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INTRODUCTION 

In a letter dated July 7, 1975, Mr. M.D~ Rowswell of Kerr Addison 

Mines Limited requested that a program of testwork should be undertaken to 

investigate the recovery of lead and zinc from a Grum Deposit sample~ 

Results of the testwork as they became available were discussed in 

meetings and telephone conversations with Mr. Eo Kirkpatrick of Kerr Addison 

Mines Limited. 

Investigation by: C.Wo Payne 

LAKEFIELD RESEARCH OF CANADA LIMITED 

I 
A.G. Scobie, Po Engo, 

I"lanager 

K.W. Sarbutt 

Project Metallurgist 



SUMHARY -------

1. Head Sample Assays 

Composite B 

Lead (Pb) 

Zinc (Zn) 

Oxide Lead (Pbox) 

Oxide Zinc (Znox) 

Copper (Cu) 

Iron (Fe) 

Sulphur (S) 

Magnesia (MgO) 

Gold (Au) 

Silver (Ag) 

4o75 %, 4. 71 

7.36 %, 7o40 

0.97 % 

0.26 % 

0.137 % 

20.0 % 

26.0 % 

1.20% 

0.035 oz/ton 

2.21 oz/ton 

%* 

%0 

0 Average head sample assay as calculated from test 

results. 

2. Lead Flotation 

The basic flowsheet investigated for the recovery of a high grade 

lead concentrate involved: 

a) Grinding the ore with Na2C~ as pH modifier, ZnSO~t and NaCN as pyrite 

and sphalerite depressants, and R-242 as the collector for galena. 

b) Flotation of a lead rougher concentrate at pH 9-9.5, with further 

additions of R-242 and R-404 as collectors. 

c) Regrinding the lead rougher concentrate with Na2C~, ZnSO~t, NaCN and 

R-242. 

d) three to four cleaning stages with further additions of NaCN, ZnSO~t 

and R-242. 

The primary grind was conducted in both rod and ball mills, and the 

regrind in rod, ball and pebble millso Fineness of primary grind and regrind 

were varied. 
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S~ary - Continued 

2.1. Rod Mill Primary Grind 

2.1.1. Rougher Flotation 

The power input to the primary grind was varied from 3.5 kwh/ton to 

13.9 kwh/ton. other factors investigated were: 

a) Collector type and anount 

b) NaCN addition 

c) Aeration prior to flotation 

d) pH 

The results and conditions of this testwork are summarized in Table 1. 

Table 1 

Rod Mill Primary Grind 

Test Grind NaCN R-404 R-242 Flota- Rougher Concentrate 
KWH/ lb/ pH lb/ lb/ tion No. 
ton ton ton ton Time Weight Assay ~{, Distribution 

min. 
% % Pb Zn 

Pb 

4 3.5 o. 20 8.9 - 0.10 9 32.40 13.8 92.3 43.2 

5 4.6 0.20 8.8 - 0.15 9 30.95 14.2 92.9 41.2 

6 7.0 0.20 8.6 0.04 0.16 9 34.39 13.5 94.9 42.7 

10• 7.0 0 .. 25 9.8 0.03 0.07 7 23.60 17.7 88.9 36.2 

20 7.0 o. 30 9.3 0.04 0.12 9 32.21 13 .. 6 94.0 36.7 

18 9.2 0.30 9.4 0.04 0.14 9 30.10 14.5 94.2 35.9 

19 13.9 0.30 9.4 0.04 0.16 9 30.06 15.0 95.3 37.7 

• Aeration prior to flotation 

Screen analyses were conducted on primary grinds used in Tests 18 and 

19, with results as follows: 

Test 18 - Grinding time - 40 minutes, Power Consumption - 9. 2 kvJh/ton, 

93.8 % minus 200 mesh 

Test 19 - Grinding time - 60 minutesj Power Consumption - 13 .. 9 l~vh/ton, 

97.4% minus 200 mesh 
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Summary - Continued 

2 .. 1.. Rod Mill Primary Grind 

2.1.1~ Rougher Flotation 

Higher lead recoveries and lower zinc recoveries to the Pb rougher 

concentrate resulted from increased fineness of primary grind 1 higher NaCN and 

Na2C~ additions, and the use of R-404 in conjunction with R-242 as collector. 

Aeration appeared to have little beneficial effect on pyrite or sphalerite 

depression~ 

2.1.2. Cleaner Flotation 

The rougher concentrates were reground in the rod mill with further 

additions of ZnS04, NaCN and Na2C~ 7 and cleaned three or four times at pH 9 .. 5-

10.0. Variables investigated in the cleaner flotation included: 

a) fineness of regrind 

b) level of NaCN additions 

c) Ca(OH) 2 in place of Na2C~ as pH modifie>r. 

The results and conditions of this testwork are summarized in Table 2. 

Table 2 - Cleaner Flotation 

Test Primary Regrind NaCN No. Pb Cleaner Concentrate 
Grind lb/ton pH of 

No. Kwh/ton kwh/ton (Cl. Cl. Weight Assays % % Dist. 
flot) Stages 

% Pb Zn Pb Zn 

4 3.5 2.3 0.17 9.2-9.7 3 9 .• 02 42.3 10 .• 5 78.7 12.2 
5 4.6 3 .. 5 0.18 9 .. 6-9.9 4 8.28 46.6 9.74 81.6 10.9 
6 7.0 4.6 0 .. 18 9.5-9.9 4 .8. 72 47.5 9.35 85.0 11 .• 0 
9 7.0 3.0*e Oo22 9. 9-11. 1* 5 8.31 43.4 9.06 76.9 10.1 

10 7.0 3.0° 0 0.18 10.8-11.0* 4 3.62 48 .. 2 9.66 37.1 4.7 
17 13.9 7.0 0.40 9.7-9.8 4 6.37 59.3 7.46 81.8 6.5 
18 9.2 7.0 0.40 9.6-9.8 4 6.11 63.2 7.29 83.0 6.1 
19 13.9 4.6 0. 40 9.6-9.8 4 7.37 55.9 8.64 87.0 8.7 
20 7.0 9.2 0.40 9 .. 6-9.7 4 6.47 62.0 7.38 86.3 6.6 
21 9.2 7.0 o. 70 9.6-9.8 5 5.28 68.8 6.44 79.1 I 4. 7 

i 

~ pH controlled with Ca(OH) 2 ** Pebble Mill Regrind 



Summary - Continued 

2Gl. Rod Mill Primary Grind 

2ol.2. Cleaner Flotation 
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The Pb grade-recovery curves for these tests are shown in Figure 1. 

The results in Tests 4, 5 and 6 indicated that a finer regrind was 

necessary to obtain higher-grade Pb concentrates. Increasing the fineness of 

primary grind or regrind in Test 17 onwards resulted in higher grades and 

recoveries of lead to the cleaner concentrate. Increasing the cyanide additions 

in the cleaner flotation could also have been partly responsible for these im­

provements, particularly in Test 21. In this test with a similar grind to that 

of Test 18 and with the higher cyanide additions, the grade of the cleaner con­

centrate was increased from 63.2 to 68.8 % Pb. 

The results of Tests 9 and 10 were poor, and this could have been due 

to an insufficient regrind in the pebble mill or to depression of galena at the 

high lime pH. 

2.2. Ball Mill Primary Grind 

Flotation testwork was conducted to investigate the effect of: 

a) fineness of grind 

b) Collector type and amount 

c) Na2 S and Na2 S(0 as depression 

d) lime in place of Na2 C(0 for pH control 

on the grade and recovery of lead and zinc in the rougher flotation. The rougher 

concentrate was reground in a ball or pebble mill prior to cleaning. 

The results arrl conditions of these tests are summarized in Table 3. 
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S_ummary - Continued 

2.2. Ball Mill Primary Grin~ 

Table 2 - Ball Mill Primary Grind 

Test Primary Regrind Pb Cleaner Concentrate 
Grind kwh/ Depressants Collector 

No. kwh/ton ton Weight Assays, % % Dist. 

% Pb Z_n,- Pb Zn 

l 9.3 - Ca(OH)2, R-242 10o95 31.1 ll.l 71.7 16.1 
ZnS04 , NaCN 

11 12.4 2 .. 0 Na2C~ 7 R-242, 7 .. 85 48.4 8.94 80.4 9.4 
ZnSOt. 7 NaCN R-404 

12 12.4 2.0 Na2C~, Mixed 5.44 46.8 8.56 56.1 6.3 
ZnS04 , Na2S 

13 12 .. 4 2.0 Ca{OH)2, Mixed 4.40 45.9 9.42 43 .. 3 5.6 
ZnS04 , Na2 S 

14 18 .. 7 1.0 Na2COJ, Mixed 6.14 42.0 8.98 56.2 7. 5 
ZnS(\, Na2 S 

15 18.7 0.75 Na2S, Na2SOJ, AX-325 4.44 50.7 7 .. 02 47.7 4.2 
NaCN, Ca(OH) 2 

16 12.4 6. 2•• Na2COJ, R-242, 5.42 60.3 7.33 70.6 5.5 

I ZnS(\, NaCN R-404 

Ball Mill Regrind, remainder Pebble Mill Regrind 

The Pb grade-recovery curves for these tests are shown in Figure 2. 

The mixed collector used consisted of a 4:2:1:1 mixture of AF208, AF242, 

Z-4 and Z-6o 

Lead grade and recovery was generally low in these tests. The mixed 

collector used in Tests 13, 14 and 15 was too weak, and low lead recoveries re-

sulted. No improvement in the grade of Pb concentrate or zinc depression re-

sulted with the use of Ca(OH) 2 , Na2 S or Na2 S~. Pb recovery \vas generally low 

when using these depressants. 

The best results were achieved in Tests 11 and 16, in which smilar 

reagent conditions to those of the rod mill primary grind tests were used i.e. 

Na2COJ, ZnS(\ and NaCN as depressants, R-242 and R~404 as collectors. 
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Summary - Continued 

2. 3. S~ for Sphalerite and Pyrite Depression 

Testwork was conducted to investigate the effect of conditioning with 

S~ prior to flotation on the grade and recovery of lead and the depression of 

sphalerite and pyrite. The results and conditions of this testwork are sum-

marized in Table 4. 

Table 4 - S~ Conditioning 

Test pH pH Z-4 242 Flotation Rougher Concentrate 

No. with Ca(OHh lb/ton lb/ton Time 
s~ min. Weight Assays % % Dist. 

% Pb Pb Zn 

2 5.5 9.5 0.04 0.06 9 13.08 29.6 78.4 20.2 

7 5. 5 - - 0.16 12 19.92 20.6 84.9 28.8 

8 5.0 6. 5° - 0.16 12 10.57 22.2 50.6 13.1 

• 

Low recoveries of lead were obtained with no improvement in zinc rejection. 

2.4. Flotation with no Depressants 

In Test 22 the flotation of lead after grinding with no depressants or 

pH control was investigated. A rougher concentrate was recovered using R-242 and 

Z-4 as collectors. This concentrate amounted to 25.64% weight assayed 14.2 % Pb 

and 8.92% Zn, \vith recoveries of 80.2% Pb and 32.0 % Zn~ On regrinding and 

cleaning there was a high lead loss in the lst cleaner tailing. 

The results of this test indicated that the sphalerite did not appear 

to be naturally pre-activated, and that the problem of zinc rejection was rnainly 

one of liberation. Further testwork will be conducted to investigate the re-

covery of Pb with reduced depressant additions in the rougher flotation. 
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Summary - Continued 

3. Zinc Flotation 

Zinc flotation was investigated in several of the tests. In some of 

these tests the Pb 1st cleaner tailing was combined with the Pb rougher tailing 

as feed to the zinc circuit. Zn recovery was largely dependent on the amount of 

zinc reporting to the zinc circuit. 

In this testwork the pulp pH was raised to pH 10.5-11.0 \>Jith Ca(OH)2 

and conditioned with 1.0 lb/ton CuS04. A zinc rougher concentrate vias then re-

covered using Z-200, AX343 or the mixed collector as collector. The rougher 

concentrate was then either reground and cleaned, or merely cleaned. 

The results and conditions of this testwork are summarized in Table 5. 

Table 5 - Zinc Flotation 

Test Primary Grind Regrind vleight Assay % % Dist. 

No. Time Collector Product 
% 

Mill % -200m min. P;b Zn Zn 

1 B.M. 30 - z-200 Zn Cl. Cone. 7.41 0.99 55.7. 54.8 
Zn Ro. Tail. 66.42 0~51 0.68 6.0 

11• B.M. 40 - Z-200 Zn Cl. Cone. 8.15 0.57 57.5 62.5 
Zn Ro. Tail. 69.81 0.30 0.65 5.9 

12° B.M. 40 - Mixed Zn Cl. Cone. 7.17 0.84 57.6 56 .. 2 
Zn Ro. Tail. 71.68 0.53 o. 79 7.8 

13• B.M. 40 10 Mixed Zn Cl. Cone. 5. 48 1.30 56.7 42.0 
Zn Ro. Tail. 74.30 0.80 1.94 19.5 

14• B.M. 60 - Mixed Zn Cl. Cone. 8.05 1.04 56.5 61.9 
Zn Ro. Tail. 70.80 0.51 0.55 5.2 

15• B.M. 60 7.5 A.X343 Zn Cl. Cone. 5.68 1.47 58.0 48.0 
Zn Ro·. TaiL 75.29 1. 25 3.18 31.9 

17° R.M. 60 - Z-200 Zn Cl. Cone .. 9.52 0.86 55.1 71.8 
Zn Ro·. Tail. 67.54 0.30 0.43 3.9 

20 R.M. 30 15 Z-200 Zn Cl. Cone. 6.35 0.74 56.9 50.2 
Zn Ro". Tail. 52.94 0.33 0.63 4.6 

2P R.M. 40 - Z-200 Zn Cl. Cone. 8.82 0 .. 65 56.6 68.8 
! Zn Ro. Tail. 73.41 0.39 0.74 7.5 

! 
., ' 

• Pb 1st cleaner tailing included in feed to Pb flotation. 
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3. Zinc Flotation 
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Regrinding the zinc rougher concentrate did not result in any improve­

ment in the grade of zinc concentrate recovered. 

