000 150 - - - - - 50 - - 9.7

Pb Rougher - - 5 10 - - - - 1 4 -

Pb Scavenger
- 5 1O - - - - 1 3 -

- - 2.5 s - - - 1 3 -

DF

1012

Zn Conditioning 1 - - - - 1250 - - - 5 - 11.7

Zn Conditioning 2 - - - - - 800 - - 5 -- -

Zn Rougher
- - - 10 - - 20 - 2 4 -

Zn Scavenger - - - 10 - - 10 - 1 3 -

i in

Particle Size % Retained % Passing
Individual Cumulative Cumulative

+ 270 mesh 4.3 4.3 95.7

400 8.8 13.1 86.9

27.8 um 11.6 24.7 75.3

21.6 12.3 37.0 63.0

15.1 16.9 53.9 46.1

10.4 12.8 66.7 33.3

8.0 7.0 73.7 26.3

- 8.0 26.3 100.0 -

Total 100.0 - -



Metallurgical Balance

Test No- 3 .

act

o.Conc.

. one.

0. one.

Scav. onc.

ea C810. . 100.00 4.1

Combined Products

6?.1 75.0

5.8 12.1
Products 1+2 9.27 3?.78 9.08 12.2 5.58 498.86 85.0 15.3

Products 3+4 12.99 2.55 34.05 15.5 .33 5?.53 8.0 80.6 no.3:- 60:9

LS

Page 1



Tgs1 N9, 4

Purpose:

58

Repeat the conditions of Test 1, but increase the Primary grinding time to 60

minutes.

Procedure: As indicated below - increased collector to the Pb scavenger.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 60 minutes at 65% solids in a lab ball mill

Conditions:

Stage Reagents Added, grams per tonne Time, minutes pH

Na2003 NaCN A343 MIBC Ca(OH)2 CuSO4 A350 Grind Cond. Froth

Grind 2000 150 - - - - - 60 - - 9.7

Pb Rougher
- - 5 15 - - - - 1 4 -

Pb Scavenger
- - 5 10 - - -

- 1 3 -

- - 5 1o - - - - 1 3 -

DF

1 0 1 2

Zn Conditioning 1 - - - -. 1250 - -
- 5 - 1 1.7

‘

Zn Conditioning 2 - -
- — - 800 *- - 5 - -

Zn Rougher
- - - 10 - - 20 - 2 4

Zn Scavenger
- - - 10 - - 10 - 1 3 -

WW

Particle Size % Retained % Passing
Individual Cumulative Cumulative

+ 270 mesh 2.4 2.4 97.6

400 6.3 8.7 91.3

27.8 um 10.9 19.6 80.4

21.6 12.3 31.9 68.1

15.1 17.7 49.6 50.4

10.4 14.0 63.6 36.4

8.0
'

7.9 71.5 28.5

- 8.0 28.5 100.0
-

Total 100.0
-

-

S.G. 4.32



Metallurgical Balance

Test No. 4

Product View Assay,%, t :6 Distribution

0 as PI) Zn Fe Au Ag PI! Zn Fe Au Ag

1. PbFlo.Conc. 117 5.85 47.9 6.23 9.14 5.09 638. 69.0 6.6 2.3 49.5 62.8

2. Pb Scav.Conc. 69.9 3.49 22.1 12.5 17.7 3.75 290. 19.0 7.9 2.7 21.8 17.1

3.Zn Ro.Conc. 180.3 9.01 1.38 47.8 9.52 0.20 43.3 3.1 77.7 3.8 3.0
‘

6.6

4.2n Scav.Conc. 84.9 4.24 3.18 5.53 29.3 0.53 56.5 3.3 4.2 5.4 3.7 4.0

5.Zn Scav.Tail. 1548.4 77.40 0.290 0.26 25.3 0.17 7.30 5.5 3.6 85.7 21.9 9.5

Head Cale. 2000.5 100.00 4.06 5.55 22.84 0.60 59.40 100.0 100.0 100.0 100.0 100.0

Combined Products

Products 1+2 9.34 38.25 8.57 12.3 4.59 507.85 88.1 14.4 5.0 71.4 79.9

Products 3+4 13.26 1.96 34.27 15.9 .31 47.53 6.4 81.9 9.2 6.7 10.6

Page 1
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S.G. 4.32

19.51—ij

Purpose: Repeat the conditions of Test 1, but increase the Primary grinding time to 70

minutes in the rod mill.

Procedure: As indicated below .

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 70 minutes at 65% solids in a lab rod mill

- Conditions:

Stage Reagents Added, grams per tonne Time, minutes pH

N32003 NaCN A343 MIBC Ca(OH)2 CuSO4 A350 Grind Cond. Froth

Grind 2000 150 - - - - - 70 - - 9.7

Pb Rougher - - 5 15 - - - - 1 4 -

Pb Scavenger - - 5 10 - - - - 1 3 -

-
- - 5 10 - — - - 1 3 -

DF

1 0 1 2

Zn Conditioning 1 - - - - 1250 - - - 5 - 11.7

Zn Conditioning 2 - - - - - 800 - - 5 - -

Zn Rougher - - - 10 - - 20 - 2 4 -

Zn Scavenger - - - 10 - - 10 - 1 3 -

ln Pr

Particle Size % Retained % Passing
Individual Cumulative Cumulative

+ 270 mesh 0.7 0.7 99.3

400 8.0 8.7 91.3

27.8 um 20.1 28.8 71.2

21.6 16.3 45.1 54.9

15.1 17.8 62.9 37.1

10.4 11.5 74.4 25.6

8.0 5.7 80.1 19.9
-

8.0 19.9 100.0 -

Total 100.0
fl

- -
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Test N9. 5

Purpose: First of a series of tests to investigate various levels of NaCN i n the Primary grind.

Procedure: As for Test 2.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind:
'

40 minutes at 65% solids in a lab ball mill

Conditions:

Stage Reagents Added, grams per tonne
V

Time, minutes pH

Na2003 NaCN A343 MIBC Ca(OH)2 CuSO4 A350 Grind Cond. Froth

Grind 2000 50 - - - - - 4o - - 9.5

Pb Rougher - - 5 10 - - - - 1 4 -

Pb Scavenger - - 5 10 - - - - 1 3 -

- - 2.5 5 - - - - 1 3 -

DF

1 01 2

Zn Conditioning 1 - - - - 1250 - - - 5 - 11.7

Zn Conditioning 2 - - - - - 800 - - 5 - -

Zn Rougher - - - - 10 - - 20 - 2 4 -

Zn Scavenger - - - 1o - - 10 - 1 3 -



Test No. 8

Combined Products

Metallurgical Balanc e

Products 1+2 8.06 34.?1 182 159 4?6.?9 44
7

69.3

Pro d ucts 3+4 16.14 5.83 26.24 .41 6?.31 12.5

Page 1
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Tg§j N9. 7

Purpose: Repeat Test 6, but increase the NaCN to 100 g/t in the primary grind.

Procedure: As shown below.

‘

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Stage Reagents Added, grams per tonne Time, minutes pH

N32003 NaCN A343 MlBC Ca(OH)2 CuSO4 A350 Grind Cond. Froth

Grind 2000 100 - - - - - 40 - - 9.6

Pb Rougher
- - 5 10 - - - - 1 4

Pb Scavenger
- - 5 10 - - -

- 1 3 -

- - 2.5 5 - - -
- 1 3 -

DF

1 0 1 2

Zn Conditioning 1 - - - - 1250 - -
- 5 - 11.7

Zn Conditioning 2 - - - - - 800 -
- 5 - -

Zn Rougher
- - - 10 - - 20 - 2 4 -

Zn Scavenger
- - - 1o - - 1O - 1 3



Test No. 7

88.

Combined Products

Metallurgical Balanc e

Products 1+2 9.57 34.81 8.90 11.9 5.13 4?4.?9 35.0 16.9 5.0 .0 7?.0

Products 3+4 14.3? 2.14 28.06 17.2 .3? 50.98 7.9 80.0 10.8 .8 12.4

Page1
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Tgsj N9, §

Purpose: Repeat Test 6, but increase the NaCN to 200 9/1 in the primary grind.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Stage Reagents Added, grams per tonne Time, minutes pH

Na2003 NaCN A343 MIBC Ca(OH)2 CuSO4 A350 Grind Cond. Froth

Grind 2000 200 - - - - - 40 - - 9.7

Pb Rougher
- - 5 10 - - -

- 1 4 -

Pb Scavenger
- - 5 1o - - -

- 1 3 -

- - 2.5 s - - -
- 1 3 -

DF

1 0 1 2

Zn Conditioning 1 - - - - 1250 - -
- 5 - 11.7

Zn Conditioning 2 - - - - - 800 - - 5 - -

Zn Rougher
- - - 10 - - 20 - 2 4 -

Zn Scavenger
- - - 10 - - 10 - 1 3 -



Test No. 8

Combined Products .

M etaJIurgiceJ Balance

Products 1+2 11.45 23.65 8.?2 12.3 4.12 390.29 86.1 20.2 5.2 112.6 ?9.4

Products 3+4 13.90 2.45 27.18 18.9 .37 49.?8 3.6 26.3 11.0 18 12.3

'Pagel

[.9
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Test N9. 9

Purpose: Repeat the general conditions of Test 2, but increase the A343 in the Pb circuit

by 50 %.
'

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Stage Reagents Added, grams per tonne Time. minutes pH

Na2003 NaCN A343 MIBC Ca(OH)2 Cuso4 A350 Grind Cond. Froth

Grind 2000 150 - - - - - 4o - - 9.6

'

Pb Rougher - - 7.5 10 - - - - 2 4 -

Pb Scavenger - - 7.5 10 - - - - 1 3 -

-

- - 3:75 5 - - - - 1 3 -

DF

1012

Zn Conditioning 1 - - - - 1250 - - - 5 - 11.7

Zn Conditioning 2 - - - - - 800 - - 5 - -

Zn Rougher - ~ - 10 - - 20 - 2 4 -

Zn Scavenger - - - 1O - - 10 - 1 3 -



Metallurgical Balance
‘

.

'

Test No. 9

Combined Products

Products1+2 10.99 31.?5 9.?0 14.3 4.46 42?.68 68.2 21.0 0.5 53.5 80.1

Produ0133+4 13.43 1.9? 28.69 18.? .55 43.38 6.? 75.6 10.4 10.3 9.9

O‘
\O

P519631
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T N . 1

Purpose: Repeat the general conditions of Test 2, but increase the A343 in the Pb circuit

by 100 %.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Stage Reagents Added. grams per tonne Time, minutes pH

NaZCQ; NaCN A343 MlBC Ca(OH)2 CuSO4 A350 Grind Cond. Froth

Grind 2000 150 - - - - - 40 - - -

Pb Rougher - - 10 10 - - -

-

- 1 4 -

_

Pb Scavenger - - 10 10 - - - - 1 3 -

- - 5 5 - - - - 1 3 -

D F

1 0 1 2

Zn Conditioning 1 - - - - 1250 - - - 5 - -

Zn Conditioning 2 - - - - - 800 - - 5 - -

Zn Rougher - - - 10 - - 20 - 2 4 -

Zn Scavenger - - - 10 - - 10 - 1 3 -



Metallurgical Balance
.

'

TestNo. In

Combined Products

6.9 65.0 82.?

10.5 3.8 8.6
Products 1+2 11.01 33.15 10.15 15.3 4.23 433.85 90.0

Products 3+4 13.64 1.54 2?.56 18.3 .45 36.4? 5.2 “-11th 7“?” 45d

IL

Page. 1
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T N . 11

Purpose: The first of a series of tests to investigate High Speed conditioning and its effect

on Pb and Zn flotation.
.

Procedure: As for Test 2.

Feed:
'

2000 g of minus 10 mesh Composite 3.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Stage Reagents Added, grams per tonne Time, minutes pH

Na2003 NaCN A343 MlBC Ca(OH)2 CuSO4 A350 Grind Cond. Froth

Grind 2000 150 - - - - - 4o - - -

H.S. Cond. - - 5 10 - - - - 10 - 9.7

Pb Rougher - - - - - - - - 4 - -

Pb Scavenger - - 5 10 - - — - f 3 -

- - 2.5 5 - - - - 1 3 -

DF

1012

Zn Conditioning 1 - - -

I

- 1250 - - - 5 - 11.7

- - - - - 800 - - 5 - -

Zn H.S. Cond. - - - 10 - - 20 - 10 - -

Zn Rougher - - . - - - - - - 4 -

Zn Scavenger
- - - 10 - - 10 - 1 3 -



hmmflhwgmflJBManca

Vflfltwflufil

2% Iiiatributaun

U Ll . lJ

23.55 15.5 5.55 51175 W5 5.4 "3545 .5
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Purpose: Repeat the conditions of Test 11, but increase the High Speed conditioning time

74

to 20 minutes in the Pb circuit.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Stage Reagents Added, grams per tonne Time, minutes pH

Na2003 NaCN A343 MIBC Ca(OH)2 CuSO4 A350 Grind Cond. Froth

Grind 2000 150 - - - - - 40 - - -

H.S. Cond. - - 5 1o - - - - 20 - 9.7
g

Pb Rougher
- - - - - - - - - 4 -

Pb Scavenger
- - 5 10 - - -

- 1 3 -

- - 2.5 5 - - - - 1 3 -

DF

1 0 1 2

Zn Conditioning 1 - - - - 1250 - -
- 5 - 11.7

- - - - - soo -
- 5 - -

Zn H.S. Cond. - - - 10 - - 20 - 10 - -

Zn Rougher
- - - - - - -

- - 4

Zn Scavenger
- - - 10 - - 10 - 1 3 -



M eta]! urgical Balanc 6

Test No. 12

Combined Products

Pruzujuc:ts1+‘2 6.29 $3.33 33.55 12.4 5.54 500.05 .74.? 1 7 4.2 86.3 59.?

Products 3+4 15 9.7 4 94 25.93 1.7.3 .56 80.89 19.2 331 11.5 12.9 21?

Page 1
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T N.1

Purpose: Repeat the conditions of Test 11, but increase the High Speed conditioning time

to’ 30 minutes in the Pb circuit.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Stage Reagents Added, grams per tonne Time, minutes

Na2003 NaCN A343 MlBC Ca(OH)2 CuSO4 A350 Grind Cond. Froth

Grind 2000 150 - - - - - 40 - -

l-_l.S. Cond. - - 5 10 - - - - 30 -

Pb Rougher
- - - 5 - - - - - 4

Pb Scavenger - - 5 10 - - —
- 1 3

- - 2.5 5 — - -
- 1 3

OF

1 0 1 2

Zn Conditioning 1 - - - - 1250 - - - 5 -

- - - - - 800 - - 5 -

Zn H.S. Cond. - - - 10 - - 20 - 10 -

Zn Rougher - - - - - — — - - 4

Zn Scavenger
- - - 10 - - 10 - 1 3



Metallurgical Belanc e

TestNo. 13

Combined Products

Product? 1+2 165 40.63 3.79 5.88 5.52.15 74.? 12. 35 16.0 10.9

Product33+4
'

15.83 4.83 28.2?
'

F .

.2? 170.04 18.1 83.4 11.9 12 18.4d—D m.‘ {JIM

Page. 1
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Tgfij N9. 14

Purpose: Tthe
first in a series of tests to examine Pb cleaning, using the rougher conditions

0 Test 2.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

Stage
‘

pH

Na2C03 NaCN A343 MIBC Grind Cond. Froth

Grind 2000 150 - - 40 - - -

Pb rougher - - 5 10 - '1 4 9 7

Pb Scavenger - - 5 10 - 1 3 -

- - 2.5 5 - 1 3 -

Pb 1st Cleaner 50 50 - - - 2 3 9.7
- - 2.5 5 - 1 3 -

Pb 2nd Cleaner 25 25 - - - 2 3 9.7

Pb 3rd Cleaner 25 10 - 2.5 - 2 3 9.7

Pb 4th Cleaner 25 - 10 - 2.5 - 2 2 9.6
- - 1.0 - - 2 1 -

i n r P

Particle Size % Retained % Passing
Individual Cumulative Cumulative

+ 24.6 um 28.2 28.2 71.8

19.0 14.5 42.7 57.3

13.3 16.2 58.9 41.1

9.1 11.6 70.5 29.5

7.1 5.9 76.4
>

23.6

- 7.1 23.6 100.0 -

Total
'

'

100.0 - -

3.6. 5.05



Test No. H

em 6". CIVIC.

Combined Products

CI w: +.-_

0
"

mi

0

U

Metallurgical Balanc e
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T N . 1 g

Purpose: Repeat Test 14, but regrind the Pb R0 + Scav concentrate 5 minutes.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time. minutes

Stage
'

pH

NagCOa NaCN A343 MIBC Grind Cond. Froth

Grind 2000 150 - - 40 - - -

Pb Rougher
- - 5 10 - 1 4 9.7

,Pb Scavenger
- - 5 10 - 1 3 -

- - 2.5 10 -

_

1 3 -

Pb Regrind 300 50 - - 5 - - 9.9

Pb 151 Cleaner - - - - - - 4 -

Pb 131 CI Scav - - 2.5 5 - 1 3 -

Pb 2nd Cleaner 25 25 - 2.5 - 2 4 9.8

Pb 3rd Cleaner 25 10 - 2.5 - 2 3 9.7

Pb 4th Cleaner 25 10 - 2.5 - 2 2 9.6

Size Analysis : Combined Product

Particle Size % Retained %Passing
Individual Cumulative Cumulative

+ 24.6 um 15.4 15.4 84.6

19.0 13.9 29.3 70.7

13.3 18.7 48.0 52.0

9.1 14.9 62.9 37.1

7.1 8.0 70.9 29.1

- 7.1 29.1 100.0 -

Total 100.0 -
-

8.6. 4.99
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Test No. 15 . s

g
1

Purpose: Repeat Test 15, but increase the Pb regrinding time to 10 minutes.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

Stage pH

NagCOa NaCN A343 MlBC Grind Cond. Froth

Grind 2000 150 - - 40 - - -

Pb Rougher
- - 5 10 - 1 4 9.7

Pb Scavenger
- - 5

'

10 - 1 3 -

-

’

- 2.5 10 - 1 3 -

Pb Regrind 300 50 - - 10 - - 9.8

Pb 1st Cleaner - - 1.0 2.5 - - 6 -

Pb 1st Cl Scav - - 2.5 5 - 1 3 -

Pb 2nd Cleaner
‘

>

25 25 - - 2.5 - 2 5 9.8

Pb 3rd Cleaner 25 10 - 2.5 - 2 4 9.7

Pb 4th, Cleaner 25 10 ~ 2.5 - 2 3 9.6

lz An I i : omblne Pr du

Particle Size - % Retained % Passing
individual Cumulative Cumulative

+ 24.6 um 6.7 6.7 93.3

19.0 10.3 17.0 83.0

13.3 9.7 26.7 73.3

9.1 2.1 28.8 71.2

7.1 6.1 34.9 65.1

- 7.1 65.1 100.0 -

Total 100.0 —
-

S.G. 5.01
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Tgsg Ng‘ . 1z
"

Purpose: Repeat Test 15, but increase the Pb regrinding time to 20 minutes.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

Stage
'

pH

NazCOs NaCN A343 MIBC Grind Cond. Froth

Grind 2000 150 - - 40 - - -

Pb Rougher
- - 5 10 - 1 4 9.7

Pb Scavenger - - 5 10 - 1 3 -

- - 2.5 10 - 1 3 -

Pb Regrind ‘

300 50 5 - 20 - - 9.8

Pb 1 st Cleaner - - - 2.5 - - 6 -

Pb 131 CI Scav - - 2.5 5 - 1 4 -

Pb 2nd Cleaner 25 25 - 2.5 - 2 5 9.8

Pb 3rd Cleaner 25 10 - 2.5 - 2 4 9.7

Pb 4th Cleaner 25 10 - 2.5 - 2 3 9.6

iz An i i : m In Pr u

Particle Size % Retained % Passing
Individual Cumulative Cumulative

+ 24.6 um 5.5 5.5 94.5

19.0 8.3 13.8 86.2

13.3 17.6 31.4 68.6

9.1 18.0 49.4 50.6

7.1 10.2 59.6 40.4

- 7.1 40.4 100.0 -

Total 100.0 -
-

3.6. 5.05
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MAE

Purpose: Repeat Test 17, but condition the reground rougher scav concentrate at high

speed for 20 minutes.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

Stage pH

NagCOa _NaCN A343 MlBC Grind Cond. Froth

Grind 2000 150 - - 40 - - -

Pb Rougher
- - 5 10 - 1 4 -

Pb Scavenger
- - 5 10 - 1 3 -

- -

_

2.5 10 - 1 3

Pb Regrind 300 50 - - 20 - — -

Hi Speed Cond - - 5 5 - 20 - -

Pb 1st Cleaner - - - - - - 6 9.8

Pb 1st Cl Scav - - 2.5 5 _-
1 4 -

Pb 2nd Cleaner 25 25 _- 2.5 - 2 5 9.7

Pb 3rd Cleaner 25 10 - 2.5 - 2 4 9.6

Pb 4th Cleaner 25 10 - 2.5 - 2 3 9.6
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i

Purpose: To investigate replacing Na2003 with lime in the Pb flotation circuit.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 50 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

Ca(OH)2 NaCN A343 MIBC NagCO3 Grind Cond. Froth pH

Grind 1000 150 10 - - 50 - - 10.3

Pb Rougher - - 15 10 1000 - 1 3 -

Pb Scav - - 10 1 0 - - 1 3 -

- - 10 10 - - 1 3 -



M 01011 urgicral 6313111: F:

Tmflflo.19

Purdue! Weight Amy} 96%th

g 96 Pb Zn Fe Au Ag Pb Zn Fe Au Ag

1.F’bF10.C:on:::. 87.1 4.34 41.2 5.0? 10.10 11.20 003. 44.0 4.5 1.0 82.1 40.3

2.F'b Scaa-aCmc.
'

56.5 202 30.3 0.20 12.0 1.9? 41?. 25.? 5.3 1.5 2.1 20.0

3.1% Scat-21311 1802 02.84 1.2 4.00 25.25: 0.26 20.0 20.4 00.1 05.? . 30.8 32.0

113301223112. 2005.13 100.00 51.03 5.14 24.20 0.23 56.50 100.0 100.0 100.0 100.0 100.0

thhedpmdncw

[Pmducts1+2 j l 2.10 1 30.2.7 1 2.0? |

I

11.1‘ I 125? [521.32] 20.0 | 0.0 I 3.3 1 80.2 I 82.1

68
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Purpose: Repeat Test 19, but condition 20 minutes in the Wemco High Speed conditioner

prior to Pb rougher flotation.

Procedure:
'

As shown below.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 50 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

Ca(OH)2 NaCN A343 MIBC 208:242‘ Grind Cond. Froth pH

Grind 1000 150 10 - - 50 - - -

H.S. Cond - - 20 10 - - 20 - 9.8

Pb Rougher
- - 5 - 25 - - 4 8.5

Pb Scav - - 10 - - - 1 3 -

’

-

,

- 10 - - - 1 3 -

- - 10 - - - 1 2 -

'208z242 = 80:20



M 15:13]] urgicral Ehaliu'u: E.

Teslflo. 21!

Mind Weight filmy}, %Di5llihl.fim

a a; Pb Zn Fe Au Ag Pb Zn Fe Au Ag

1.F‘bP.u.IZZunc:. 101.9 5.13:3: 42.1 5.45 9.15 10.1311 616. 51.7 5.13 3.1] 83 5 54.6

2.F‘b Sea:-.-‘.Coru:. 80.8 3.02:1 34.8 10.91] 12.? .53 363. 255 6.3 1.3 2 2 19.2

3.13 Scat-31311 1843.2 5-11.83 1.03 5.04 25.1! 0.25 15.3 22.3 33.4 36.4 29
" ‘ 26.2

Head (32311:. 20115.11 101.1131] 4.14 5.2“: “III... H.179 5.7.27 IUIJIJ 1|]I].[] 1110.0 1013.0 100.1]

(Imhined Prudm‘is

[PHMuH31+2 l I 811 1 333? | ?49 l 105 | 3&8 [5214EI ?I1'] 115 I 35 I F03 I ?38

Page 1
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less—No.41

Purpose: To reproduce the results of Test 3.

