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ABSTRACT 

Frequently the technica l e fficiency of flotation circuits 
is presented as general formulae which give expre ssions 
for the recoverv, ratio of concentration, yield, etc. 
These expressions give only a global information and do not 
contribute to clarify the reasons and origin of the problems 
causing lasses of a valuable metal. 

The aim of the presente work is to describe a practical 
method to evaluate fl otati on circuits on the basis of a 
systematic size by size r ecovery with the purpose of 
obtaining a diaqnostic of losses. The proposed method 
combines the recovery by size with the fractional losess by 
size to give a practical parame ters, which are defined here, 
such as Particle Size For Maximum Recovery and Critical 
Particle Size of Lasses . It is found that the main lasses 
sources usually are associate d to the coarse and very fine 
particles. 

It is concludedthat this method i s a very useful t oo l t o 
detect lasses problems and to propose changes t o optimize 
the plant operation. Practi ca l examples f or a Copper 
mineral processing p lant is reporte d. 

INTRODUCTION 

The low floatability of fine and coarse particles is 
one of ｴｾ･＠ more frequent reasons of lasses in plant 
practice 1

, 
2 !. The oriqin of these particles can be 

associated to an inadequate se lectio n of fineness of grind 
to liberate the valuable minerals or inve rsel y to an 
exces s ive generation o f particles due to overorinding. 

In relation to this, King ( 3 ) cle arlv es t ab lished that 
"in mineral processing plants. ores are ground to liberate 
minerals and not t o produce fine powders. It is the deqree 
of liberation and not the particle size distribution that 
is the important property of the product from a milling 
circui t". 

It is clear that in a p l an t operation the quantitative 
evaluation of lasse s associated to particle size and the 
identificatinn of the loss critical size, represen ts a 
valuable in f o rmati on to a proiect of diagno s tic and 
optimisation . 

Studies in this liue we re first recorted by Cameron(•) 
and later by Kelsall( 5 !on Pb-Zn flotation at Broken Hill, 
Austral1a Wo rks on copper o res were carried out by (7) 

Hartley 6 1at the Mount Lyell Company plant; and by Tilyard 
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at Bouganville Copper Ltd. 

All of them emphasize thé advantage of this approach to 
the identification of problems and to the rationalization of 
the te c .:nical decis i ons pointing out improvements of 
recove.r ies. 

Howevcr, despite of the importance and enormous 
potential of practicnl application that this method has in 
the evaluation and optimisation of a plant, a systematic 
treatment which defines stages and calculations has not 
been done. 

The aim of the present work is just to define a seauence 
of calculations and graphical represcntations in order"to 
obtain the necessary information to do a diagnostic of 
losses per size in a aiven circuit. Only the size analysis 
data and the copper metal degree by size fractions per 
bank, in the feed, concentrate and tailing are needed. 

The present work will demonstrate the advantages of the 
proposed method bv using, as an example, real data coming 
from rougher circuit sampling in a mainly chalcopyrite 
copper ore industrial plant. This paper will only show the 
basis of a simple evaluation of a 4 banks rouqher circuit. 

Since the calculation are time consumming, a computer 
programme, to be use in a minicomputer Apple III, was 
designed. All the tables and figures presented here were 
aiven bv the computer. 

EXPERIMENTAL 

Samples were taken every 2 hours over a total oeriod of 
8 hours. The sampling points are shown in Figure 1. All 
pulp samples were filtered, dried and a representative head 
cut for size analysis on the Tyler sieves and cyclosizer, 
and then prepared for size fraction assays. 

FEED 
ROUGHER CIRCUIT 

• 2 • 3 • 

TO REGRINDING 

Figure 1. Rougher Circuit of 4 Banks. 
• Sampling point. 
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RESULTS 

The results of the plant sampling for the circuit feed, 

concentratP.s and tail ings of the 4 banks are shown in 
Tables Ia y Ib. 

TAELE r a: Weigh t and Co,)pe r Cr .:.. dc ln CtJncentrates Sarnples 

r·:-::,;. NK 1 

ｾ ﾷ ﾷ＠ -- --
1 2 3 4 I 

"< We1g t. ｇｾ｡､･＠ ,: .. ··r·· we1gnt 1 ur:de 1we1gnt 1 ｾｾ｡ｯ ･＠

ｾ ｾＺ Ｌ ｈ＠ ﾷ ｾＢＢＢ＠ g 
g g 

t0/150 I 11.1 19.70 !H .2 7 .10 47.5 9. 30 38. O 3. 90 

150{270 43.7 29.70 69 . 1 18.4 0 45.3 3. 00 33.5 o. 90 

270 / 400 74. o 31.25 44 . 5 20. os 25 • .J 3. 92 22.2 o. 50 

400 /C, 38.3 33 .98 17 .) 1 8 . 00 13.1 2. 30 14 . 1 o. 26 

c2;c, 47.2 33.60 2 2.1 14.50 21. 4 1. 53 25.) o. 17 

C/C 34.5 )) . 27 16.8 11 2.6 0 20.) 1.00 24.1 I o .14 
ｃ ｾ＠ / C 24 .a 32.25 14 . 1 1!. 00 20.1 o. 82 23. 3 o . 14 , 
-c, 7 6.3 26. 25 81.9 I 8 . 64 157 . o 1. 20 1 69 .5 o. )4 

I 

TADLE Ib: Weight and Copper Grade of Tailings Samples per Bank . 