At the finer primary grinds the Zn tailing assays were slightly lower; 

the lowest tailing assay was 0.43% Zn in Test 17. Z-200 appeared to be a more 

suitable collector than the mixed collector or AX343. 

Cycle testwork in which the Pb and Zn cleaner tailings are recirculated 

is necessary to determine the grade and recovery of a zinc concentrate, and to 

establish the required fineness of primary grind, or the necessity of a regrind. 

4. Silver RecoveEY 

The products from Test 17 were assayed for silver. The results are 

summarized below. 

Table 6 - Silver Distribution 

Weight Assays, % % Distribution 
Product 

% Pb Zn Ag* Pb Zn Ag 

Pb Cleaner Concentrate 6.37 59v3 7.46 19.52 81.8 6.5 59.7 

Zn Cleaner Concentrate 9.52 0 .. 86 55.1 3. 20 1.8 71 .. 8 14.6 

Zn Rougher Tailing 67.54 0.30 o. 43 0.20 4. t1 3 .. 9 6.5 

Head (Calculated) 100.00 4.,62 7.31 2 .. 08 100.0 100.0 100.0 
I I I 

• ounces per ton 
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Summary - Continued 

5. Work Indices and Power Consumption 

5.1. Primary Grind 

Mill Grinding Time % Passing Kao Surface Power Work 
min./2000 g 200 mesh micro- Area Consumption Index 

meters cm2 /g k\vh/ton 

-10 mesh head 19.7 886 - - -
Ball Mill 20 79.6 76.6 1354 6.2 7. 7 

Ball Mill 30 88.7 55.8 1743 9.3 9.3 

Ball Mill 40 94.4 47.0 2020 12.4 11.0 

Ball Mill 60 98.1 37.0 2495 18.7 14.2 

Rod Mill 40 93.8 52.0 1665 9.2 9.1 

Rod Mill 60 97.4 42.,4 2085 13.9 ll.9 

5.2. Pb Concentrate Regrind 

Grind Time Power Consumption 
Mill minutes 

kwh/-1;-::n kwh/ton 
ore Rougher Cone.* 

Rod Mill 10 2.3 7. 7 

Rod Mill 15 3.5 ll. 7 

Rod Mill 20 4.6 15.3 

Rod Mill 30 6.9 23.0 

Rod Mill 40 9.2 30.7 

Pebble Mill 'T'h 0.75 2.5 

Pebble Mill 10 1.0 3~ 3 

Peb le Mill 20 2.0 6.7 
I 
; 

Pebble Mill 30 3.0 10.0 

Ball Mill 20 6.2 20.7 

• Assuming 30 % weight recovery in rougher concentrate 
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Summary - Continued 

5. Work Indices and Power Consumption 

5.3. Zinc Concentrate Regrind 

I 
Grinding Time I Power Consumption 

Mill Minutes kwh/ton kwh/ton"' 
ore Rougher Concentrate 

Pebble Mill 

I 
7Yz 0.75 5o0 

Pebble Mill 10 1.0 6.7 

Pebble Mill I 15 1.5 10.0 

Assuming 15 % weight recovery to Zn rougher concentrate. 

6. Further Testwork 

Cycle testwork will. commence to investigate the effect of recirculation 

of cleaner tailings. Various primary grind and regrind combinations will be in-

vestigatedo Regrinding of the zinc rougher concentrate may not be necessary at 

the finer primary grinds. 

The effect of conducting the lead rougher flotation at natural pH, 

and with smaller amounts of depressants will also be investigated. 
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SAMPLE PREPARATION 

Four drums, weighing approximately 300 pounds, containing crushed 

drill core samples were received at Lakefield on August 13th, 1975, and given 

our Reference No. 7520755. The drums were described as B-1 to B-4. 

The contents of each drum were jaw and cone-crushed to minus l/4 

inch, and one-quarter of each sample was riffled out. These one-quarter splits 

were then mixed, roll-crushed to minus 10 mesh, and riffled into 2 kg. charges 

for testwork, and a sample for screen analyses and head analysis. 

Later the remainder of the minus l/4 inch material was combined, 

crushed to minus 10 mesh and riffled into 2 kg. charges for further testwork. 

Screen Analysis 

Minus 10 Mesh Head Sample 

Mesh Size "'o Retained "'o Passing 
(Tyler) Individual Cumulative Cumulative 

+ 14 5. 4 5.4 94.6 
20 16.1 21.5 78.5 
28 15.5 37.0 63.0 
35 11.5. L'..S. 5 51.5 
48 9.3 57.8 42.2 
65 6.5 64.3 35.7 

100 6.0 70.3 29.7 
150 4.9 75.2 24.8 
200 5.1 80.3 19.7 
270 3.7 84.0 16.0 
400 4.2 88.2 11.8 

- 400 11.8 100.0 -
Total 100.0 - -



Test No. 1 

Purpose: 

Procedure: 

Feed: 

Grind: 

Conditions: 

Stage 

Grind 

Pb Rougher 

Condition 

Zn Rougher 

Pb 1st Cleaner 

Pb 2nd Cleaner 

Pb 3rd Cleaner 

Zn 1st Cleaner 

Zn 2nd Cleaner 

Zn 3rd Cleaner 

Stage 
Flotation Cell 
Speed rpm 
% Solids 
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DETAILS OF TESTS 

A preliminary test to investigate the flotation of lead and zinc 
when using standard lead-zinc flotation procedure. 

Grind and float a lead concentrate and a zinc concentrate. Clean 
each concentrate three times. 

2000 grams minus 10 mesh Composite B. 

30 minutes at 65 percent solids in the laboratory ball mill. 

Reagents Added, pounds per ton 

Ca- ZnS(\ NaCN (OH)2 

1.0 1.0 0.10 

- - -
- - -
- - -

1.5 - -
- - -
- - -

0.1 0.1 0.02 

- - -
0.05 0.05 0.01 

- - -
0.05 0.05 0.01 

0.20 - -
- - -

0.10 - -
0.10 I - -

Rougher 
1000 gram D-1 
1800 
33 

R-242 MIBC 

- -
0.03 0.02 

0.02 -
0.02 -
- -
- -
- -
- -

0.005 -
- 0.005 

0.003 -
- 0.005 

- -
- -
- -
- -

Pb Cleaners 
250 gram D-1 
1000 

Cu-
S(\ 

-
-
-
-

1.0 

-
-
-
-
-
-
-
-
-
-
-

Time, 

Z-200 Cond. 

- -
- 1 

- 1 

- 1 

- 2 

0.06 1 

0.02 1 

- 2 

- 1 

- 1 

- 1 

- 1 

- 2 

0.005 1 

- 2 

- 1 

Zn Cleaners 
250 gram D-1 
1000 

minutes 

Froth 

-
3 

3 

3 

-
3 

2 

3 

2 

3 

1 

3 

2 

1 

2~ 

2 

pH 

-
8.8 

-
-

10.9 

10.9 

-
9.6 

-
9.8 

-
9.7 

11.1 

-
11.2 

11.2 
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Test No. 1 - Continued 

Metallurgical Results 

Weight Assays, % % Distribution 
Product 

% Pb Zn Pb Zn 

1. Pb Cleaner Cone. 10.95 31.1 11.1 71.7 16.1 
2. Pb 3rd Cl • Tail • 2.07 16.5 11.8 7.2 3.2 
3. Pb 2nd Cl. Tail. 2.17 11.2 11.2 5.1 3.2 
4. Pb 1st Cl. Tail. 4.34 4.29 9 0 76 3.9 5.6 
5. Zn Cleaner Cone. 7.41 0.99 55.7 1.5 54.8 
6. Zn 3rd C1. Tail. 1.18 2.49 27.2 0.6 4.3 
7. Zn 2nd Cl. Tail. 1.93 2.41 14.6 - 1.0 3.7 
8. Zn 1st Cl. Tail. 3.53 2.38 6.56 1.8 3.1 
9. Zn Rougher Tail. 66.42 0.51 0.68 7.2 6.0 

Head (Calculated) 100.00 4. 75 7.54 100.0 100.0 

Calculated Grades and Recoveries 

Products 1 and 2 

I 
13.02 28.8 11.2 78.9 19.3 

Products 1 to 3 15.19 26.3 11.2 84.0 22o5 
Products 1 to 4 19.53 21.4 10.9 87.9 28.1 
Products 5 and 6 8.59 1.20 51.8 2.1 59.1 
Products 5 to 7 10.52 1.42 45.0 3.1 62.8 
Products 5 to 8 14.05 1.66 I 35.3 4.9 65.9 

I 
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Test No. 2 

Purpose: 

Procedure: 

Feed: 

Grind: 

Conditions: 

Stage 

Grind 
Condition 

Pb Rougher 

Condition 
Zn Rougher 

Pb 1st Cleaner 

Pb 2nd Cleaner 
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To investigate the effect of S~ conditioning prior to Pb flotation 
on the depression of zinc and pyrite. 

Grind, condition and float a lead concentrate and a zinc concentrate. 
Clean the lead concentrate twice. 

2000 grams minus 10 mesh Composite B. 

30 minutes at 65 percent solids in the laboratory ball mill. 

Reagents Added, pounds per ton Time, minutes 
pH 

NaCN s~ 
Ca- R-242 Z-14 MIBC Cu- Cond. Froth (OH)2 sq. 

0.20 - - - - - - - - -- 6.0 - - - - - 3 - 8.0-5.5 
- - 8.0 - - - - 2 - 9.5 
- - - 0.03 0.02 0.02 - 1 3 -- - - 0.02 0.01 - - 1 3 -- - - 0.01 0.01 - - 1 3 -- - 1.5 - - - 0.5 3 - 10.8 
- - - - 0.04 0.01 - 1 3 -- - - - 0.02 - - 1 2 -

0.05 - - I 0.005 - - - 1 3 9.0 
- - - 0.005 - - - 1 2 -I 0.02 - - I - - - - 1 2 8.8 

l - - - I 0.003 - - - 1 1 -
I 
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Test No. 2 - Continued 

Metallurgical Results 

Weight Assays, % % Distribution 
Product 

% Pb Zn Pb Zn 

1. Pb Cleaner Cone. 7.,19 42.8 11.9 62.4 11.,3 
2. Pb 2nd Cl. Tail. 1.53 21.9 13.2 6.8 2.7 
3. Pb 1st Cl. Tail. 4.36 10.4 10.8 9.2 6.2 
4. Zn Rougher Cone. 14.52 2.68 32.8 7.9 62.6 
5. Zn Rougher Tail. 72.40 0.93 1.81 13.7 17 .. 2 

Head (Calculated) 100.00 4.93 7.60 100.0 100.0 

Calculated Grades and Recoveries 

Products 1 and 2 8. 72 39.1 12.1 69.2 14.0 
Products 1 to 3 13.08 29.6 11.7 78.4 20.2 



Test No. 3 

Purpose: 

Procedure: 

Feed: 

Grind: 

Conditions: 

Stage 

Grind 
Condition 

Pb Cone. No. 1 
Condition 
Pb Cone. No. 2 
Condition 
Pb Cone. No. 3 
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To investigate the removal of a series of lead concentr~tes at 
various pH after SOz conditioning. 

Grind, condition and float three lead concentrates. 

2000 grams minus 10 mesh Composite B. 

30 minutes at 65 percent solids in the laboratory ball mill. 

Reagents Added, pounds per ton Time, minutes 

SOz Ca(OH)2 R-242 Z-14 Grind Cond. Froth 

- - - - 30 - -
7.5 - - - - 15 -- 4.0 - - - 2 -- - 0.05 0.03 - 1 3 
- 1.5 - - - 2 -
- - 0.02 - - 1 3 
- 0. 7. - - - 2 -- - 0.02 0 .. 01 - 1 3 

Metallurgical Results 

Weight Assays, % % Distribution 
Product 

% Pb Zn Pb Zn 

1. Pb Cone. No. 1 15.20 19.0 5.41 59.7 11.0 
2. Pb Cone .. No. 2 5.40 15.8 15.5 17.6 11.2 
3. Pb Cone. No. 3 4.00 9.56 12.4 7.9 6.7 
4. Pb Rougher Tail. 75.40 0.95 7.02 14.8 71.1 

Head (Calculated) 100.00 4.84 7o45 100.0 100.0 

Calculated Grades and Recoveries 

Products 1 and 2 20.60 18.2 8.05 77.3 22.2 
Products 1 to 3 24.60 16.8 8. 76 85.2 28.9 

pH 

-
5.0 
6.5 
-

7.5 
-

8.5 
-



Test No. 4 

Purpose: 

Procedure: 

Feed: 

Grind: 

Conditions: 

Stage 

Primary Grind 

Pb Rougher 

Pb Scavenger 

- 20 -

To investigate the effect on the lead circuit of flotation after 
a coarse primary grind, followed by a regrind of the Pb rougher 
concentrate. 