Procedure: As for Test No. 3.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 50 minutes at 65% solids in a lab ball mill

Conditions:

Stage Reagents Added, grams per tonne Time, minutes pH

Nazooa NaCN A343 MIBC Ca(OH)2 CuSO4 A350 Grind Cond. Froth

Grind 2000 150 - - - - - 50 - - -

Pb Rougher - - 5 10 - - - - 1 4 -

Pb Scavenger - - 5 10 - - - - 1 3 -

- - 2.5 10 - - - - 1 3 -

DF

1 0 1 2

Zn Conditioning - - - - 1250 - - - 5 - 11.7

- - - - - soo - - 5 - -

Zn Rougher - - -

.
1o - - 20 - 2 4

Zn Scavenger - - - 10 - - 1O - 1 3 -



Metallurgical Balance

Test No- 2|

Product Assanygtt ‘2; Distribution

Pb Zn Fe Au An H: An Au

:iTPbRo.Conc. 3.32 43.3,. 3.31 10.3 5.23 533. 33.0” 2.3 43.9 33.2

2. Pb Scavfionc. 3.2? 24.2 14.0 13.3 3.23 233. 21.9 3.0 12.4 20.5

3.211 R0.Conc. 3.54 0.99 45.0 9.33 0.19 21.5 2.0 3.3 2.3 4.5

51.214 Scav.Conc. 4.53 2.33 7.22 30.4 1.31 44.2 3.1 3.0 10.5 3.9

_§._2n Scav.Tail. 23.7 0.330 0.23 25.3 0.21 2.00 10 34.3“ 22.9 2.9

14133111123112. 4.13 532 23.41 0.20 52.2 ””1000 100.0 100.0

flambined Products

Producté‘m“ 33.33"”193‘11 “13:3 4.4‘9 453." jj‘iji‘S‘" 34.4 33.?

Products 3+4 1.334“ _

31.3 ~l ’_

17.0 0.39 33. 9.5 12.3 3.4

Page I
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'rgs; Ng' . 22

Purpose: Toinvestigate the effect of a rod mill regrind on Pb oleaning efficiency.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 50 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

Nagcoa NaCN A343 MlBC Na28i03 Grind Cond. Froth pH

Grind 2000 150 - - - 50 - — -

Pb Rougher
- — 5 10 -

- 1 4 -

Pb Scav -
-

- 5 1 0 -
- 1 3 -

- - 5 10 - - 1 3 -

'

Pb Regrind 50 10 10 - - 10 - - 9.3

Pb 1st Cl - - - 1 0 -
- 1 5 -

- - 10 - 150 - 1 5 -

Pb 1st Cl Scav - - - 7.5 -
- 1 5 -

Pb 2nd Cl - 10 5 - 150 - 1 5 9.9

- - - 7.5 -
- 1 5 -

Pb3rd Cl - 10 5 2.5 150 - 1 5 10.1

- - - 2.5 -
- 1 5 -

.

Pb4th CI - 10 5 2.5 150 - 1 4 . 10.3

- - - 2.5 - - 1 4 -

Stage Rougher 1st Cleaner 2nd Cleaner 3rd & 4th Cleaners

Flotation Cell 10009 D-1 500 g 0-1 500 g 0-1 250 g D-1

Speed rpm 1900 1500 1500 1200



.

Metallurgical Balance

Test No. 22

"iitoduct Weight Manx, It 96 Distribution

9 95 Cu Pb Zn Fe A11 A9 Pb Zn Fe Au

1 P50551151. C0118. 52.5 2.54 1.05 52.7 3.95 3150 12.1 952. 49.1 1.9 0.4 5 .

2 Pb4thCl. Tail 4.2 0.21 39.2 5.55 541.9 ”1.94 388. . 2.3 .3 0.1 .

3 P5 310131. Tail
'

10.1 0.51 48.1 5.88 10.3 1.24 490. 51' .5 0.2 1.

4 P11 21111513511 18.1 0.81 30.1 10.1 15.9 2.75 354. 5.8 1.5 0.5 .3.

54135151055511 Cone 5.5 0.28 22.3 14.2 21.0 5.57 325. 1.1 .T 0.2 3.

5. PD 131121 51:58. Tall 45. 3 233 T. 83 10.5 23.8 1.18 129. 5.0 4.5 2.3 4.

1 P5 51:51.1.T511 ,' 1851.1 93. 22 1 11 5.22 25.1 0.24 2.00 28.4 90.3 95.3 35.8

5412511125172“ 1985.8 100.00 3.55 539
______

24.3 0.52 37.2 100.0 100.0 100.0 100.0

Combined Products

P15811515 112' 2.85 55.5 ~14.14 3:12}: 11.3 910. 51.4 2.2 .5 51.8 59.9

P1581181444_-____4 _,

3.35 52.9 54.55 5.13 9.39 84?.
5

58.1 2.8 .T 53.3 75.5

915111151514 4. 11‘ 55.? 5.53 2.23 8.51 253. 54.9 4.4 1.2 56.8 84.5

P150051515 4.45 54.5 5.12 8.08 8.39 125. 55.5 5.1 1.5 59.8 85.9

P15811515 1- 5 6.?8 35.5 2.59 13.4
5

5.91 521. 11.5 9.? 3.2 54.2 95.0

12151111515541 _

95.55 1.21 5.35 25.1 1.1.25 5 10 33.4 94.9 98.5 40.2 13.1

Page 1
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T N . 2

Purpose: Repeat the conditions of Test 22, but use a 70 minute rod mill primary grind.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind:
_

70 minutes at 65% solids in a lab rod mill

Conditions:

Reagents Added. grams per‘tonne Time, minutes

Na2003 NaCN A343 MlBC NagSi03 Grind Cond. Froth pH

Grind 2000 150 - -

~

- 70 - - 9.7

Pb Rougher
- — 5 15 - - 1 4 -

Pb Scav - - 5 15 - - 1 3 -

- - 5 15 - - 1 3 -

Pb Regrind 50 *1 0 10 - - 10 - - 9.4

Pb1stCl. - - - 10 150 - 1 10 -

- , - 5 5 - - 1 4 -

Pb 1st Cl Scav - - 2.5 - - - 1 2 -

Pb 2nd CI. - 10 5 2.5 150 - 1 5 9.9

- - 2 5 - - 1 5 -

- - 2 5 - - 1 3 -

Pb 3rd Cl. - 10 5 2.5 150 - 1 5 10.1

- - 2.5 5 — - 1 5 -

Pb 4th CI. - 10 5 2.5 150 - 1 5 10.3

- - 5 5 - - 1 5 -

-

Stage Rougher
Flotation Cell 10009 D-1

Speed rpm 1900



11461631119166} Balance

Teal No-23

"viaduct Weight K's—569,91! it
-

96 Distribution .

g x Cu Pb Zn Fe Au Au Pb Zn Fe Au Ag

1. Pb Cleaner. Cone. 104.6 5.22 1.11 56.5 "1.29 6.39 9.25 131. “995 1'5' 1"."‘3 10.0 61.4

2.121141111311611 11.2 0.56 - 30.5 11.1 16.1 1.11 361. 4.4 1.2 0.4 0.9 3.5

3.Ph3de|.T&il 1.3 0.39 - 21.9 13.5 19.6 1.00 244. 2.2 1.0 0.3 0.6 1.1

inEndClJafl 21.6 1.09 ; 11.1 14.4 24.2 0.61 162. 3.3 3.1 1.1 1.4 3.1

5.Pb13lCI.SC&'\-'.C0nc 2.6 0.13 - 3.93 32.5 11.9 0.39 116. .3 0.6
_

0.1 0.2 0.3

6. P91 Ist 1:1. 51:64. 1611. 14.6 3.12 - 3.06 9.66 29.9 0.41 52.9 -39 1.1 4.5 2.5 3.5

1.P63cav.Tai1. 1160.6 66.69 - 0.31 4.51 25.6 0.19 13.2 6.4 19.2 92.3 24.5 20.6

146611169161 2093.2 100100 - 369 5.06 24.33 0.69 51.1 100.0 10'01‘0'” 100.0 100.0 100.0

Comhined Producls

Products 1+2 f"'5“.‘1"6 — 55.8 1.66 1.33 6.46 101. ”62.9 6.1 1.1 10.9 11.0

Products 13
,,,,,,,,

6.11 - 53.1 ”3.03 6.10 1.99 612. 65.1”, 9.3 2.0 11.5 12.6

114611961314 1.26 41.4 6.93 10.5 6.92 595. 66.3 12.9 3.1 12.3 15.1

1469991315 -. 139
- 46.1 9.40 10.6 6.62 561. _63.6 13.1 3.2 13.0 16.0

12161111121316 11.11
W_

32.1 9.49 11.1 4.69 406. 91.6 20.6 ”1.1 15.5 19.4

12161199196411 _ 92.61
- 0.46 4.12 26.0 0.20 14.6 11.4 66.3 99.3 21.0 24.0

L6
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T N . 2

Purpose: Repeat Test 23, but reduce the primary grind to 60 minutes and use 802 in the

Pb cleaning.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 60 minutes at 65% solids in a lab rod mill

Conditions:

Stage Reagents Added, grams per tonne Time, minutes
.

pH

Ne2003 NaCN A343 MIBC NaZSioa so2 Grind Cond. Froth

Grind 2000 150 - - - - 60 - - 9.7

Pb Rougher - - 10 15 - - - 1 4

Pb Scavenger
- - 5 15 - - 1 3 -

- - 5 15 - - - 1 3 -

Pb Regrind (RM) so 10 1o - - - o - - 9.5

Pb 1st Cleaner - - - 5 150 500 - 1 5 7.0

- - 10 1o - - - 1 5 -

Pb 151 CI Soav - - 5 5 - - - 1 5 -

Pb 2nd Cleaner - 10 5 10 150 375 - 1 5 9.5-7.0

- - 5 20 - - - 1 5 -

- - 5 - - -
- 1 5 -

Pb 3rd Cleaner - 10 10 10 150 250 ~ 1 5 9.7-7.4

- - 5 5 - -
— 1 5 -

Pb 4th Cleaner - 10 10 - 150 - - 1 4 9.7-7.5
- - 5 - -

- 1 4 -

WW

Particle Size % Retained % Passing
Individual Cumulative Cumulative

+ 270 mesh 2.1 2.1 97.9

27.0 um 36.8 38.9 61.1

20.9 15.4 54.3 45.7

14.6 13.8 68.1 31.9

10.0 9.2 77.3 22.7

7.8 4.8 82.1 17.9

- 7.8 17.9 100.0 -

Total 100.0 -
-

S.G. 4.22



Metallurgical Balance

Teal No. 24

Product Weid‘lii Manx, It
....

xoistribution

n x Cu Pb Zn
_

Fe Au Ag Pb Zn Fe Au Ag

1.PbCIeaner.C0nc. 69.1 3.45 1.64 6516 6.03 4.44 12.6 855. 52.6 4.1 0.6 60.2 52.8

2. Pb 4thCl. 1611 0.5 0.02 - 32.5 2.96 13.9 14.5 820. 0.2 0.0 0.0 .5 .41

3.Pb 3rdCl.T81'l 2.2 0.11 - 32.1 10.2 13.2 1.22 366. 0.9 0.2
'

0.1 .3 .8

4.Pt12ndCl.Tail 18.0 0.90 - 32.2
. 10.2 13.2 1.45 356. 2.2 1.8 0.5 .1.6 5.2

5.Pb 131121. 3081'11'.C0n0 10. 0.52 — 25.0 13.2 16.9 0.96 284. 3.4 1.4 0.4 .2 2.2

6. Pb 131131. 30612. 1611. 113.2 5.68 - 13.4 12.0 25.0 0.93 162. 20.0 13.5 5.2 2.4 18.5

'1‘.Pb 5690.161. 1266.1 69.30 - 0.43 4.45 25.2 0.23 12.0 10.1 26.8 92.2 28.6 19.2

Head 1291132" 2000.1 100.00 - 3 81 5.04 24.8 0.22 55.9 100.0 100.0 100.0 100.0 100.0

Combined Products

Product& 1+2 3.46 — 63.4 6.04 4.51 12.6 855.
"

52.9 “4.2 .6 61.2 53.2

Products 16 3.59 ___.__—1_ 62.4 6.12 4.29 12.3 840. 56.6 4.4 .2 61.5 53.9

Products 14
1

4.49
_

- 56.5 6.96 6.48 10.1 243. 66.5 6.2 1.2 63.3 59.2

Products 15 501 55.2 2.66 2.28 9.15 695. 69.9 2.6
_ _

1.6 64.0 623

Products 16 10.20111“
4 32. 9.98 10.9 4.28 42.3. 69.9 21.2 ~12.3 21.4 80.8

Products 6+2 94.99 1.21 4.90 25.2 0.22 22.2 30.1 92.4 98 4 36.0 32.2

\D
\D

Page I
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T N.2

Purpose: To repeat the conditions of Test 23, but with increased NaCN and A343 to the

regrind.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 70 minutes at 65% solids in a lab rod mill

Conditions:

Reagents Added, grams per tonne Time, minutes

Nagcoa NaCN A343 MlBC NagSiOa Grind Cond. Froth pH

Grind 2000 150 - - - 70 - - -

Pb Rougher
- - 5 15 - - 1 4 9.6

Pb Scav - - 5 1 0 - - 1 3 -

- - 5 10 - - 1 3 -

-

Pb Regrind 50 20 20 - - 10 - - -

Pb1stCl. - - - 10 150 - 1 10 10.0

Pb 1st Cl Scav - - 5 5 - - 1 4 -

Pb 2nd Cl. - 10 5 2.5 150 - 1 5 10.0
- - 2 5 - - 1 5 -

Pb 3rd Cl. - 10 2.5 2.5 100 - 1 5 9.9

- - 2.5 5 - - 1 4 -

Pb 4th Cl. - 10 5 2.5 100 - 1 4 9.8

- - 2 5 - - 1 . 4 -

Metallurglggl Results

Product Weight Assays % % Distribution

%
'

Pb Zn Pb Zn

1. Pb Cleaner Conc 7.14 50.0 9.38 88.8 13.3

2. Pb 4th Cleaner Tail 0.37 14.6 12.4 1.4 0.9

3. Pb 3rd CleanerTail 0.63 8.38 13.1 1.3 1.6

4. Pb 2nd CleanerTail 1.04 3.98 10.2 1.0 2.1

5.Pb1stClScavConc 1.23 2.30 19.6 0.7 4.8

6. Pb 1st Cl ScavTail 5.16 0.88 6.40 1.1 6.6

7. Pb Scavenger Tail
'

84.43 0.27 4.22 5.7 70.7

Head(Calc.) 100.00

'

4.02 5.04 100.0 100.0

I l e r de n Ft verie

Products 1 + 2 7.51 48.3 9.53 90.2 14.2

Products 1 to 3 8.14 45.2 9.80 91.5 15.8

Products 1 to 4 9.18 40.5
g

9.85 92.5 17.9

Products 1 to 5 10.41 36.0 11.0 93.2 22.7

Products 1 to 6 15.57 24.4 9.48 94.3 29.3
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T N' . 2

Purpose: To repeat the conditions of Test 25, but investigate the effect of aerating the

1st cleaner teed.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 70 minutes at 65% solids in a lab rod mill

Conditions:

Reagents Added, grams per tonne Time, minutes

Na2003 NaCN A343 MIBC Na28i03 Grind Cond. Froth pH

Grind 2000 150 - - - 70 - - -

Pb Rougher
- - 5 15 - - 1 4 9.9

Pb Scavengel
- - 5 10 - - 1 3 -

- - 5 10 - - 1 3 -

Pb Regrind 50 . '20 20 - - 10 - - -

Aeration‘ - - - - - - 20 - -

Pb 1st Cl. - - - 10 150 - 1 5 9.8

- - 2.5 2.5 - - 1 5 -

Pb 1st CI Scav - - 5 2.5 - - 1 1 -

Pb 2nd Cl. - 10 - 2.5 150 - 1 5 9.8

- - 2.5 5 - - 1 5 -

Pb 3rd Cl. - 10 - 2.5 100 - 1 5
_

9.8

- - 2.5 5 -
- 1 4 -

Pb 4th Cl. - 10 - 2.5 100 - 1 4 9.9

-' - 2 5 - - 1 4 -

*intensive aeration with air sparge.
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Test No. 26 - Continued

W

Product Weight Assays % % Distribution

- % Pb Zn Pb Zn

1. Pb Cleaner Conc 6.32 50.7 10.8 82.1 13.4

2. Pb 4th Cleaner Tail 0.75 21.4 19.4 4.1 2.9

3. Pb 3rd CleanerTail 1.33 14.4 18.7 4.9 4.9

4. Pb 2nd Cleaner Tail 1.15 6.02 11.6 1.8 2.6
_

5. Pb1stClScav Conc 0.28 2.75 23.5 0.2 1.3

6. Pb 1st Cl Scav Tail 5.46 1.21 6.94 1.7 7.5

7. Pb Scavenger Tail 84.71 0.24 4.04 5.2 67.4

Head(Calc.) 100.00 ‘
_

3.90 5.08 100.0 100.0

v ri

Products 1 + 2 7.07 47.6 11.7 86.2 16.3

Products 1 to 3 8.40 42.3 12.8 91.1 21.2

Products 1 to 4 9.55 38.0 12.7 92.9 23.8

Products 1 to 5 9.83 37.0 13.0 93.1 25.1

Products 1 to 6 15.29 24.2 10.8 94.8 32.6
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Test N9. 27

Purpose: To repeat the conditions of Test 25, but investigate the effect of NaHS additions

to the lead rougher and cleaners.

Procedure: As shown below.

Feed: 2000 g 01- minus 10 mesh Composite 3.

Grind: 70 minutes at 65% solids in a lab rod mill

Conditions:

Stage Reagents Added, grams per tonne Time, minutes pH

Magoo3 NaCN NaHS A343 MlBC Na28103 Grind Cond. Froth

Grind 2000

'

150 500 - - - 70 - - -

Pb Rougher
- - - 5 15 -

- 1 4 10.2

Pb Scavenger
- - - 5 1o -

- 1 3 -

- - - 5 1o -
- 1 3 -

Pb Regrlnd 50 20 250 20 - - 10 - - -

Pb 1st Cleaner - - - 2.5 10 150 - 1 10 10.4

Pb 151 CI Sc‘av - - - 2.5 5 -
- 1 4 -

Pb 2nd Cleaner - 20 - - 2.5 150 - 1 5 10.4

- - - 2.5 5 -
- 1 s -

Pb 3rd Cleaner - 15 - - - 100 - 1 5 10.3

- - - 2 5 -
- 1 4 -

Pb 4th Cleaner - 10 - - — 100 - 1 4

- -
_ _ .

- 1 4 -

W

Product Weight Assays % % Distribution

% Pb Zn Pb Zn

1. Pb Cleaner Conc 5.72 50.4 6.10 72.3 6.7

2. Pb 4th CleanerTail 0.66 22.4 9.21 3.7 1.2

3. Pb 3rd CleanerTail 2.09 14.7 10.1 7.7 4.0

4. Pb 2nd Cleaner Tail 3.53 5.05 9.86 4.5 6.7

5. Pb1stClScav Conc 0.95 3.55 9.86 0.9 1.8

6. Pb 1st Cl ScavTail 6.94 0.84 6.29 1.6 8.3

7. Pb Scavenger Tail 80.11 0.47 4.65 9.4 71.3

Head(Ca|c.) 100.00 3.98 5.22 100.0 100.0

R v rl

Products 1 + 2 6.38 47.5 6.42 76.0 7.9

Products 1 to 3 8.47 39.4 7.33 83.7 11.9

Products 1 to 4 12.00 29.3 8.07 88.2 18.6

Products 1 to 5 12.95 27.4 8.21 89.1 20.4

Products 1 to 6 19.89 18.1 7.54 90.6 28.7
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T N. . 2

Purpose: To repeat the conditions of Test 26, but replace A343 with a 1 to 1 mixture of

3418A/A317.

Procedure: As shown below.

Feed: 2000 g 01 minus 10 mesh Composite 3.

Grind: 70 minutes at 65% solids in a lab rod mill

Conditions:

Reagents Added, grams per tonne Time, minutes

Nagcoa NaCN MlBC Na28i03 Grind Cond. Froth pH
3418A

Grind 2000 150 - - - 70 - - -

Pb Rougher
- - 5 15 - - 1 4 9.9

Pb Scav - - 5 10 - - 1
4

3 -

- - 5 10 - - 1
'

3 -

Pb Regrind 50 20 20 - - 10 - - -

Aeration - - - - - - 20 - -

Pb1stCl. - - - 10 150 - 1 5 9.5

- - 2.5 2.5 - - 1 5 -

Pb 1st CI Scav - - 2.5 2.5 - - 1 2 -

Pb 2nd Cl. - 10 - 2.5 150 - 1 5 9.7

- - 2.5 5 - - 1 5
t

-

.Pb 3rd Cl. - 10 - 2.5 100 - 1 4 9.8

- - - 5 - - 1 4 -

Pb 4th Cl. - 10 - 2.5 100 - 1 3 9.8

- - 5 - - 1 3 -



Test No. 28 - Continued

W115

Product Weight Assays % % Distribution

' % Pb Zn Pb Zn

1. Pb Cleaner Conc 6.67 51.8 8.97 87.4 11.5

2. Pb 4th Cleaner Tail 0.60 17.8 14.1 2.7 1.6

3. Pb 3rd CleanerTail 1.37 8.36 13.4 2.9 3.5

4. Pb 2nd Cleaner Tail 1.46 3.02 13.5 1.1 3.8

5. Pb1stC|Scav Conc 1.12 1.48 15.5 0.4 3.3

6. Pb 1st Cl Scav Tail 8.14 0.70 8.77 1.4 13.8

7. Pb Scavenger Tail 80.64 0.20 4.02 4.1 62.5

Head(Calc.) 100.00 3.96 5 19 100.0 100.0

W

Products 1 + 2 7.27 49.0 9.39 90.1 13.1

Products 1 to 3 8.46 42.6 10.0 93.0 16.6

Products 1 to 4 10.10 36.8 10.5 94.1 20.4

Products 1 to 5 11.22 33.3 11.0 94.5 23.7

Products 1 to 6 19.36 19.6 10.1 95.9 37.5
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T N . 2

Purpose: To repeat the conditions of Test 28, but increase aeration time to 30 minutes.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 70 minutes at 65% solids in a lab rod mill

Conditions:

Reagents Added, grams per tonne Time, minutes

Na2C03 NaCN MIBC Na28i03 Grind Cond. Froth pH
3418A

Grind 2000 150 - - - 70 - - -

Pb Rougher - - 5 12.5 - - 1 4 9.9

Pb Scav - - 5 7.5 - - 1 3 -

- - 5 5 - - 1, 3 -

Pb Regrind 50 20 20 - - 10 - - -

Aeration - - - - - - 30 - -

Pb1stCl.
- - - 5 150 - 1 5 9.6

- - 2.5 5 - - 1 5 -

Pb 1st Cl Scav - - 2.5 - - - 1 2 -

Pb 2nd CI. - 10 - - 150 - 1 5 9.8

- ’_ _ _ - - 1 5 -

Pb 3rd Cl. - 10 - - 100 - 1 4 9.8

- _ - _ - - 1 4 -

Pb 4th Cl. - 10 - - 100 - 1 3 9.7

- - _ _ - - 1 3 _



Test No. 29 - Continued

MW

Product Weight Assays % % Distribution

% Pb Zn Pb Zn

1. Pb Cleaner Conc 6.54 50.9 12.7 83.1 16.3

2. Pb 4th Cleaner Tail 0.57 17.2 28.3 2.5 3.2

3. Pb 3rd Cleaner Tail 1.33 12.2 23.2 4.0 6.0

4. Pb 2nd Cleaner Tail 1.75 4.24 14.3 1.9 4.9

5. Pb 1stCl ScavConc 0.81 2.53 19.3 0.5 3.1

6. Pb1stClScavTail 6.67 1.10 3.91 1.8 5.1

7. Pb Scavenger Tail 82.33 0.30 3.81 6.2 61.4

Head(Calc.) 100.00 4.00 5.10 100.0 100.0

'W

Products1 +2 7.11 48.2 14.0 85.6 19.5

Products 1 to 3 8.44 42.5 15.4 89.6 25.5

Products 1 to 4 10.19 36.0 15.2 91.5 30.4

Products 1 to 5 11.00 33.5 15.5 92.0 33.5

Products 1 to 6 17.67 21.3 11.1 93.8 38.6



108

Tg§1 N9. 3!!

Purpose: To repeat the conditions of Test 25, but reduce collector to the Pb scavenger

and increase Pb regrind time.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 70 minutes at 65% solids in a lab rod mill.

Conditions:

Reagents Added, grams per tonne Time, minutes

Na2C03 NaCN A343 MIBC NagSiOg Grind Cond. Froth pH

Grind 2000 150 - - - 70 - - -

Pb Rougher - - 5 15 - - 1 4 9.5

Pb Scav - - 5 5 - - 1 3 -

.