BANK 

FEED 4 

MESH 
Weigh t Grade Weigh t Grade !we ight Grade Weight Grade !weight 1 Grade 

' i g 
g % g % g ' g 

' ' 
10/15 0 144,5 o. 6 5 1 58 . 5 o. 58 114 7 . 7 o. 54 160.3 o. 43 154. B 

! o. )9 

150/ 270 42.6 1. 6 4 4 1. o 1. 00 
! 40 . 9 o. 48 40.2 o. 17 41. ) o. ll 

270 / 40 0 20 .o ]. 10 19.5 1. 20 I 20 . 4 o. 46 18.5 o . 1 5 19. o u . 12 

400/C, 13.5 2. 5 4 11 .o o. 62 ' 12 . o o. 2 5 10.4 o . 09 1 1. 1 ú . OB 

C 1 /C 1 18.6 2 . 10 1 6.9 o. 46 

' 
18. 1 o. 19 17 .o o. 07 17 .5 o. 06 

c,;c . 15 . 1 2 . 24 1 ). 6 o. 40 1 5. 1 o. 19 ll.) o. 07 14. 2 o. 06 

ｃ ｾ ｉ ｃ＠ ｾ＠ 12.6 2. 19 11. o o. 36 12.7 
ú .lA I 11.4 o. 07 11.5 o. 07 

-c' Bl. 1 1. DO 78.5 O. 50 ' BJ .1 o. 38 78.9 o. 29 BO . 6 o. 23 
I I 

I 

On the basis of this data set the copper and weiqht 
distributions in the circuit feed are calculated and shown 
in Fiq. 2. 

The independent bank copper recoveries per size and the 
cumulative recovery in the circuit are shown in Figures 3 
and 4. In addition, the fractional copper losses per size 
are presented. 

The results reveal that the global copper recovery in 
the circuit is 83.2%. 

Three regions of size fractions can be identified: 

fine particles region: size under cyclon 5. 
intermediate particle size reqion: 150 mesh/cyclon5. 
coarse particles region: 10/150 mesh. 

The loss critical sizes are 105 ｾｭ＠ (150 mesh) and 12 ｾｾ＠
(-C•!clcm 5) · 
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FIG. 2: Percentage of copper ､ｩｳｴ ｾ ｩ｢ｵｴｩｯｮ＠ and weiqht 
distribution by mc s h in ｴｨｾ＠ circuit feed.-
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The main characteristics of the flotation in this 
particular rouqher circuit are: 

TABLE II: Some Charac teristics of the Circuit by 
Size Regions. 

Characteristics 
10/ 150 150 

mesh Cyclon5 -cvclon5 

Feed weight distribution, % 41.3 35.0 23.7 

Feed COEEer distribution,% 21.2 60.1 18.7 
% Cumulativ<> recovery in 
the circuit 51.7 94.8 81.8 
% Fractional Los ses in 
t.he circuit 10.2 3.2 3.4 

A general view of copper lesses by size throuqh the 
circuit is shown in the tridimensional plot of the Figure 5 
and in the c omplemen tary information presented in Figures 
6 and 7. 

The cumulative recovery per bank and simultaneously the 
fractional contribution of each of the three regions are 
presented in Figure 8. The 10/150 mesh fraction practically 
did not float in banks 1 and 2; and its fractional 
cumulative recovery in the circuit reached only 10.9 points 
in recovery units. 

To complete the description, the weight and copper 
content distributions per bank in concentrates andtailinqs 
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FIG. 3: Copper r ecove r y by mesh and by bank 
curve 1, bank No.l curve 2 , bank N0 -2 
curve 3 , bank No.3 curve 4, bank No.4 
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FIG 4: Cumulative circuit recovery by size (curve 1) 
and fractional copper lasses by size (curve 2). 
The dotte d line den otes the % R global in the 
circuit. 
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are shown in •rab l es III and IV. The concentra te and 
tailing copper degree per bank i s presented in Figure 9· 
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TABLA III. Bank distribution of weight and Copper content in concentrates 

ｾ＠
1 2 3 4 

Weight Distribu Weight Distribu WeJ<J:·,t Distribu Weight. Distribu 
retained tion cu-;- retained tion Cu-;- ret _r ned tion cu-;- retained tion cu; H 

' • • • • ' ' ' 
10/150 3. 2 2.1 24 .1 13.4 13.6 45.9 10.9 56.6 

150/270 12.5 12.2 19.7 29.5 12.9 14.1 9.6 11.5 

270/400 21. 1 21. 7 12.7 20 .o 7. 2 10.3 6.3 4. 2 

400/C, 10.9 12.2 4. 9 7 .o 3. 7 3.1 4 .o 1.4 

C2/C1 13.5 14.9 6. 3 7. 2 6.1 3. 4 7. 2 1.6 

c,;c,. 9. 9 10.9 4. 9 4. 7 5. 9 2.1 6. 9 1.3 

ｃｾｯＯｃｳ＠ 7.1 7 . 5 4 .o 3. 5 5. 7 1.7 6. 7 1.3 

-c, 21.9 19.9 23.4 15.8 44.9 19.5 49.4 22 .o 

TABLE IV: Bank distribution of weight and copper content in tailinqs. 