Grind and float Pb rougher and scavenger concentrates. Regrind the 
rougher concentrate and clean three times. 

2000 grams minus 10 mesh Composite B. 

15 minutes at 67 percent solids in the laboratory rod mill. 

Reagents Added, pounds per ton Time, minutes 
pH 

N~- Zn- NaCN R-242 MIBC Z-14 Grind Cond. Froth co3 S(\ 

2.0 1.0 0.20 0.05 - - 15 - - -
- - - - OeOl - - 1 3 8.9 

- - - 0.03 - - - 1 3 -
- - - 0.02 - - - l 3 -
- - - - 0.01 0.02 - 1 2 -

Pb Ro. Cone .. Regrind 1.0 0.5 0.10 0.025 - - 10 - - -
Pb 1st Cleaner 

Pb 2nd Cleaner 

Pb 3rd Cleaner 

Stage 
Equipment 
Speed rpm 
% Solids 

Rougher 
1000 g D-1 
1900 
33 

- - - -
- - - 0.005 

- - 0.05 -
0.2 I - 0.02 -

Ro. Cone. Regrind 
Rod Mill 

-
I 

-
- -

I - -
- - I 

Pb 1st Cleaner 
500 gram D-1 
1300 

-
-
-
-

1 3 

1 2 

2 3 

2 2 

Pb 2nd & 3rd Cl. 
250 gram D-1 
1000 

9.6 

-
9.2 

9.7 
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Test No. 4 - Continued 

Metallurgical Results 

Weight Assays, % % Distribution 
Product 

ol 
10 Pb Zn Pb Zn 

1. Pb Cleaner Cone. 9.02 42.3 10.5 78.7 12.2 
2. Pb 3rd Cl. Tail. 3.69 9.23 12.3 7.0 5.8 
3. Pb 2nd Cl. Tail. 3.31 4.10 12.0 2.8 5.1 
4. Pb lst Cl. Tail. 16.38 1.12 9.56 3.8 20.1 
5. Pb Scavenger Cone. 4.39 2.26 8.36 2.0 4.7 
6. Pb Scavenger Tail. 63.21 0.44 6.41 5.7 52.1 

Head (Calculated) 
i 

100.00 4.85 7. 78 100.0 100.0 

Calculated Grades and Recoveries 

Products 1 and 2 12.71 32.7 11.0 85.7 18.0 
Products 1 to 3 16.02 26.8 11.2 88.5 23.1 
Products 1 to 4 32.40 13.8 10.4 92.3 43.2 
Products 1 to 5 36.79 12.4 10.1 94.3 47.9 



Test No. 5 

Purpose: 

Procedure: 

Feed: 

Grind: 

Conditions: 

Stage 

Primary Grind 

Pb Circuit 

Pb Rougher 

Pb Scavenger 

- 22 -

To repeat test No. 4, but with finer primary grind and finer 
regrind. 

Grind and float lead rougher and scavenger concentrates. Regrind 
the rougher concentrate and clean four times. 

2000 grams minus 10 mesh Composite B. 

20 minutes at 6 7 percent solids in the laboratory rod mill. 

Reagents Added, pounds per ton Time, minutes 

N~C~ ZnS(\ NaCN R-242 Grind Cond. Froth 

2.0 1.0 0.20 0.075 20 - -

pH 

-

- - .;. 0.025 - 1 3 8.8 

- - - 0.025 - 1 3 -
- - - 0.025 - 1 3 -
- - - 0.03 - 1 3 -

Pb Ro. Cone. Regrind 1..0 0.5 0.10 0.04 15 - - -
Pb lst Cleaner - - - - - 1 3 9.8 

- - - 0.02 - 1 3 -
Pb 2nd Cleaner 0.1 0.1 0.05 - I - 1 3 9.8 

- ·- - 0.005 - 1 1 -
Pb 3rd Cleaner 

I, 
0.1 - 0.02 0.003 - 1 3 9.6 

Pb 4th Cleaner 0.1 - 0.01 - i. - 1 2 9.9 
I 
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Test No. 5 - Continued 

Metallurgical Results 

Weight Assays, % % Distribution 
Product 

% Pb Zn Pb Zn 

1. Pb Cleaner Cone. 8.28 46.6 9. 74 8L6 10.9 
2. Pb 4th Cl. TaiL 2.36 9.95 13.3 5.,0 4.2 
3. Pb 3rd Cl. Tail. 1.95 5.33 12.7 2.2 3.3 
4. Pb 2nd Cl. Tail. 2.60 2.43 12.0 1.3 4.2 
5. Pb 1st Cl. Tail. 15.76 0.85 8. 77 2.8 18.6 
6. Pb Scavenger Cone. L84 2.22 9.01 0.9 2.2 
7. Pb Scavenger Tail. 67.21 0.44 6.23 6.2 56.6 

Head (Calculated) 100.00 4. 73 7.42 100.0 100.0 

Calculated Grades and Recoveries 

Products 1 and 2 10.64 38.5 10.5 86.6 15.1 
Products 1 to 3 12.59 33.3 10.9 88.8 18.4 
Products 1 to 4 15.19 28.0 11.1 90.1 22.6 
Products 1 to 5 30.95 14.2 9.89 92.9 41.2 
Products 1 to 6 32.79 13.5 9.84 93.8 43.4 



Test No. 6 

Purpose: 

Procedure: 

Feed: 

Grind: 

Conditions: 

Stage 

Primary Grind 

Pb Circuit 

Pb Rougher 

Pb Scavenger 

- 24 -

To repeat Tests No. 4 and 5, but with a still finer grind and 
regrindo 

As for Tests No. 4 and 5. 

2000 grams minus 10 mesh Composite B. 

30 minutes at 67 percent solids in the laboratory rod mill. 

Reagents Added, pounds per ton Time, minutes 

N~CO, ZnS04 NaCN R-242 404 Grind Cond. Froth 

2.0 1.0 0.20 0.10 - 30 - -

- - - 0.02 0.02 - 1 3 

- - - 0.02 0.01 - 1 3 

- - - 0.02 0.01 - 1 3 

- - - 0.03 0.02 - 1 3 

Pb Ro. Cone. Regrind 1.0 o.s 0.10 0.05 - 20 - -
Pb 1st Cleaner - - - - - - 1 3 

- - - 0.01 0 .. 01 - 1 3 

Pb 2nd Cleaner 0.2 0.1 0.05 - - - 1 3 

- - - 0.005 - - 1 1 

Pb 3rd Cleaner 0.1 - 0.02 - - - 1 3 

Pb 4th Cleaner 0.2 - 0.01 - - - 1 2 
i I 

pH 

-

8.6 

-
-
-
-

9.5 

-
9.8 

-
9.8 

9.9 
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Test No. 6 • Continued 

Metallurgical Results 

Weight Assays, % % Distribution 
Product 

% Pb Zn Pb Zn 

1. Pb Cleaner Cone. 8. 72 47.5 9.35 85.0 11.0 
2. Pb 4th Cl. Tail. 2.68 8.01 12.8 4.4 4.6 
3. Pb 3rd Cl. Tail. 1.65 4.10 11.6 1.4 2.6 
4. Pb 2nd Cl. Tail. 4.23 2.19 10.8 1.9 6.2 
s. Pb 1st Cl. Tail. 17.11 0.64 7.89 2.2 18.3 
6. Pb Scavenger Cone. 2.32 1.41 8 .. 61 0 .. 7 2.7 
7. Pb Scavenger Tail. 63.29 0.34 6.37 4.4 54.6 

Head (Calculated) 100.00 4.87 7.39 100.0 100.0 

Calculated Grades and Recoveries 

Products 1 and 2 11.40 38.2 10.2 89.4 15.6 
Products 1 to 3 13.05 33.9 10.3 90.8 18.2 
Products 1 to 4 17.28 26.1 10.5 92.7 24.4 
Products 1 to 5 34.39 13.5 9.18 

l 
94.9 42.7 

Products 1 to 6 36.71 12.7 9.14 95.6 45.4 
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Test No. 7 

Purpose: To investigate the flotation of lead at low pH after S~ conditioning. 

Procedure: Grind, condition and float a series of lead concentrates. 

Feed: 2000 grams minus 10 mesh Composite B. 

Grind: 30 minutes at 65 percent solids in the laboratory ball mill. 

Conditions: 

Reagents Added, pounds per ton Time, minutes 
Stage pH 

s~ R-242 R-404 Cond. Froth 

Condition 3.0 - - 10 - 5.5 
Pb Cone. No. 1 - 0.05 0.02 1 3 5.8 
Pb Cone. No. 2 - 0.03 0.01 1 3 -
Pb Cone. No. 3 - 0.03 0.01 1 3 5.7 
Pb Cone. No. 4 - 0.05 0.01 1 3 -

Metallurgical Results 

Weight Assays, % % Distribution 
Product 

% Pb Zn Pb Zn 

1. Pb Cone. No. 1 6.00 39.5 10.8 49rl 8.6 
2. Pb Cone. No. 2 5.34 18.4 12.1 20.4 8.6 
3. Pb Cone. No. 3 3.91 11.1 10.9 9n0 5.7 
4. Pb Cone. No. 4 4.67 6.62 9.58 6.4 5.9 
5. Pb Rougher Tail. 80.08 0.91 6. 71 15.1 71.2 

Head (Calc.) 100.00 4.82 7.54 100.0 100.0 

Calculated Grades and Recoveries 

Products 1 and 2 11.34 29.6 ll.4 69.5 17.2 
Products 1 to 3 15.25 24.8 1L3 78.5 22.9 
Products 1 to 4 19.92 20.6 10.9 84.9 28.8 
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Test No. 8 

Purpose: To repeat Test No. 7, but condition at lower pH and raise pH to 
6.5 prior to lead flotation. 

Procedure: As for Test No. 7. 

Feed: 2000 grams minus 10 mesh Composite B. 

Grind: 30 minutes at 65 percent solids in the laboratory ball mill. 

Conditions: 

Reagents Added, pounds per ton Time, minutes 
Stage pH 

SOz N~C03 R-242 R-404 Cond. Froth 

Condition 7.0 - - - 10 - 5.0 
- 1.5 - - 2 - 6.5 

Pb Cone. No. 1 - - 0.05 0 .. 02 1 3 -
Pb Cone. No. 2 - - 0.03 0.01 1 3 -
Pb Cone. No. 3 - - 0.03 0.01 1 3 6.0 
Pb Cone .. No. 4 - - 0.05 0.01 1 3 -

Metallurgical Results 

Weight Assays, % % Distribution 
Product 

% Pb Zn Pb Zn 

1. Pb Cone. No. 1 6 .. 05 27.1 8.55 35 .. 4 7.2 
2. Pb Cone. No. 2 2.30 25.4 9.97 12.6 3.2 
3. Pb Cone. No. 3 LOl 6.01 9.23 L3 1.3 
4. Pb Cone. No. 4 1.21 4.86 8.27 1.3 1.4 
5. Pb Rougher Tail. 89.43 2.56 6.98 49.4 86.9 

Head (Calc.) 100.00 4.63 7.18 100.0 100.0 

Calculated Grades and Recoveries 

Products 1 and 2 8.35 26.6 8.94 48.0 10.4 
Products 1 to 3 9.36 24.4 8.97 49.3 11.7 
Products 1 to 4 10.57 22.2 8.89 50.6 13.1 



Test No. 9 

Purpose: 

Procedure: 

Feed: 

Grind: 

Conditions: 

Stage 

Primary Grind 

Pb Circuit 

Pb Rougher 
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To repeat Test No. 6, but regrind in a pebble mill and clean at 
higher pH. 

Grind and float a lead rougher concentrate. Regrind the conc­
entrate in the pebble mill and clean five times. 

2000 grams minus 10 mesh Composite B. 

30 minutes at 6 7 percent solids in the laboratory rod mill. 