- - 5 5 - - 1 3 -

Pb Regrind 50 20 20 - - 20 - - -

Pb1stCl. - - - 10 150 - 1 10 9.9

Pb 1st Cl Scav - - 5 5 - - 1 4
-

-

Pb 2nd CI. - 10 2.5 2.5 150 - 1 5 10.0

g

- - 2.5 5 - - 1 5 -

Pb 3rd Cl. 100 20 - 2.5 150 - 1 4 10.4

- - 2.5 2.5 - - 1 4 -

Pb 4th Cl. - 10 - 2.5 150 - 1 3 10.1

- - - 2.5 - - 1 3 -

Pyrite floating from 2nd cleaner on.
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Test No. 30 - Continued

Meganmglgal Bg’suits

Product Weight Assays % % Distribution
‘ °/o Pb Zn Pb Zn

1. Pb Cleaner Conc - 2.73 61.4 8.01 43.7 4.4

2. Pb 4th Cleaner Tail 1.78 49.3 13.4 22.9 4.7

3. Pb 3rd CleanerTail 1.85 35.7 18.7 17.2 6.9

4. Pb 2nd Cleaner Tail 0.79 19.7 14.6 4.1 2.3

5. Pb 1stClScav Conc 1.46 6.65 23.3
'

2.5 6.8

6. Pb 1st CIScav Tail 5.49 2.01 7.75 2.9 8.5

7. Pb Scavenger Tail 85.90 0.30 3.89 6.7 66.4

Head(Calc.) 100.00 3.84 5.03 100.0 100.0

Wigs

Products 1 + 2 4.51 56.6 10.1 66.6 9.1

Products 1 to 3 6.36 50.5 12.6 83.8 16.0

Products 1 to 4 .
7.15 47.1 12.8 87.9 18.3

Products 1 to 5 8.61
_

40.3 14.6 90.4 25.1

Products 1 to 6 14.10 25.4 11.9 93.3 33.6



T§§1 N9, 3]

Purpose:

Procedure:

Feed:

Grind:

- Conditions:

110

To repeat the conditions of Test 30, but omit Na2C03 and increase NaCN to the

regrind and cleaners.

As shown below.

2000 g of minus 10 mesh Composite 3.

70 minutes at 65% solids in a lab rod mill.

Grind
Pb Rougher
Pb Scav

'

Pb Regrind
Pb 1st Cl.

Pb 1st Cl Scav

Pb 2nd Cl.

Pb 3rd ‘Cl.

Pb 4th Cl. ,

Reagents Added, grams per tonne Time, minutes

Nagcog NaCN A343 MlBC Na28i03 Grind Cond. Froth pH

2000 150 - - - 70 - - —

-
-

- 5 15 - - 1 4 9.6

- - 5 5 - - 1 3 -

- - - 5 - - 1 3 -

- 50 20 - - 20 - - -

- - - 5 50 - 1 10 9.5

- - 2.5 - - - 1 3 -

- 50 - - 50
'

- 1 5 9.6

- - - 10 - - 1 5 -

- 25 - - 50 - 1 4 9.6

- - - 5 - - 1 4 —

- 25 - - 50 - 1 3 9.5

- - - 5 - - 1 3 -



Test No'. 31 - Continued

Wu:

Product Weight Assays % % Distribution

°/o
.

Pb Zn Pb Zn

1. Pb Cleaner Conc 3.37 68.5 4.09 60.1 2.7

2. Pb 4th Cleaner Tail 0.65 55.1 6.24 9.3 0.8

3. Pb 3rd Cleaner Tail 0.82 43.6 9.55 9.3 1.5

4. Pb 2nd Cleaner Tail 1.46 25.8 13.3 9.8 3.8

5. Pb 131 CI Scav Conc 0.26 6.68 “19.0 0.5 1.0

6. Pb 1st CI Scav Tail 7.39 1.64 10.9 3.2 15.8

7. Pb Scavenger Tail 86.05 0.35 4.40 7.8 74.4

Head(Calc.) 100.00 3.84 5.09 100.0 100.0

v ri

Products1 + 2' 4.02 66.3 4.44 69.4 3.5

Products 1 to 3 . 4.84 62.5 5.30 78.7 5.0

Products 1 to 4 6.30 54.0 7.16 88.5 8.8

Products 1 to 5 6.56 52.1 7.63 89.0 9.8

Products 1 to 6 13.95 25.4 9.36 92.2
.

25.6



Tgs} N9. 32

Purpose:

Procedure:

Feed:

Grind:

Conditions:

112

To repeat the conditions of Test 31, but replace collector A343 with a 1:1

mixture of A317 : 3418A.

As shown below.

'

2000 g of minus 10 mesh Composite 3.

70 minutes at 65% solids in a lab rod mill

Reagents Added, grams per tonne Time, minutes

Na2C03 NaCN A3] Z MIBC NagSiOa Grind Co nd. Froth pH
3418A

Grind 2000 150 - - - 70 - - -

Pb Rougher
- — 5 15 - - 1 4 9.5

'

Pb Scav - - 5 10 - - 1 3 -

- - - 10 - - 1 3 7

Pb Regrind
- 50 20 - - 20 - - -

PbtstCl - 20 - 5 100 - 1 - 10 9.4

Pb1stClScav - - 2.5 2.5 - - 1 3 -

Pb 2nd Cl - 50 - - 50 - 1 5 9.6

— - 4 1o
.

- - 1 5 -

Pb 3rd CI - 25 - — 50 - 1 4 9.5

- - - 10 - - 1 4 -

Pb 4th Cl - 25 - - 50 - 1 3 9.5

- - - 5 - - 1 3 -
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Test No. 32 - Continued

W

Product Weight Assays % % Distribution

% Pb Zn Pb Zn

1. Pb Cleaner Conc 4.14 72.4 4.42 75.0 3.7

2. Pb 4th Cleaner Tail 0.67 48.1 8.08 8.1 1 .1

3. Pb 3rd Cleaner Tail 0.77 30.0 10.6 5.8 1.6

4. Pb 2nd Cleaner Tail 0.86 8.98 14.0 1.9 2.4

5. Pb 1st CI Scav Conc 0.58 5.46 15.0 0.8 1.7

6. Pb 1st CI Scav Tail 6.38 1.21 12.2 1.9 15.6

7. Pb Scavenger Tail 86.60 0.30 4.27 6.5 73.9

Head(Calc.) 100.00 4.00 5.00 100.0 100.0

WW

Products 1 + 2 4.81 69.0 4.93 83.1 4.8

Products 1 to 3 5.58 63.6 5.71 88.9 6.4

Products 1 to 4 6.44 56.3 6.82 90.8 8.8

Products 1 to 5. 7.02 52.1 7.49 91.6 10.5

Products 1 to 6 13.40 27.9 9.74 93.5 26.1
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ngg Ng’ . a;

Purpose: To repeat the conditions of Test 32, but with a different collector in the Pb

cleaners.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 70 minutes at 65% solids in a lab rod mill

Conditions:

Stage Reagents Added, grams per tonne Time, minutes pH

Nazco3 NaCN A312 003' MIBC Na28i03 Grind Cond Froth

3418A

Grind 2000 150 - - - - 7o - - -

Pb Rougher
- - 5 - 15 -

- 1 4 -

- - 5 - 10 -
- 1 3 -

- - - - 1o -
- 1 3 -

Pb Regrind
-

- 50 - 20 - - 20 — - -

Pb ist Cleaner - 20 - 10 - 100 - 1 10 -

Pb tst Cl Scav - - - 2.5 - -
- 1 3 -

Pb 2nd Cleaner - 50 - 5 - 50 - 1 5 -

- - - 4 - -
- 1 5 -

Pb 3rd Cleaner - 25 - - - 50 - 1 4 -

- - 5 - -
- 1 4 -

Pb 4th Cleaner - 25 - - - 50 - -1 3 -

— ~ - 2.5 - -
- 1 3 -

'M2030 (1 g), CA831 ('1 g), Thiourea (1 9), H202 (1 g), Pet 745 (0.3 g)



Test No. 33 - Continued

115

W

Product Weight Assa(s % % Distribution

% Pb Zn Au Ag Pb Zn Au Ag

1. Pb Cleaner Conc 5.20 63.9 5.99 7.98 783.0 82.4 6.1 67.0 76.1

2. Pb 4th Cleaner Tail 0.60 32.5 10.3 3.42 396.0 4.8 1.2 3.3 4.4

3. Pb 3rd Cleaner Tail 0.63 17.0 10.9 1.85 225.0 2.7 1.3 1.9 2.6

4. Pb 2nd Cleaner Tail 1.01 5.65 10.9 0.60 86.2 1.4 2.2 1.0 1.6

5. Pb 1st Cl Scav Conc 0.56 5.62 13.1 0.91 91.7 0.8 1.4 0.8 1.0

6. Pb 1st Cl Scav Tail 7.57 1.43 11.0 0.23 26.0 2.7 16.2 2.8 3.7

7. Pb Scavenger Tail 84.43 0.25 4.35 0.17 6.7 5.2 71.6 23.2 10.6

Head (Calc) 100.00 4.03 5.13 0.62 53.5 100.0 100.0 100.0 100.0

WM

Products 1 + 2 5.80 60.7 6.44 7.51 743.0 87.2 7.3 70.3
'

80.5

Products 1 to 3 6.43 56.4 6.87 6.95 692.0 89.9 8.6 72.2 83.1

Products 1 to 4 7.44 49.5 7.42 6.09 610.0 91.3 10.8 73.2 84.7

Products 1 to 5 8.00 46.4 7.82 5.73 574.0 92.1 12.2 74.0 85.7

Products 1 to 6 15.57 24.5 9.37 3.06 307.0 94.8 28.4 76.8 89.4



T N.4

Purpose:

Procedure:

Feed:

Grind:

Conditions:

113

To repeat the conditions of Test 33, but use collector CD3 in both rougher
and cleaners.

As shown below.

2000 g of minus 10 mesh Composite 3.

70 minutes at 65% solids in a lab rod mill

Reagents Added, grams per tonne Time, minutes

Na2C03 NaCN C03 MlBC NagSiOg Grind Co nd. Froth pH

Grind 2000- 150 - - - 70 - - -

Pb Rougher
- - 5 5 - - 1 4 -

.

- - 5 - - - 1 3 -

_ - _ _ _ _ 1 3 -

Pb Regrind
- 50 20 - - 20, - - -

Pb1stCl. - - 10 2.5 100 - 1 10 -

Pb 1stC|Scav - 20 2.5 - - - 1 3 -

Pb 2nd Cl. - 50 - - 50 - 1 5 -

- - 7.5 - - - 1 5 -

Pb 3rd Cl. - 25 - - 50 - 1 4 -

- - 5 - - - 1 4 -

Pb 4th Cl. - 25 - - 50 - 1 3 -

- - 2.5 - - - 1 3 -



Test No. 34 - Continued

W
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Product Weight Assays % % Distribution

°/o Pb Zn Au Ag Pb Zn Au Ag

1. Pb Cleaner Conc 4.65 64.4 5.52 8.18 817.0 73.0 5.1 62.4 66.6

2. Pb 4th Cleaner Tail 0.65 34.3 9.67 4.08 423.0 5.4 1.2 4.3 4.8

*

3. Pb 3rd Cleaner Tail 0.81 23.6 11.2 2.55 287.0 4.7 1.8 3.4 4.1

4. Pb 2nd Cleaner Tail 1.31 11.9 11.4 1.05 142.0 3.8 2.9 2.3 3.3

5. Pb 181 CI Scav Conc 1.08 9.09 12.3 1.03 116.0 2.4 2.6 1.8 2.2

6. Pb 151 CI Scav Tail 6.41 2.64 11.1 0.33 43.0 4.1 14.1 3.5 4.8

7. Pb Scavenger Tail 85.09 0.32 4.30 0.16 9.5 6.6 72.3 22.3 14.2

Head (Calc) 100.00 4.10 5.06 0.61 57.0 100.0 100.0 100.0 100.0

W

Products 1 + 2 5.30 60.7 6.03 7.68 769.0 78.4 6.3 66.7 71.4

Products 1 to 3 6.11 55.8 6.72 7.00 705.0 83.1 8.1 70.1 75.5

Products 1 to 4 7.42 48.0 7.54 5.95 605.0 86.9 11.0 72.4 78.8

Products1 to 5 8.50 43.1 8.15 5.32 543.0 89.3 13.6 74.2 81.0

Products 1 to 6 14.91 25.7 9.42 3.18 328.0 93.4 27.7 77.7 85.8
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W

Purpose: To repeat Test 32, and add a zinc circuit.

‘

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 70 minutes at 65% solids in a lab rod mill

Conditions:

Reagents Added, grams per tonne Time, minutes

Na2003 NaCN A312 MIBC Na28i03 Grind Cond. Froth pH
3418A

‘

Grind 2000 150 - - - 70 - - -

Pb Rougher - - 5 15 - - 1 4 -

- - 5 10 - - 1 3 -

- - - 10 - - 1 3 -

Pb Regrind
- 50 20 - - 20 - - -

Pb1stCl. - 20 - 5 100 - 1 10 -

Pb1stC|Scav - — 2.5 2.5 - - 1 3 -

Pb 2nd Cl. - 50 - - .50 - 1 5 -

- - 4 10 - - 1 5 -

Pb 3rd CI. - 25 - - 50 - 1 v 4 -

.

- - 2 10 - - 1 4 -

Pb 4th CI. - 25 - - 50 - 1 3 -

- - - 5 - - 1 3 -

Feed: Pb Rougher + Pb 151 Cleaner Scav Tailings.

Conditions:

Reagents Added, grams per tonne Time, minutes

Stage
V

pH

Ca(OH)2 CuSO4 A350 DF Grind Cond. Froth

1012

Zn Circuit:

Condition 1 1250 - - - - 5 - 12.0

Condition 2 .

.
- 800 - - - 5 - 11.4

Zn Rougher - - 20 10 - 2 4 -

Zn Scavenger - - 10 10 - 1 3 -

Zn Regrind (PM) 250 - 10 - 10 - - -

Zn 1st Cleaner - - - - - - 4 11.5

Zn 1st Cl Scav - - 5’ 5 - 1 4 -

Zn 2nd Cleaner 250 - - -
- 1 4 12.0

Zn 3rd Cleaner 250 - - - - 1 3 12.2

Zn 4th Cleaner 250 — - - - 1 3 12.2
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BELELJE

Purpose: To repeat Test 33, and add a zinc circuit.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 70 minutes at 65% solids in a lab rod mill

Condmons:

Reagents Added, grams per tonne Time, minutes

Na2003 NaCN A3] 2 MIBC NaZSi03 Grind Cond. Froth pH
341 8A

Gnnd 2000 150 - - - 70 - - -

Pb Rougher - - 5 15 - - 1 4 -

- - 5 10 - - 1 3 -

- — c D 3 1 o - ; 1 3 -

.Pb Regrind - 50 20 - - 20 - - -

Pb1stCL — 20 10 — 100 - 1 10 -

Pb1stClScav - - 2.5 - - - 1 3 -

Pb2ndCL - 50 5 - 50 - 1 5 -

- - 4 - - - 1 5 -

Pb 3rd Cl. - 25 - - 50 - 1 4 -

- - 5 - - - 1 4 -

Pb 4th Cl. - 25 - - 50 - 1 3 -

- - 2.5 - - - 1 3 -

Feed: Pb Rougher + Pb 1st Cleaner Scav Tailings.

CondMons:

Reagents Added, grams per tonne Time, minutes

Stage pH

Ca(OH)2 CuSO4 A350 DF Grind Cond. Froth

1 01 2

Zn Circuit:

Condfion1 1250 - - - - 5 - 120

CondMonz - 800 - - - 5 - 114

Zn Rougher - - 20 10 - 2 4 -

Zn Scavenger - - 10 10 - 1 3 -

ZnReghm(PM) 250 - 10 - 10 - - 116

Zn 1st Cleaner -

- - - - - - 4 -

Zn1stClScav - - 5
.

5 - 1 4 -

Zn 2nd Cleaner 250 - - - - 1 4 12.0

Zn 3rd Cleaner 250 - - - - 1 3 12.2

Zn4fl1cmaner 250 - - - - 1 3 122
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T N . 7

Purpose: To. repeat Test 32, but compare primary grinding in the ball mill.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

Na2003 NaCN A312 1 MIBC Na28i03 Grind Cond. Froth pH
‘

3418A

Grind 2000 150 - -
- 40 - - -

Pb Rougher
- - 5 15 -

- 1 4 9.7

- - 5 10 - - 1 3 -

- - - 10 -
- 1 3 -

Pb Regrind
- 50 20 -

- 20 - - -

Pb1stCI. - 20 - 5 100 - 1 10 -

Pb 1st CI Scav - - 2.5 5 - - 1 3 -

Pb 2nd CI. - 50 - - 50 - 1 5 -

- - 4 1o -
- 1 5 -

Pb 3rd CI. - 25 - - 50 — 1 4 -

- - - 10 -
- 1 4 -

Pb 4th CI. - 25 -
- 50 - 1' 3 -

- - - 5 -
- - 1 3 -

Feed: Pb Rougher + Pb 1st Cleaner Scav Tailings.

Conditions:

Reagents Added, grams per tonne Time, minutes

Stage
- pH

Ca(OH)2 CuSO4 A350 DF Grind Cond. Froth

1012

Zn Circuit:
Condition 1 1250 -

- -
- 5

,

-
-

Condition 2 -

‘

800 - -
- 5 - -

Zn Rougher
-

- 20 10 - 2 4 -

Zn Scavenger
-

- 10 10 - 1 3 -

Zn Regrind (PM) 250 - 10 - 10 - - 11 6

Zn 1st Cleaner -
-

- -
- 4 -

Zn 1st Cl Scav -
-' 5 5 - 1 4 -

Zn 2nd Cleaner 250 - - -
- 1 4 12.0

Zn 3rd Cleaner 250 —
- -

- 1 3 12.2

Zn 4th Cleaner 250 -
- -

- 1 3 12.2
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Purpose:

Procedure:

Feed:

Grind:

Conditions:

124

Repeat the conditions of Test 32.

As shown below.

2000 g oiminus 10 mesh Composite 3.

70 minutes at 65% solids in a lab rod mill

Reagents Added, qrams per tonne Time, minutes

Na2003 NaCN A31 Z MlBC NagSi03 Grind Cond. Froth pH
3418A

Grind 2000 150 - - - 70 - - -

Pb Rougher
- - 5 15 - - 1 4 9_7

Pb Scav - - 5 1 0 - - 1 3 -

- - - 10 - - 1 3 -

Pb Regrind
- 50 20 - - 20 - - -

Pb1st Cl. - 20 - 5 100 - 1 4 9.6

- - 1.0 5 - — 1 6 -

Pb 1st Cl Scav - - 5 5 - - 1 3 -

Pb 2nd Cl. — 50 - 2.5 50 - 1 5 9.7

- - 4 1o - - 1 5 -

Pb 3rd Cl. - 25 - 5 50 - 1 4 9.6

- - 2.0 5 - - 1 4 -

Pb 4th Cl. - 25 - 5 50 - 1 3 . 9.8

- - 2.0 5 - - 1 3 -
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3.51M

Purpose: Repeat the general conditions of Test 37, but condition the reground Pb

rougher-scavenger concentrate at High Speed for 15 minutes.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

NagCOg NaCN A311 MIBC NagSiOg Grind Cond. Froth pH
3418A

Grind 2000 150 - - - 40 - - -

Pb Rougher
- - 5 15 - - 1 4 9.7

- - 5 10 - - 1 3 -

.

- - - 10 - - 1 3 -

Pb Regrind - 50 20 - -
, 20 - - -

Pb H.S. Cond - 20 - 5 100 - 15 - -

Pb 1st Cl. - - - - . - - - 4 9.7

- - 1.0 5 - - 1 6 -

Pb 1st Cl Scav - - 5 5 - - 1 3 -

Pb 2nd Cl. - 50 - 2.5 50 - 1 5 9.7

- - 4 10 - - 1 5 -

Pb 3rd Cl. - 25 - 5 50 - 1 4 -

- - 2.0 5 - - 1 4 -

Pb 4th CI. - 25 - 5 50 - 1 3 -

- - 2.0 5 - - 1 3 -
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T N . 4

Purpose: Precycle test using the general conditions of Test 37.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

Na2003 NaCN A311 MIBC NagSiOa Grind Co nd. Froth pH
3418A

Grind 2000 150 - - - 40 - - -

Pb Rougher - -' 5 15 - - 1 4 9.7

Pb Scav - - 5 10 - - 1 3 -

- - - 10 - - 1 3 -

Pb Regrind
- 50 20 - - 20 - - -

.

Pb1stCl. - 20 - 5 100 - 1 4 9.6

- - 1.0 5 - - 1 6 -

Pb 131 CI Scav - - 5 5 - - 1 3 -

'

Pb 2nd Cl. - 50 - 2.5 50 - 1 5 9.7

g

- - 4 1o - - 1 5 -

Pb 3rd Cl. - 25 - 5 50 - 1 4 -

- - 2.0 '5 - - 1 4 -

Pb 4th Cl. - 25 - 5 50 - 1 3 -

- - 2.0 5 - - 1 3 -

Feed: Pb Rougher + Pb 131 Cleaner Scav Tailings.

Conditions:

Reagents Added, grams per tonne Time, minutes

Stage pH

Ca(OH)2 CuSO4 A350 DF Grind Cond. Froth

1012

Zn Circuit:

Condition 1250 - - - - 5 - -

'

- 800 - - - 5 - 11 5

Zn Rougher - - 20 10 - 2 4 -

,.

'

- - 10 - - 1 3 -

Zn Regrind (PM) 250 - - - 10 - - -

H.S. Cond. - - 10 - - 1S - -

Zn 131 Cleaner - - - - - 1 4 11.2

Zn ist Cl Scav - - 5 5 - 1 4 -V
‘

Zn 2nd Cleaner 250 - -

-.
- 1 4

.

11.8

Zn 3rd Cleaner 250 - - - - 1 3 -

Zn 4th Cleaner 250 - - — - 1 3 12.0
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T N.4

Purpose: Aflotation locked cycle test using the conditions of Test 40.

'

Procedure: As shown below.

Feed: 6 x 2000 g of minus 10 mesh Composite 3.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

Na2003 NaCN A311 MlBC Na28i03 Grind Cond. Froth pH
3418A

Grind 2000 150 - - - 40 - - -

Pb Rougher
- — 5 15 - - 1 4 9.7

Pb Scav - - 5 10 - - 1 3 -

- - - 10 - - 1 3 -

"Pb Regrind
- 50 >20 — - 20 - - 9.6

Pb 1st CI. - 20 - 5 100 - 1 3 -

- - 1 0 5 - - 1 3 -

Pb 1st Cl Scav - - 5 5 -
- 1 3 -

Pb 2nd Cl. - 50 - - 50 - 1 3 9.7

- - 2 5 - - 1 3 -

Pb 3rd Cl. -

'

25 - 5 50 - 1 3 9.6

Pb 4th CI. - 25
V

- 2.5 50 - 1 3 9.5

Feed: Pb Rougher + Pb 1st Cleaner Scav Tailings.

Conditions:

Reagents Added, grams per tonne Time, minutes

Stage pH

Ca(OH)2 CuSO4 A350 DF Grind Cond. Froth

1012

Zn Circuit:

Condition
'

1250 - - - - 5 - -

- 800 - -
— 5 - 11 4

Zn Rougher
- - 20 10 - 2 4 -

V

-
- 10 - - 1 3 -

Zn Regrind (PM) 500 - - - 10 - - -

H.S. Cond.. - - 10 -
- 10

'

- -

Zn 131 Cleaner - - -
- — 1 5 11.3

Zn 1st Cl Scav -
- 5 5 - 1 3 -

Zn 2nd Cleaner 250 - -
- - 1 4 11.7

Zn 3rd Cleaner 250 - -
- - 1 3 11.9

Zn 4th Cleaner
'

250 - -
- - 1 3 12.0
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'

Product

9

1. P6 010ch 97.5

2. PbClConc B 106.7

3.P60100nc0 102.1

4. Pb 01001ch 95.7

5.1% 0100mE 91.6

6. P11 0100111: F 100.2

7. 4th 017311 F 36.6

6. 310 017311 F 73.0

9. 2nd 01m F 52.4

10.131 01 303110011: F 29.0

11.2n0L00ncA 146.1

12.7.1101. 00m B 145.3
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17.2n411101TdF 22.6
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22.13101 3334736 B 175.2
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26. Zn F10 80347311 B 1466.4

29. ZnRo 303473110 1524.5

30. ZnRo Seas/73110 1526.6

31.271170533117366 1546.3
32. ZnRo Scan/7311 F 1496.4

Headtcalc]

Combined Products

Comb PbConcJ to 6
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,
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‘
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Zn Fe Au A9

1.3 0.1 9.8 10.7

1.3 0.2 11.6 11.2

1.1 0.2 9.9 12.5

1.1 0.1 9.3 11.0

1.0 0.1 6.6 10.3

1.2 0.1 10.5 11.5

0.7 0.2 0.9 2.3

1.4 0.5 1.0 2.6

0.9 0.5 0.5 1.2

0.6 0.3 1.3 0.7

12.6 0.4 1.2 1.0

12.6 0.4 0.7 1.2

13.6 0.4 0.7 1.3

14.1 0.5 0.9 1.4

13.0 0.4 0.5 1.0

12.0 0.3 0.5 0.9

1.6 0.1 0.2 0.3

1.4 0.2 0.3 0.4

1.2 0.4 0.7 0.6

1.4 1.8 4.9 1.1

0.2 1.3 0.5 0.6

0.3 1.6 0.6 0.5

0.3 1.4 0.4 0.5

0.4 1.6 0.5 0.6

0.6 1.9 0.7 0.6

0.4 1.6 0.5 0.7

0.6 13.6 3.5 2.2

0.6 13.6 3.3 2.0

0.6 14.3 2.6 2.0

0.6 14.1 3.6 2.3

0.7 14.2 3.2 2.3

0.6 13.4 6.1 52.2

100.0 100.0 100.0 100.0

7.0 0.9 60.0 67.3

3.7 1.5 3.7 7.0

76.0 2.4 4.4 6.7

5.6 2.2 6.1 2.4

2.0 9.5 3.3 3.5

3.6 63.4 22.5 13.0.

