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H. ·RUSH SPEDDEN 
MINERAL PROCESSING ENGINEER 

304 FIRST SECURITY BUILDING 

SALT LAKE CITY. UTAH 84111 
April 2 5, 1980 

Mr. Stanl ey D. Michael son 
Mining and Metallurgical Engineer 
304 First Security Building 
Salt Lake City, Utah 84111 

Dear Stan: 

��--£- tJ - St9� 

006942 

TELEPHONE 18011 521·3575 

REVIEW OF CYPRUS ANVIL METALLURGICAL DATA AND 

CONCENTRATOR EXPANSION CALCULATIONS 

In response to your request, I have reviewed the draft 
AFE for an expansion of the Cyprus Anvil mil l ,  together with 
a substantial number of metallurgical reports. My assign­
ment from you was to concentrate on the metal lurgical aspects 
of this proposal , including the cal culations rather than the 
detailed engineering design of the expanded concentrator. 

SUMMARY 

The proposed expansion of the Anvil mill for an in­
creased capacity to 450 tonnes per hour vs. the present 
average of 400 tonnes per hour includes increasing primary 
grinding capacity by a factor of 2 . 21 and flotation cel l 
capacity by a factor of 2 . 17. These changes are projected 
in the AFE to result in a significant increase in grade 
and recovery for both lead· and zinc concentrates. The 
expected metal lurgical results are based mostl y on improved 
l iberation in grinding and lowered pul p density in fl ota­
tion. 

A review of the pil ot plant test results, together with 
the quantified flowsheet of the proposed pl ant, indicates 
that if the feed rate is held at the 450 tonnes per hour 
l evel , there is a strong probability of substantial l osses 
of lead thro�gh overgrinding. 
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Some additional pl ant tests in the present Anvil mil l 
are recommended for a method of more preci sel y eval uating 
the proposed concentrator expansion. 

In addition, an al ternate fl owsheet is suggested which 
shoul d be considered and investigated to minimize overgrind­
ing with consequent l oss in l ead recovery. 

I. Introduction 

The basic assumption made in the CAMC proposal for a 
concentrator expansion is that by doubl ing the primary grind­
ing capacity per ton of throughput, and thereby reducing the 
size of fl otation feed from its present nominal 130 micron 
size to a 50 micron size, (i.e. , 80% finer than 50 microns, 
or noted as P8o ) , substantial increases in both concentrate 
grades and recoveries wil l be possibl e. Th� assumption in­
cl udes a corresponding increase in fl otation capacity and 
concentrate handl ing equipment for the finer product. The 
basic metal l urgical fl owsheet, however, wil l remain essen­
tial l y  the same as at present. 

Since none of the pil ot pl ant tests nor the l imited 
pl ant test have produced metall urgical resul ts matching the 
projected resul ts, a further anal ysis has been made to assess 
the val idity of the basic assumption, and subsequentl y to 
determine what changes in the proposed expanded concentrator 
or in its operating practices might be suggested to more 
nearl y meet the projected goal s. 

Al l of the metal l urgical test work on the Faro III, 
Grum and Vangorda ores show that a finer than 130 micron 
primary grind is beneficial for improved recovery and grade 
of concentrates. The exact size of the optimum grind, how­
ever, cannot be defined as yet due to the l arge number of 
interacting factors which must be considered. Operat ing 
experience at Faro indicates that the size of mineral 
l iberation varies among the various ore types treated. 
In addition, the test work on Grum and Vangorda sampl es 
shows a simil ar variation, as wel l as demonstrating, in 
general , that these two ores require a somewhat finer 
grind for l iberation than do the Faro ores. 

Several factors pl ace a practical economic l imit on 
the degree of gr inding for maximum l ib eration, namel y, cost 
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of a dditional grinding, efficiency of practical classifica­
tion equipment, losses in flotation recovery due to over­
grinding and/ or sliming, and the cost and difficulty of 
handling finer concentrates and tailings. All these fac­
tors must be balanced against that of added metallurgical 
recovery to establish optimum grind. 

II. Analysis of Data on Faro Ore 

A review of the data in Lakefield Research Progress 
Report No. 6 ,  December 7, 1979 indicates that the tests, 
PP 2 8-35, on the Faro III "New Ore Sample" are perhaps 
the most valid for pilot plant response of an average 
Faro ore even though the sample. tested was somewhat oxi­
dized and l ower in grad e than normal mill heads. Although 
the chemical analysis shows an apparently significant 
oxide content , the amount of sodium carbonate required 

Sample Assa�s, % 
Pb Pb Ox. Zn Zn Ox. 