Reagents Added, pounds per ton Time, minutes 

N~- Zn- NaCN R-242 404 Ca- Grind Cond~ Froth 
c~ S(\ (OH)2 

3.0 l.O 0.25 0.10 - - 30 - -

- - - 0.02 0.02 - - l 4 

- - - 0.03 0.01 - - 1 3 

pH 

-

9.3 

-
Pb Cone. Regrind - 0.5 0.10 0.05 - 0.5 30 - - -
Pb 1st Cleaner -

-
Pb 2nd Cleaner -

-
Pb 3rd Cleaner -
Pb 4th Cleaner -
Pb 5th Cleaner -

Stage 
Equipment 
Speed rpm 
% Solids 

Rougher 
1000 g D-1 
1800 
33 

- - -
- - 0.01 

0.2 0.05 -
- - 0.005 

0.1 0.02 -
- 0.01 -
- 0.02 -

Pb Cone. Regrind 
Pebble Mill 

-
0.01 

-
-
-
-
-

(10 lb. Flint pebbles) 

- -
- -

02 l -
- -

0.15 -
0.10 -
0.15 -

1st & 2nd Cl. 
500 g D-1 
1300 

1 

1 

1 

1 

1 

1 

1 

3 9.9 

3 -
3 10.5 

1 -
3 10.7 

2Yz 10.9 

2 11.1 

3rd to 5th C1. 
250 g D-1 
1000 
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Test No. 9 - Continued 

Metallurgical Results 

Weight Assays, % % Distribution 
Product 

% Pb Zn Pb Zn 

1. Pb Cleaner Cone. 8.31 43.4 9.06 76.9 10.1 
2. Pb 5th Cl. Tail. 3.63 13.1 11.1 10.1 5.4 
3. Pb 4th CL Tail. 2.21 7.24 10.9 3.4 3.2 
4. Pb 3rd Cl. Tail. 1.82 4.91 11.3 1.9 2.8 
s. Pb 2nd Cl. Tail. 3.04 2.53 10.7 1.6 4.3 
6. Pb 1st Cl. Tail .. 19.80 0.56 7.49 2o4 19.8 
7. Pb Rougher Tail. 61.19 0.28 6.65 3.7 54.4 

Head (Calculated) 100.00 4.69 7.48 100.0 100.0 

Calculated Grades and Recoveries 

Products 1 and 2 11.94 34.2 9.68 87.0 15.5 
Products 1 to 3 14.15 30.0 9.87 90.4 18.7 
Products 1 to 4 15.97 27.1 10.0 92.3 21.5 
Products 1 to 5 19.01 23.2 10.1 93.9 25.8 
Products 1 to 6 38.81 11.6 8. 79 96.3 45.6 

j 



Test No. 10 

Purpose: 

Procedure: 

Feed: 

Grind: 

Conditions: 

Stage 

Primary Grind 

Pb Circuit 

Aeration 

Condition 

Pb Rougher 
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To investigate the effect of aeration on the selectivity in the 
lead circuit. 

Grind, aerate and float a lead concentrate. Regrind the lead 
concentrate and clean four times. 

2000 grams minus 10 mesh Composite B. 

30 minutes at 67 percent solids in the laboratory rod mill. 

Reagents Added, pounds per ton Time, minutes 

Naz- Zn- NaCN R-242 R-404 Ca- Grind Cond. Froth 
co3 s~ (OH)2 

5.0 - - - - - 30 - -

- - - - - - - 30 -
- 1.0 0.25 - - - - 5 -
- - - 0.05 0.02 - - 1 3 

- - - 0.07 0.01 - - 1 4 

Pb Cone. Regrind - 0~5 0.10 0.02 - 0. 75 30 - -
Pb 1st Cleaner - -

- -
Pb 2nd Cleaner - 0.2 

- -
Pb 3rd Cleaner - 0~1 

Pb 4th Cleaner - -

Stage 
Equipment 
Speed rpm 
% Solids 

Aeration 
1000 gram D-1 
1800 
40 

- 0.005 -
- 0.005 0.005 

0.05 - -
- 0.003 -

0.02 - -
0.01 - -

Rougher 
1000 gram D-1 
1800 
33 

- - 1 

- - 1 

0.20 - 1 

- - 1 

0.15 - 1 

0.10 - 1 

Pb Cone. Regrind 
Pebble Mill 

3 

2 

3 

1 

3 

2 

pH 

-

-
9.8 

9.6 

-
-

10.8 

-
10.9 

-
11.0 

ll.O 
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Test No. 10 - Continued 

Metallurgical Results 

Weight Assays, % % Distribution 
Product 

% Pb Zn Pb Zn 

1. Pb Cleaner Cone. 3.62 48.2 9.66 37.1 4.7 
2. Pb 4th Cl D Tail 0 3.33 25.6 12.1 18.1 SA 
3. Pb 3rd Cl. Tail. 2. 77 15.2 12.6 8.9 4. 7 
4. Pb 2nd Cl. Tail. 5.08 12.2 12.2 13.2 8.3 
5. Pb 1st Cl. Tail. 8.80 6.22 11.1 ll.6 13.1 
6. Pb Rougher Tail. 76.40 0.68 6.23 11.1 63.8 

Head (Calculated) 100.00 4. 71 7o46 100.0 100.0 

Calculated Grades and Recoveries 

Products 1 and 2 6.95 37.4 10.8 55.2 10.1 
Products 1 to 3 9. 72 31.1 11.3 64.1 14.8 
Products 1 to 4 14.80 24.6 11.6 77.3 23.1 
Products 1 to 5 23.60 17.7 11.4 88.9 36.2 
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Test No. 11 

Purpose: To investigate the effect of returning to a ball mill grind, with 
increased cyanide additions to primary grind and regrind. 

Procedure: Grind and float a lead concentrate. Regrind the concentrate and 
clean four times. Combine the Pb rougher and 1st cleaner tailings 
and float a zinc concentrate. Clean the Zn concentrate three times. 

Feed: 2000 grams minus 10 mesh Composite B. 

Grind: 40 minutes at 65 percent solids in the laboratory ball mill. 
12.4 kwh/ton. 94.4 % -200 mesh. 

Conditions: 

Reagents Added, pounds per ton Time, minutes 
Stage 

N~C~ ZnS(\ NaCN R-242 R-404 Grind Cond. Froth 

Primary Grind 3.0 1.0 0.30 0.10 - 40 - -
Pb Circuit 

Pb Rougher - - - 0.02 0.02 - 1 3 
- - - 0.02 0.01 - 1 3 

- - - 0.02 0.01 - 1 3 
Pb Cone. Regrind 1.0 0.5 0.20 0.03 - 20 - -
Pb 1st Cleaner - - - - - - 1 3 

- - - 0.01 0.01 - 1 3 
Pb 2nd Cleaner 0.2 0.2 0.10 - - - 1 3 

- - - 0.005 - - 1 1 
Pb 3rd Cleaner 0.1 0.1 0.05 - - - 1 3 
Pb 4th Cleaner 0.2 - 0.03 - - - 1 2 

Ca- I CuS~ l Z-200 :MIBC (OH)2 

Zn Circuit (Pb r~ugher and Pb 1st cleaner tailings) 

Condition 1.5 1.0 I - - 2 -' - -
Zn Rougher .. - - 0.06 0.02 - 1 3 

- - - 0.02 0.01 - 1 2 
Zn 1st Cleaner 0.20 - - - 0.005 - 1 2 

- - - 0.005 - - 1 1 
Zn 2nd Cleaner 0.15 - - - 0.005 - 1 2~ 
Zn 3rd Cleaner 0.10 - - - 0.005 - 1 2 

pH 

-

9.5 
---

9.7 
--
-

9.6 
9.8 

10.6 
-
-

11.0 
-

11.2 
11.3 

Stage 
Equipment 
Speed rpm 
% Solids 

Pb Rougher 
1000 g D-1 
1800 

Pb Regrind Pb 1st & 2nd Cl. Pb 3rd & 4th Cl. Zn Rougher 

Stage 
Equipment 
Speed rpm 

33 

Zn Cleaners 
250 g D-1 
1000 

Pebble Mill 500 g D-1 250 g D-1 1000 g D-1 
1300 1000 1800 

-
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Test No. 11 - Continued 

Metallurgical Results 

Weight Assays, % % Distribution 
Product 

% Pb Zn Pb Zn 

1.. Pb Cleaner Cone. 7.85 48.4 8.94 80.4 9.4 
2. Pb 4th Cl. TaiL 1.94 15 .. 2 12.3 6.2 3.2 
3. Pb 3rd Cl. Tail. 2.46 7.30 12.3 3.8 4.0 
4. Pb 2nd Cl. Tail. 2.81 4.50 11.9 2.7 4.5 
5. Zn Cleaner Cone. 8.15 0.57 57.5 1.0 62.5 
6. Zn 3rd Cl~ Tail. 1.04 1.43 32.9 0.3 4.6 
7. Zn 2nd Cl. Tail. 1.64 1.18 14.5 OA 3.2 
8. Zn lst Cl. Tail. 4.30 0.77 4.68 0.7 2.7 
9. Zn Rougher Tail. 69.81 0.30 0.65 4.5 5.9 

Head (Calculated) 100.00 4.72 7.50 100.0 100.0 

Calculated Grades and Recoveries 

Products 1 and 2 9. 79 41.8 9.61 86.6 12.6 
Products 1 to 3 12.25 34.9 10.2 90.4 16.6 
Products 1 to 4 15.06 29.2 10.5 93.1 21.1 
Products 5 and 6 9.19 0.67 54.7 1.3 67.1 
Products 5 to 7 10.83 o. 75 48.6 1.7 70.3 
Products Sto 8 15.13 0.75 36.1 .2.4 73.0 
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Test No. 12 
. 

Purpose: To investigate the effect of N~S in the grind, and of floating 
with a ~lixed Collector0 • 

Procedure: As for Test No. 11. 

Feed: 2000 grams minus 10 mesh Composite B. 

Grind: 40 minutes at 65 percent solids in the la];)oratory ball mill. 

Conditions: 

Reagents Added, pounds per ton Time, minutes 
Stage pH 

N~CO~ 
Zn-

N~S M.C. 0 MIBC NaCN Grind CondQ Froth so4 

Primary Grind 3.0 1.0 1.0 0.10 - - 40 - - -
Pb Circuit 

Pb Rougher - - - 0.02 0.02 - - 1 3 9.6 
- - - 0.03 0.01 - - 1 3 ~ 

- - - 0.05 - - - 1 3 -
Pb Cone. Regrind 1.0 0.5 0.25 0.03 - - 20 - - -
Pb 1st Cleaner .. - - - 0.005 - - 1 3 9.8 

- - - 0.02 - - - 1 3 -
Pb 2nd Cleaner Oa2 0.2 - - - 0.05 - 1 3 .. 

- - - 0.005 ~ - - 1 1 -
Pb 3rd Cleaner 0.2 0.1 - - - 0.03 - 1 3 9.8 
Pb 4th Cleaner 0.2 - - - - 0.02' - 1 2 9.9 

Ca- I Cu- I (OH)2 
I sq. i I 

I I 

Zn Circuit. (Pb rougher and 1st cleaner tailings 

Zn Rougher 2.0 1.0 - - - - - 2 - 10.8 
- - ~ 0.06 0.04 - - 1 3 -
- - - 0.04 0.02 - - 1 2 -

Zn 1st Cleaner 0.20 - - - 0.005 - - 1 2 ll.O 

- - - 0.005 - - - 1 1 -
Zn 2nd Cleaner 0.15 - - - 0.005 - - 1 2~ 11.1 
Zn 3rd Cleaner I 0.10 I - - - 0.005 - - 1 2 11.1 

*AF-208, AF-242, Z-4, Z-6:4,2,1,1 
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Test No. 12 - Continued 

Metallurgical Re~ults 

> 

Weight Assays, % % Distribution 
Product 

% Pb Zn Pb Zn 

1. Pb Cleaner Cone. 5.44 46.8 8.56 56.1 6.3 
2. Pb 4th Cl. Tail. 2.42 26.1 11.2 13.9 3.7 
3. Pb 3rd Cl. Tail. 3. 77 13.5 12.1 11.2 6.2 
4. Pb 2nd Cl. Tail. 5.25 6.05 12.0 7.1 8.6 
5. Zn Cleaner Cone. 5.59 0.72 59.2 0.9 45.0 
6. Zn 3rd Cl. Tail. 1.58 1.27 52.1 0.4 11.2 
7. Zn 2nd Cl. Tail. 1.55 1.84 37.4 0.6 7.9 
8. Zn 1st Cl. Tail. 2. 72 2.34 9.04 1.4 3.3 
9. Zn Rougher Tail •. 71.68 0.53 0. 79 8.4 7.8 

Head (Calculated) 100.00 4.54 7.35 100.0 100.0 

Calculated Grades and Recoveries 

Products 1 and 2 7.86 40.4 9.37 70.0 10.0 
Products 1 to 3 11.63 31.7 10.3 81.2 16.2 
Products 1 to 4 16.88 23.7 10.8 88.3 24.8 
Products 5 and 6 7.17 0.84 57.6 1.3 56.2 
Products 5 to 7 8. 72 1.02 54.0 1.9 64.1 
Products 5 to 8 ' 11.44 1.33 43 .. 3 3.3 67.4 I 
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Test No. 13 

Purpose: To repeat Test No. 12, but substitute Ca(OH)2 for N~ C~ in the lead 
circuit, and regrind the Zn concentrate prior to cleaning. 

Procedure: As for Test No. 11, but regrind the zinc rougher concentrate prior 
to cleaning. 

Feed: 2000 grams minus 10 mesh Composite B. 

Grind: 40 minutes at 65 percent solids in the laboratory ball mill. 