7.6 1.0 65.0 75.3

65.6 2.4 3.2 6.5

6.6 96.6 31.9 16.2

100.0 100.0 100.0 100.0
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Purpose:

13'3

Avseries of roughing tests using A317/3418A collector to evaluate the effect

of fineness of Primary grind. ,

Procedure: As indicated below .

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 30 minutes at 65% solids in a lab ball mill

Conditions:

Stage Reagents Added, grams per tonne Time, minutes pH

Nazooa NaCN A311 MlBC Ca(OH)2 CuSO4 A350 Grind Cond. Froth

3418A

Grind 2000 150 - - - - - 30 - - 9.7

Pb Rougher
- - 5 15 - - - - 1 4 -

Pb Scavenger
- - 5 10 - - - - 1 3 -

- - - 1o - - - - 1 3 -

DF
1 0 1 2

Zn Conditioning 1 - - - - 1250 - - - 5 - 11.6

Zn Conditioning 2 - - - - - 800 - - 5 - -

Zn Rougher
- - - 10 - - 20 - 2 4 -

Zn Scavenger
- - - - - - 10 - 1 3 -



haletaallurgiczal Balance

TestNo. 42

321 male.

Combined Products

Pt'llldl.l|2:t$i1+2 15.132 25.43 10.20 927 23.4

F‘mdwfils 3+4 13.55 1.01] 25.173 3.3 6?.1

F‘ 23.1; e 1
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lest—No.29;

Purpose: Repeat Test 42, but increase the Primary grinding time to 40 minutes.

Procedure: As for Test 42.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Stage Reagents Added, grams per tonne Time. minutes pH

Nazcoa NaCN A311 MIBC Ca(OH)2 CuSO4 A350 Grind Cond. Froth

3418A .

Grind 2000 150 - - - - - 40 - - 9.7

Pb Rougher
- - 5 15 - - -

- 1 4 -

Pb Scavenger
- - 5 10 - - -

- 1 3 -

- - - 10 - - - - 1 3 -

DF

1012

Zn Conditioning 1 - - - - 1250 - - - 5 - 11.5

Zn Conditioning 2 - - - - - 800 -
- 5 - -

Zn Rougher
- - - 10 - - 20 - 2 4 -

Zn Scavenger
- - - - - - 10 - 1 3 -



Test N0. 43

Combined Products

Metallurgical Balance

F'rudut:t31+2 “Jill-2‘ 31.533 10.24 85.1: 21.9

Products 3+4 14.58 2.30 26.36 3.3 ?4.5

Page 1
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T N 4

Purpose: Repeat Test 42, but increase the Primary grinding time to 50 minutes.

Procedure: As' for Test 42.

Feed: 2000 9 ct minus 10 mesh Composite 3.

Grind: 50 minutes at 65% solids in a lab ball mill

Conditions:

Stage Reagents Added, grams per tonne ~ Time, minutes

Na2003 NaCN A317 MIBC Ca(OH)2 CuSO4 A350 Grind Cond. Froth

3418A

Grind 2000 150 - - — - - 50 - -

Pb Rougher
- - 5 15 - - - - 1 4

Pb Scavenger
- - 5 10 - - - - 1 3

- - - 10 - - - - 1 3

DF

1 0 1 2

Zn} Conditioning 1 - - - - 1250 - -
- 5 -

Zn Conditioning 2 - - - - - 800 -
- 5 -

Zn Rougher
- - - 10 - - 20 ‘ 2 4

Zn Scavenger
- - - - - - 1o - 1 3



Metallurgical Balance

Test No. 44

0

C om thine d Products

F'rcuiw::t:s:1+2-E 10.03 35.45 9.33 3516 13.5

F'rIZIIIIut:1.33+4 14.21] 2.55 253.54 8.3 FSJJ

SCI
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T IN.7

Purpose: To investigate the effect of a coarse Primary grind on Pb' and Zn cleaning using

Composite 3 ore.

Procedure:
_

Standard flotation conditions of Tes 40.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 20 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

Na2003 NaCN A3] 2 MlBC Na28i03 Grind Co nd. Froth pH
3418A

Grind 2000 150 - - - 20 - - -

Pb Rougher
- - 5 15 - - 1 4 9.8

Pb Scav - - 5 1 0 -
- 1 3 -

- - - 10 - - 1 3 -

Pb Regrind
- 50 20 -

- 20 - - -

Pb 151 CI. — 20 - 5 100 - 1 4 -

- - 1.0 5 -
- 1 6 -

Pb 131 CI Scav - - 5 5 -
- 1 3 -

Pb 2nd Cl. - 50 - 2.5 50 - 1 4 9.7

- ~ 4 1 O - - 1 4 -

Pb 3rd Cl. - 25 - 5 50 - 1 4 -

- - 2.0 5 -~
- 1 3 -

Pb 4th CI. - 25 - 5 50 - 1 3 -

_

- - 2.0 5 - - 1 3 -

Feed: Pb Rougher + Pb 151 Cleaner Scav Tailings.

Conditions:

Reagents Added, grams per tonne Time, minutes

Stage pH

Ca(OH)2 CuSO4 A350 DF Grind Cond. Froth

1012

Zn Circuit:

Condition 1250
‘

- - - - 5 - -

’

- 800 - -
- 5 - 11 .5

Zn Rougher
-

- 20 10
’

- 2 4 -

-
- 10 - - 1 3 -

Zn Regrind (PM) 250 - -
- 10 .-

- -

H.S. Cond. - - 10 - - 10 - -

Zn 151 Cleaner - - - - - 1 4 11.2

Zn 1st Cl Scav -
- 5 5 - 1 4 -

Zn 2nd Cleaner 250 - - - - 1 4 12.0

Zn-3rd Cleaner 250 - -
-

- 1 3 -

Zn 4th Cleaner 250 - -
-

- 1 2 -
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T N . 7

Purpose: To investigate the effect of L88 on Composite 3 Pb flotation.

Procedure: Standard conditions of Test 40, but replace NaCN with depressant LS8 -

reduce addition by 50 %.

Feed: 2000 g of minus 10 mesh Composite 3.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

Na2C03 LS8 A3] Z MIBC NagSiOg Grind Co nd. Froth pH
341 8A

'

Grind 2000 75 - - - 40 - — -

Pb Rougher
- - 5 15 - - 1 4 9.5

Pb Scav - - 5 10 - - 1 3 -

- - 2.5 10 - - 1 3 -

Pb Regrind
— 25 20 - - 20 - - -

Pb 1st CI. - 10 - 5 100 - 1 4 -

- - 1.0 5 - - 1 6 -

Pb 1st Cl Scav - 5 5 - - 1 3 -

Pb 2nd CI. - 25 - 2.5 50 - 1 4 9.5

- — 4 5 - - 1 4 -

Pb 3rd Cl. - 12.5 - 5 50 - 1 3 -

- - 2 5 - - 1 3 .

-

Pb 4th CI. - 12.5 - 5 50 - 1 3 9.5

- - 2 2.5 - - 1 3 -
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Test N9. §§

Purpose: To, nm a locked cycle test on Composite 3 using the Plant flowsheet.

Procedure: Similar to Test 41.

Feed: 6 x 2000 g of minus 10 mesh Composite 3.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

Nagcoa NaCN MlBC Na28i03 Grind Cond. Froth pH

3418A

Grind

I

2000 150 - -
- 4o - - -

Pb Rougher
- - 5 10 - - 1 4 9.5

Pb Scav — - 5 10 - - 1 3 -

- - - 5 - - 1 3 -

Pb 1st CI. - 50 2 - 100 - 1 3 9.5

Pb Regrind (Pb Scav + Pb 1st CI Tail) - - - 20 - - -

Pb 2nd Cl. - 50 - - '50 - 1 1.5 9.5

Pb 3rd CI. - 25 - - 50 - 1 1 -

Feed: Pb Scavenger Tailing

Conditions:

Reagents Added, grams per tonne
'

Time, minutes

Stage pH

Ca(OH)2 CuSO4 A350 DF Grind Cond. Froth

1 01 2

Zn Circuit:

Condition 1250 - - - - 5 - -

- 800
,

- - - 5 - -

Zn Rougher
, - - 20 7.5 - 2 4 -

Zn Scavenger
- - 10 2.5 - 1 3 -

Zn Regrind (PM) 500 10 - - 10 - - -

H.S. Cond. - - 10 2.5 - - - -

Zn 1st Cleaner - - - - - 1 5 -

Zn 131 CI Scav - - 5 5 - 1 3 -

Zn 2nd Cleaner 250 - - - - 1 4 -

Zn 3rd Cleaner 250 - -
- 1 3 -

Zn 4th Cleaner 250 - - - - 1 2 -
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S.G. 4.11

T N 4

Purpose: A,series of rougher flotation tests on Composite 1A ore to evaluate the effect of

grinding size on Pb and Zn rougher flotation.

Procedure: As for Test 41. Increased Na2C03 to maintain pH 9.5 in the Pb rougher.

Feed: 2000 g of minus 10 mesh Composite 1A.

Grind: 30 minutes at 65% solids in a lab ball mill

Conditions:

Stage
» Reagents Added, grams per tonne Time, minutes pH

Na2003 NaCN A311 MIBC Ca(0H)2 CuSO4 A350 Grind Cond. Froth

3418A

Grind 2500 150 - - - - - 30 - - -

Pb Rougher 1000 - 5 1o - - - - 1 4 8.0-9.4

~Pb Scavenger
- - 5 10 - - —

- 1 3 —

- -
- 1o - - - - 1 3 —

DF

1 0 1 2

Zn Conditioning 1 - - ~ - 1500 -
- 5 - 11.5

Zn Conditioning 2 — - - - - 800 - - 5 -

Zn Rougher
- - - 10 - - 20 - 2 4 -

Zn Scavenger
- - - - - - 10 - 1 3 -

WWW

Particle Size % Retained % Passing
Individual Cumulative Cumulative

+ 150 mesh 1.5 1.5 98.5

200 4.9 6.4 93.6

270 12.0 18.4 81.6

27.8 um 28.0 46.4 53.6

21.6 11.2 57.6 42.4

15.1 11.3 68.9 31.1

10.4 8.3 77.2 22.8

8.0 4.8 82.0 18.0

- 8.0 18.0 100.0 -

Total 100.0
-

-



M r313“ ur‘ggical Balance

Test No. 48

o

0. m3.

gnu

o, 0116.

.
[In [3 .

. 1'1 3"." .

Combined Products

Products 1+2 11.23 1.45 24.54 17.02 15.330 3.46 283.49 61.4 71.3 '48 7 7.2 633 1.0

F'I'IBUIJI31334'4 13.33 13.33 4.12 11.45 31.07 0.513 65.40 16.5 14.2 371 15.5 115 19.5

8‘71-

F'::‘:I.I_;| e 1
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T N . 4

Purpose: Repeat Testv48 but increase the Primary grinding time to 40 minutes.

Procedure: As for Test 48.

Feed: 2000 g 01 minus 10 mesh Composite 1A.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Stage Reagents Added, grams per tonne . Time, minutes

Nazcoa NaCN A317 MIBC Ca(OH)2 CuSO4 A350 Grind Cond. Froth

3418A

Grind 3500 150 - - - - - 40 - -

Pb Rougher 500 - 5 15 - - - - 1 4

Pb Scavenger
- - 5 10 - - - - 1 3

- - - 10 - - - - 1 3

D F

1 0 1 2

Zn Conditioning 1 - - -
- 1500 - - - 5 -

Zn Conditioning 2 - - - - - 800 - - 5 -

Zn Rougher
- - - 10 - - 20 - 2 4

Zn Scavenger
- - — - - - 10 - 1 3
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K

Test No. 49 - Continued

12 An I I
-'

m In Produ

Particle Size % Retained % Passing
Individual Cumulative Cumulative

.+ 200 mesh 3.3 3.3 96.7

270 7.2 10.5 89.5

27.8 um 25.9 36.4 63.6

21.6 12.5 48.9 51.1

15.1 13.5 62.4 37.6

10.4 9.8 72.2 27.8

8.0 4.7 76.9 23.1

- 8.0 23.1 100.0 -

Total 100.0 -
-

S.G. 4.14

I

12 An I Is : P R0 cav Conc Combined N Re rln

Particle Size
'

% Retained % Passing
individual Cumulative Cumulative

+ 270 mesh 2.3 2.3 97.7

27.8 um 15.1 17.4 82.6

21.6 10.6 28.0 72.0

15. 15.7 43.7 56.3

10.3 12.8 56.5 43.5

8.0 6.9 63.4 36.6

- 8.0 36.6 100.0 -

Total 100.0 -
-

S.G. 4.75



Metallufgim] Balance

TestNo. 49

Combined Products

Products: 1+2 15.09 1.33 2|].42 15.593 153.28 3.36 249.?2 F53- ?in 31.4 10.? 53.0 ?5.0

F'mdutts 3+4 10.3? 0.26 2.89 3.?5 33.36 [U33 427.25 10.8 15 23.2 13.4 9.2 10.2

‘

ISI

Page. 1
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Test N9. 59

Purpose: Repeat Test 48, but increase the Primary grinding time to 50 minutes.

Procedure: As for Test 48.

Feed: 2000 g of minus 10 mesh Composite 1A.

Grind:
'

50 minutes at 65% solids in a lab ball mill

Conditions:

Stage Reagents Added, grams per tonne Time, minutes

Nazoo,3 NaCN A31 2

I

MIBC Ca(OH)2 CuSO4 A350 Grind Cond. Froth

3418A

Grind 4000 150 - - - - - 50 - -

Pb Rougher 500 - 5 15 - - - - 1 4

Pb Scavenger - - 5 10 - - - - 1 3

- - - 5 - - - - 1 3

OF

101 2

Zn Conditioning 1 - - - - 2000 - - - 5 -

Zn Conditioning 2 - - - - - 800 - - 5 -

Zn Rougher - - - 10 - - 20 - 2 4

Zn Scavenger - - - - - 10 - 1 3

WW

Particle Size % Retained % Passing
Individual Cumulative Cumulative

+ 200 mesh 1.9 1.9 98.1

270 6.1 8.0 92.0

27.8 um 26.8 34.8 65.2

21.6 12.8 47.6 52.4

15.1 13.7 61.3 38.7

10.4 10.3 71.6 28.4

8.0 5.8 77.4 22.6

- 8.0 22.6 100.0 -

Total 100.0 -
-

8.6. 4.13



Metallurgical Balance

TestNo. 50

0

0. one.

"av. CIVIL”- .

I3. OFIC.

CIVIC.

Combined Products

Pruducta 1+2 15.32 1.29 13.91 14.60 13.28 3.4? QFQJE'B ?S.B 31.6 64.1 11.6 1'53 1'33

Products 3+4 FIJI [LE4 2.84 10.30 23.213 [1.39 33.93 131 4 S 20.0 8.1 3.8 10.4

l-‘

U1
U0
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Test. N9 . 52

Purpose: Repeat Test 48, but increase the Primary grinding time to 60 minutes.

Procedure: As for Test 48.

Feed: 2000 g of minus 10 mesh Composite 1A.

Grind: 60 minutes at 65% solids in a lab ball mill

Conditions:

Stage Reagents Added, grams per tonne Time, minutes

Na2003 NaCN A311 MlBC Ca(OH)2 CuSO4 A350 Grind Cond. Froth

3418A

Grind 5000 150 ~ - - - - 60 - -

Pb Rougher - - 5 15 - - - - 1 - 4

Pb Scavenger - - 5 1O - - - - 1 3

- - - 5 - - - - 1 3

OF

1 01 2

Zn Conditioning 1 - - - - 2000 - - - 5 -

Zn Conditioning 2 . - - - - 800 - - 5 -

Zn Rougher - - - 10 - - 20 - 2 4

Zn Scavenger
- - - - 10 - 1 3

W

Particle Size % Retained % Passing
Individual Cumulative Cumulative

+ 200 mesh 0.9 0.9 99.1
270 2.7 3.6 96.4

400 9.4 13.0 87.0

28.1 um 11.4 24.4 75.6

21.8 11.4 35.8 64.2

15.2 15.9 51.7 48.3

10.4 12.8 64.5 35.5

8.1 7.4 71 .9 28.1

- 8.1 28.1 100.0 -

Total 100.0
,

-

.

-

8.6. 4.09



Metallurgical Balance

TestNo. 52

Combined Products

221.38

44.60

Products1+2 18.02 1.18 18.30 15.05 21.0?

Products3+4 106 0.23 2.16 11.48 29.90 —-cn 1"?“ mm:
a: ?5.1 179.4

.3m'“I
.4 82.?

8DU) 484:: "nll'hl

SSI

Page 1
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Purpose: Repeat Test 48, but increase the Primary grinding time to 70 minutes.

Procedure: As for Test 48.

Feed: 2000 g of minus 10 mesh Composite 1A.

Grind: 70 minutes at 65% solids in a lab ball mill

Conditions:

Stage Reagents Added, grams per tonne Time, minutes pH

Na2003 NaCN A3] Z MIBC Ca(OH)2 CuSO4 A350 Grind Cond. Froth

3418A

Grind 5000 150 - - - - - 60 - - -

Pb Rougher
- - 5 15 - - - - 1 4 9.5

Pb Scavenger
- - 5 10 ’- - - - 1 3 -

- - - 5 - - - - 1 3 -

DF

1 0 1 2

Zn Conditioning 1 - - - 2000 - - - 5 - 11.5

Zn Conditioning 2 - - - - - 800 - - 5 -

Zn Rougher
- - - 10 - - 20 - 2 3 -

Zn Scavenger
- . - ’- - - 10 -

.
1 . 3 —

WW

Particle Size % Retained °/o Passing
Individual Cumulative Cumulative

+ 200 mesh 0.3 0.3 99.7

270 2.5 2.8 97.2

28.1 um 18.7 21.5 78.5

21.8 12.7 34.2 65.8

15.2 16.2 50.4 49.6

10.4 13.1 63.5 36.5

8.1 7.4 70.9 29.1

- 8.1 29.1 100.0 -

Total 100.0 -
-

8.6. 4.11



Metallurgical Balance

TestNo. 53

Combined Products

Products 1+2
'

1?.07 1.24 19.03 15.80

Products 3+4
'

8.84 0.21 2.16 11.38 coco 34%.:~15.
2.?4 23679 ?9.4 82.9 65.6 12.8 697 ms

0.?6 46.63 5.1 3.? . 3.6M—s

[SI

Page 1
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T N 7

Purpose: Preliminary cleaning test on Composite 1A ore using the rougher flotation

conditions of Test 52.

Procedure: As shown below.

Feed: 2000 g 01 minus 10 mesh Composite 1A.

Grind: 60 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes
Na2003 NaCN A311 MIBC NagSiOa Grind Co nd. Froth pH

3418A

Grind 5000 150 - — - 60 - - -

Pb Rougher - - 5 15 - - 1 4 9.6

Pb Scav. - - 5 10
'

- - 1 3 -

- - - 10 - - 1 3 -

Pb Regrind
- 75 20 - - 20 - - -

PbtstCl. - 20 - 5 100 - 1 4 9.7

- - 1.0 5 - - 1 6 -

Pb tst Cl Scav - - 5 5 - - 1 3 -

Pb 2nd Cl.
'

- 50 - 2.5 50 - 1 4 9.5

- - 4.0 2.5 - - 1 4 -

Pb 3rd Cl. - 25 - 5 50 - 1 4 9.5

- - 2.0 5 - - 1 3 -

Pb 4th Cl. - 25 - 5 50 - 1 3 -

- - 2.0 5 - - 1 3 -

Feed: Pb Scavenger + Pb 1st Cleaner Scavenger Tailings

Conditions:

Reagents Added, grams per tonne . Time, minutes

Stage pH

Ca(OH)2 CuSO4 A350 DF Grind Cond. Froth

1012

Zn Circuit:

Condition . 1250 - - - — 5 - -

- 800 - - - 5 - 11 .7

Zn Rougher .

- - 30 10 - 2 4 -

- - 10 5 - 1 3 -

Zn Regrind (PM) 1000 100 -

>

- 30 - - -

H.S. Cond. - - 20 - - 10 - -

Zn 151 Cleaner - ,- - 5 - 1 4 12.0

Zn 1st Cl Scav - - 1 0 5 - 1 2 -

Zn 2nd Cleaner 500 - - -
- 1 4 12.3

Zn 3rd Cleaner 500 - - -
- 1 3 12.3

Zn 4th Cleaner 500 - - -
- '1 2 -
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T N 7

Purpose: Repeat Test 72, but replace NaCN with depressant L88.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 1A.

Grind: 60 minutes at 65% solids in a lab ball mill

Conditions:

Stage Reagents Added, grams per tonne Time, minutes pH

Na2003 L88 5312 MlBC Na23i03 Oxalic NaCN Grind Cond. Froth

3418A Acid

Grind 5000 300 - - - — - so - - -

Aerate - - 5 15 - - -
- 10 - -

Pb Rougher
- - - - - - - - 1 4 9.3

Pb Scavenger
- - 5 10 - - -

- 1 3

-

- - 5 1o - -
- 1 3 -

Pb Regrind (RM)
- - - - - - - 20 - - -

H.S. Condition - - - - - 900 500 - 20 - 7.5

Pb 1st Cleaner - 5 10 - - .
- - 1 3 -

- - 5 5 - - - - 1 3 -

Pb 1st Cl. Scav. - - 5 5 - - - - 1 3 -

Pb 2nd Cleaner - 50 10 5 50 - - - 1 3 9.0

- - 1o 5 - - - 1 3 -

- - 10 5 - - - - 1 2 -

Pb 3rd Cleaner - - - - 50 - - - 1 3 8.9

- - 1o 5 - - - - 1 a -

Pb 4th Cleaner - - - 5 50 - - - 1 3 -

- 1o - - - - - 1 2 ~

Particle Size % Retained % Passing
Individual Cumulative Cumulative

+ 29.0 um 0.1 0.1 99.9

22.5 0.9 1.0 99.0

15.7 9.2 10.2 89.8

10.8 18.0 28.2 71.8

8.3 13.1 41.3 58.7

- 8.3 58.7 100.0 -

Total 100.0 - -

S.G. 4.66
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T N . 7

Purpose: Repeat Test 72, but replace NaCN with depressant DS20.

Procedure:
'

As shown below.
‘

Feed: 2000 g of minus 10 mesh Composite 1A.

Grind:

.

60 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

, Na2003 DS20 A311 MIBC Na28i03 Grind Cond. Froth pH

3418A

Grind 5000 200 - - - 60 - - -

Pb Rougher
- - 5 15 - - 1 4 9.4

Pb Scav. - - 5 10 - - 1 3 -

- - 5 10 - - 1 3 -

Pb Regrind
- 75 20 - - 20 - - -

Pb 1st Cl. - 20 - 5 100 - 1 4 9.5

- - 2.5 5 - - 1 6 -

Pb 1st Cl Scav - - 5 5 - - 1 3 -

Pb 2nd CI. - 50 - 2.5 50 - 1 3 9.5

‘

'. 5 . 5 - - 1 3 -

Pb 3rd Cl. - 25 - 5 50 - 1 3 9.4

- - 5 5 - - 1 3 -

Pb 4th Cl. - - - 5 50 - 1 2 9.4

- ~ 5 5 - - 1 2 -
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Purpose: A locked cycle test on Composite 1A ore, using conditions similar to Test 72.