Bulk S�mple No. 1 2 . 35 0. 4 0  3. 85 0. 2 5  

Bulk Sample No. 2 2 . 4 0  0. 35 4. 34 0. 2 2  

does not seem excessive when compared with plant practice 
or with the roughly three times larger quantity used in the 
pilot plant tests of Bulk Sample No. 1. Similar oxide analy­
ses·of current Anvil mill feed on a periodic basis would be 
useful for confirming, with cert ainty, the comparative vali­
dity of the sample used in the pilot testing. 

T he ratio of other key reagent usages to the soda ash 
requirement appears to be about the same for the pilot plant 
tests and the Anvil mill. For example, the ratio of soda 
ash to other reagents for pilot plant tests 2 8  and 29 is 
roughly the same as the mill test of November 13-15. 

• 
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REAGENTS USED 

Grams/ Tonne 

BULK SAMPLE NO. 2 LR 2202 TESTS ANVIL MILL TESTS (1978) 

REAGENT 28, 29 31 33, 34 OCT. 16 -22 

Na2C03 3279 4 4 97 4 589 94 6 

Na2S03 226 

NaCN 213 256 36 0 86 

I 
( Pb) 110 152 213 58 Z- 1

J ( Z n) 202 297 399 91 Z- 1JJ 
I 

CuS04 800 1312 14 74 222 

The increased quantities of activator and collector 
reagents used in the Lak efield Research pilot plant tests 
appear to be more a function of small pilot plant effects 
rather than the oxidized condition of the sample. 

A comparison of metallurgical results at comparable 
grind for the Lakefield pilot plant with those of the 
Anvil mill for 1979 and October 16 -22, 1978 period pro­
vides a measure of confidence that Sample No. 2 was not 
altered sufficiently to materially change its metallurgi� 
cal response. 

NOV. 13- 15 

156 4 

82 

6 6 .  

181 

34 6 
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Anvil Mill Tests 

Oct. 16- 22, 1978 Feed 
Prod. 

Anvil Mill Operation 

1979 Feed 
Prod. 

Pilot Plant Tests 

28, 29 Feed 
Prod. 

PRIMARY LEAD METALLURGY GRIND 
P8o GRADE RECOVE RY 

130* 3.0 
59. 0 82. 8 

130* 3. 3 
6 1. 4 83. 7 

137 2. 4 
71.6 79. 1 

* Calculated with same method used in AFE .  

Z INC 

GRADE 

5. 6 
4 8. 7 

5. � 
50. 4 

4 . 3 
54 .2 

T he normal Anvil grind and the plant test grind for 
October 16 -22, 1978, reported for the tailing at 6 0% minus 
200 mesh, are close to the grind of tests 28 and 29. The 
grind for November 13-15, 1978 as recalculated from the 
tailings sizing of 74 % minus 200 mesh is shown for 
comparison on the following graph giving the approximate 
size distributions of the flotation feeds for the tests 
tabulated above. 

The Anvil plant test on November 13, 1978 and several 
of the Lakefield pilot plant tests were made at various 
degrees of primary grind. The metallurgical results for 
selected tests at various grind s are summarized as follows: 

RECOVE RY 

RECOVE RY 

82.1 

80.5 

83. 6 
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P8o LEAD METALLURGY ZINC METALLURGY 

GRIND GRADE RECOVERY GRADE RECOVERY 

Anvil Mill 

1979 Avera ge 130 6 1.4 83.7 50. 4 80.5 
Oct. 16 -22' 1978 130 59.0 82. 8 4 8.7 82. 1 
Nov. 13 (30 hr.) 87 6 0.3 86 . 2  50. 4 82. 3 

Lak efield Pilot Pla nt 

pp 28, 29 LR2202 137 71.6 79. 1 54 . 2  83.6 
pp 31 6 9  77. 6 82. 2 54 .3 86 .9 
pp 33, 34 4 9  71.5 80. 9 55.0 88.4 

pp 35 50 74 . 7  \ 82.3 55. 5 89.1 \ 

pp 9, 10 LR2202 4 8  6 8. 7  76 .3 52.3 87. 2 
pp 11, 12 LR2202 31 6 6 . 3 76 .3 51. 9 84 . 2 