Conditions: 

Reagents Added, 
Stage 

Ca(OH)2 
Zn-

N~S S(\ 

Primary Grind LO 1.0 1.0 

Pb Circuit 

Pb Rougher - - -- - -- - -
Pb Cone. Regrind 0.5 0.5 0.25 
Pb 1st Cleaner - - -- - -
Pb 2nd Cleaner 0.1 0.2 -

- - -
Pb 3rd Cleaner 0.1 0.1 -
Pb 4th Cleaner 0.1 .. -,I 

Cu-

il S(\ 

Zn Circuit (Pb rougher and 1st cleaner 

Zn Rougher I 2.0 1.0 
- -- -

Zn Cone. Regrind 0.5 -
Zn 1st Cleaner - -- -
Zn 2nd Cleaner 0.2 -

- -
Zn 3rd Cleaner 0.1 -

I 

•Mixed Collectors 

Stage 
Equipment 

Zn Cone. Regrind 
Pebble Mill 

---------

pounds per ton Time, minutes 

M.C.>~~ MIBC NaCN Grind Cond. Froth 

0.10 - - 40 - -
0.02 0.02 - - 1 3 
0.03 0.01 - - 1 3 
0.05 - - - 1 3 
0.03 - - 20 - -- 06005 - - 1 3 
0.02 - - - 1 3 
- - 0.05 - 1 3 

0.005 - - - 1 1 
- - O.C3 - 1 3 
- 0.005 0.02 - 1 2 

tailings) 

- - - - 2 -
0.06 0.02 ... - 1 3 
0.04 - - - 1 2 
0.03 - - 10 - -- - - - 1 2 
0.02 - - - 1 2 
- - - - 1 2 

0.005 - - - 1 1 
- - - - 1 2 

pH 

-

9.0 
---

9,9 
-

10.1 
-

10.5 
10.8 

10.9 
---

lLO 
-

11.2 
-

11.3 
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Test No. 13 - Continued 

Metallurgical Results 

Weight Assays, % % Distribution 
Product 

% Pb Zn Pb Zn 

l. Pb Cleaner Cone. 4.40 45.9 9.42 43.3 5.6 
2. Pb 4th Cl. Tail. 2.36 28.8 11.4 14.6 3.6 
3. Pb 3rd Cl. Tail. 2.88 17.4 12.3 10.7 4.8 
4. Pb 2nd Cl • Tail. 4. 72 12.4 12.2 12.6 7.8 
5. Zn Cleaner Cone. 5.48 1.30 56.7 1.5 42.0 
6. Zn 3rd Cl. Tail. 1.54 2.86 43.6 0.9 9.1 
7. Zn 2nd Cl. Tail. 0.92 4. 73 21.0 0.9 2.6 
8. Zn 1st Cl. Tail. 3.40 3.69 10.8 2.7 5.0 
9. Zn Rougher Tail. 74.30 0.80 1.94 12.8 19.5 

Head (Calculated) 100.00 4.66 7.39 100.0 100.0 

Calculated Grades and Recoveries 

Products 1 and 2 6. 76 39.9 10.1 57.9 9.2 
Products 1 to 3 9.64 33.2 10.8 68.6 14.0 
Products 1 to 4 14.36 26.4 11.2 81.2 21.8 
Products 5 and 6 7.02 1.64 53.8 2o4 51.1 
Products 5 to 7 7.94 2.00 50.0 3.3 53.7 
Products 5 to 8 11.34 2.51 38.3 6.0 58.7 
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Test No. 14 

P-arpose: To investigate the effect of a finer primary grind, when following 
the reagent balance of Test No. 12. 

Procedure: As for Test No. 11. 

Feed: 2000 grams minus 10 mesh Composite B. 

Grind: 60 minutes at 65 percent solids in the laboratory ball mill. 

Conditions: 

Reagents Added, pounds per ton Time, minutes 
Stage pH 

N~C~ 
Zn- Na2 S M.c.• MIBC NaOl Grind Cond. Froth S(1. 

Primary Grind 3.0 1.0 1.0 0.10 - - 60 - - -
Pb Circuit 

Pb Rougher - - - 0.02 0.02 - - 1 3 9.6 
- - - 0.03 0.01 - - 1 3 -- - - 0.05 - - - 1 3 -

Pb Cone. Regrind 1.0 0.5 - 0.02 - 0.10 10 - - -
Pb 1st Cleaner - - - - 0.005 - - 1 3 9.5 

- - - 0.02 - - - 1 3 -
Pb 2nd Cleaner 0.2 0.2 - - - 0.05 - 1 3 9.7 

- - - 0.005 - - - 1 1 -
Pb 3rd Cleaner 0.2 0.1 - - - 0.03 - 1 3 9.8 
Pb 4th Cleaner ' 0.2 - ·- - - 0.05 - 1 2 9.8 

Ca- Cu-
(OH)2 S(1. 

Zn Circuit (Pb rougher and 1st cleaner tailings) 

Zn Rougher 2.0 1.0 - - - - - 2 - 10.8 
- - - 0.06 0.04 - - 1 3 -- - - 0.04 0.02 - - 1 2 -

Zn 1st Cleaner 0.20 - - - 0.005 - - 1 2 11.1 
- - - 0.005 - - - 1 1 -

Zn 2nd Cleaner 0.15 - - - - - - 1 2Yz 11.2 
Zn 3rd Cleaner 0.10 - I - - - - - 1 2 11.2 

•Mixed Collectors 
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Test No. 14 - Continued 

Metallurgical Results 

Weight Assays, % % Distribution 
Product 

% Pb Zn Pb Zn 

1. Pb Cleaner Cone. 6.14 42.0 8.98 56.2 7.5 
2. Pb 4th Cl. Tail • 2.09 28.2 10.4 12.9 3.0 
3. Pb 3rd Cl. Tail. 3.59 16.1 12.0 12.6 5.9 
4. Pb 2nd Cl. Tail. 3.09 7.85 13.0 5.3 5.5 
s. Zn Cleaner Cone. 8.05 1.04 56.5 1.8 61.9 
6. Zn 3rd Cl. Tail. 0.69 2.67 35.5 0.4 3.3 
7. Zn 2nd Cl. Tail. 2.03 2.83 21.3 1.3 5.9 
8. Zn 1st Cl. Tail .. 3.52 2.15 3. 76 1.7 1.8 
9. Zn Rougher Tail. 70.80 0.51 0.55 7.8 5.2 

Head (Calculated) 100.00 4.59 7.35 100.0 100.0 

Calculated Grades and Recoveries 

Products 1 and 2 8.23 38.5 9.34 69.1 10~5 

Products 1 to 3 11.82 31.7 10.1 81.7 16.4 
Products 1 to 4 14.91 26.8 10.7 87 .o 21.9 
Products 5 and 6 8. 74 1.17 54.8 2.2 65.2 
Products 5 to 7 10.77 1.48 48.5 3.5 71.1 
Products 5 to 8 14.29 1.65 37.5 5.2 72.9 



Test No. 15 

Purpose: 

Procedure: 

Feed: 

Grind: 

Conditions: 

Stage 

Primary Grind 

Pb Circuit 

Pb Rougher 

Combine the Pb 
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To perform a test employing the Noranda reagent balance and 
procedure. 

Grind two charges and float a lead rougher concentrate and a zinc 
rougher concentrate from each charge. Combine the lead rougher 
concentrates, regrind and clean three times. Combine the zinc 
rougher concentrates, regrind and clean three times. 

Two 2000 gram charges minus 10 mesh Composite B. 

60 minutes per charge at 65 percent solids in the laboratory ball 
mill. 

Reagents Added, pounds per ton Time, minutes 

N~S 
N~- NaCN Ca- AX-325 MIBC ZnS(\ Grind Cond. Froth so, (OH)2 

0.5 1.0 0.30 - - - - 60 - -

- - - - 0.03 0.04 "- - 2 3 

- LO - - 0.04 0.02 - - 1 3 

I - - - - 0.03 0.02 - - 1 3 

rougher concentrates from the two charges. 

Pb Cone. Regrind - - 0.08 0.25 - - .. 15 - -

pH 

-

9.0 

-
-

-
Pb lst Cleaner - .. ~ 0.15 Oo01 0.005 0.30 - 1 4 10.8 

-
Pb 2nd Cleaner -

-
Pb 3rd Cleaner -

Stage 
Equipment 
Speed rpm 
% Solids 

I -I 

Pb Rougher 
1000 g D-1 
1800 
33 

- - -
- 0.06 0.15 

.. - -
- 0.04 0.10 

- - -
Pb Cone. Regrind 
Pebble Mill 

0.01 - -
- - 0.20 

O.Ol 0.003 -
- - 0.10 

0.005 Oo003 -
Pb lst & 2nd Cl. 
500 g D-1 
1300 

- 1 3 

- 1 3 

- 1 3 

- 1 2 

- 1 2 

Pb 3rd Cleaner 
250 g D-1 
1000 

-
ll.O 

-
ll.O 

-
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Test No. 15 - Continued 

Conditions: 

Reagents Added, pounds per ton Time, minutes 
Stage pH 

Ca(OH)2 CuS(\ AX-343 MIBC ~Cr2 o7 Grind Cond. Froth 

Zn Circuit (Pb rougher tailings) 
I 

Zn Conditioner 2e5 1.0 - - - - 2 - 11.0 
Zn Rougher - - 0.05 0.02 - - 1 3 -

- - 0.02 0.01 - - 1 3 -
- - 0.01 0.01 - - 1 3 -

Combine Zn rougher concentrates from two charges 

I 
Zn Cone. Regrind 0.5 - - - 1.5 15 - - -
Zn 1st Cleaner 0.25 0.3 0.01 0.005 - - 1 4 11.0 

- - 0.01 - - - 1 3 -
Zn 2nd Cleaner OolS - - -

I 
0.10 - 1 2~ 11.0 

- - 0.01 - - - 1 2 -
Zn 3rd Cleaner OolO - 0.01 - 0.05 - 1 3 11.0 

Metallurgical Results 

Weight Assays, % % Distribution 
Product 

% Pb Zn Pb Zn 

1. Pb Cleaner Cone. 4.44 50.7 7.02 47.7 4.2 
2. Pb 3rd Cl. Tail. 1.15 32.4 10.3 7.9 1.6 
3. Pb 2nd Cl o Tail • 2ol0 18.2 10.0 8.1 2.8 
4. Pb 1st Cl. Tail. 6 .. 31 8.44 9.88 11.3 8.3 
s. Zn Cleaner Cone. 5.68 1.47 58.0 1.8 44.0 
6. Zn 3rd Cl. Tail. 0.58 5.13 33.3 0.6 2.6 
7. Zn 2nd Cl • Tail 0 1.07 4.45 18.1 LO 2.6 
8. Zn 1st Cl. Tail. 3.38 2.36 4.47 1.7 2.0 
9. Zn Rougher Tail. 75.29 1.25 3.18 19.9 31.9 

Head (Calculated) 100.00 4. 72 7o49 100.0 100.0 
! 

Calculated Grades and Recoveries 

Products 1 and 2 5.59 46.9 7.70 55.6 5.8 
Products 1 to 3 7.69 39.1 8.33 63.7 8.6 
Products 1 to 4 14.00 25.3 9.03 75.0 16.9 
Products 5 and 6 6.26 1.81 55.7 2.4 46.6 
Products 5 to 7 

I 
7.33 2.20 50.2 3.4 49.2 

Products 5 to 8 10.71 2.25 35.8 5.1 51.2 
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Test No. 16 

Purpose: To repeat Test No. 11, but regrind the lead rougher concentrate in 
the ball mill. 

Procedure: As for Test No. 11. 

Feed: 2000 grams minus 10 mesh Composite B. 

Grind: 40 minutes at 65 percent solids in the laboratory ball mill. 

Conditions: 

Reagents Added, pounds per ton Time, minutes 
Stage pH 

NazCO, 
Zn- NaCN R-242 R-404 MIBC Grind Cond. Froth S(\ 

Primary Grind 3.0 1.0 0.30 0.10 - - 40 - - -
Pb Circuit 

Pb Rougher - - - 0.02 0.02 - - 1 3 9.2 
- - - 0.02 0.01 - - 1 3 -- - - 0.02 0.01 - .. 1 3 -

Pb Cone. Regrind 1.0 0.5 0.20 0.03 - - 20 - - -
Pb 1st Cleaner - - - - - - - 1 3 9.5 

- - - 0.01 0.01 0.005 - 1 3 -
Pb 2nd Cleaner 0.2 0.2 0.10 - - - - 1 3 -- - - 0.005 - - - 1 1 -
Pb 3rd Cleaner 0.,2 0.1 0.05 - - - - 1 3 9.6 
Pb 4th Cleaner 0.2 - 0.05 - - - - 1 2 -
Pb 5th Cleaner 0.2 - i 0.05 - - o.oos - 1 2 9.7 

Ca- Cu- I Z-200 (OH)2 solt I 
Zn Circuit (Pb rougher and Pb lst cleaner tailings) 

Condition i 2.,0 1.0 - - - - - 2 - 10.7 
Zn Rougher - - - - 0.06 0.02 - 1 3 -- - - - 0.02 0.01 - 1 2 -
Zn Cone. Regrind 0.5 - - - 0.02 - 10 - - -
Zn 1st Cleaner - - - - - 0.01 - 1 2 10.9 

- - - - 0.01 - - 1 2 -
Zn 2nd Cleaner 0.2 - - - - 0.005 - 1 2 11.1 

- - ' - - 0.005 - - 1 1 -
Zn 3rd Cleaner 0.,2 - I - - - - - 1 2 11.2 

' 

Stage Pb Rougher Pb Regrind Pb lst & 2nd Cl. Pb 3rd & 5th Cl. 
Equipment 1000 g D-1 Lab. Ball Mill 500 g D-1 250 g D-1 
Speed rpm 1800 1300 1000 
% Solids 33 

Stage Zn Rougher Zn Cone. Regrind Zn 1st & 2nd Cl. Zn 3rd Cleaner 
Equipment 1000 g D-1 Pebble Mill 500 g D-1 250 g D-1 
Speed rpm 1800 1300 1000 
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Test No. 16 - Continued 

Metallurgical Results 

Weight Assays, % % Distribution 
Product 

% Pb Zn Pb Zn 

1. Pb Cleaner Cone. 5.42 60.3 7.33 70.6 5.5 
2. Pb 5th Cl. Tail. o. 71 36.2 10.2 5.6 1.0 
3. Pb 4th Cl. Tail. 1.83 19.3 12.7 7.6 3.2 
4. Pb 3rd Cl. Tail. 2.17 9.64 13.2 4.5 3.9 
5. Pb 2nd Cl. Tail. 3.29 4.51 12.2 3.2 5.5 
6. Zn Cleaner Cone. 9.25 0.82 54.6 1.6 69.4 
7. Zn 3rd Cl. Tail. 0.96 1.51 24.9 0.3 3.3 
8. Zn 2nd Cl. Tail. 1.30 1.27 7. 77 0.4 1.4 
9. Zn 1st Cl. Tail. 5.63 0.60 2.55 0.7 2.0 

10. Zn Rougher Tail. 69.44 0.36 0.51 5.5 4.8 

Head (Calculated) 100.00 4.63 7.28 100.0 100.0 

Calculated Grades and Recoveries 

Products 1 and 2 6.13 57.5 7.66 76.2 6.5 
Products 1 to 3 7.96 48.7 8.82 83.8 9.7 
Products 1 to 4 10.13 40.4 9. 76 88.3 13.6 
Products 1 to 5 13.42 31.6 10.4 91.5 19.1 
Products 6 and 7 10.21 0.88 51.8 1.9 72.7 
Products 6 to 8 11.51 0'.93 46.8 2.3 74.1 
Products 6 to 9 17.14 0.82 32.3 3.0 76.1 



Test No. 17 

Purpose: 

Procedure: 

Feed: 

Grind: 

Conditions: 

Stage 

Primary Grind 
Pb Circuit 

Pb Rougher 
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To repeat the procedure of Test No. 6 (rod mill grind and regrind) 
but with finer primary grind and finer lead regrind. 