Procedure: As shown below.

Feed: 6 x2000 g of minus 10 mesh Composite 1A.

Grind: 60 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

Na2C03 NaCN A31 2 MlBC Na28i03 Grind Co nd. Froth pH

3418A ,

Grind 5000 150 - - - 60 - - -

Pb Rougher
- - 5 15 - - 1 4 9.6

Pb Scav. - - 5 5 - - 1 3 -

- - 5 5 -
- 1 3 -

Pb Regrind
- 75 20 - - 20 - - -

Pb1stCI. - 20 - 2.5 100 - 1 3 9.7

- - 2.5 2.5 -
- 1 3 -

Pb 1st Cl Scav -
- 5 2.5 - -

'

1 3 -

Pb 2nd CI. - 50 - - 50 - 1 3 9.5

-

.

-

'

4.0 2.5 -
- 1 3 -

Pb 3rd Cl. - 25 - - 50 - 1 3 9.5

Pb 4th Cl. — 25 - - 50 - 1 1.5 9.5

Feed: Pb Rougher + Pb 1st Cleaner Scav Tailings.

Conditions:

Reagents Added, grams per tonne Time, minutes

Stage pH

Ca(OH)2 CuSO4 A350 DF Grind Cond. Froth_
1012

Zn Circuit:

Condition 1 2500 -
-

- - 5 - 11.6

Condition 2 - 800 - - - 5 - 11.7

Zn Rougher
- - 30 10 - 2 4 -

- - 10 5 - 1 3 -

Zn Regrind (PM) 1000 100 - - 30 - - -

H.S. Condition
-

-
- 20 - - 10' - -

Zn 1st Cleaner -
-

- 5 - .1 4 12.0

Zn 1st Cl Scav -
- 10 5 - 1 2 -

Zn 2nd Cleaner 500 - - - - 1 4 12.3

Zn 3rd Cleaner 500 - - - - 1 3 12.3

Zn 4th Cleaner 500 -
-

- - 1 2 12.4



Test No. 85 Flowsheet 165

6
*

2Kg. -10. mesh Comp. No.1A

l
Grind

Pb Rougher ——> Pb Scav
Pb Scav. Ta”

Pb Regrind
‘

Pb Cl. Scav. Tail

Y

Pb 1st Cl. Pb Cl. Scav. Condition

Condition

Pb 2nd Cl. £
Zn Rougher —-> Zn Scav. —>

Zn

-

_

Scav

Pb 3rd Cl. Regrin Tail

H.S. Cond.

Pb 4th Cl. Zn 1st Cl. —>Zn CI. Scav —>

Zn is

Zn 2nd Cl.
Cl. Scav Ta

Pb 4th Cleaner Concentrate

Zn 3rd Cl.

Zn 4th Cl.

Zn 4th C. Conc.
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3458B-85 Metallurgical Results

Product . Weight Assays,%.g:t % Distribution

9 % Cu Pb Zn Fe Au Ag Pb Fe Au AgN :I

1. Pb CIConcA 48.7 0.4 2.93 48.7 10.3 9.67 13.5 523. 5.4 1.1 0.2 7.9 4.6

2 PbClConcB 89.6 0.8 2.37 43.9 12.1 12210.3 453. 8.9 2.3 0.4 11.1 7.3

3. Pb ClConcC 83.6 0.7 2.42 45.2 11.5 11.2 10.1 470. 8.5 2.1 0.3 10.2 7.0

4. Pb ClConcD 85.5 0.7 3.06 43.7 13.7 11.1 9.88 477. 8.4 2.5 0.3 10.2 7.3

5 Pb ClConcE « 84.0 0.7 2.54 42.5 12.7 12.0 9.90 460. 8.1 2.3 0.3 10.0 6.9

6. Pb ClConcF
‘

82.9 0.7 2.55 43.7 12.5 13.2 10.4 436. 8.2 2.2 0.4 10.4 6.5

7. 4th ClTailF 57.9 0.5 - 34.3 14.8 15.3 2.28 350. 4.5 1.8 0.3 1.6 3.6

8. 3rd ClTale 98.5 0.8 - 28.3 16.5 17.6 1.77 308. 6.3 3.5 0.6 2.1 5.4

9. 2nd ClTaiIF 96.9 0.8 - 18.0 16.6 21.3 1.17 225. 3.9 3.4 0.7 1.4 3.9

10.1st ClScavConcF 44.9 0.4 - 15.3 18.6 22.7 1.15 202.1.5 1.8 0.3 0.6 1.6

11.Zn CLConcA 67.2 0.6 - 1.70 52.4 9.66 0.55 54.9 0.3 7.5 0.2 0.4 0.7

12.Zn CLConcB
'

60.3 0.5 - 4.12 49.4 10.8 0.75 82.7 0.6 6.4 0.2 0.5 0.9

13. Zn CLConcC 82.2 0.7 - 2.44 52.0 8.77 0.55 73.1 0.5 9.1 0.2 0.5 1.1

14. Zn CLConcD 77.8 0.7 - 2.79 52.0 8.81 0.91 73.0 0.5 8.7 0.2 0.9 1.0

15.Zn CLConcE 83.2 0.7 - 2.73 52.8 8.59 0.46 71.1 0.5 9.4 0.2 0.5 1.1

16. ZnCLConcF 91.3 0.8 - 3.09 52.1 8.80 0.52 76.3 - 0.6 10.2 0.3 0.6 1.2

17.Zn4thClTailF 20.6 0.2 - 11.7 24.7 17.9 1.07 181 0.5 1.1 0.1 0.3 0.7

18.3rdClTailF 47.8 0.4 - 12.5 11.9 22.6 0.99 171 1.3 1.2 0.3 0.6 1.5

19.2ndClTailF 76.5 0.6 -

.
10.5 6.92 26.2 0.99 142 1.8 1.1 0.6 0.9 1.9

20.1stClScavConcF 70.3 0.6 - 8.67 4.67 29.4 1.54 117 1.4 0.7 0.7 1.3 1.5

21.1stClScavTail A 193.5 1.6 - 1.95 1.23 26.6 0.59 29.5 0.9 0.5 1.7 1.4 1.0

22.1stClScavTail B 105.1 0.9 - 1.72 1.22 265 0.35 28.9 0.4 0.3 0.9 0.4 0.5

23.1stClScavTail C 237.7 2.0 - 3.00 1.36 27.8 0.36 46.0 1.6 0.7 2.1 1.0 2.0

24.1stClScavTaiI D 182.3 1.5 - 4.04 1.71 26.2 0.43 60.6 1.7 0.7 1.5 0.9 2.0

25.1stClScavTail E 294.5 2.5 - 3.39 1.51 27.6 0.37 49.0 2.3 1.0 2.6 1.3 2.6

26.1stCIScavTail F 291.3 2.5 - 4.30 1.65-27.4 0.41 61.0 2.8 1.0 2.6 1.4- - 3.2

27. Zn RoScavTaiIA 1489.3 126 - 0.75. 0.85 28.2 022 11.8 2.5 2.7 13.6 3.9 3.1

28. Zn Flo ScavTailB 1506.7 12.7 - 0.84 0.87 26.8 0.20 13.2 2.9 2.8 13.1 3.6 3.6

29. ZnRoScavTailC 1528.7 12.9» - 0.93 0.91 28.5 0.19 13.1 3.2 3.0 14.1 3.5 3.6

30. Zn RoScavTailD 1591.7 13.4 - 0.98 0.92 27.3 0.20 16.5 3.5 3.1 14.0 3.8 4.7

31. Zn Ro ScavTailE 1463.1 12.4 - 1.01 0.93 27.7 0.19 16.1 3.3 2.9 13.1 3.3 4.2

32. Zn Ro ScavTaiIF 1507.3 12.7 - 0.97 0.90 28.5 0.19 15.1 3.3 2.9 13.9 3.4 4.1

Head (calc) 11840.9100.0 - 3.74 3.95 26.1 0.70 47.3 100.0 100.0 100.0 100.0 100.0

Combined Products

Comb Pb Conc.1t06 4.0 2.62 44.3 12.3 11.7 10.5 466 47.4 12.5 1.8 59.7 39.5

CombeClTails7to10 2.5 - 24.2 16.5 19.1 1.58 273 16.3 10.5 1.8 5.7 14.6

Comen CI.Conc.11to16 3.9 - 279 51.9 9.14 0.61 72.0 2.9 51.3 1.4 3.4 5.9

Comen CITaiIs17t020 1.8 - 10.5 8.99 25.7 1.18 144 5.1 4.1 1. 8 3.0 5.5

Comen ClScavTails21t026 11.0 - 3.26 1.48 27.2 0.42 48.2 9.6 4.11.15 6.5 11.2

Comen Ro ScTails 27t032 76.7 - 0.91 0.90 27.8 0.20 14.3 18.7 17.4 81. 8 21.7 23.2

Projected Results Cycles E & F

PbCIeanerConc 5.3 43.1 12.6 12.6 10.1 448 61.3 17.0 2.5 70.8 50.7

ZnCIeanerConc 4.5 2.92 52.4 8.70 0.49 73.8 3.5 59.6 1.5 2.9 7.0

Zn Scav. Tail 90.2 1.46 1.02 28.0 0.22 22.1 35.2 23.4 96.0 26.3 42.3

Head(calc) 100.0 3.74 3.95 26.3 0.76 47.1 100.0 100.0 100.0 100.0 100.0
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Tgfij N9. 55

Purpose: To examine the effect of fineness of grind on Pb-Zn rougher flotation on

Composite 1B ore.

Procedure: As for Test 42.

Feed: 2000 g of minus 10 mesh Composite 1B.

Grind: 30 minutes at 65% solids in a lab ball mill

Conditions:

Stage .Reagents Added, grams per tonne Time, minutes

Na2003 NaCN m1 MlBC Ca(OH)2 CuSO4 A350 Grind Cond. Froth

3418A ,

Grind 2000 150 - - - - - 30 - -

Pb Rougher
- - 5 15 - - - - 1 4

Pb Scavenger
- - 5 10 - - - - 1 3

- - - 5 - - - - 1 3

OF

1 01 2

Zn Conditioning 1 - - 1250 - -
- 5 -

Zn Conditioning 2 - - - - - 800 - - 5 -

Zn Rougher
- - - 1O - - 20 - 2 4

Zn Scavenger - - 2.5 - - 10 - 1 3

W

Particle Size
_

% Retained % Passing
Individual Cumulative Cumulative

+ 200 mesh 6.3 6.3 93.7

270 10.1 16.4 83.6

400 17.1 33.5 66.5

27.0 um 12.9 46.4 53.6

20.9 10.7 57.1 42.9

14.6 . 12.1 69.2 30.8

10.0 8.8 78.0 22.0

7.8 4.5 82.5 17.5

- 7.8 17.5 100.0 -

Total 100.0 - -

S.G. 4.32



Metallurgical Balance

TestNo. 54

Comhined Products

Product31+2 14.44 0.92 33.53 11.59 1§.95 4.00 390.4j 61.2 01.

Product33+4 21.07 0.23 3.0? 22.14 25.01 0.49 02.0? 22.9 11. 0000 “-3 _. 43 10.9 12.9 12.4

69I

Page 1
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8.6. 4.33

M

Purpose: Repeat Test 54, but increase the grinding time to 40 minutes.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 1B.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Stage Reagents Added, grams per tonne Time, minutes pH

Na2003 NaCN A31 Z MlBC Ca(OH)2 CuSO4 A350 Grind Cond. Froth

3418A
.

Grind 2000 150 - - - - - 40 - - -

Pb Rougher
- - 5 15 - - - - 1 4 9.6

Pb Scavenger
- 5 10 - - - - 1 3

-
- - 1o - - - - 1 3 -

DF
'

1 0 1 2

Zn Conditioning 1 - - - - 1250 - - - 5 - 11.5

Zn Conditioning 2 - - - - - 800 - - 5 - —

Zn Rougher - - - 10 - - 20 - 2 4

Zn Scavenger - - - 2.5 - - 10 - 1 3 -

W

Particle Size % Retained % Passing
Individual Cumulative Cumulative

+ 200 mesh 3.4 3.4
.

96.6

270 7.5 10.9 89.1

400 12.7 23.6 76.4

27.0 um 15.1 38.7 61.3

20.9 , 12.0 50.7 49.3

14.6 13.7 ‘64.4 35.6

10.0 10.1 74.5 25.5

7.8 5.3 79.8 20.2

- 7.8 20.2 100.0 -

Total 100.0 -
-



1 71

Test No.55 - Continued

izAnl 'PR v n min nrrln

Particle Size % Retained % Passing

Individual Cumulative
,

. Cumulative

+ 270 mesh 1.2 1.2 98.8

26.8 um 22.6 23.8 76.2

20.8 13.6 37.4 62.6

14.5 17.0 54.4 45.6

9.0 11.2 65.6 34.4

7.7 4.8 70.4 29.6

- 7.7 29.6 100.0
-

Total 100.0
-

-



Metallurgical Balanc e

Test No. 55

Combined Products

Products1+2 14.03 0.99 34.92 11.93 15.00. 3.8? 420.92 65.7 33.3

Product33+4 19.32 0.22 2.98 24.48 23.56 0.43 30.14 19.8 9.?
1 d'qfi +9” OO-fl-~-.l _.

M 01

LON
n4

.'

01

—--.l —-(D (.94!-

ZLI

Page 1



173

Tg§t N9. §§

Purpose: Repeat Test 54, but inorease the grinding time to 50 minutes.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 1B.

Grind: 50 minutes at 65% solids in a lab ball mill

Conditions:

Stage Reagents Added, grams per tOnne Time, minutes pH

Magoo; NaCN A312 MIBC Ca(OH)2 CuSO4 A350 Grind Cond. Froth

3418A

Grind 2000 150 - - - - 50 - - -

Pb Rougher
- - 5 15 - - - - 1 4 9.6

Pb Scavenger
- - 5 10 - - -

- 1 3 - -

- - - 1o - - -
- 1 3 -

o F

1012

Zn Conditioning 1 - - - - 1250 - - - 5 - 11.5

Zn Conditioning 2 - - - - - 800 - - 5 - -

Zn Rougher
- - - 10 - - 20 - 2 4 -

Zn Scavenger
- - -

2.5
- - 10 - 1 3 —

WW

Particle Size % Retained % Passing
‘ Individual Cumulative Cumulative

+ 200 mesh 1.5 1.5 98.5

270 5.8 7.3 92.7

400
.

11.3 18.6 81.4

26.9 urn 14.3 32.9 67.1

20.9 12.1 45.0 55.0

14.6 14.7 59.7 40.3

10.0 11.0 70.7 29.3

7.7 6.1 76.8 23.2

- 7.7 23.2 100.0 -

Total 100.0 -
-

8.6. 4.36



TeslNo. 56

Combined Products

Metallurgical Balanc e

77 ?6.1

14.62 34.57 11.?0 14.89 3.96 415.20
15.3 14.6

Products 1+2
18.66 2.82 25.?1 23.22 0.41 61.9?

Products 3+4

Page 1
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Test N9. 5;

Purpose: Preliminary cleaning test on Composite 1B ore using the rougher flotation

conditions of Test 61.

ProcedUre: As for Test 61.

Feed: 2000 g of minus 10 mesh Composite 1B.

Grind: 40 minutes at 65% solids in a lab ball mill
’

Conditions:

Reagents Added, grams per tonne Time, minutes

Na2003 NaCN MIBC NagSiOa Grind Cond. Froth pH

3418A

Grind 2000 200 - - - 40 - - -

Pb Rougher
- - 5 15 - - 1 4 9.7

Pb Scav. - - 5 10 - - 1 3 -

- - 2.5 1 0 - - 1 3 -

Pb Regrind
- 75 20 - - 20 - - -

PbtstCl. - 20 - 5 100 - 1 4 9.8

- - 1.0 5 - - 1 6 -

Pb 1st CI Scav - - 5 5 - - 1 3 -

Pb 2nd CI.
’

- 50 - 2.5 50 - 1 4 -

- - 4.0 10 - - 1 4 -

Pb 3rd CI. - 25 - 5 50 - 1 4 -

- - 2.0 5 - - 1 3 -

Pb 4th Cl. - 25 — 5 50 - 1 3 -

- - 2.0 5 - - 1 3 -

Feed: Pb Scavenger + Pb 1st Cleaner Scavenger Tailings

Conditions:

Reagents Added, grams per tonne
-

Time, minutes

Stage pH

Ca(OH)2 CuSO4 A350 DF Grind Cond. Froth

1012

Zn Circuit:

Condition 2500 - - -
- 5 - -

- 800 -
- - 5 - 12.2

Zn Rougher
- -

- 20 5 - 2 4 -

- - 10 2.5 - 1 3 -

Zn Regrind (PM) 1000 -
- - 20 - - -

H.S. Cond. - - 10 - - 10 — -

Zn 1st Cleaner - - - -
- 1 5 12.2

Zn 1st Cl Scav - - 10 5 - 1 3 -

Zn 2nd Cleaner 500 - - -
- 1 4 12.3

Zn 3rd Cleaner 500 - - - - 1 3 12.3

Zn 4th Cleaner 500 - - -
- 1 2 -



Test No. 63

leaner. 0ND.

ONO.

ean B" one.

Combined Products

DEIDODDC'G
CI

0

O

M etell urgical Balanr: e
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Test Mg. m

Purpose: Preliminary Pb—Zn cleaning test on Composite 1B ore using the conditions of

Test 62.

Procedure: As for Test 62, but increase the Zn rougher collector to 30 g/t and add 100 g/t

CuSO4 to the Zn regrind.

Feed: 2000 g of minus 10 mesh Composite 1B.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added. grams per tonne *Time, minutes

Na2003 NaCN MIBC Na28i03 Grind Co nd. Froth pH

3418A
g

Grind 2000 200 - - - 40 - - -

Pb Rougher
- - 5 15 - - 1 4 9.7

'

Pb Scav. - - 5 10 - - 1 3 -

- - 2.5 10 - - 1 3 -

Pb Regrind
- 75 20 -

- 30 — - -

Pb1stCl. - 20_
- 5 100

'

- 1 4 9.7

- - 1.0 5 - - 1 6 -

Pb 1st Cl Scav - — 5 5 -
- 1 3 -

Pb 2nd Cl. — 50 - 2.5 50 - 1 4 9.8

- - 4.0 10 - - 1 4 -

Pb 3rd Cl. - 25 - 5 50 - 1 4 9.8

- - 2.0 5 - - 1 3 -

Pb 4th Cl. - 25 - 5 50 - 1 3 -

- - 2.0 5 - - 1 3 -

Feed: Pb Scavenger + Pb tst Cleaner Scavenger Tailings

Conditions:

Reagents Added, grams per tonne Time, minutes

Stage pH

Ca(OH)2 CuSO4 A350 DF Grind Cond. Froth

1012

Zn Circuit:

Condition 2500 - - -
- 5 - -

- 800 - -
- 5 - 12.2

Zn Rougher
-

- 30 10 - 2 4 -

- - 10 5 - 1 3 -

Zn Regrind (PM) 1000 100 - - 30 - -
-

H.S. Cond. - - 15 -
- 10 - -

Zn 1st Cleaner - - - 25 — 1 5 12.2

Zn 1st CI Scav - - 10 5 - 1 3 -

Zn 2nd Cleaner 500 - - -
- 1 4 12.3

Zn 3rd Cleaner 500 - - -
- 1 3 12.3

Zn 4th Cleaner 500 - - -
- 1 2 -



Test No. 64

eaner. ONE.

(INC.

88118? OHC.

Combined Products

00000000
I3

OC'

M etallurgicel Balance
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Test N9. §§

Purpose: A precycle test on Composite 1B ore using the flotation conditions of Test 64.

Procedure: Astor Test 64.

Feed: 2000 g of minus 10 mesh Composite tB.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

Na2003 NaCN A31 7 MIBC Na28i03 Grind Co nd. Froth pH

3418A
'

Grind 2000 200 - - - 40 - - -

Pb Rougher - - 5 15 - - 1 4 9.7

Pb Scav. - - 5 10 -
- 1 3 -

- - 2.5 10 - - 1 3 -

Pb Regrind
- 75 20 -

- 30 - - -

Pb 1st CI. - 20 - 5 100 - 1 4 -

- - 1.0 5 - - 1 6 -

Pb 1st Cl Scav - - 5 5 - - 1 3 -

Pb 2nd Cl. - 50 - 2.5 50 - 1 4 -

- — 4.0 10 - - 1 4 ~

Pb 3rd Cl. -

.
25 - 5 50 - 1 4 -

.

- - 2.0 5 - - 1 3 -

Pb 4th CI. - 25 - 5 50 - 1 3 -

- - 2.0 5 - - 1 3 -

Feed: Pb Scavenger + Pb 1st Cleaner Scavenger Tailings

Conditions:

Reagents Added, grams per tonne Time, minutes

Stage pH

Ca(OH)2 CuSO4 A350 DF Grind Cond. Froth

1012

Zn Circuit:

Condition 2500 - - - - 5 - -

- 800 - -
- 5 — 11 .8

Zn Rougher
- - 30 10 - 2 4 -

- - 10 5 - 1 3 -

Zn Regrind (PM) 1000 100 - -

'

30 - -
-

H.S. Cond. -
- 20 -

- 10 - -

Zn 1st Cleaner -
- - 5 - 1 6 11.7

Zn 1st Cl Scav - - 10 5 - 1 3 -

Zn 2nd Cleaner 500 - - -
- 1 4 -

Zn 3rd Cleaner 500 - - -
- 1 3 12.0

Zn 4th Cleaner 500 - - -
- 1 2 -



Test No. 68

Combined Products

0000000000
f0

Metallurgical Balance

Page 1
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T N . 7

Purpose: A precycle test on Composite 1B are using the flotation conditions of Test 68.

Procedure: Astor Test 68 - but increase the collector in the Zn high speed conditioner.

Feed: 2000 g of minus 10 mesh Composite tB.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

Na2003 NaCN A3] 7 MIBC Nagsios Grind Cond. Froth pH

.

3418A .

’

Grind 2000 200 - - - 40 - - -

Pb Rougher
- - 5 15 - - 1 4 9.5

Pb Scav. - - 5 10 - - 1 3 -

- - 2.5 10 .

- - 1 3 -

Pb Regrind
- 75 20 - - 30 - - -

Pb1stCl. - 20 - 5 100 - 1 4 9.7

- - 1.0 5 - - 1 6 -

Pb 1st Cl Scav - -

'

5 5 - - 1 3 -

Pb 2nd Cl. - 50 - 2.5 50 - 1 4 9.8

- - 4.0 1 0 - - 1 4 -

Pb 3rd CI. - 25 - 5 50 - 1 4 -

- - 2.0 5 - - 1 3 -

Pb 4th CI. - 25 - 5 50 - 1 3 -

- - 2.0 5 - - 1 3 -

Feed: Pb Scavenger + Pb tst Cleaner Scavenger Tailings

Conditions:

Reagents Added, grams per tonne Time, minutes

Stage pH

Ca(OH)2 CuSO4 A350 DF Grind Cond. Froth

1012

Zn Circuit:

Condition 2500 - - - - 5 - -

- 800 -’ - - 5 - 12.0

Zn Rougher
- - 30 10 - 2 4 -

- - 10 5 - 1 3 -

Zn Regrind (PM) 1000 100 - - 30 - - -

H.S. Cond. - - 30 - - 10 - -

Zn 1st Cleaner - - - 5 - 1 6 11 7

Zn 1st Cl Scav - - 10 5 - 1 3 -

Zn 2nd Cleaner 500 - - -
- 1 4 >12

Zn 3rd Cleaner 500 - - -
- 1 3 12.0

Zn 4th Cleaner 500 - - -
- 1 3 12.1



TestNo..?0
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T N . 7

Purpose: A flotation locked cycle tes tusing the conditions of Test 70.

Procedure: As for Test 70.