AFE Projection 50 6 7. 0 87. 5 53.5 88. 5 

The grouping of the tests from the Lak efield Research 
pilot pla nt report LR2202 on Fa ro III ore is somewhat differ­
ent from tha t used in the report summa ry. For exa mple, tests 
9 a nd 10 were d uplica te runs at the sa me prima ry grind a nd, 
thus, have been a vera ged. Test 24 wa s run under different 
conditions. Tests 11 a nd 12, however, employed two sta ge 
cla ssifica tion in the prima ry grind circuit to a ttain the 
finer grind, thus, these sets, i.e., 9, 10 vs. 11, 12, 
a ppear to be a valid comparison. Similarly, the a veraging 
of tests 31 a nd 35 a s  used by Lak efield Resea rch is ques­
tionable since test 31 pr oduced an intermedia te grind of 
P3o a t  6 9  microns. Thus, the a vera ge results of tests 28 
a nd 29, a nd tests 33 a nd 34 ca n be compa red with test 31. 
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Compa rison of the thr�e levels of grind in the pilot 
pla nt tests shows a decrea se in lea d recovery and gra de a t  
the 4 9  micron grind a s  compa red to the coarser 69 micron 
g�ind. Test 35 is included since the Pb circuit conditions 
were reported to be a duplicate of test 31 a nd yet a 3% loss 
in lead gra de wa s experienced. This ra ises the question of 
the deleterious effect of overgrinding the ga lena with re­
sulting slime losses. 

The results of these Lak efield Resea rch pilot plant 
tests suggest tha t lea d recovery· might be ma ximized a t  a 
primary grind of about P8o a t  70 microns with zinc recovery 
ma ximized a t  the finer size of P8o at 50 microns. This 
could be a ccomplished with a flowsheet simila r to tha t of 
the Pa ra gsha concentra tor of Cerro de Pa sco (4 , 5) * discussed 
la ter in this report. 

Since the existing Anvil mill, if operated a t  a ra te 
of 236 tonnesjhour, would nea rly duplica te the flowsheet 
a nd the proportiona l capacity a t  a 50 micron grind of the 
propb sed expa nded mill, then the November 13, 1978 pla nt 
testK1, 2) * should be a good indica tion of the benefits to 
be gained by lowering the primary grind from 130 microns 
to about 87 microns, but yield s no clue on wha t would be 
obta ined with a 50 micron grind. The fa ct tha t the ca pa­
city of the regrind mills will not be increased in the 
expansion must be noted, however, since this mea ns tha t 
during the pla nt test on November 13- 15, 1978, the re­
grind ca pacity a ppa rently wa s proportiona lly greater tha n 
is proposed for the expansion. 

Compa ring the metallurgica l results of November 13 
with those of October 16- 22, an increa se of 1. 25% in Pb 
concentra te gra de a nd 3.4 4 %  in recovery is indicated for 
the finer grind at 87 microns. The Pb regrind wa s approxi­
ma tely compa rable in the two periods since the d ecrea sed' 
gra de of the rougher concentrate, hence a grea ter qua ntity, 
would compensa te for the lower rela tive qua ntity and higher 
grade during the October 16- 22 test period. 

* References listed :on Pa:g-e 21. . 
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METALLURGICAL BALANCES(2) 

OctoQer 16 to 22, 1978 

% ASSAY 

PRODUCT D.S. T. LEAD ZINC IRON 

Dry Feed 79, 19i 3. 22 5. 4 3. 23. 26 

Lead Cone. 3, 571 59. 03 8. 88 7. 00 
\ 

Zinc Cone. 7, 250 2. 10 4 8. 70 12. 4 4  

Bulk Cone. 

Ta ilings 6 8, 370 0. 4 2  0.6 6 25.26 

TOTAL 

NOVEMBER 13, 0:00 - NOVEMBER .14 , 0800, 

. . %""ASSAY 

PRODUCT D. S. T. LEAD ZINC IRON 
•' 

Dry Feed 11, 329 4. 01 5.88 30. 96 

Lea d Cone. 6 49 6 0. 29 7. 20 8. 4 0  

Zinc Cone. 1, 087 1. 58 50. 4 3  11. 90 

Bulk Cone. 