Grind and float a lead rougher concentrate. Regrind the concentrate 
and clean four times. Combine the lead rougher and 1st cleaner 
tailings and float a zinc concentrate. Clean the zinc concentrate 
three times • 

2000 grams minus 10 mesh Composite B. 

60 minutes at 65 percent solids in the laboratory rod mill~ 

Reagents Added, pounds per ton Time, minutes 
pH 

Nae co, ZnSO~ NaCN R-242 R-404 Grind Cond. Froth 

3.0 1.0 0.30 0.10 - 60 - - -
- - - 0.02 0.02 - 1 3 9.2 
- - - 0.02 0.01 - 1 3 -
- - - 0.02 0.01 - 1 3 -

Pb Cone. Regrind 1.0 0.5 0.20 0.03 - 30 - - -
Pb 1st Cleaner - - - - - -- - - 0.01 0.01 -
Pb 2nd Cleaner 0.2 0.2 0.10 - - -- - - 0.005 - -
Pb 3rd Cleaner 0.2 0.1 0.05 - - -
Pb 4th Cleaner 0.2 - 0.05 - - -

Ca-
CuSO~ Z-200 MIBC 

' 
(OH)2 I ---

Zn Circuit ( Pb rougher and 1st cleaner tailings) 

Condition 2.0 
Zn Rougher --
Zn 1st Cleaner 0.3 

-
Zn 2nd Cleaner 0.2 

-
Zn 3rd Cleaner 0.2 

Stage 
Equipment 
Speed rpm 
% Solids 

Rougher 
1000 g D-1 
1800 
33 

1.0 -
- 0.06 
- 0.04 
- -- 0.01 
- -- 0.005 
- -

Pb Cone. Regrind 
Rod Mill 

- - -
0.02 - -
0.01 - -
0.005 - -- - -
0.005 - -
- - -

0.005 - -
Pb 1st & 2nd Cl. 
500 g D-1 
1300 

1 3 9.7 
1 3 -
1 3 9.7 
1 1 -
1 3 9.7 
1 2 9.8 

2 - -
1 3 10.3 
1 2 -
1 2 11.1 
1 1 -
1 11-z 11.2 
1 1 -
1 2 11.3 

Pb 3rd & 4th Cl. 
250 g D-1 
1000 
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Test No. 17- Continued 

Metallurgical Results 

Weight Assays, % % Distribution 
Product 

% Pb Zn Ag"' Pb Zn Ag 

1. Pb Cleaner Cone. 6.37 59.3 7.46 19 .. 52 81.8 6.5 59.7 
2. Pb 4th Cl. Tail. 0.81 17.7 14.5 8.55 3.1 1.6 3.3 
3 .• Pb 3rd Cl. Tail. 2.20 9.36 13.9 6.40 4.5 4.2 6.8 
4. Pb 2nd Cl. Tail. 3.57 3.10 11.8 3.07 2.4 5.8 5.3 
5. Zn Cleaner Cone. 9.52 0.86 55.1 3.20 1.8 71.8 14.6 
6. Zn 3rd Cl. Tail. 0.93 1.61 23.3 1.82 0.3 3.0 0.8 
7. Zn 2nd Cl. Tail. 1.25 1.18 6.01 0.97 0.3 1.0 0.6 
8. Zn 1st Cl. Tail. 7.81 0.82 2.02 0.65 1.4 2.2 2.4 
9. Zn Rougher Tail. 67.54 0.30 0.43 0.20 4.4 3.9 6.5 

Head (Calculated) 100.00 4.62 7.31 2.08 100.0 100.0 100.0 

Calculated Grades and Recoveries 

Products 1 and 2 7.18 54.6 8.25 18.28 84.9 8.1 63.0 
Products 1 to 3 9.38 44.0 9.58 15.50 89.4 12.3 69.8 
Products 1 to 4 12.95 32.7 10.2 12.07 91.8 18.1 75.1 
Products 5 and 6 10.45 0.93 52.3 3.08 2.1 74.8 15.4 
Products 5 to 7 1L70 0.95 47.3 2.85 2.4 75.8 16.0 
Products 5to 8 19.51 0.90 29.2 1.97 3.8 78.0 18.4 

•oz/ton 

Size Analysis - Pb Cleaner Concentrate 

Particle % Retained % Passing 
Size Individual Cumulative Cumulative 

+ 22.0 '!liD 9A 9.4 90.6 
17.1 16.4 25.8 74.2 
11.9 21.6 47.4 52.6 
8.2 20.8 68.2 31.8 
6.3 8.7 76.9 23.1 

- 6.3 23.1 100.0 -
Total 100.0 - -
Specific Gravity = 6.21 



Test No. 18 

Purpose: 

Procedure: 

Feed: 

Grind: 

Conditions: 

Stage 
: 

Primary Grind 

Pb Circuit 

Pb Rougher 
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To repeat the lead circuit of Test No. 17, but with a coarser primary 
grind. 

Grind and float a lead rougher concentrate. Regrind the concentrate 
and clean four times. 

2000 grams minus 10 mesh Composite B. 

40 minutes at 65 percent solids in the laboratory rod mill. 

Reagents Added, pounds per ton Time~ minutes 
pH 

N~co, ZnS(\ NaCN R-242 R-404 Grind Cond. Froth 

3.0 1.0 0.30 0.10 - 40 - - -

1.0 - - - 0.02 - 1 3 9.4 

- - - 0.02 0.01 - 1 3 -
- - - 0.02 OeOl - 1 3 -

Pb Cone. Regrind 1.0 0.5 0.20 0.03 - 30 - - -
Pb 1st Cleaner 

Pb 2nd Cleaner 

Pb 3rd Cleaner 

Pb 4th Cleaner 

Stage 
Equipment 

- -
- -

0.2 0.2 

- -
0.2 0.1 

0.2 -
Pb Regrind 
Rod Mill 

- -
- 0.01 

0.10 -
- 0.005 

0.05 -
o.os -

- - 1 3 9.6 

0.01 - 1 3 -
- - 1 3 9.7 

- - 1 1 -· 
- - 1 3 9.8 

- - 1 2 9.7 
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Test No. 18 - Continued 

Metallurgical Results 

Weight Assays, % % Distribution 
Product 

% Pb Zn Pb Zn 

1. Pb Cleaner Cone. 6oll 63.2 7.29 83.0 6ol 
2. Pb 4th Cl. Tail. 1.46 16.5 15.8 5.2 3.2 
3. Pb 3rd Cl. Tail. 1.85 5.74 14.4 2.3 3.6 
4. Pb 2nd C1. Tail. 2.41 2.03 11.6 1.1 3.8 
5. Pb lst Cl. Tail. 18.27 0.66 7.66 2.6 19.2 
6. Pb Rougher Tail. 69.90 0.39 6. 70 5.8 64.1 

Head (Calculated) 100.00 4.65 7.31 100.0 100.0 

Calculated Grades and Recoveries 

Products 1 and 2 7.57 54.2 8.93 88.2 9.3 
Products 1 to 3 9.42 44.7 10.0 90.5 12~9 

Products 1 to 4 11.83 36.0 10.3 91.6 16.7 
Products 1 to 5 30.10 14.5 8. 71 94.2 35.9 



Test No. 19 

Purpose: 

Procedure: 

Feed: 

Grind: 

Conditions: 

Stage 

Primary Grind 

Pb Circuit 

Pb Rougher 
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To again repeat the lead circuit of Test No. 17, but with a coarser 
regrind. 

As for Test No. 18. 

2000 grams minus 10 mesh Composite Bo 

60 minutes at 65 percent solids in the laboratory rod mill. 

Reagents Added, pounds per ton Time, minutes 
pH 

N~CO, ZnS(\ NaCN R-242 R-404 Grind Cond. Froth 

3.0 1.0 0.30 OolO - 60 - - -

1.0 - - 0.02 0.02 - 1 3 9.4 

- - - 0.02 0 .. 01 - 1 3 -
- - - 0.02 0.01 - 1 3 -

Pb Cone. Regrind 1.0 0.5 0.20 0.02 - 20 - - -
Pb lst Cleaner 

Pb 2nd Cleaner 

Pb 3rd Cleaner 

Pb 4th Cleaner 

Stage 
Equipment 

- -
- -

0.2 0.2 

- ~ 

0.2 0.1 

0.2 -! 

Pb Regrind 
Rod Mill 

-
-

0.10 

-
0.05 

0.05 

- - - 1 3 9.6 

0.01 0.01 - 1 3 -
- - - 1 3 -

0.005 - - 1 1 -
- - - 1 3 9.8 

- - - 1 2 -
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Test No. 19 - Continued 

Metallurgical Results 

Weight Assays, % % Distribution 
Product 

% Pb Zn Pb Zn 

1. Pb Cleaner Cone. 7.37 55.9 8.64 87.0 8.7 
2. Pb 4th Cl. Tail. o. 76 11.9 15.1 1.9 1.6 
3. Pb 3rd Cl. Tail. 2.36 5.12 13.4 2.6 4.3 
4. Pb 2nd Cl. Tail • 3.18 1.93 11 .. 0 1.3 4.8 
5. Pb 1st Cl. TaiL 16.39 o. 73 8.17 2.5 18.3 
6. Pb Rougher Tail. 69.94 0.32 6.51 4.7 62.3 

Head (Calculated) 100.00 4.74 7.31 100.0 100.0 

Calculated Grades and Recoveries 

Products 1 and 2 8.13 51.8 9.24 88.9 10.3 
Products 1 to 3 10.49 41.3 10.2 91.5 14.6 
Products 1-to 4 13.67 32.1 10.4 92.8 19.4 
Products lto 5 30.06 15.0 9.17 95.3 37.7 
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Test No. 20 

Purpose: To repeat the previous tests, but investigate the effect of a 
coarser primary grind and finer lead regrind. 

Procedure: As for Test No. 18. 

Feed: 2000 grams minus 10 mesh Composite B. 

Grind: 30 minutes at 65 percent solids in the laboratory rod mill. 