ｾＢｎｋ＠ I- . 1 
ｾ＠ ｲｗ･ｬｧｨｴｾￕｄＧｬｾｳ•ｴｲｾｬｾｄｃｾｾｗｾ･ｔｬｧｾｊｏｾＮｴｾｾｔｬｾｓｴｾｲｾｬｾｏ＾ｾｾｾ･ｾｬｧｾｊｏＢＮＧ＠ ｾｔｾｕｬｬｓｾｓｴｲＮＺｃｾｬｾｏ｣ｾｦｲｲ･ｾｬｾｧｾ［ｾｴｾｾｄｾＺｬｾｓｾｴｾｲｾＱｃｾＡｾＭＭｾ＠

'"" retained ｴｾｯｮ＠ Cu reta1ned ｴｾｯｮ＠ Cu, reta1ncd t1on Cu, retained tion Cu, 

MESH ""' % % i % % % i % 

1011 ｾｯ＠ 45. 3 41.9 42.2 52.5 45.8 65.5 44.2 67. o 

150/270 11.7 18.7 11.7 12.9 11.5 6. 5 11. a 6. o 
270/400 5. 6 10.7 5.9 6. 2 5. 3 2. 6 5. 4 2. 5 

400/C2 3.1 3.1 3. 4 2 .o 3. o o. 9 3. 2 1.0 

c,;c, 4." 3. 5 5. 2 2. 3 4. 9 1.1 5 .o 1.2 

CJ!C- 3.9 2. 5 4. 3 1.9 3. 8 o. 9 4.1 1.0 

｣ｾ［｣＠ ｾ＠ 3.1 1.8 3. 6 1.5 3.3 O. 9 3.3 o. 9 

- c, 22.4 17.9 23.7 20.8 22.5 2l. 7 23. o 20. b 
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FIG. 5: Tridimensional representation of non-floated 
copper by size and by bank. 
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FIG. 6: Projection in the x-y plane of the residual 
copper distribution in tailings of the banks 
1-4, by size reqions. 
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FIG. 7: Pro jec ti o n in the y·-z plar . . " of the residual 
copper ､ｩｳ ｴｲｩ｢ｵｴｩ ｯ ｾ＠ i n ta i 'ings, of the banks 
1-4, by size region s 
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FIG. 9: Profile of Copper grade in concentrates a nd 
tailinqs. The dotted line denotes the copper 
grade in the feed circuit. 
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The present work shows that part icles of similar size 
exhibit different recoveries through the various banks of 
the circuit. This probably· means that a fracti on with lack 
of liberation exits in every bank and that it floats slowly, 
and that even it may not float. This is the case of the 
10/150 rnesh fraction in the example presented above. 

The diagnostic test additional ly showed that the coarse 
fraction (10/150 me sh) is barely recovered in banks 1 and 2; 
however, this fraction represents 41 weight percent of the 
circuit feed material. These results strongly suggest that 
this fraction lacks of liberation and so we classified it as 
an undergrinding reg ion. 

In addition, about 3.4 points in recove ry units are 
lost as fine particles and would correspond to the 
overqrinding region. It i s also established th a t the 
150 /cyclonS fraction is the optimum grinding region, which 
is characterized by recoveries greater than 90%. 

The particle s ize for rnaxirnum recovery is the fraction 
c2;c3 (27 ｾｭＩ＠ and the critical particle sizes of l es ses are 
150 mesh (105 ｾｭＩ＠ and cyclon 5 ＨＱＲｾｭＩＮ＠ The results of copper 
degree and copper contents distribution in concentrates pe r 
bank sugqest that the concentrate of the first bank can go 
directly to the final concentrate or else t o the last 
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cleaner circuit. The +270 mesh fraction in the 
concentrates of bank 2, 3 a nd 4 necessarily needs a 
r egrinding step t o continue ｾｨ･＠ next cleaner circuits. 
Finally , an increase in recovery can be expected if the 
ｦｩ ｮ･ｮ･ ｾ Ｓ＠ of the ground ore changes , in such a way that the 
c opper distribution curve o f the fe ed is modified and that 
coppe r distributes mainly in the optimum grinding region. 

The complete info rrnati on on recoveries and losses per 
me sh and per bank obtained .in t:hü; test leads to a review 
of the strate gy of the classific0tion-grinding circuit and 
its adequation to the actual ｮ･ ･､ｾ＠ of particle size 
distribution demanded by the flot a tion process. 
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