Ta ilings 9, 593 0. 4 8  0. 74 34 . 6 5  

TOTAL 

% DISTRIBUTION 

LEAD ZINC IRON 

100 100 100 

82. 76 7. 37 1. 36 

5. 97 82. 14 4 . 90 

11. 15 10. 4 2  93. 74 

82. 76 82. 14 

1978 

% DISTRIBUTION 

LEAD ZINC IRON 

100 100 100 

86 . 20 7. 00 1. 6 0  

3.80 82. 30 3. 70 

10. 00 10.70 94 . 70 

86 . 20 82. 30 
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The higher grade feed(3) of 9.89% Pb + Zn and 30.96 %  
Fe on November 1 3, compared with 8.6 5% Pb + Zn and 23. 26% 
Fe averages for October 16 -22 introduces the possibility 
of a recovery bias due to ore grade or type. To roughly 
evaluate this factor, the Anvil mill daily results for 
October and November 1 978 were correlated with the finding 
that within this range of feed grades, roughly each 0. 75% 
increase in feed grade, i. e. , Pb + Zn, is accompanied by 
a 1% increase in lead recovery. Thus, it seems that only 
one-half of the 3.44% increase in lead recovery should be 
ascribed to the finer grind. 

The extrapolation of these } esults to a proportional 
gain at a finer 50 micron grind is questionable in view of 
the Lak efield pilot test results. Furthermore, the an�lyti­
cal results for November 13 show some disquieting figures 
for the grades of the rougher concentrates and final tails, 
as noted below. 

PLANT TEST, OCTOBE R - NOVEMBE R 1978(2) 

X-R. F. HOURLY AVERAGES PE R DAY 

Pb CIRCUIT Zn CIRCUIT 

Pb RGHR. SCAV. FINAL CLNR. FINAL Zn RGHR. SCAV. FINAL CLNR. FINAL 
DATE FEED CONC. TAIL CONC. TAIL TAIL FEED CONC. TAIL CONC. TAIL TAIL 

Oct. 16 3.2 30.3 

Oct. 17 . .  2.6 24.7 

Oct. 18 

Oct. 19 

Oct .. 20 · 

Oct. 21 

Oct. 22 

AVERAGE 

Nov. 13 

Nov. 14 

Nov. 15 

AVERAGE 

2.8 25.0 

3.1 25.4 

2.7 23.6 

3.6 24.8 

3.2 27.9 

3.0 26.0 

4.2 21.5 

3.7 17.8 

3.4 18.6 

3.8 19.3 

0.26 

0.36 

61.5 

60.4 

2.7 0.43 

2.6 0.40 

0.44 61.7 2.7 0.42 

0.49 60.8 3.1 0.45 

0.35 56.4 2.0 0.43 

0.48 57.0 2.9 0.45 

0.46 59.5 3.0 0.48 

0.41 59.6 2.7 0.44 

0.60 

0.50 

0.50 

0.53 

61.2 

60.2 

64.2 

61.9 

-
5.6 0.50 

4.0 0.40 

3.7 0.40 

4.4 0.43 

6.3 32.7 

5.6 34.0 

0.60 49.3 

0.50 49.8 

2.6 0.80 

3.4 0.77 

5.4 31.6 0.70 49.5 2.3 0. 73 

5.8 36.4 0.83 49.5 1.5 0.67 

5.3 37.6 0.77 49.0 1.2 0.63 

5.7 35.5 0.83 48.2 1.6 0.80 

5.3 34.2 0.60 49.0 2.3 0.70 

5.6 34.6 0.69 49.2 . 2.1 0. 73 

6.0 32.1 0.70 49.7 -
5.7 30.9 

5.6 36.4 

5.7 33.1 

0.50 50.1 

0.50 51.1 

0.57 50.3 

2.8 0.80 

2.1 0.60 

2.2 0.60 

2.4 0.67 
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Note tha t for November 13, .the rougher concentra tes 
were a ppreciably lower in gra de tha n during the Octobe� 
16 -22, 1978 period a nd the ta ils for both lea d and zinc 
were higher. 