Conditions: 

Reagents Added, pounds per ton Time, minutes 
Stage 

N~CO, znsq_ NaCN R-242 R-404 Grind Cond. Froth 

Primary Grind 3.0 
Pb Circuit 

Pb Rougher 1.0 
--

Pb Cone. Regrind 1.0 
Pb 1st Cleaner ' --
Pb 2nd Cleaner 0.2 

-
Pb 3rd Cleaner 0.2 
Pb 4th Cleaner 0.2 

Ca-
(OH)2 

Zn Circuit 

Condition 2.0 
Zn Rougher -

-
Zn Cone. Regrind 0.5 
Zn 1st Cleaner 0.5 

-
Zn 2nd Cleaner 0.5 

-
Zn 3rd Cleaner 0.3 

Stage 
Equipment 
Speed rpm 

Pb Regrind 
Rod Ivlill 

1.0 0.30 0.10 -
- - - 0.02 
- - 0.01 0.01 
- - 0.01 0.01 

0.5 0.20 0.04 -- - - -- - 0.01 0.01 
0.2 0.10 - -
- - 0.005 -

0.1 0.05 - -- 0.05 - -
CuS(\ Z-~00 MIBC 

1.0 - - -- 0.06 0.02 -- 0.02 0.01 -- 0.02 - -- - 0.01 -- 0.01 - -
- - 0.005 -
- 0.005 - -- - - -

Zn Rougher Zn Ro. Cone. Regrind 
1000 g D-1 Pebble Mill 
1800 

30 - -

- 1 3 

- 1 3 

- 1 3 
40 - -- 1 3 
- 1 3 

- 1 3 
- 1 1 
- 1 3 

- 1 2 

- 2 -- 1 3 
- 1 2 
15 - -- 1 2 
- 1 2 

- 1 2 

- 1 1 
- 1 2 

Zn 1st & 2nd Cl. 
500 g D-1 
1300 

pH 

-
9.3 
---

9.6 
---

9.7 
-

10.6 
--
-

10.9 
-

10.8 
-

10.8 
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Test No. 20 - Continued 

Metallurgical Results 

Weight Assays, % % Distribution 
Product 

% Pb Zn Pb Zn 

1. Pb Cleaner Cone. 6.47 62.0 7.38 86.3 6.6 <=-
2. Pb 4th Cl. Tail. o. 70 14.4 16.17 2.2 1.6 
3. Pb 3rd Cl. Tail. 1.06 6.83 15.03 1.6 2.2 
4. Pb 2nd Cl. Tail. 2. 73 2.27 11.52 1.3 4.4 
5. Pb 1st Cl. Tail. 21..25 0.56 7.43 2.6 21..9 
6. Zn Cleaner Cone. 6.35 0.74 56.9 1.0 50.2~ 
7. Zn 3rd Cl. Tail. 0.95 1.43 38.4 0.3 5.1 
8. Zn 2nd Cl. Tail. 0.85 1.49 12.0 0.3 1.4 
9. Zn 1st Cl. Tail. 6. 70 0.51 2.11 0.7 2.0 

10. Zn Rougher Tail. 52.94 0.33 0.63 3.7 4.6 

Head (Calculated) 100.00 4.65 7.20 100.0 100.0 

Calculated Grades and Recoveries 

Products 1 and 2 7.17 57.4 8.24 88.5 8.2 
Products 1 to 3 8.23 50.8 9.11 90.1 10.4 
Products 1 to 4 10.96 38.7 9. 71 91.4 14.8 
Products 1 to 5 32.21 13.6 8.21 94.0 36.7 
Products 6 and 7 7.30 0.83 54.5 1.3 55.3 
Products 6 to 8 8.15 0.90 50.1 1.6 56.7 
Products 6 to 9 14.85 o. 72 28.4 2.3 58.7 



Test No. 21 

Purpose: 

Procedure: 

Feed: 

Grind: 

Conditions: 

Stage 

Primary Grind 
Pb Circuit 

Pb Rougher 

- 52 -

To repeat the procedure of the previous tests, but attempt to 
improve the grade of the final lead concentrate by increasing 
cyanide additions. 

Grind and float a lead concentrate. Regrind the concentrate and 
clean five times. Combine the lead rougher and 1st cleaner tailings 
and float a zinc concentrate. Clean the zinc concentrate three times. 

2000 grams minus 10 mesh Composite B. 

40 minutes at 65 percent solids in the laboratory rod mill. 

Reagents Added, pounds per ton Time, minutes 
pH 

N~- Zn- NaCN R-242 R-404 MIBC Grind Cond. Froth 
c~ S(\ 

3.0 1.0 0.40 0.10 - - 40 - - -
1.0 - - - 0.02 - - 1 3 9.3 - - - 0.01 0.01 - - 1 3 -- - - 0.01 0.01 - - 1 3 -

Pb Cone. Regrind 1.0 0.5 0.30 0.02 - - 30 - - -
Pb 1st Cleaner - - - - - - - 1 3 9.6 

- - - 0.005 Oa005 - - 1 3 -
Pb 2nd Cleaner 0.2 0.2 0.15 - - - - 1 3 -- - - 0.005 - - - 1 l -
Pb 3rd Cleaner 0.2 0.1 0.10 - - - - 1 3 9.8 
Pb 4th Cleaner Oo2 - 0.10 - - - - 1 2~ -
Pb 5th Cleaner 0.2 - 0.05 - - 0.005 - 1 2 9.8 

Ca- Cu- Z-200 
(OH)2 so,. 

Zn Circuit (Pb rougher and 1st cleaner tailings) 

Condition 2.0 1.0 - - - - - 2 - 10.6 
Zn Rougher - - 0.06 - - 0.02 - 1 3 -- - 0.02 - - 0.01 - 1 2 -
Zn 1st Cleaner 0.3 - - - - - - 1 2 11.1 

- - 0.005 - - 0.005 - 1 1 -
Zn 2nd Cleaner Oo2 - - - - - - 1 2~ 11.2 

- - - - - 0.005 - - - -
Zn 3rd Cleaner 0.2 - - - - o.oos - 1 2 111.2 



*'' ...... ~ 
• LAKEFIHO RESEAI~CH OF CANADA liMiTED 

Test No: _.:._...:..._;;;.---~.-_Date: OJ· I r;-(?<; Operator: C tfJ '(A t .. 

Purpose: --'-:i-"--"'--'~~~~:;;;..:....;,_.;_;;;~~~~~e.::=:Jf/L~, _~;.;:--'::::.''--~)-i~4L. ~J .:£0 -~41p e(;_.';efkv 

Procedure .... : --;:::~--/1---;;-----:..,.,---;~------------------
[/?,~tc~R~,'::J:· d .A /!:/1 ·:l.L;;J:-1\1 o, ;? 3 

. 
Feed: c) __ ; {& iooo 9!--~:-, ;'..,(Jt't-"-7~-<J ./1/,~\f./.-1 !O/vM.4 Coyy_ .. t\('·;,...Lt.l3, 

Grind: 1-0 e;~,~-~· v. -;t: Q ttl (j 0._/1 A f!.! vat 0 6 ~ ---.'.r.~tidoJ "~ ;f}.._~ ... lfh_~g{--1.£(~1/At:-c(;:~.'-J!Jj. 
Conditions: 

1 V V -
Reagents Added, pounds per ton Time, minutes 

Grind I Cond. Froth 

4o 

pH 

fi-

~ I I 

-------+!----1---+----+=o..;_. o_\--r-::o;;..;..o~l +-------+---tt----+--...~...-/-t-_...;::3"---~L_ 
' I 

Stage PI ~ G Jr.u .~0..(/l (J ~ C>rv f' . p, n_v-:.,1 £0-((f -(-).t .,{db~. p~ 1._.){ f::Ji C(!.,'-·"··, ---,, n .. ~d (ij .:t w Flotation Cell t Ooo '1 [)~-I f)o o r1 D-' ~ro 1 D ~I 

Speed: r. p.m. l~'oo 
v 

1 -=3oo l ovoo --
o/o Solids 

- I I 



LAI\EFIELD RESEARCH Of CAliA DA liM IT EO 

Test No: 2.._.;:6=---Project No: ~~~') Date: Oc.'/-. 15 }7 Loperator: _____ _ 

Purpose: --------------------------------------------~------------------

Procedure._:---------------------------------------------------------------

Feed: 

Grind: 
Conditions: 

II Reagents Added, pounds per ton Time, minutes 

~ ' 
.··, 

lcc<D f Mc;>C 1 I Grind Cond. Froth 
C ... SO:t! Z-2a=> l"' \?:,(_ 2-1\ t ""') 

c 
('~...;_/-( 

!I 
1 ,I _r. il 

I I II 

v)'\.c\ i -\-io"Y\ LJ~--o r.n I· 2. 
_Jl 

'n. '~i 
I ~·o ! ~~ 

. 

"Y\ K OUc-, /"\e..,... I I lo-o(:::i o .o2 ' I l ~ 
I 

r I' ,6·02 . l I 2... 

z 

z 
. , 

z'Y\ -s-r o.4 I I I ~ r-h}_~ -~1: 11·0 i - C\~"'OC .... I ! 

II 
f I 
' II ' I !l 

. -.--- .. 

L'Y'I -..,,d CL r , 
I I , ' ;.:>-, '! 1\. \ 

·':'>·~ 
I 

/.. ..- . ·.'~C.·I'Ie"' -t :.,];. i . j 

!I 
.. 

I II ., 

ff·l-~ - - ., ~2 I I 
. 

l "2-tl.Ji 
2'11 :'· ld C_f ,~ .... -~ ,~.,.. I , 

Jr:)·. ' 'I 

_II I I i II 

I 
-----~ 

I I ! !I I I 

I ' 'i il 
I I I I ·u ,. i ;! ! 

I 
I I I I! 

--- I I ··-· ' 
I I I 

II 

II li 
k--

--
~tage Kou.~~e_t<- 7~ C/eq""ne ~ ~-

-~-

I 
T.)-()() "" J)~ I Flotation Cell looOo, .1)-1 -.:..--

- I I 
Speed: r. p.m. l~oo IS on ·--

o/o Solids 

I ' 

I I 



lAKEFIELD RESEARCH OF CANADA LIMITED 

Test No.. f. <z Project No. __ _ Date: ---
Metallurgical Results 

Product 
Weight Jl Assays, % % Distribution Metal Units 

% II P$ ·;)n {)fi 7 I 

_1...!·1')~-~~)(~?~~1~~· r;::.:!·~~f.-~\ C;;;;;;-~:..,:f'l"-f'~,~A~~~~~'{~,0+-=0;::•~'1~8~~-T-=b:::.!b~ . .:..!.4+=~.:..:::::..=:~*--t...:.I~..!.:--::.:;.-~+Z-·~..;..,··'---it--j-l _.-•.;-j-~~:J 

4.[)_0,.. CQ( flt•l_l (r,,\(' ' D 1~7.5' I. 0 5' t.'2 .'2, 1.1-b 14-. D J. 0 I 

~s~-R~.}~,~r~02_o~.a~n~~~~c~~--~1~·~E~t~1~-{~·'~'·~t~h~l---+~b~'~~~1~-1~3~,r---r'~5~-4~~\·~L~---1--~~-~ 
6.J?(,f01'11:·u ro_,.,,(J F l~"-.t 1.1~ &2.o 1-12 14-.9 1.'2- -~ 
7.yJ4_t(( C.~u.._,._~"TO;Qp +1.15' tJ.37 tb-'2.. lb.~ '·3 .q J 
~S~~~~~J~A~h~~~~-~~~~~'~'~ll'Tr~n~~~~f~~7wl~·?~-~O~-~b6~~ --~~~-~~2~tb~-~B~---+...:.I.~~~~~~-5~-r---r---~'--
9._e~~ :J .. ,r-( CflJ_.t:·r_( (o.:_Qf l<t?.O (.5~ .(...le 14-.5 l.b 2- ~ 

Calculated Grades and Recoveries 

~ .... , , ... - ............ ~--·· ____ .. ____ .. ·• .. 



LP.l\EFIELD RESEARCH 0 F CANADA LIM ITEU 

Test No: Project No:----- Date: __ ----

-
Weight Assays, :7o % Distribution .I'v1etal Units 

Product 
.. ,..--

g o/o PJ- :2'1'1-... ~Ot:_ 7""- c.,2J 7./"V'-
- :::.- - =- .. -·· .... 

1Cm.J. P.A eJ_Q...f:tU C02"MA. '.'35" b~.c 1-'lll Sb.o b .4-

?.C_h\·~~ . 8J rQr...~.ttA (0.:,~, 5:5~ "3-3+ 12.04 4.b q.2, 

3~,J . Z,..._ Lt... tl\1.&\ ~~.;. ?>.17 ·'l I 54-.5 1.4 bl."?> 

·ilr-.~· 47f~_,t.,.._~ T~. 1-.!1 I. '31 'lt,.4- \.'2. \5.0 

sG,.._,.,_G . 2.,.. 1 ~~- ·--v~...e"' Ta: .t:--J. !15'.1~ .4t f--·18 b.~ ~-1 

6 -

~ 
7 

8 PRo.:r~c-r~o Pb Cl>nC • ~ bt. g 1-1!l ~'1-h 1-1.. -
--

~J ?Ro:fEc. -rE.P 1:, Cone. I ·'l9 ~" .5 '2,.'3 96'.4 9 .. 

II ~~-n _1 0 PIZO:JE C1EP 7::n 'l<li ls ·4fo ·b5 9;. I "1.4 

11 ~~--~l ---,--- --·-
12 ·---- ·--1-:---.,- !---· -= F=- - ----·-- 1,----r-l -- -

Head c~dc.) -
Calculated Grades and Recoveries 

--------------------------~~--,r---~--~--~---~---~--~---~r---,
---~--~~----y----~---.----r 

-------------------------4---~~---+--~---4----l~-~~--+---4---4----+---*--~1----r
---r---~­

l 
----1~--+---~----~~---~---~~--~--~----t----~-

--------------------+----:~--~-----~--~---~·___j!l-----~L-----~----~~--~--*----+----I----r----r 
-----------~-~~--~~~I~--;-----+---+-----r-~~---~--~----~----~~~--4----r·--~----+ -"' ----

~-------------------------~--~~~~--~-·~·~--+---+---~--~~----~· ----~--4---~--~~-----~--+----r--~ 
------------~--,'f--..:j---J---1---1---fl-~ 

---------------------------~--~---L---~---L---L---J~--L---~----•----·~--~-
-~--~--~~--~ 



J·.: lAKEfiELD RESEAliCH Of CAN,\ OA UM lTED 

T~st No: i- 3 Project No: I ~ b <1 

Procedure~·~~--~~--~--~-------------------------------------------
5.!~ .J2_.)~Y;1.J.. ~1./-t: , 

v 

Feed: 

Grind: ~4-~0~~~~~~~~~~~~~~~~~~~~~~~~~~~~-­
Conditions· 

f]n ro· . + 
,_ .IJ ~I.A.('_.t_u_A. 

v 

Reagents Added, pounds per ton 

! 
l'·l:rlfo" ?~so~ NttC/J K-1n!J?-+o1 

P)., d,._,r} t~Q r (,,,,_V\ 0' 'J- 0 c J_ D, ( 0 

Stage R.~c?lLC/1 i£l<t fvlt'( CQJ' .. ~" J.,.:{ r..- f :.1t~ eAc .... 
\j 

!) - ( JDD9 Q~t ;J5og 0~1 Flotation Ce 11 ilOOu<! 
Speed: r. p.m. ( ~0 0 { jOO l ODD 

%Solids 31 

-~ . 