Feed: 6 x 2000 g of minus 10 mesh Composite 1B.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

Na2C03 NaCN Am MlBC Na2$i03 Grind Co nd. Froth pH

3418A

Grind 2000 200 -
-

- 40 -

,

- -

Pb Rougher
- - 5 15 -

- 1 4 9.7

Pb Scav. - - 5 1 0 - - 1 3 -

- - 2.5 10 -
- 1 3 -

Pb Regrind
- 75 20 - - 30 - - -

Pb1stCl. — 20 - 5 100 - 1 3 9.6

- - 1.0 5 - - 1 3 -

Pb 1st CI Scav - - 5 5 -
- 1 3 -

Pb 2nd Cl. - 50 - - 50 - 1 3 -

- 4.0 5 - - 1 3 9.7

Pb 3rd CI. - 25 - 5 50 - 1 3 9.6

Pb 4th Cl. - 25 - 2.5 50 - 1 3 9.6

Feed: Pb Scavenger + Pb 1st Cleaner Scavenger Tailings

Conditions:

Reagents Added, grams per tonne Time, minutes
-

Stage pH

Ca(OH)2 CuSO4 A350 DF Grind Cond. Froth

1012

Zn Circuit:

Condition 2500 - - - - 5 - -

- 800 - - - 5 - 11 .8

Zn Rougher
- - 30 10 - 2 4 -

- - 10 5 - 1 3 -

Zn Regrind (PM) 1000 100 - - 30 - - -

H.S. Cond. -
- 30 -

'

- 10 - -

Zn 1st Cleaner -
- - 5 - 1 6 11.7

Zn 1st Cl Scav -
- 10 5 - 1 3 -

Zn 2nd Cleaner 500 - - - - 1 4 12.0

Zn 3rd Cleaner 500 - -
- - 1 3 12.0

Zn 4th Cleaner 500 - -
-

- 1 3 -



Test No.71 Flowsheet
‘

> 184

6
*

2Kg. -10 mesh Comp. No.1B

Grind

Pb Rougher ——> Pb Scav
Pb Scav. Ta”

Pb Regrind
Pb CI. Scav. Tail

Y

Pb tst Ci. —>Pb Cl. Scav. Condition

Condition

Pb 2nd CI. £
’

Zn Rougher '—> Zn Scav. ‘—>

4

Zn

Scav

Pb 3rd CI. -Regrind Tail

IH.S. Cond.

Pb 4th CI. Zn tst CI. -—>Zn Cl. Scav —>

I

Zn ts

Zn 2nd Cl.
Ci. Scav Ta

Pb 4th Cleaner Concentrate

Zn 3rd Cl.

Zn 4th CI.

Zn 4th C. Conc;
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S.G. 4.24

T N . 4

Purpose: A series of roughing tests on Composite No. 2 to evaluate the effect of

grinding fineness.

Procedure:
>

As for Test 42.

Feed: 2000 g of minus 10 mesh Composite 2.

Grind: 30 minutes at 65% solids in a lab ball mill

Conditions:

Stage Reagents Added, grams per tonne Time, minutes pH

Magoo3 NaCN A311 MIBC Ca(OH)2 Cuso4 A350 Grind Cond. Froth

3418A

Grind 2500 150 - - - - - 30 - - 9.5

Pb Rougher - - 5 15 - - - - 1 4 -

Pb Scavenger - - 5 10 - - - - 1 3 -

~
- - - 10 - - - - 1 3 -

DF

1012
.

Zn Conditioning 1 - - - - 1250 - — - 5 - 11.5

Zn Conditioning 2 - - - - - 800 - - 5 - -

Zn Rougher - - - 10 - - 20 - 2 4 -

‘Zn Scavenger - - - - - - 10 - 1 3 -

Iz An I I m in Pr

Particle Size % Retained % Passing
Individual Cumulative Cumulative

+ 150 mesh 1.0 1.0 99.0

200 4.0 5.0 95.0

270 10.2 15.2 84.8

27.2 urn 27.3 42.5 57.5

21.1 12.0 54.5 45.5

14.7 12.6 67.1 32.9

10.1 9.2 76.3 23.7

7.8 4.8 81 .1 18.9

- 7.8 18.9 100.0 -

Total 100.0 - -



Mnaztedlurgical Balance

TestNo. 15

Bad

Combined Producta

F'YIZHZIUI313 1+2! 113.331 230.931 12.36 1?.[1 4.34 355.23 38.0 30.2 3.5 69.6 1713.1

Products: 3-1-“1- 15.22 2.00 22.21 22.1 .45 54.5? 5.? 63.5 14.6 8.5 13.3

Page 1
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T N.4

Purpose: Repeat the conditions of Test 45, but increase the Primary grinding time to 40

minutes.

Procedure: As for Test 42.

Feed:
,

~

2000 g of minus 10 mesh Composite 2.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Stage Reagents Added, grams per tonne
'

Time, minutes

Na2003 NaCN A311 MIBC Ca(OH)2 CuSO4 A350 Grind Cond. Froth

3418A

Grind 2500 150 - - - - - 4O - -

Pb Rougher
- - 5 15 -

-
- 1 4

Pb Scavenger
- - 5 10 - - - - 1 3

- - - 10 - - -
- 1 3

OF

1 0 1 2

Zn Conditioning 1 - - - - 1250 - -
- 5 -

Zn Conditioning 2 - - - - - 800 - - 5 -

Zn Rougher
- - - 10 - - 20 - 2 4

Zn Scavenger
- - - - - - 10 - 1 3

WW

Particle Size % Retained % Passing
Individual Cumulative Cumulative

+’ 150' mesh 0.5 0.5 99.5

200 1 .8 2.3 97.7

270 5.9 8.2 91.8

27.1 um 26.1 34.3 65.7

21.1 13.0 47.3 52.7

14.7 14.3 61.6 38.4

10.1 10.7 72.3 27.7

7.8 5.5 77.8 22.2

- 7.8 22.2 1 00.0 -

Total 100.0 -
-

S.G. 4.26
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Test No. 46 - Continued

Wand)

Particle Size °/o Rel ained % Passing
Individual Cumulative Cumulative

+ 270 mesh 3.1 3.1 96.9
'

26.8 um 16.6 19.7 80.3

20.8 9.1 28.8 71.2

14.5 15.4 44.2 55.8

9.0 11.4 55.6 44.4

7.7 5.4 61.0 39.0

- 7.7 39.0 100.0 -

Total 100.0 -
-

_S.G. 4.98



Metallurgical Balanc e

Test No. 46

o

(I. 011:3.

. '~.- CIVIC.

0. ONE.

1368M. mm.

. n 5:11:31".

Combined Prod ucts

F'de.JI::t:31+E! 13.55 31.02! 12.12 15.5 5.15 3174.3? 89.4 23.3 8.13 HIS 715.3

F'r'cnjuc:13 3+4 14.1"? 1.93 23.39: 21.0 .28 54.14 6.1 84.1 2.7 4.6 12.1

Page 1
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T§§1 N9. 47

Purpose: Repeat the conditions of Test 45, but increase the Primary grinding time to 50

minutes. .

Procedure: As for Test 42.

Feed:
.

2000 g of minus 10 mesh Composite 2.

Grind: 50 minutes at 65% solids in a lab ball mill

Conditions:

Stage Reagents Added, grams per tonne
'

Time, minutes

Na2003 NaCN A311 MIBC Ca(OH)2 CuSO4 A350 Grind Cond. Froth

3418A

Grind 2500 150 - - - - - 50 - -

Pb Rougher .-
- 5 15

- -
-

- 1 4

Pb Scavenger
-' 5 10 - - -

- 1 3

- - 1o - - - - 1 3

OF

1 01 2

Zn Conditioning 1 - - - - 1250 - - - 5 -

Zn Conditioning 2 - ~ - - - 800 - - 5 -

Zn Rougher
- - - 10 - - 20 - 2 4

Zn Scavenger
- - - - - - 10 - 1 3

Particle Size
'

°/L, Retained % Passing
Individual Cumulative Cumulative

+ 200 mesh 1.5 1.5 98.5

270 3.5 5.0 95.0

27.1 um 24.3 29.3 70.7

21.1 13.2 42.5 57.5

14.7 15.3 57.8 42.2

10.1 11.7 69.5 30.5

7.8 6.1 75.6 24.4

- 7.8 24.4 100.0
-

Total 100.0
-

-

S.G. 4.27



Test No. 4?

one

66.

Combined Products

Metallurginzzral Balance

'roducts 1+ 2' 13.30 30.?8 122' 44?2

Prc-ducts 3+4 14.29 1.?3 24.33 .42

Page. 1
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T N . 1

Purpose: A precycle test on Composite No. 2 ore, using the general conditions of Test 41.

Procedure: As for Test 41.

,

Feed: 2000 g of minus 10 mesh Composite 2.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

NaQCO3 NaCN MlBC Na28i03 Grind Cond. Froth pH
3418A

Grind 2000 150 ~ - - 40 - - 9.6

Pb Rougher - - 5 15 - - 1 4 -

Pb Scav. - - 5 10 - - 1 3 -

- - 2.5 10 - - 1 3 -

Pb Regrind
- 50 20 - - 20 - - -

Pb1stCI. - 20 - 5 100 - 1 4 9.5

- - 1.0 5 - - 1 6 -

Pb 1st CI Scav - -

.

5 5 - - 1 3 -

Pb 2nd Cl. - 50 - 2.5 50 - 1 5 9.5

- - 4.0 10 - - 1 5 -

Pb 3rd Cl. — 25 - 5 50 - 1 4 9.5

- - 2.0 5 - - 1 4 -

Pb 4th CI. - 25 - 5 50 - 1 3 9.5

- - 2.0 5 - -

-

1 3 -

Feed: Pb Scavenger + Pb 1st Cleaner Scavenger Tailings

Conditions:

Reagents Added, grams per tonne Time, minutes

Stage pH

Ca(OH)2 CuSO4 A350 DF Grind Cond. Froth

1012

Zn Circuit:

Condition 1250 - - - - 5 - 11.5

- 800 - - - 5 - -

Zn Rougher
-

- 20 10 - 2_ 4 -

-
- 10 5 - 1 3 -

Zn Regrind (PM) 250 - 10 - 10 - - -

Zn 151 Cleaner - - - -
- 1 4 11.0

Zn 131 CI Scav - - 5 5 - 1 4 -

Zn 2nd Cleaner 250 - - -
- 1 4 11.5

Zn 3rd Cleaner 250 - - -
- 1 3 11.9

Zn 4th Cleaner 250 - — -
- 1 3 11.9



TestNo. 51

88h 8f. one.

0110 .

88h er ONO.

Combined Products

Metallurgical Balance

Page 1
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Purpose: Repeat the general conditions of Test 51, but increase the NaCN in the primary

grind to 200 g/t and to 75 g/t to the Pb regrind. Use High Speed conditioning in

the Zn tst cleaner circuit and maintain pH 12.0 throughout.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 2.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

NagCOg NaCN A311 MIBC Na28i03 Grind Cond. Froth pH
. 3418A

Grind 2000 200 - - - 40 .

- - -

Pb Rougher
- - 5 15 - - 1 4 9.7

Pb Scav. - - 5 10 - - 1 3 -

— - 2.5 10 - - 1 3 -

Pb Regrind
- 75 20 - - 20 - - -

Pb1stCI. — 20 -' 5 100 - 1 4 9.5

- - 1.0 5 - - 1 6 -

Pb 1st Cl Scav - - 5 5 - - 1 3 -

Pb 2nd CI. - 50 - 2.5 50 - 1 5 9.6
'

- - 4.0 10 - - 1 5 -

Pb 3rd Cl. - 25 - 5 50 - 1 4 9.7

- - 2.0 5 - - 1 4 -

Pb 4th CI. -

'

25 - 5 50 - 1 3 -

- - 2.0 5 - - 1 3 -

Feed: Pb Scavenger + Pb 1st Cleaner Scavenger Tailings

Conditions:

'

Reagents Added, grams per tonne Time, minutes

Stage pH

Ca(OH)2 CuSO4 A350 DF Grind Cond. Froth

1 01 2

Zn Circuit:

Condition 2500 - - - - 5 - 11.5

- 800 - - - 5 - -

Zn Rougher
- - 20 5 - 2 4 -

- - 1 0 2.5 - 1 3 -

Zn Regrind (PM) 1000 - 10 - 10 - - -

H.S. Condition - - 10 - - 10 - -

Zn 1st Cleaner - - - - - 1 5 12.0

Zn Cl Scavenger - - 5 5 - 1 3 -

Zn 2nd Cleaner 500 - - - 1 3 12.1

Zn 3rd Cleaner 500 - - - - 1 3 12.2

Zn 4th Cleaner 500 - - -
- 1 2 12.2



Metallurgical Balance

TestNo. 60

88h er. one.

. . CIVIC.

eaner OHC.

Combined Products

[GT

Page 1
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T N . 1

Purpose: Repeat the general conditions of Test 60, but increase the Zn regrinding time to

20 minutes.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 2.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

NazCOa NaCN A331 MIBC Na28i03 Grind Cond. Froth pH

3418A

Grind 2000 200 - - - 40 - - -

Pb Rougher
- - 5 15 - - 1 4 9.7

Pb Scav. - - 5 10 - - 1 3 -

'

.

- - 2.5 10 - - 1 3 -

Pb Regrind
- 75 20 - - 20 - - -

Pb 1st Cl. - 20 - 5 100 - 1 4 9.5

- - 1.0 5 - - 1 6 -

Pb 131 CI Scav - - 5 5 - - 1 3 -

Pb 2nd Cl. - 50 - 2.5 50 - 1 4 9.5

-

V

- 4.0 1 0 - - 1 4 -

Pb 3rd Cl. - 25 - 5 50 - 1 4 9.7

- - 2.0 5 - - 1 3 -

Pb 4th Cl. - 25 - 5 50 - 1 3 -

- - 2.0 5 - - 1 3 -

Feed: Pb Scavenger + Pb 1st Cleaner Scavenger Tailings

Conditions:

Reagents Added, grams per tonne Time, minutes

Stage
-

pH

Ca(OH)2 CuSO4 A350 DF Grind Cond. Froth

1 01 2

Zn Circuit:

Condition 2500 - - -
- 5 - 12.2

.

'

- 800 - - - 5 - -

Zn Rougher
-

- 20 5 - 2 4 -

-

-
- 10 2.5 - 1 3 -

Zn Regn'nd (PM) 1000 - - - 20 - - -

H.S. Condition -
- 10 -

- 10 - -

Zn 1st Cleaner - - - -
- 1 5 12.2

Zn 131 CI Scav -
- 5 5 - 1 3 -

Zn 2nd Cleaner 500 - - -
- 1 3 12.2

Zn 3rd Cleaner 500 - -
- 1 3 12.2

Zn 4th Cleaner 500 - - -
- 1 2 12.2



TestNo. 6|

eaner. one.

OHC .

eaner one.

Combined Products

0

0

Metallurgical Balance

Page 1
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W

Purpose: Repeat Test 61, but increase the regrinding times in the Pb and Zn circuits.

Procedure: As for Test 61, but the Pb regrinding time was increased to 30 minutes and the

Zn regrinding time was also increased to 30 minutes. .

Feed: 2000 g of minus 10 mesh Composite 2.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

NagCOg NaCN MIBC NagSiOg Grind Cond. Fr‘oth pH

3418A

Grind 2000 200 - - - 40 - - -

Pb Rougher
- - 5 15 - - 1 4 9.6

Pb Scav. - - 5 1 0 -
- 1 3 -

..

- - 2.5 10 - - 1 3 -

Pb Regrind
- 75 20 - - 30 - - -

Pb 1st Cl. - 20 - 5 100 - 1 4 9.4

- - 1.0 5 - - 1 6 -

Pb 1st Cl Scav - - 5 5 - - 1 3 -

Pb 2nd CI. - 50 - 2.5 50 - 1 4 9.6

- - 4 0 10 - - 1 4 -

Pb 3rd CI. - 25 - 5 50 - 1 4 9.7

- - 2.0 5 '- - 1 3 -

Pb 4th CI. - 25 - 5 50 - 1 3 -

'

-.
- 2.0 5 - - 1 3 -

Feed: Pb Scavenger + Pb 1st Cleaner Scavenger Tailings

Conditions:

Reagents Added, grams per tonne Time, minutes

Stage pH

Ca(OH)2 CuSO4 A350 DF Grind Cond. Froth
‘

1 01 2

Zn Circuit:

Condition 2500 -
- - - 5 - 12.2

.

- 800 - -
- 5 - -

Zn Rougher
-

- 20 10 - 2 4 -

-
- 10 5 - 1 3

V

-

Zn Regrind (PM) 1000 - - - 30 - - -

H.S. Condition -
- - 15 -

- 10 - -

Zn 1st Cleaner -
-

- -
- 1 5 12.2

Zn 1st CI Scav -
- 10 5 - 1 3 -

Zn 2nd Cleaner 500 - - -

.

- 1 3 12.2

Zn 3rd Cleaner 500 -
- -

- 1 3 12.2

Zn 4th Cleaner 500 -
- -

- 1 2 12.2



Test No. 62

68H 8!. OHC.

ean er one.

Combined Products

OFIC.

Metallurgical Balance

Page 1
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T N . 7

Purpose: A precycle test on Composite 2 ore, using the flotation conditions of Test 62.

Procedure: As for Test 62.

Feed: 2000 g of minus 10 mesh Composite 2.

Grind: ‘40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes ,

Na2003 NaCN A312 MlBC Na28i03 Grind Co nd. Froth pH

3418A

Grind 2000 200 - - - 40 - - -

Pb Rougher
- - 5 15 - - 1 4 9.7

Pb Scav. - ~ 5 10 - - 1 3 -

- - 2.5 10 - - 1 3 -

Pb Regrind
- 75 20 - - 30 - - 9.4

Pb 1stCI. - 20 - 5 100 - 1 4 9.7

— - 1.0 5 - - 1 6 -

Pb 1st Cl Scav -

'
- 5 5 - — 1 3 -

Pb 2nd Cl. - 50 - 2.5 50 - 1 4 9.6

- - 4.0 10 - - 1 4 -

Pb 3rd CI. - - 25 -

'

5 50 - 1 4 9.7

- - 2.0 5 - - 1 3 -

Pb 4th Cl. - 25 - 5 50 - 1 3 -

- - 2.0 5 - - 1 3 -

Feed: Pb Scavenger + Pb 1st Cleaner Scavenger Tailings

Conditions:

Reagents Added, grams per tonne Time, minutes

I

Stage pH

Ca(OH)2 CuSO4 A350 DF Grind Cond. Froth

1012

Zn Circuit:

Condition 2500 - - - - 5 - 11.8

- 800 - -
- 5 .

- '-

Zn Rougher
-

- 20 10 - 2 4 -

- ~ 1 0 5 - 1 3 -

Zn Regrind (PM) 1000 - - - '30 - - -

H.S. Condition .

- - 15 - - 10 - -

Zn 1st Cleaner - - -
- - 1 5 11.7

Zn 151 CI Scav - - 1 0 5 - 1 3 -

Zn 2nd Cleaner 500 - -
- - 1 4 12.0.

Zn 3rd Cleaner 500 - -
- - 1 3 -

Zn 4th Cleaner 500 - -
- - 1 2 12.1



TestNo. 67

0

leaner. 0ND.

CIVIC.

eaner UFIC.

Combined Products

Metallurgical Balance

Page 1
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Purpose: A flotation locked cycle test using the conditions of Test 67.

Procedure: As for Test 67.

Feed: 6 x 2000 g of minus 10 mesh Composite 2.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

Na2003 NaCN MIBC Na23i03 Grind Co nd. Froth pH
3418A

Grind 2000 200 - - - 40 - - -

Pb Rougher - - 5 15 - - 1 4 9.7

Pb Scav. - - 5 10 - - 1 3 -

- - 2.5 10 - - 1 3 -

Pb Regrind
- 75 20 - - 30 - - ~

Pb1stCl. - 20 - 5 100 - 1 3 9.7
- - 1.0 5 - - 1 3 -

Pb 1st Cl Scav - - 5 5 - - 1 3 -

Pb 2nd Cl. - 50 - — 50 - 1 3 9.6

- - 2.0 5 - - 1 3 -

Pb 3rd Cl. - 25 - 5 50 - 1 3 9.6

Pb 4th Cl. - 25 - 2.5 50 - 1 3 -

Feed: Pb Scavenger + Pb 151 Cleaner Scavenger Tailings

Conditions:

Reagents Added, grams per tonne Time, minutes

Stage
'

pH

Ca(OH)2
'

CuSO4 A350 DF Grind Cond. Froth

1012

Zn Circuit:

Condition 2500 - - - - 5 - 11 8

— 800 - - - 5 - -

Zn Rougher
- - 20 10 - 2 4 -

- - 10 5 - 1 3 -

Zn Regrind (PM) 1000 - - - 30 - - -

H.S. Condition - - 25 - - 10’ - -

Zn 1st Cleaner - - - - - 1 6 11 .7

Zn 1st Cl Scav - - 10 5 - 1 4 -

Zn 2nd Cleaner 500 - - - - 1 4 11.9

Zn 3rd Cleaner 500 - - - - 1 3 12.0

Zn 4th Cleaner 500 - - - - 1 2
,

12.1



Test No. 69 Fiowsheet

o
*

2Kg. -iO mesh Como. No.2.

1
Grind

I

i
Pb Rougher

‘

Pb Regrino

l

——1
PD 1815}.

Pb 2nd C1.

“a.

Pb 3rd Ci.

Pb Soav
Pb Scav. Tail

,r‘

1
/K\fl.

Pb Ci. Scav. Tail

——I~PD C]. Soav.

v

205

Pb 4th C}.

Po 4th Cleaner Concentrate

Condition

iv
Condition

r—J
Zn Rougher ~—+ ZnSoav. —u~

“

f‘ Zn

Soav

Regrind Taii

H.S.Cono.

+ fag-Rh

Zn 1311C]. ——-I~2n Ciao-ax" ———a~

\‘F/
Zn ist

.5“ T'
Zn 2nd Ci.

U “a” a”

J

Zn 4th 131,

7n Aih 1“] ann



34585-80 Metaflurgicai Results

Product

0

1. Pb C1ConcA 85.4

2.15'8C1C0nc B 130.1

3.1313 ClConcC 111.0

4. Pb (211301300 11?.3

5% C1C8ncE 10?.6

0130131130112: F 124.3

3.41.11 r3.11311 F 12.0

8. 3rd {311311 F 100.2

0 2nd I21 131111; 81.?

10.131 C1 Seaman: F 38.8
- 11.2nCLCbncA '10.?

12.21‘1CLC01'10 B 125.4

13.2nCLI30ncC 128.3

14.2nCLCbncD 151.1

15.2nCLCbncE 115.?

18.2110. Cbnc F 120.3

1?.2n4thCiTaj1F 41.5

18. 3101121 Taii F 88.3

10.2ndrllTailF 108.4

20.131C1308VC01‘10 F 10?.5

21.131131 5133131311 14. 211.0

22.131121502101311 B 228.4

23.13.1131 Seaflafl C 222.2

24131131 500111311 D 104.8

25.121131 51211015111 E 213.3

28.131131 $801311 F 238.3

2?.2‘1’11—10 Scaflajm 1388.0

28. 2111310 513501231113 1308.0

20. 211F111 30111118111: 1441.0

30. Zan 33023013111}
._

1401.0

1. 73an 5:501:01 E 1483.?

:32. 271F113 52301811 F 1481.4

Heat-1158101
_

11088.3

Cambined Products

Comb 1213130110110 8

Comb 131313113113 11010

1381110 Zn CLC one. 1 11018

(213mb 218121121113 111020

Combzn C1 3081018118 211028

Camb En R0 50 123113 231032

Pm; acted 1483:1113 1334:1133 E 81 F'

Pb GamerConc

1

Zn CI ean er C one

Zn 5132101311

Headmlc]

Weight
96 PD

0.? 85.0

1.1 82.5

0.0 85.8

1.0 83.0

0.0 88.4

1.0 84.8

0.8 45.3

0.0 32.1

0.? 18.5

0.3 8.2

0.? 1.0

1.0 1.0

1.1 1.0

1.3 1.1

1.0 1.0

1.0 1.1

0.3 1.5

0.? 2.1

0.0 2.?

0.0 2.8

1.8 0.8

1.0 0.?

1.0 0.?5

1.8 0.02

1.8 0.08

2.0 1.05

11.8 0.88

11.? 0.38

12.0 0.38

12.4 0.44

12.2 0.48

12.2 0.45

100.0 4.88

5.8 04.?

2.5 28.8

8.0 1.00

2.0 2.42

10.0 0.84

?2.1 0.41

8.? 85.4

?.? 1.0?

85.8 0.52

100.0 4.88

$$Ufl<fi|uakwdCfi‘—J¢DOO

Zn

0.05

0.?0

8.?8

8.00

8.8

0.22

12.5

13.4

13.8

15.1

55.3

54.8

54.?

52.0

55.1

54.4

40.8

41.8

24.?

13.4

1.1

1.42

1.5

2.35

2.22

2.48

0.4?

0.40

0.58

0.55

0.55

0.55

5.51

0.00

13.4

54.4

28.5

1.88

0.52

fissaysfign’t
Fe

4.18

5.8?