Zinc meta llurgy during the 1978 plant test wa s essen­
tially unchanged by the finer grind. The La kefield tests 
on Sample 2, however, do show a progressive increa se in 
zinc recovery of about 5%. The optimum balance of pri­
ma ry grind, lead regrind a nd zinc regrind does not emerge, 
nevertheless, a s  a clear cut picture for either the Faro 
or Grum ores in the results from the La kefield Resea rch 
pilot plant tests. 

j The mill feed ra te during the period October 16 -22, 
1 1978 was a pparently held a t  a n  avera ge of about 4 27 tonnes 

per hour. During the first three weeks of December 1979, 
the Anvil mil l feed ra te varied from 490 to 36 0 tonnes 
per hour. The reported fineness of fina l tailings varied 
from 4 1% to 77% minus 200 mesh. This would be an a pparent 
P8o varia tion of about 200 microns to 80 microns. The 
lea d a nd zinc recoveries for the same period do not 
a ppear to reflect a corresponding varia tion, a lthough a 
slight correla tion with zinc recovery ca n be found. 

The above observa tions suggest that the design of a ny 
flowsheet for the expanded Anvil mill should have suffi­
cient flexibility built in so tha t both the grinding and 
the flota tion circuits can be optimized. They also suggest 
tha t a substantia l metallurgica l progra m be carried on to 
determine the controlling fa ctors of ore minera l ogy a nd 
flota tion chemistry which affect recovery a nd gra de. Finer 
grinding, to some degree, is obviously required; however, 
other fa ctors could well be equa lly important. 

II. Grinding Pla nt Expa nsion Ca lcula tions 

The justifica tion for· the Anvil mill expa nsion presents 
detailed ca lcula tions for a tt a ining a 50 micron grind. These 
a re ba sed on a ccepted Bond calcula tion. pra ctice and a re 
supported by documenta tion of widesprea d pla nt pra ctice. 
For Fa ro III ore, a number of separa te work index mea sure­
ments have been tabulated a nd then a sta ted "conservative" 
work index of 13. 224 ha s been employed in the expa nsion 
AFE .  
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A review of the da ta a va ilable on the October through 
November 1978 Pla nt Test, a s  well a s  the opera ting report 
for December 1979, indica te tha t the Fa ro I ore milled wa s 
not nearly a s  difficult to grind a s  the "conserva tive" em­
ployed in the dra ft AFE. A revised work index of 11. 2 can 
be shown to yield product sizes closely ma tching a ctua l 
December 1979 pla nt results and the mea sured size for 
November 13, 1978 a s  can be seen on the a tta ched tabula­
tion ( Columns 4 and 7). The grind for the October 16 -22, 

"1978 period was ca lculated by the AFE technique and, a ssum­
ing tha t the work index wa s the same as in th e other two 
periods, is somewha t a t  variance with the "estimate ba sed 
on technicia ns vs. opera tors. " If, however, the ore trea ted 
during October 16-22 wa s a ppreciably softer (13% pyrite vs. 
22% pyrite for November 13, 1978) , then its work index would 
be about 10.4 8 to yield a primary grind of 130 microns a nd 
a ta iling of about 115 microns a s  reported. ( Column 10) . 
If these calcula tions are �al�d, then the expa nded plant 
would be able to grind 531· tonnes per hour to a 50 micron 
size, (Columns 11 and 14) , �hen opera ting on ore simila r 
to that of December 1979. These comments a ssume tha t the 
Faro I a nd Fa ro III ores a re very simila r, a s  stated by 
Anvil mana gement and a s  shown in the AFE . 

Since the opera ting plan for the expa nded Anvil mill 
contempla tes operating the existing grinding circuit a t  
200 tonnes per hour ra ther tha n its present design ca pa ­
city of 378. tonnes per hour (or the opera ting a verage of 
4 0 0  tonnes per hour) , some careful considera tion should 
be given to the danger of overgrinding a t  the AFE sta ted 
tonnage ra tes. Unless close control of the prima ry grind 
is· ma inta ined by va rying ton'nage throughput, losses re­
sulting from overgrinding could ea sily offset the bene­
fits of a finer grind. 

The economic substantial advanta ge of milling more 
ore tha n called for in the desi gn criteria ( i. e. ,  4 50 
tonnesjhour) ra ther than ma ximizing recoveries, is rea dily 
apparent. This approa ch ha s some k nown constra ints beyond 
the scope of the present a na lysis. 