II Time. minutes 

I Grind Cond. Froth pH 

t 3 I 9.3 

ll 
l l 2 

jl ?. b I 

Jl I 
-

- -
I I' tl 

-
rPre P.~ · 1 :r _{'.•,<:, ·'· ·!. t•-" 

)11 d lj' ,' (j_ 

--



lAKEfiELD RESEARCH OF CANADA LIM IT ED 

Test No: ?-3{ ~~~ect No: --"15-"-""'-L?"+-J--Date: ~-\-. 24/75 
\ I 

Operator: __ _;..._ __ _ 

Purpose: ------------------------------------------~------------------

Procedure~:--------------------------------------------------~~------

Feed: 

Grind: 
Conditions: 

Reagents Added, pounds per ton Time, minutes 

Co([X-1). ~SD1 2-lOo I J Grind Cond. Froth pH 
hUB~ 

7/V'- (~< All , __ t~~ I I I 
. t= (v J: !. 

:;· -I I j]"'i\.jr;. A....-\J ....... ~ -~.o ItO 2-

4 f..!.~u.-t) OvA u·'--"-" I I I I J a.~s iD.o~ !lQ. 5 
v o.o?- n:o·1 i l 

-; __ II ! . 
' ' I I 

I 

2.'\/\ l....J.- (.G. If.-;,(/\ oA- I { 3 lll· 0 
I I ' II I ' 

2-v-. ;). ... J eJ21_.1[, .. ~"' o, :i I I 
I I -

I ,- 2: ;:_ ILLL<l__ 
I 
I 

I j~ ! 

~"' ~ •'- c:l t!J!.~ •:L·t,(/1 o.~ l ! 2-llf.O 

I ' ,I I -
I I--· -.. -~ !-·--

I I .. 
-

il -i I ,, 
I 

., 

I 

·,--- II 
I l 

Stage RMJ-.1JJ~ _/r.-.. f.Qr(wu.A ---
~ 

Flotation Cell looo q D-1 5DD'\[)-I ----
Speed: r.p.m. 19Yoo l1voo ··-

o/o Solids -
- . I 
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PR!N\ARY 
C.RllJO 

'V 
P ..Q._ tA ... ~A ~c E I" 

eo f-.1. e.r: N l" R.'\l"E 

F t-ovv sHEET 
- -, 

-z,._ et...E t).\1 E R ' 
CoNCfNTRAIE 

.! 

-- i __ j ___ ·!-

._ '--

I 

I 

. I 
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; . 
i 

., 

' 
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l 
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lAKEFIELD RESEARCH OF CANADA LIMITED 

Test No. d-3 Project No. __ _ Date: ---
retallurgical Results 

Product 
l'leight i Assays, % 

It 

g % I PJ ?(\-"' 
{05.) /.'31 --n-o ~eo 

' 
-

% Distribution Metal Units 

PJ~ "2,-v,. PP.~ ?t, q~ i ,q.<) o·'l CfU. C\b b 

lo7.5 . 1·3b 12·2 '5'·3~ 2_o~-; I •c) cl'b 1<1 ~~~? 
1~/.1 1.5?-- (_,q.e:, b·2Cf 27·3 1·3 I o '15 7'1 q. Sb 

23·4- 1·8 110 '1/ \~ '2.!:L. 

1·3 o!l_ b 33 t,!qG 

I• 4- ,._]_ (.., Lt5 I). i 4-1? 
·-~ 

I·'S LL.•O 'l no ?'t 11 

O'._?J b·_Jj._ 3 P4- ~::li ;> I 

0'2 I '2 ·I o 3"-S't 1 li~ 
0·?... 1'2/7 o i51ol SD __ 

0".2 \0•5' lb5 ll '2..'8. 

o·3 14-~ b I~ J(57 T''b 

0 ·"2- 7·0 \ IU. S'l S'2 

c·~ 8·b 3 32. t.3 g {, 

I·] cr·2 l q'}_., 2 5~ 

0:1_ 0·1 3 3() s '6'?:. 

I· 6 , .. '2 1 ~- \':?, 'S_]_ ·---
1-'~ \._ I·~ 4 ~1 \0 16 

f--'-- -

. I ·3 \. '3 (, ~\ 1'3 oct 
I 

.. . .. . . -~. ~"···- ·" ·- ... ··~-·· ...... •·•-W•' 

I iOO·O IOO·O i{/3·ltl . r31 c:r L-1-

86·3 5·D 1/('>~<?l ~1 oG 
5· L~- 12>·0 25'·0'2 (g !:.G 

C>. cl :)D·J_ Lt·tn 3/b -~ 
2·1 1.. >5·1-~ 12·2>~ 121 'rt 
4-~/. :5·1 ZZ.'Z6 t..\1. \1-) 
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Test No. 21 - Continued 

Metallurgical Results 

Weight Assays, % % Distribution 
Product 

% Pb Zn Pb Zn 

1. Pb Cleaner Cone. 5.28 68.8 6.44 79.1 4.7 
2. Pb 5th Cl. TaiL 0.54 32.0 14.1 3.8 LO 
3. Pb 4th Cl. Tail. 1.03 18.2 15o4 4.1 2.2 
4. Pb 3rd Cl. Tail. 1.16 8.83 15.6 2.2 2.5 
5. Pb 2nd Cl. Tail. 2.86 3.19 12.6 2.0 5.0 
6. Zn Cleaner Cone. 8.82 0.65 56.6 1.2 68.8 
7. Zn 3rd Cl. Tail. 0.48 1.55 26.2 0.2 1.7 
8. Zn 2nd Cl. Tail. 1.56 1.14 14.1 0.4 3.0 
9. Zn 1st Cl. Tail. 4.86 o. 78 5.37 0 .. 8 3.6 

10. Zn Rougher Tail. 73.41 0.39 0.74 6.2 7.5 

Head (Calculated) 100.00 4.59 7.26 100.0 100.0 

Calculated Grades and Recoveries 

Products 1 and 2 5.82 65.4 7.15 82.9 5.7 
Products lto 3 6.85 58.3 8.39 87.0 7.9 
Products 1 to 4 8.01 51.1 9.43 89.2 10.4 
Products 1 to 5 10.87 38.5 10.3 91.2 15.4 
Products 6 and 7 9.30 o. 70 55.0 1.4 70.5 
Products 6 to 8 10.86 o. 76 49.2 1.8 73.5 
Products 6 to 9 15.72 o. 77 35.6 2.6 77.1 



Test No. 22 

Purpose: 

Procedure: 

Feed: 

Grind: 

Conditions: 

Stage 

Primary Grind 

Pb Circuit 

Pb Rougher 

- 54-

To investigate the effect of grinding with no depressants or 
collector, and floating at natural pH. 

Grind and float a lead rougher concentrate. Regrind the concentrate 
and clean three times. 

2000 grams minus 10 mesh Composite B. 

40 minutes at 65 percent solids in the laboratory rod mill. 

Reagents Added, pounds per ton Time, minutes 
pH 

R-242 Z-4 MIBC NaCN ~s~ Grind Cond. Froth 

- - - - - 40 - - -

0.03 0.01 0.02 - - - 1 2 6.9 

0.02 0.01 0.01 - - - 1 3 -
0.02 0.01 - - - - 1 3 -

Pb Cone. Regrind - - - - - - 20 - -
Pb 1st Cleaner 0.02 

0.01 

0.01 

Pb 2nd Cleaner 0.01 

-
0.01 

Pb 3rd Cleaner -
0.005 

Stage 
Equipment 
Speed rpm 
% Solids 

Rougher 
1000 g D-1 
1800 
33 

0.005 0.005 

0.005 0.005 

- -
- -

0.01 0.005 

- -
- 0.005 

- -
Pb Regrind 
Rod Mill 

- -
- -
- -

0.02 -
- 0.06 

- -
- -
- -

1st Cleaner 
500 g D-1 
1300 

- 1 

- 1 

- 1 

- 1 

- 1 

- 1 

- 1 

- 1 

2nd & 3rd Cl. 
250 g D-1 
1000 

2 7.4 

2 -
2 -
1 7.9 

1 6.2 

1 -
1 6.8 

1 -
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Test No. 22 - Continued 

Metallurgical Results 

Weight Assays, % % Distribution 
Product 

% Pb Zn Pb Zn 

1. Pb Cleaner Cone. 2.45 49.6 7.34 26.7 2.5 
2. Pb 3rd Cl. Tail. 0.89 15.1 6 .. 69 3.9 0.8 
3. Pb 2nd Cl. Tail. 1.82 16.2 7.63 6.5 1.9 
4. Pb 1st Cl. Tail. 20.48 9.78 9.32 44.0 26.8 
s. Pb Rougher Tail. 74.36 1.21 6.51 19.8 68.0 

Head (Calculated) 100.00 4.55 7.,13 100.0 100.0 

Calculated Grades and Recoveries 

Products 1 and 2 3.34 40.4 7.,16 29.7 3.3 
Products lto 3 5.16 31.9 7.33 36.2 5.2 
Products lto 4 25.64 14.2 8.92 80.2 32.0 
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WORK n.JDEX CALCULATIONS 

The Work Indices were calculated in accordance with Bond's "Third 

Theory of Comminution" from the following formula: 

C X T 1 
Work Index = 

----- X -----------------w 100; - lo.v; 

Where C = mill constant 

T = grinding time in minutes 

W = weight of feed in grams 

P = size modulus Ka 0 of product 

F = size modulus I<ao of feed 

The mill constant C was determined by grinding a reference ore of 

known work index. 

Grinding Data - Ball Mill 

Grinding Time Product Size Surface Area Power Consumption Bond 
(rnin/2000 g) Minus 200 Ka o Micrometers crrf /gram kwh/ton Work Index 

mesh 

-10 mesh Head 19o7 886 - - .. 
20 79.6 76.6 1354 6.2 7.7 
30 88o7 55.8 1743 9.3 9.3 
40 94.4 47.0 2020 12.4 11.0 
60 98.1 37.0 2495 18.7 14.2 

Rod Mill 

40 93.8 52.0 1665 9.2 9.1 
60 97.4 42.4 2085 13.9 11.9 
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Screen Analyses 

20 Minute Ball Mill 

Mesh Size % Retained % Passing 
{Tyler) Individual Cumulative Cumulative 

+ 65 0.2 0.2 99.8 
100 1.5 1.7 98.3 
150 5 .. 5 7.2 92.8 
200 13.2 20.4 79.6 
270 14.6 35.0 65.0 
400 16.9 51.9 48.1 

- 400 48.1 100.0 -
Total 100.0 - -
30 Minute Ball Mill 

+ 65 0.1 0.1 99.9 
100 0.3 0.4 99.6 
150 2.4 2.8 97.2 
200 a.5 11.3 88.7 
270 lloO 22.3 77.7 
400 17.8 40.1 59.9 

- 4C\O 59.9 100.0 -
Total 100.0 - -
40 Minute Ball Mill 

+ 100 0.1 0.1 99.9 
150 o.8 0.9 99.1 
200 4.7 5.6 94.4 
270 8.5 14.1 85.9 
400 17.5 31.6 68.4 

- 400 68.4 100.0 -
Total 100.0 - -
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Screen Analyses - Continued 

60 Minute Ball Mill 

Particle % Retained 
Size Individual Cumulative 

+ 200 mesh 1.3 1.3 
29.2 11m 28.0 29.3 
22.6 13.2 42.5 
15.8 13.6 56.1 
10~8 14.3 70.4 
8.4 6.8 77.2 - 8.4 22.8 100.0 

Total 100.0 -
Specific Gravity = 3.68 

40 Minute Rod Mill Grind 

Mesh Size % Retained 
(Tyler) Individual 

+ 100 0.2 
150 0.9 
200 Sol 
270 13.2 
400 21.6 

- 400 59o0 

Total 100.0 

60 Minute Rod Mill Grind 

+ 100 0.1 
150 0.7 
200 1.8 
270 4.1 
400 20.7 

- 400 72.6 

Total 100.0 

LAKEFIELD RESEARCH OF CANADA LIMITED 
Lakefield, Ontario 
October 8t 1975 I sem dmm 

Cumulative 

0.2 
1.1 
6.2 

19.4 
41.0 

100.0 

-

0.1 
0.8 
2.6 
6.7 

27.4 
100.0 

-

% Passing 
Cumulative 

98.7 
70.7 
57.5 
43.9 
29.6 
22.8 

-
-

% Passing 
Cumulative 

99.8 
98.9 
93.8 
80.6 
59.0 .. 
-

99.9 
99.2 
97.4 
93~3 
72.6 
-
-