4.?8

5.08

4.48

4.04

12.1

18.4

25.1

20.4

?.51

8.08

1'83

?.8?

8.05

?.22

8.35

11.5

Nd ~10?) (J'IO’I

umqu~4m-—uf-J-w
-

43m-1_..m—-I-4mwm
'

h.)

h)

h.)

M

NJ

I">.I'

h.)

NI

h.)

h.)

'

9h..- N244 01-1]‘- .

4.34

213.1

1.32

18.4

21.4

21.2

uni—4.45P‘cz-v-J meow

Au

14.88

0.8?

23.?5

11.81

11.0?

11.30

1.88
1.?0

1.20

2.80

0.55

0.4?

0.58

0.50

0.50

1.00

0.50

0.80

0.?5

0.50

0.21

0.23

0.28

0.31

0.32

0.20

8.18

0.10

0.24

0.10

0.10

0.23

1.04

13.51

1.80

0.84

0.8?

0.2?

0.20

11.10

0.84

0.22

1.00

1‘03

283

5?}

MPQ‘A OIL-JDJI. Jamm-

705

58.0

14.0

83.4
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'9soismbuuon
:31) -n

0.8 1.2

13.0 1.3

12.4 1.5

12.8 1.8

12.2 1.4

13.? 1.?

5.8 1.4

8.0 2.2

2.8 1.8

0.5 0.8

0.1 6.?

0.2 10.4

0.2 10.8

0.3 12.1

0.2 0.?

0.2 0.0

0.1 3.1

0.3 5.5

0.5 4.0

0.5 2.2

0.2 0.4

0.3 0.5

0.3 0.5

0.3 0.?

0.3 0.?

0.4 0.9

0.0 1.0

0.0 1.0

0.0 1.2

1.1 1.2

1.1 1.2

1.1 1.2

1.00.0 100.0

14.? 0.3

14.1 8.1

113:- 50.4

1.4 14.?

1.0 3.1

5.0 8.0

80.3 10.8

1.? 18.0

0.0 12"

100.0 100.0

Fe Au Ag

0.1 10.1 8.0

0.3 10.3 11.8

0.2 21.2 10.5

0.2 10.0 11.2

0.2 0.8. 10.4

0.2 11.3 11.?

0.3 1.0 3.8

0.? 1.5 4.1

0.? 0.8 2.0

0.4 0.8 0.?

0.2 0.4 0.5

0.3 0.5 0.0

0.3 0.8 0.0

0.4 0.? 1.1

0.3 0.5 0.9

0.3 1.1 1.0

0.1 0.2 0.5

0.3 0.5 0.0

0.? 0.0 1.1

1.0 0.5 1.0

2.0 0.4. 0.5

2.1 0.4 0.?

2.1 0.5 0.?

1.8 0.5 0.?

2.0 0.5 0.8

2.2 0.8 0.0

12.0 2.0 1.?

.

12.8 2.1 2.0

13.3 2.8 1.0

14.0 2.3 1.0

13.0 2.2 2.5

13.8 2.? 2.1

100.0 100.0 100.0

1.1 ?3.4 84.3

2.1 4.1 10.?

2.1 1.8 3.4

12.2 2.0 4.2
130.6 14.1' 12.2

1.3 ?4.4 14.1

2.2 8.5 ?.0

08.5 10.0 18.0

100.0 100.0 100.0
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1251M

Purpose: To investigate the effect of L88 on Composite 2 Pb flotation.

Procedure: Standard conditions of Test 67, but replace NaCN with depressant L88.

Feed: 2000 g of minus 10 mesh Composite 2.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

Na2003 L88 A311 MIBC Na28i03 Grind Cond. Froth pH

3418A

Grind 2000 200 - - - 40 - - 9.3

Pb Rougher
- - 5 15 - - 1 4 -

Pb Scav. - - 5 1 0 -
- 1 3 -

- - 5 10 -
- 1 3 -

- - 2.5 5 - - 1 3 -

Pb Regrind
- 37.5 20 - - 30 - - -

Pb 151 CI. - 10 - 5 100 - 1 4 9.4

- - 1.0 5 .

- - 1 6 -

Pb 1st CI Scav - - 5 5 - - 1 3
~

-

Pb 2nd CI. - 25 - 2.5 50 - 1 4 9.3

- - 4.0 5 - - 1 4 -

Pb 3rd Cl. - 12.5 - 2.5 50
- 1 3 9.3

- - 2.0 5 - - 1 3 -

Pb 4th CI. - 12.5 - 2.5 50 - 1 2 -

- - 2.0 5 - - 1 2 -

12 An I l : C mbln Pr Min
.

R rind

Particle Size % Retained
-

% Passing
Individual Cumulative Cumulative

+ 33.9 um 0.5 0.5 99.5

26.3 1.4 1 .9 98.1

18.4 10.2 12.1 87.9

12.6 19.1 31.2 68.8

9.8 12.6 43.8 56.2

- 9.8 56.2 100.0 -

Total 100.0 -
-

-

8.6. 4.86
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APPENDIX N9. 5
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T N.7

Purpose: To examine the effect of fineness of grind on Pb-Zn rougher flotation from

Composite No. 4 ore.

Procedure: As for Test 42.

Feed: 2000 g of minus 10 mesh Composite 4.

Grind: 30 minutes at 65% solids in a lab ball mill

Conditions:

Stage Reagents Added, grams per tonne Time, minutes pH
.

Na2003 NaCN A343 MIBC Ca(OH)2 CuSO4 A350 Grind Cond. Froth

Grind 2000 150 - - - - - 30 - - -

Pb Rougher - - 5 25 - - - - 1 4 10.0

Pb Scavenger
- - 5 1O - - - - 1 3 -

- - - 10 - - - - 1 3 -

DF

101 2

Zn Conditioning 1 - - - - 1250
‘

- - - 5 - 1 1.8

Zn Conditioning 2 - - - - - 800 - - 5 - -

Zn Rougher
- - - 1O - - 20 - 2 4

Zn Scavenger - - - 1O - - 10 - 1 3

- - - 5 - - 5 - 1 2

W

Particle Size % Retained % Passing
Individual Cumulative Cumulative

+ 150 mesh 1.5 1.5 98.5

200 7.6 9.1 90.9

270 12.8 21.9 78.1

400 15.3 37.2 62.8

34.8 um 4.0 41.2 58.8

27.0 8.4 49.6 50.4

18.8 13.8 63.4 36.6

12.9 11.1 74.5 25.5

10.0 5.9 80.4 19.6

- 10 .0 19.6 100.0 -

Total

‘

100.0 -
-

S.G. 3.01



Metallurgical Balance

TestNo. 5? ,

Combined Products

198.23 14.3’ W9

33.04 53.0 10.0
14.69 5.86 132

1.19 16.?0 12.?8
Products 1+2 11.65

Products 3+4 18.43 DD do OOH 0345 d—‘ No)
A M O O? on CD

00—-all—n'HIIO)0—- ("NHIM

IIZ

Page 1
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W

Purpose: Repeat Test 57, but increase the grinding time to 40 minutes.

Procedure: As for Test 42.

Feed: 2000 g of minus 10 mesh Composite 4.

Grind: '40 minutes at 65% solids in a lab ball mill

Conditions:

Stage Reagents Added, grams per tonne Time, minutes pH

Na2003 NaCN A343 MIBC Ca(OH)2 Cuso4 A350 Grind Cond. Froth

Grind 2000 150 - - - - - 4o - - -

Pb Rougher - - 5 25 - - - - 1 4 10.0

Pb Scavenger
- - 5 10 - - - - 1 3

- - - 1o - - - - 1 3 -

DF

1 01 2

Zn Conditioning 1 - - - - 1250 - - - 5 - 11.8

Zn Conditioning 2 - - - - - 800 ,
- - 5 - -

Zn Rougher .‘
- - 10 - - 20 - 2 4

Zn Scavenger
- - - 10 - - 10 - 1 3 -

— - - 5 - - 5 - 1 2 -

WW

Particle Size % Retained % Passing
Individual Cumulative Cumulative

+ 200 mesh 4.4 4.4 95.6

270 10.7 15.1 84.9

400 17.7 32.8 67.2

34.6 um 3.9 36.7 63.3

26.8 8.3 45.0 55.0

18.7 15.3 60.3 39.7

12.9 11.9 72.2 . 27.8

9.9 6.0 78.2 21 .8

- 9 .9 21 .8 1 00.0 -

Total 100.0 -
-
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Test No. 58 - Continued

WWW

Particle Size % Rel ained % Passing
Individual Cumulative Cumulative

+ 270 mesh 3.9 3.9 96.1

34.6 um 11.2 15.1 84.9

26.8 8.1 23.2 76.8

18.7 14.3 37.5 62.5

12.9 13.1 50.6 49.4

9.9 7.7 58.3 41.7

- 9.9 um 41.7 100.0 -

Total 100.0 -
-



Metallurgical Balance

Test No. 58

Combined Pro ducts

Product81+2 14.98 0.08 12.81 5.28 8.18 1.84 168.?0 18.4. 84.8 220 15.8 523 718.?"

Product83+4 18.58 0.20 11.82 12.52 11.51 8.51 22.13 50.7 4.8 14.0 24.8 22.3 13.7

N
[—1

k

Page I
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Tg§t N9. 59

Purpose: Repeat Test 57, but increase the grinding time to 50 minutes.

Procedure: As for Test 42.

Feed: 2000 g of minus 10 mesh Composite 4.

Grind: 50 minutes at 65% solids in a lab ball mill

Conditions:

Stage Reagents Added, grams per tonne Time, minutes pH

Na2003 NaCN A343 MIBC oa(0H)2 0080., A350 Grind Cond. Froth

Grind 2000 150 - - - - - 50 - - -

Pb Rougher
- - 5 25 - - - - 1 4 10.0

Pb Scavenger
- 5 10 - - -

- 1 3 -

- - - 1o - - -
- 1 .3

-

DF

1 0 1 2

Zn Conditioning _1
- - - - 1250 - - - 5 1

- 11.8

Zn Conditioning 2 - - - - - 800 -
- 5 - -

Zn Rougher ’

- - - 10 - - 20 - 2 4

Zn Scavenger
- - - 10 - - 10 - 1 3 -

- - - 5 - - 5 - 1 2 -

A in

Particle Size % Retained % Passing
'

Individual Cumulative Cumulative

+ 200 mesh 2.4 2.4 97.6

270 6.4 8.8 91.2

400 16.3 25.1 74.9

34.8 um 4.4 29.5 70.5

27.0 9.3 38.8 61.2

18.8 16.9 55.7 44.3

12.9 13.4 69.1 30.9

10.0 6.8 75.9 24.1

- 10.0 24.1 100.0 -

Total 100.0 -
-

8.6. 3.05



Metallurgical Balance

TestNo. 59

Combined Products

froducts 1+2

V

13.?4 0.08 14.00 5.79 7.85 1.32 182.32 1?.9 85.0 18.8 13.8 15.5 772'

Products 3+4 1?.54 0.19 0.81 117.88 12.77 0.54 25.80 54.5 8.2 .
. .

912

Page 1
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Tgfij N9, §§

Purpose: Preliminary cleaning test on Composite 4 ore using the general conditions of

Test 61.
.

Procedure: As for Test 61 .

Feed: 2000 g of minus 10 mesh Composite 4.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

NagCOa NaCN A311 MIBC NagSiOa Grind Cond. Froth pH

3418A

Grind 2000 200 - - - 40 - — -

Pb Rougher
- - 5 25 - - 1 4 10.1

Pb Scav. - - 5 10 - - 1 3 -

- - 2.5 10 - - 3 -

'

Pb Regrind
- 75 20 - - 20 - - -

Pb1stCl. - 20 - 10 100 - 1 4 10.1

- - 1.0 5 - - 1 5 -

Pb 1st CI Scav - - 5 5 - - 1 3 -

Pb 2nd CI. - 50 — 10 50 - 1 4 -

- - 4.0 10 - - 1 4 -

Pb 3rd CI. - 25 - 10 50 - 1 4 10.0

- - 4.0 10 -
- 1 3 -

Pb 4th Cl. - 25 - 10 50 - 1 3 10.0

- - 4.0 5 - - 1 3 -

Feed: Pb Scavenger + Pb 1st Cleaner Scavenger Tailings

Conditions:

Reagents Added, grams per tonne Time, minutes

Stage pH

Ca(OH)2 CuSO4 A350 DF Grind Cond. Froth

1012

Zn Circuit:

Condition 2500 - - - - 5 - 12 .4

- 800 - - - 5 - -

Zn Rougher
-

‘

- 20 5 - 2 4 -

- — 10 2.5 - 1 3 -

Zn Regrind (PM) 1000 - -- - 20 - - -

H.S. Condition -
- 10 -

- 10 - -

Zn 1st Cleaner -
- - 5 - 1 5 12.4

Zn 151 CI Scav -
- 1 0 5 - 1 3 -

Zn 2nd Cleaner 500 - - 2.5 - 1 4 12.5

Zn 3rd Cleaner 500 - -
-

-‘ 1 3 12.5

Zn 4th Cleaner 500 — - -
- 1 2 -



TestNo. 65

83!"! BI’. one.

one.

eaner OHC.

Combined Products

3+;

03016000“.
I

UL“)

(OWWQ +

Metallurgical Balance

Page 1

BIZ



219

Tgfij N9. §§

Purpose: Preliminary cleaning test on Composite 4 ore using the general conditions similar

to Test 62.

Procedure: As for Test 62.

Feed:
,

2000 g of minus 10 mesh Composite 4.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

Na2003 NaCN A311 MIBC Na28i03 Grind Cond. Froth pH
3418A

Grind 2000 200 - - - 40 - - -

Pb Bougher - - 5 25 - - 1 4 10.1

Pb Scav. - - 5 10 - - 1 3 -

- - 2.5 10 - - 1 3 -

Pb Regrind
- 75 20 - / - 30 - - -

Pb1stCl. - 20 - 10 100 - 1 4 10.1

- - 1.0 5 - - 1 5 -

Pb 1st Cl Scav - - 5 5
,

- - 1 3 -

Pb 2nd Cl. - 50 - .10 50 - 1 4 -

-

-

- 4.0 10 - - 1 4 -

Pb3rd Cl. - 25 - 10 50 - 1 4 10.1

- - 4.0 10 - — 1 3 -

Pb 4th Cl. - 25 - 1 0 50 - 1 3 -

'

— - 4.0 10 - - 1 3 -

Feed: Pb Scavenger + Pb 1st Cleaner Scavenger Tailings

Conditions:

Reagents Added, grams per tonne Time, minutes

Stage pH

Ca(OH)2 CuSO4 A350 DF Grind Cond. Froth

1012

Zn Circuit:

Condition 2500 .

- - - - 5 - 12.4

- 800 - - - 5 - -

Zn Rougher - - 20
'

10 .

- 2 4 -

- - 10 5 - 1 3 -

Zn Regrind (PM) 1000 - - - 30 - - -

H.S. Condition - - 15 - - 10 - -

Zn 1st Cleaner - - - 5 - 1 5 12.4

Zn 1st Cl Scav - - 1 0 5 - 1 3 -

Zn 2nd Cleaner 500 - - - - 1 4 12.4

Zn 3rd Cleaner 500 - -
- - 1 3 12.4

Zn 4th Cleaner 500 - - - - 1 2 -



TestNo. 66

68!"! 61'. OI'IC.

OFIC.

ean CY one.

Combined Products

0

l3

0

0

I3 8

0 3

D ‘3

0 3

0 3

O 3

0

M etaflurgicaj Balance

Page 1
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T N . 7

Purpose: To investigate the effect of depressant LS8 on Pb flotation using Composite

No. 4 ore.

Procedure: Using the general conditions of Test 65.

Feed: 2000 g of minus 10 mesh Composite 4.

Grind: 40 minUtes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

NagCOg L88 MlBC Na2$i03 Grind Cond. Froth pH

341 8A

Grind 2000 300 - - - 40 - - -

Pb Rougher
- - 5 25 -

- 1 4 10.0

Pb Scav. - - 5 10 - - 1 3 -

- - 2.5 10 -
- 1 3 -

Pb Regrind
- 100 20 - - 20 - ~ -

Pb1stCl. - 20 - 10 100 - 1 4 10.1

.

- - 1.0 5 - - 1 5 -

Pb 1st Cl Scav - - 5 5 -
- 1 3 -

Pb 2nd CI. - 50 10 10 50 - 1 4 9.5

- -

'

10 5 -
- 1 4 -

Pb 3rd Cl. - 25 5 10 50 - 1 3 9.7

- - 5 5 - - 1 3 -

Pb 4th CI. - - 5 1 0 - - 1 3 -

WWW

'

Particle Size % Retained % Passing
- Individual Cumulative Cumulative

+ 27.2 um 0.6 0.6 99.4

19.0 7.1 7.7 92.3

13.1 16.4 24.1 75.9

10.1 12.8 36.9 63.1

- 10.1 63.1 100.0
-

Total 100.0 - -
-

S.G. 3.50
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Test N9. 77

Purpose: Repeat Test 75. but replace L88 with depressant D820.

Procedure: As shown below.

Feed: 2000 g of minus 10 mesh Composite 4.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

NagCOg 0520 A311
‘

MlBC Na28i03 Grind Cond. Froth pH

3418A

Grind 2000 200 - -
- 40 - - -

Pb Rougher
- - 5 25 - - 1 4 10.1

Pb Scav. .

- - 5 10 - - 1 3 -

- - 2.5 10 - - 1 3 -

Pb Regrind
- 75 20 - - 20 - - -

Pb1stCl. - 20 - 5 100 - 1 4 10.1

- - 2 5 - - 1 5 -

Pb 1st Cl Scav - - 5 5 - - 1 3 -

Pb 2nd Cl. - 50 5 5 - 50 - 1 4 -

- - 5 5 - - 1 4 -

Pb 3rd Cl. - 25 5 5 50 - 1 4 10.1

- - 5 - - - 1 3 -

Pb 4th Cl. - 25 5 - 50 - 1 3 10.1
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T N . 7

Purpose: Repeat Tes US, but replace L88 by 50%.

Procedure: ‘As shown below.

Feed: 2000 g of minus 10 mesh Composite 4.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

Na2C03 D820 A3] Z MIBC Na23i03 Grind Cond. Froth pH

3418A

Grind 2000 150 - -
- 40 - - -.

Pb Rougher
- - 5 25 -

- 1 4 9.8

Pb Scav. - - 5 10 -
- 1 3 -

- - 2.5 10 -
- 1 3 -

Pb Regrind
- 50 20 - - 20 - - -

Pb 151 CI. - 10 - 5 100 - 1 4 9.5

- - 5 5 -
- 1 6 -

Pb 1st CI Scav
_

-
- 5 5 -

- 1 3 -

Pb 2nd Cl. - 25 10 10 50 - 1 4 9.5

- — 5 5 -
- 1 4 -

Pb 3rd CI. - 12.5 5 10 50 - 1 3 9.5

- - 5 5 —
- 1 3 -

Pb 4th CI. - - 5 1 0 - - 1 3 -
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T N.4

Purpose: To perform a locked cycle test on Composite No. 4 using the Pb flotation

conditions of Test 78 and the Zn flotation conditions of Test 65.

Procedure: As shown below.

Feed:
‘

6 x 2000 g of minus 10 mesh Composite 4.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

N82003 NaCN A312 MlBC Na28i03 Grind Cond. Froth pH

3418A

Grind 2000 150 - - - 40 - - -

Pb Rougher
- - 5 25 - - 1 4 9.8

Pb Scav. - - 5 10 -
- 1 3 -

- - 5 10 - - 1 3 -

Pb Regrind
- 50 20 - - 20 - - -

Pb1stCl. - 10 - 10 100 - 1 4 9.5

- - 5 5 - - 1 4 -

Pb 1st CI Scav - - 10 5 -
- 1 3 -

Pb 2nd Cl. - 25 10 5 50 - 1 3 9 5

- - ~ 5 2.5 - - 1 3 -

Pb 3rd Cl. - 12.5 5 5 50 - 1 3 -

Pb 4th Cl. - 12.5 5 - 25 - 1 2 9.5

Feed: Pb Scavenger + Pb 1st Cleaner Scavenger Tailings

- Conditions:

Reagents Added, grams per tonne Time, minutes

Stage pH

Ca(OH)2 CuSO4 A350 DF Grind Cond. Froth

1012

Zn Circuit:

Condition 2500 - - - - 5 - 12:4

- 800 -
- - 5 - -

Zn Rougher
-

.

- 20 5 - 2 a 4 -

- - 10 2.5 - 1 3 -

Zn Regrind (PM) 1000 - - - 20 - - 12.5

H.S. Condition - - 10 -

'

- 10 - -

Zn 1st Cleaner -
- — 5 - 1 5 12.5

Zn 1st Cl Scav - - 1 0 5 - 1 3 -

Zn 2nd Cleaner 500 - - 2.5 - 1 4 12.5

Zn 3rd Cleaner 500 - -
- - 1 3 12.5

Zn 4th Cleaner 500 .

- -
- - 1 2 12.5
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34588-84 Metallurgical Results

Product Weight Assays,%,g/t % Distribution

9 % Pb Zn Fe Au Ag Pb Zn Fe Au Ag

1.Pb ClConcA 38.4 0.3 62.9 46 5.23 7.07 685. 9.8 0.4 0.2 5.0 7.2

2. PbCIConcB 48.9 0.4 56.4 5.5 6.53 6.73 694. 11.2 0.6 0.3 6.1 9.3

3. Pb CIConcC 50.1 0.4 59.1 5.2 5.95 6.19 667. 12.0 0.6 0.3 5.7 9.2

4. Pb ClConcD 48.4 0.4 59.6 4.8 5.33 5.83 673. 11.7 0.5 0.3 5.2 9.0

5. Pb ClConcE 56.7 0.5 58.4 53 5.8 5.05 659. 13.4 0.7 0.3 5.3 10.3

6. Pb CIConcF 49.2 0.4 60.1 5.3 5.8 5.42 683. 12.0 0.6 0.3 4.9 9.3

7. 41h CITailF 37.6 0.3 27.8 9 10.7 2.19 355. 4.2 0.7 0.4 1.5 3.7

8. 3rd CITailF 58.9 0.5 14.3 9.4 12.3 1.99 203. 3.4 1.2 0.8 2.2 3.3

9. 2nd CITailF 88.3 0.7 7.71 7.6 11.1 1.67 125. 2.8 1.5 1.0 2.7 3.0

10.1st ClScavConcF 36.7 0.3 3.51 7.3 11.9 1.68 73. 0.5 0.6 0.5 1.1 0.7

11.2nCLConcA
, 77.2 0.6 0.43 54 8.83 0.43 27.3 0.1 9.2 0.7 0.6 0.6,

12.ZnCLConcB 119.4 1.0 0.52 52 8.86 0.27 27.4 0.3 13.7 1.1 0.6 0.9

13.2nCLConcC 113.3 1.0 0.54 53 8.84 0.35 35.4 0.2 13.3 1.1 0.7 1.1

14.ZnCLConcD 115.5 1.0 0.53 54 8.33 0.33 40 0.2 13.8 1.0 0.7 1.3

15.2nCLConcE 132.5 1.1 0.62 53 8.69 0.36 39.8 0.3 15.6 1.2 0.9 1.5

16.2nCLConcF 112.7 0.9 0.59 54 8.45 0.53 38.2 0.3 13.4 1.0 1.1 1.2

17.2n41hClTailF 20.8 0.2 2.09 34 10.1 0.91 84 0.2 1.5 0.2 0.3 0.5

18.3rdClTailF 57.4 0.5 2.44 19.6 11.6 1.00 80 0.6 2.5 0.7 1.1 1.3

19.2ndClTailF 86.9 0.7 2.31 9.5 13.2 0.81 61.7 0.8 1.8 1.2 1.3 1.5

20.1stCIScavConcF 86.7 0.7 2.11 7 17.8 0.92 53.8 0.7 1.3 1.6 1.5 1.3

21.1stClScavTail A 207.4 1.7 0.59 0.5 9.37 0.28 14 0.5 0.2 2.1 1.1 0.8

22.1stClScavTailB 275.5 2.3 0.54 0.4 9.1 0.29 12.2 0.6 0.3 2.7 1.5 0.9

23.1stClScavTail C 187.6 1.6 0.98 1 11.4 0.37 21.8 0.7 0.4 2.3 1.3 1.1

24.1stClScavTaiID 218.2 1.8 1.18 1.5 13.1 0.41 26.7 1.0 0.7 3_o. 1.6 1.6

25.1stClScavTail E 241.1 2.0 1.01 1.2 12.0 0.38 23.2 1.0 0.6 3.1 1.7 1.5

26.1stClScavTail F 2209 1.9 1.19 1.6 12.2 0.52 27 1.1 0.8 2.9 2.1 1.6

27. ZnRoScavTailA 1452.3 12.2 0.28 0.2 7.15 0.25 6.8 1.6 0.5 11.0 6.7 2.7

28. ZnRoScavTailB 1410.6 11.8 0.25 0.2 7.1 0.23 6 1.4 0.5 10.5 6.0 2.3

29. ZnRoScavTaitC 1566.1 13.1 0.29 0.2 7.12 0.25 6.7 1.8 0.7 11.8 7.2 2.9

30. ZnRoScavTailD 1558.8 13.1 0.28 0.2 7.3 0.25 6.6 1.8 0.6 12.0 7.2 2.8

31. ZnRoScavTailE 1569.5 13.2 0.28 0.2 7.19 0.25 6.7 1.8 0.6 11.9 7.2 2.9

32. Zn RoScavTaiiF 1581.0 13.3 0.3 0.2 7.37 0.27 6.1 1.9 0.6 12.3 7.9 2.7

Head (calc) 1192461000 2.07 3.80 7.9 0.45 30.5 100.0 100.0 100.0 100.0 100.0

Combined Products

Comb Pb Conc.1106 2.4 59.3 5.13 5.80 5.99 676 70.0 3.3 1.8 32.2 54.3

CombeClTai|s7to10 1.9 12.2 8.3 11.5 1.85 176 10.9 4.0 2.7 7.5 10.7

Comen CI.Conc.11to16 5.6 0.55 53.3 8.66 0.37 35.2 1.5 78.8 6.1 4.6 6.5

ComenClTails171020 2.1 2.25 12.9 14.2 0.90 65.0 2.3 7.2 3.8 4.2 4.5

ComenClScavTails21to26 11.3 0.90 1.01 11.1 0.37 20.5 4.9 3.0 15.9 9.3 7.6

ComenRoScTails271032 76.6 0.28 0.18 7.2 0.25 6.5 10.4 3.6 69.7 42.2 16.3

Projected Results Cycles E & F

Pb Cleaner Conc 2.8 592 5 27 580 5 22 670 809
-

. . . .
. 3.9 2.1 .