If the Faro III ore is not grea tly different in hard­
ness from those ores milled in the la tter periods of 1978 
and 1979, it would a ppear, ther efore, tha t the grinding 
plant design includes a n  18% safety factor (531 vs. 4 50 
tonnes/hour) , a ssuming tha t the 50 micron grind is found 
to be tha t which a ctua lly does ma ximize recovery. 
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IV. Minera logy, Libera tion a nd Flotation Response 

I 
I 

Va ria tions in ore grade a nd minera logy on a day-to-
· day ba sis a t  the Anvil m�ll have a significa nt effect on 
lea d  recovery. For example, during the period from Sep­
tember to December 1978, the gra de va ried from a low of 
7. 3% Pb + Zn to a high of 14 . 6 % .  Lea d recoveries, in 
genera l, correla te with gra de and were 76 % for the low 
grade feed a nd 90% for the high gra de feed. Zinc re­
coveries, however, do not appear to fit this cor rela tion. 
This suggests tha t the metallurgy is cont rolled by ore 
mineralogy a nd by ore chemistry to a grea ter degree tha n 
by size of primary grind. 

Although the pyrite to pyrrhotite ra tio --rs--plotted 
on a daily ba sis in the mill records, n6 significa nt 
correla tion ca n be found during the 1978 period nor dur­
ing December 1979 . .  On the other hand, the · high pyrite 
ore� a ppea r to yield the higher recoveries. 

I One expla na tion of these observa tions is tha t the 
gal�na crysta l size in the high pyrite a nd high grade 
ores i s  coa rser a nd therefore more completely libera ted 
a t  ihe norma l mill grind. If such a condition occurs 
a s  frequently a s  these limited records indica te, then a 
consta nt prima ry grind of P3o a t  50 microns could result 
in severe losses of lea d by overgrinding such more coarse­
ly crysta llized ga lena ores. 

The relatively consta nt metallurgica l response of 
the sphalerite indicates tha t, in general, it is of finer 
grain size a nd thus, the zinc regr ind circuit compensates 
for ore gra de changes. Furthermore, the prima ry function 
of the zinc regrind circuit seems to be that of libera tion 
of spha lerite from pyrite, based on review of the La kefield 
reports. 

From the a bove cited 1978 Anvil mill records, two 
other observations ca n be ma de. In genera l, lea d concen­
tra te gra de and recovery move together in the same direc­
tion. This would imply tha t the normal Anvil mill grind 
is a dequa te for ga lena libera tion some of the time a nd 
tha t when finer grained ores a re encountered, both re­
covery a nd gra de suffer. 
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On the other ha nd, spha lerite g ra de a nd recovery 
a ppea r to move in opposite directions, namel y a s  gra de 
goes up, recovery goes down. This ca n occur with poorly 
libera ted ores or those in which two minera ls of ra ther 
close flota tion response a re being selectively floa ted. 
Both conditions are present in the Anvil zinc circuit 
where the sepa ra tion a ppea rs to be between spha lerite 
a nd pyrite/pyrrhotite. As the rougher c oncentra te re­
grind is ta ken to a finer size, zinc libera tion is im­
proved so tha t a higher gra de concentra te is possible. 
At the sa me time, however, slime losses increa se a nd 
selectivity between the libera ted minera ls decrea ses 
during flotation a t  the finer size, so grade suffers 
by conta mina tion. Since a dditiona l zinc flota tion / clea ning capa city wa s not a dded during the November 

I 1978 plant test, the grade of the fina l zinc concen­
tra te increased only slightly but the recovery remained 
the sa me. 

Further evidence of these effects, a s  well a s  some 
a dditiona l insight to grinding a nd flotation behavior 
is a va ilable by studying the La kefield results on Sample 
No. 2 of Faro III ore. The following two gra phs a nd 
ta bles show the size distribution a nd meta ll urgy for 
the rougher conc·en tra tes for tests PP 28 + 29, 31, 33 + 
34 a nd 35. 

As noted previously for this set of tests, the clea ner 
concentrate lea d metallurgy wa s better for the intermedia te 
primary grind of P3o a t  6 9  microns tha n with the finer 4 9  
micron grind. The rougher concentrates show the sa me pa t­
tern. The meta llurgica l results ill ustra te the counter� 
ba la ncing effects of improved libera tion vs. increa sing 
slime losses with finer grinding. Lea d recovery increa sed 
by 4! percentage points by changing the grind from 130 
microns to 6 9  microns. The a dditiona l step to 4 9  microns 
lost either recovery a nd/or gra de. Tests 33 a nd 34 com­
pa red to test 35, show a p�ttern of good libera tion but 
poorer selectivity a t  a fine size, na mely recover y a nd 
gra de a re counterba la ncing. Below 10 microns, these 
distributions displa y a slightly increa sed downward 
slope which ca n be a ccounted for by increasing slime 
lo sses in this range. 