Zn CleanerConc 6.2 0.61 53.6 8.58 0.44 39.1 1.8 88.1 6.8 36431 68455
ZnScav.TaI| 90.9 0.39 0.33 7.9 0.28 8.8 17.3 8.0 91.1 59.6 27.2

Head(calc) 100.0 2.07 3.80 70 04.1 904 1nnn 1nnn -mnn «Innn um n
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APPENDIX N .



T N . 2

Purpose: To investigate the flotation response of Composite No. 5 ore using the

standard Pb-Zn flotation conditions.

Procedure: Similar to Test 67.

Feed: 2000 g of minus 10 mesh Composite 5.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

Na2C03 NaCN MIBC NagSiOs Grind Cond. Froth pH

3418A

Grind 2000 200 - - - 40 - - 9.8

Pb Rougher
- - 5 15 -

- 1 3 -

Pb Scav. - - 5 10 - - 1 3 -

- - 2.5 1 0 - - 1 3 -

Pb Regrind
- 75 20 - - 30 -' - -

Pbtst Cl. - 20 - 5 100 - 1 3 9.5

- - 1.0 5 - - 1 3 -

Pb 1st Cl Scav - - 5 5 - - 1 2 -

Pb 2nd CI. - 50 - 5 50 - 1 3 9.8

- - 4.0 5 - - 1 2 -

Pb 3rd Cl. - 25 - 5 50 - 1 2 9.8

- - 2.0 5 - - 1 2 -.

Pb 4th Cl. - 25 - 5 50 - 1 2 9.8

Feed: Pb Scavenger + Pb 1st Cleaner Scavenger Tailings

Conditions:

Reagents Added, grams per tonne Time, minutes

Stage PH

_
Ca(OH)2 CuSO4 A350 DF Grind Cond. Froth

1 01 2

Zn Circuit:

Condition 2500 -
-

- - 5 - 11.8

- 800 - - - 5 - -

Zn Rougher
- - 20 10 - 2 3 -



Test No. 82 - Continued
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WWW

Particle Size % Retained °/o Passing
Individual Cumulative Cumulative

+ 200 mesh 4.1 4.1 95.9

270 7.5 11.6 88.4

35.3 um 17.5 29.1 70.9

27.3 14.3 43.4 56.6

19.1 19.1 62.5 37.5

13.1 12.3 74.8 25.2

10.1 5.4 80.2 19.8

- 10.1 19.8 100.0 -

Total 100.0 -
-

S.G. 3.66
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T N.1

Purpose: To investigate lead and zinc flotation on the Master Composite using the standard

test condtions.

Procedure: Similar to Test 67.

Feed: 2000 g of minus 10 mesh Master Composite.

Grind: 40 minutes at 65% solids in a lab ball mill

Conditions:

Reagents Added, grams per tonne Time, minutes

Na2003 NaCN A3] Z MIBC NagSiOg Grind Cond. Froth pH

3418A

Grind 2000 200 - - - 40 - - 9.4

Pb Rougher ‘

- - 5 15 - - 1 4 -

Pb Scav. - - 5 10 - - 1 3 -

,_

- - 2.5 10 - - 1 3 -

Pb Regrind
- 75 20 -

- 30 -
, - -

PbtstCl. - 20 - 5 100 - 1 4 9.4

- - 1.0 5 - - 1 6 -

Pb tst Cl Scav - - 5 5 -
- 1 3 -

Pb 2nd CI. - 50 — 2.5 50 - 1 4 9.4

- - 4.0 5 - - 1 4 -

Pb 3rd Cl. - 25 - 5 50 - 1 4 9.4

- - 2.0 5
'

- - 1 3 -

Pb 4th Cl. - 25 - 5 50 - 1 3 9.4

- - 2.0 5 - - 1 3 -

Feed: Pb Scavenger + Pb 1st Cleaner Scavenger Tailings

Conditions:

Reagents Added, grams per tonne Time, minutes

Stage pH

Ca(OH)2 CuSO4 A350 DF Grind Cond. Froth

1012

Zn Circuit:

Condition 2500 - - - - 5 - 11.8

- 800 - - - 5 - -

Zn Rougher
-

- 20 10 - 2 4 -

-
- 1 0 5 - 1 3 -

Zn Regrind (PM) 1000 - e - 30 - - -

H.S. Condition -
- - 15 - - 15 - -

Zn 1st Cleaner -
- - -

- 1 5 1 1.8

Zn 1st Cl Scav - - 10 5 - 1 3 -

Zn 2nd Cleaner 500 - - -
- 1 4 11.9

Zn 3rd Cleaner 500 - - -
- 1 3 12.0

Zn 4th Cleaner 500 -
- -

- 1 2 12.0



Test No. 81 - Continued
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WW

Particle Size % Retained % Passing
Individual

.

Cumulative Cumulative

,

+ 200 mesh 2.8 2.8 97.2

270 7.4 10.2 89.8

33.4 um 15.2 25.4 74.6

25.9 12.3 37.7 62.3

18.1 18.7 56.4 43.6

12.4 13.0 69.4 30.6

9.6 6.6 76.0 24.0

- 9.6 24.0 100.0 -

Total 100.0 -
-

S.G. 3.94
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BQND BALL MILL Q-LQ§ED QIRQHIT QRINDABILITY TE§T

Sample: Composite 1A

Mesh of Grind: 150 Mesh Feed: 30.9 % Passing 150 Mesh

Cycle New Feed Number of grams of minus 150 mesh

9 Revolutions In Mill ln Mill Net Net Per

Product Feed Product Revolution

1 1907 150 858 589 269 1.79

2 858 156 588 265 323 2.07

3 588 175 568 182 386 2.21

4 568 167 536 176 360 2.16

5 536 175 547 166 381 2.18

6 547 172 529 . 169 360 2.09

7 529 183 563 163 400 2.18

8 563
» 170 564 174 390 2.29

9 564 162 543 174 369 2.28

10 543 165 549 168 381 2.31

Unit Volume (700 ml) = 1907 g in mill : Equivalent to 2724 kg/m
3 at minus 10 mesh

ldeal potential product = 545 g

Average of last 2 periods: 546 g : 250 % circulating load

2.29 Net 9 minus 150 mesh per revolution

W

Wi=
44.5

50.23 x No.82 x {.10. fl}VFW/E

where: W = Work Index (Bond)
'

S = Screen size, in um

N = Net grams of undersize produced

per revolution of test mill

= Size in um, 80% passing in product

F = Size in um, 80% passing in feed

9.96

104

2.29

83

980
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Composite 1A - Bond Work Index - Continued

W

_-_1_0_M.6§.IJ_E9.9.d

Mesh Size % Retained % Passing

(Tyler) Individual Cumulative Cumulative

+ 10 0.8 0.8 99.2

14 13.4 14.2 85.8

20 11.3 25.5 74.5

28 11.1 36.6 63.4

35 8.6 45.2 54.8

48 6.5 51.7 48.3

65 5.7 57.4 42.6

100 5.7 63.1 36.9

150 6.0 69.1 30.9

200 6.6 75.7 24.3

270 5.0 80.7 19.3

400 4.3 85.0 15.0

- 400 15.0 100.0
-

Total 100.0
-

-

W

Mesh Size % Retained % Passing

(Tyler) Individual Cumulative Cumulative

+ 150 2.5
,

2.5 97.5

200 25.9 28.4 71.6

270 18.1 46.5 53.5

400 12.7 59.2 40.8

- 400 40.8 100.0
-

Total 100.0



242

B ND BALL MILL L ED IR IT RINDABILITY TE T

Sample: Composite 1A

Mesh of Grind: minus 200 Mesh Feed: 24.3 % Passing 200 Mesh

Cycle New Feed
,

Number of grams of minus 200 mesh

9 Revolutions
V

In Mill In Mill Net Net Per

Product Feed Product Revolution

1 1921 202 808 467 341 1.69

2 808 200 551 196 355 1.77

3 551 234 538 134 404 1.73

4 538 242 548 131 417 1.72

, 5 548 242 554 133 421 1.74

6 554 238 543 135 408 1.71

Unit Volume (700 ml) = 1921 g in mill : Equivalent to 2744 kg/m
3 at minus 10 mesh

Ideal potential product = 549 g

Average of last 3 periods:

Bgngs FQI’MUIQ

Wi

where: W =

s =

=

44.5

50.23 x No.82 x{

548 g : 250 % circulating load

1.72 Net 9 minus 200 mesh per revolution

10 10

‘5 7?}

Work Index (Bond)

Screen size, in ma

Net grams of undersize produced

per revolution of test mill

Size in pm, 80% passing in product

Size in pm, 80% passing in feed

10.9

74

1.72

860

980
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Composite 1A - Bond Wotk Index - Continued

W

W

Mesh Size % Retained % Passing

(Tyler) Individual Cumulative Cumulative

+ 10 0.8 0.8 99.2

14 13.4 14.2 85.8

20 11.3 25.5 74.5

28 11.1 36.6 63.4

35 8.6 45.2 54.8

48 6.5 51.7 48.3

65 5.7 57.4 42.6

100 5.7 63.1 36.9

150 6.0 69.1 30.9

200 6.6 75.7 24.3

270 5.0 80.7
.

19.3

400 4.3 85.0 15.0

- 400 15.0 100.0
-

Total 100.0 -
-

W

Mesh Size % Retained - % Passing

(Tyler) Individual Cumulative Cumulative

+ 200 4.1 4.1 95.9

270 24.5 28.6 71.4

400 17.9 46.5 53.5

- 400 53.5 100.0
-

Total 100.0
-

-
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BQND BALL MILL QLQ§ED QIRQLIIT QRINDABILITY TE§T

Sample: Composite 18

Mesh of Grind: 150 Mesh Feed: 27.1 % Passing 150 Mesh

Cycle New Feed Number of grams of minus 150 mesh

9 Revolutions
- In Mill In Mill

_

Net Net Per

Product Feed Product Revolution

1 2073 150 - 846 562 284 1.89

2 846 192 661 229 432 2.25

3 661 184 '587 179 408 2.22

4 587 195 617 159 458 2.35

5 617 181 594 167 427 2.36

6 594 183 585 161 424 2.32

7 585 187 593 159 434 2.32

Unit Volume (700 ml) = 2073 g in mill : Equivalent to 2961 kg/m
3 at minus 10 mesh

Ideal potential product = 592 g

Average of last 3 periods: 591 g : 251 % circulating load

2.33 Net 9 minus 150 mesh per revolution

Bgngs Fgrmula

Wi ___

44.5

50.23 x No.82 x {.19.
_

.19.}it: «1?:

where: W = Work Index (Bond)

S = Screen size, in um
'

N = Net grams ot undersize produced

per revolution of test mill

P = Size in um, 80% passing in product

F = Size in um, 80%passing infeed

9.70

104

2.33

82

1000
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Composite 1B - Bond Work Index - Continued

W

W

Mesh Size % Retained % Passing

(Tyler) Individual Cumulative Cumulative

+ 10 1.2 1.2 98.8

14 413.7 14.9 85.1

20 11.3 26.2 73.8

28 11.9 38.1 61.9

35 9.7 47.8 52.2

48 7.4 55.2 44.8

65 6.1 61.3 38.7

100 5.7 67.0 33.0

150 5.9 72.9 27.1

200 5.4 78.3 21.7

270 4.9 83.2
‘

16.8

400 3.9 87.1 12.9

- 400 12.9 100.0 -

Total 100.0 -
-

mmesnfimdusl

Mesh Size % Retained - % Passing

(Tyler) Individual Cumulative Cumulative

+ 150 1.1 1.1 98.9

200 25.4 26.5 73.5

270 18.3 44.8 55.2

400 13.1 57.9 42.1

- 400 42.1 100.0 -

Total 100.0
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B ND BALL MILL L ED IR IT RINDABILITY TE T

Sample: Composite 2

Mesh of Grind: 150 Mesh Feed: 22.5 % Passing 150 Mesh

Cycle New Feed Number of grams of minus 150 mesh

g Revolutions In Mill In Mill Net Net Per

Product Feed Product Revolution

1 1964 150 788 442 346 2.31

2 788 166 544 177 367 2.21

3 544 199 627 122 505 2.54

4 627 165 539 141 398 2.41

5 539 183 576 121 455 2.49

6 576 173 557 130 427 2.47

7 557 177 541 125 416 2.35

8 541 187 560 122 438 2.34

9 560 186 569 126 443 2.38

Unit Volume (700 ml) = 1964 g in mill : Equivalent to 2806 kg/m
3 at minus 10 mesh

Ideal potential product = 561 g

Average of last 3 periods:

W

44.5
1:

50.23 x No.82 x{
_

«I? 4?:

W.

where: W =

s =

557 g : 253 % circulating load

2.36 Net 9 minus 150 mesh per revolution

1_0_&}

Work Index (Bond)

Screen size, in um

Net grams of undersize produced

per revolution of test mill

Size in um, 80% passing in product =

Size in um, 80% passing in feed =

8.9

104

2.36

78

1230
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Composite 2 - Bond Work Index - Continued

W

W

Mesh Size % Retained % Passing

(Tyler) Individual Cumulative Cumulative

+ 10 3.6 3.6 96.4

14 19.6 23.2 76.8

20 13.4 36.6 63.4

28 12.0 48.6 51.4

35 8.4 57.0 43.0

48 7.1 64.1 35.9

65 5.0 69.1 30.9

100 4.3 73.4 26.6

150 4.1 77.5 22.5

200 3.5 81.0 19.0

270 3.3 84.3 15.7

400 3.1 87.4 12.6

- 400 12.6 100.0 -

Total 100.0 -
-

W

Mesh Size % Retained % Passing

(Tyler) Individual Cumulative Cumulative

+ 150 0.7 0.7 99.3

200 23.3 24.0 76.0

270 16.8 40.8 59.2

400 13.2 54.0 46.0

- 400 46.0 100.0 -

Total 100.0
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BQND BALL MILL QLQ§ED QIRQQIT QRINDABILITY TE§T

Sample: Composite 2

Mesh ot Grind: 200 Mesh Feed: 19.0 % Passing 200 Mesh

Cycle New Feed Number of grams of minus 150 mesh

9 Revolutions In Mill In Mill Net Net Per

Product Feed Product
_

Revolution

1 1972 200 744 375 369 1.85

2 744 220 576 141 435 1.98

3 576 230 561 109 452 1.97

4 561 232 565 107 458 1.97

5 565 232 545 107 438 1.89

6 545 243 550 104 446 1.84

7 550 249 564 105 459 1.84

8 564 248 572 107 465 1.87

Unit Volume (700 ml) = 1972 g in mill : Equivalent to 2817 kg/m
3 at minus 10 mesh

Ideal potential product = 564 g

Average of last 3 periods: 562 g : 251 % circulating load

1.85 Net 9 minus 200 mesh per revolution

Bgngs Formula

Wi=
44.5

30.23 x No.82 x {.10.
_

.19.}4:» «E

where: W = Work Index (Bond)

8 = Screen size, in um

N = Net grams of undersize produced

per revolution 01 test miII

= Size in um, 80% passing in product

F = Size in um, 80% passing in feed

9.8

74

1.85

59

1230
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Composite 2 - Bond Work Index - Continued

W

_-19_M.es.tLEe.&d

Mesh Size % Retained % Passing

(Tyler) Individual Cumulative Cumulative

+ 10 3.6 3.6 96.4

14 19.6 23.2 76.8

20 13.4 36.6 63.4

28 12.0 48.6 51.4

35 8.4 57.0 43.0

48 7.1 64.1 35.9

65 5.0 69.1 30.9

100 4.3 73.4 26.6

150 4.1 77.5 22.5

200 3.5 81.0 19.0

270 3.3 84.3 15.7

400 3.1 87.4 12.6

- 400 12.6 100.0 -

Total 100.0 -
-

W

Mesh Size % Retained % Passing

(Tyler) Individual Cumulative Cumulative

+ 200 1.9 1.9 98.1

270 25.4 27.3 72.7

400 18.4 45.7 54.3

- 400 54.3 100.0 -

Total 100.0 -
-



B ND BALL MILL L

Sample: Composite 3

Mesh of Grind: 150 Mesh

254

ED IR IT RINDABILITY TE T

Feed: 32.2 % Passing 150 Mesh

Cycle New Feed Number of grams of minus 150 mesh

9 Revolutions In Mill In Mill Net Net Per

Product Feed Product Revolution

1 2423 100 1202 780. 422 4.22

2 1202
v

72 613 387 226 3.14

3 613 158 692 197 495 3.13

4 692 150 683 222 461 3.07

5 683 154 691 220 471 3.06

6 691 153 692 223 469 3.07

Unit Volume (700 ml) = 2423 gin mill : Equivalent to 3461 kg/m
3 at minus 150 mesh

Ideal potential product = 692 g

Average of last 2 periods: 692 g : 250 % circulating load

3.07 Net 9 minus 150 mesh per revolution

Bgngs Fgrmulg

.

44.5
W1:

30.23 x No.82 x {E
_

1_0.}«I?» «I:

where: W = Work lndex (Bond) = 7.9

S = Screen size, in urn
= 104

'

N = Net grams of undersize produced

per revolution of test mill = 3.07

P = Size in um, 80% passing in product = 81

‘

I

F = Size in um, 80% passing in feed = 890
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Composite 3 ~ Bond Work Index - Continued

W

W

Mesh Size % Retained % Passing

(Tyler) Individual Cumulative Cumulative

+ 10 0.5 0.5 99.5

14 11.3 11.8 88.2

20 11.1 22.9 77.1

28 11.0 33.9 66.1

35 9.6 43.5 56.5

48 6.9 50.4 49.6

65 6.2 56.6 43.4

100 5.3 61.9 38.1

150 5.9 67.8 32.2

200 5.4 73.2 26.8

270 5.5 78.7 21.3

400 4.2 82.9 17.1

- 400 17.1 100.0 -

Total 100.0 -
-

151W

Mesh Size % Retained % Passing

(Tyler) Individual Cumulative Cumulative

+ 150 3.8 3.8 96.2

200 23.2 27.0 73.0

270 17.4 44.4 55.6

400 12.9 57.3 42.7

- 400 42.7 100.0 -

Total 100.0
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B ND ALL MILL L ED IR IT RINDABILITY TE T

Sample: Composite 3

Mesh of Grind: 200 Mesh Feed: 17.4 % Passing 200 Mesh

Cycle New Feed Number of grams of minus 200 mesh

g Revolutions In Mill In Mill Net Net Per

Product Feed Product Revolution

1 2052 200 743 357 386 1.93

2 743 425 961 129 832 1.96

3 961 214 637 167 470 2.20

4 637 216 598 111 487 2.25

5 598 214 577 104 473 2.21

6 577 220 582 100 482 2.19

Unit Volume (700 ml) = 2052 g in mill : Equivalent to 2931 kg/m
3 at minus 6 mesh

ldeal potential product = 586 g

Average of last 3 periods: 586 g : 250 % circulating load

2.22 Net 9 minus 200 mesh per revolution

Bgngs Fgrmglg

Wi=
44.5

30.23 x No.82 x {.19.
_

.19.}v; «a

where: w = Work Index' (Bond)
-

= 7.6

S = Screen size, in um
= 74

I

N = Net grams of undersize produced

per revolution of test mill = 2.22

= Size in pm, 80% passing in product = 53

F = Size in um, 80%passing in feed = 1800
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Composite 3
- Bond Work Index - Continued

W

W

Mesh Size % Retained % Passing

(Tyler) Individual Cumulative Cumulative

+ 6 0.1 0.1 99.9

8 7.1 7.2 92.8

10 12.6 19.8 80.2

14 17.9 37.7 62.3

20 10.4 48.1 51.9

28 8.3 56.4 43.6

35 6.4 62.8 37.2

48 4.5 67.3 32.7

65 4.1 71.4 28.6

100 3.5 74.9 25.1

150 4.0 78.9 21.1

200 3.7 82.6 17.4

270 3.5 86.1 13.9

400 2.9 89.0 11.0

- 400 11.0 100.0 -«

Total 100.0 -
-

W

Mesh Size % Retained % Passing

(Tyler) Individual Cumulative Cumulative

+ 200 5.5 5.5 94.5

270 24.0 29.5 80.5

400 18.8 48.3 51.7

- 400 51.7 100.0 -

Total 100.0 -
-
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§QND BALL MILL QLQ§E QIRQQIT fiRlNDABILITY TEST

Sample:
‘

Composite 4

Mesh 01 Grind: 150 Mesh Feed: 19.6 % Passing 150 Mesh

Cycle New- Feed Number 01 grams of minus 150 mesh

9 Revolutions In Mill ln Mill Net Net Per

Product Feed Product Revolution

1 1373 150 497 269 228 1.52

2 497 194 373 97 276 1.42

3 373 225 438 73 365 1.62

4 438 189 412 86 326 1.72

5 412 181 404 81 323 1.78

6 404 176 392 79 313 1.78

7 392 176 404 78 326 1.85

Unit Volume (700 ml) = 1373 g in mill : Equivalent to 1961 kg/m
3 at minus 10 mesh

Ideal potential product = 392 g

Average of last 3 periods: 400 g : 243 % circulating load

1.80 Net g minus 150 mesh per revolution

Bonds Fgrmulg

Wi=
44.5

50.23 x No.82 X{LO_
_

fl}4; \IE

where: W = Work Index (Bond) = 11.57

S = Screen size, in um
= 104

N = Net grams of undersize produced
_

per revolution of test mill = 1 .80

= Size in um, 80% passing in product = 81

F = Size in um, 80% passing in feed =

‘

1150
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Composite 4 - Bond Work Index - Continued

SQBEELANALLSES

.:_1_Q_M.es.tLE§.e.d

Mesh Size % Retained % Passing

(Tyler) Individual Cumulative Cumulative

+ 10 1.6 1.6 98.4

14 17.9 19.5 80.5

20 15.1 34.6 65.4

28 15.1 49.7 50.3

35 10.8 60.5 39.5

48 7.0 67.5 32.5

65 5.0 72.5 27.5

100 4.0 76.5 23.5

150 3.9 80.4 19.6

200 3.2 83.6 16.4

270 3.0 86.6 13.4

400 2.9 89.5 10.5

- 400 10.5 100.0
-

Total 100.0 -
-

W

Mesh Size % Retained
_

% Passing

(Tyler) Individual Cumulative Cumulative

+ 150 1.8 1.8 98.2

200 24.2 26.0 74.0

270 17.9 43.9 56.1

400 13.3 57.2 42.8

- 400 42.8 100.0 -

Total 100.0 -
-

Lakefield Research

Lakefield, Ontario

January 18, 1989 / sem