The plots of the zinc rougher concentra tes, when com­
pared to those of the lea d rougher concentra tes, show that 
the ga lena is selectively ground to a finer size a s  would 



' ' 
. ! t i �­

'1 b. H i, __ 
.,...�_: . . .Li...�-

. :_ :-.1���= . 
28, 29 

31 

33 34 

PARTICLE SIZE - microns x 10-1 

137 41.2 78.0 

69 41.3 82.5 

49 43.5 80.3 

1·'· 

, :': :·: 1: �� � : �.-vv . . . c , , , - ''::�:-':+· 

:: '::. :. :. :·: '. . . : ., .  - · ·' . . 1.::: . . , ... /.;: ... !.;. 
.. .. 

. ! 1·: . . ' ... :;. . l/'" . .. y .. : : 

30% 

-·��-· .:....:.'� !. -"··: __:_ : --�1--··-": ,_ .. _,._, ---'-·-·· -'�1._
· :_·!,---+·: J..c..''+-"·- - �1-,r<!J)-, __ ·,_ l . . . . . ! ; ' ·-'"i';.. .. ·-· .,· , .. . ;. . .... ::rr - - - - - - --- - --- -1------i----- --- ----!---- ..... : ___ --+.:.._ __ : .... !----i-+-i �-; __ 

_ _ :_:_·_:_:·_:_:��-�_::_�._;��.:�- ·-:�·----
·
�·�--��:·_·,L·�����_::_·� ��L

·
_L·��-·L!·���-p�

7
_.:LI� 

.
. L�-L- ---------��----�----:�:_:��·����

:
-
·
�j -·�

�
�L· .. �:--'!-.. �! .·_L

1 ·
�
·
· _-L

;
� 2� 

• � • 0 • • 
.. - ...: - - ___ _;__.:.._ _:_.:._ ' 

. . ; : : ; 



0::: . . . - - . . .. . •  
w . .. ' - -----· - .  z . . . 1-- •. • • •  -

� 
. 

. . 

. 

...._ 1.17- ! ' l . ·: .. - .. 

1- . .. .. .. ·-·- .. ; . .  z . , . . . .  · · · · ·  w u . .  , . . . . . 
0::: w �----·--- ·-- ·-
0... 
w > ....... lr. t- 1. frru--------+-1 
ex: . . .  -l ::J � ; 

' . 
u 

28 

31 

33 

35 

--- --- ____ : _______ _j __ _ 

-0 ..... 
! r 

29 137 34.2 85.6 

69 44.2 87.4 

34 49 32.5 89.1 

50 32.2 90.0 



-(-

Page 14 

Mr. Sta nley D. Michaelson 
April 25, 1980 

be expected. The zinc plots a re norma l for increa sing 
fineness. Furthermore, down to the 8� micron limit of 
the sizing a na lysis, no noticea ble brea k in the distribu­
tion occurs, thus, the spha lerite is indica ted to be less 
susceptible to slime losses tha n the ga lena . The increa se 
in zinc recovery with increa sing fineness of grind, indi­
ca tes improved zinc-pyrite libera tion a t  the finer grind. 
The slight decrea se in concentra te gra de with increasing 
fineness is undoubtedly due to a n  increa se in fine pyrite 
mecha nica l entra pment. 

In plotting size distributions of essentia lly single 
minera l concentra tes or of ba ll mill discha rge products, 
for exa mple, the log-log type of plot will norma lly re-/ sult in a stra ight line from the finest size up to approxi­

' mately the 90% pa ssing point. This is the ca se if a con­
sistent sizing method has been used throughout the plotted 
range. When two methods of sizing, namely screen sizing 
a nd sedimentation have been used as in the La kefield tests, 
then two stra ight line port ions of the plot are produced. 
This a ccounts for the a ngle a t  a bout the 25 micron point 
on the lead concentrate plots a nd the 30 micron point for 
the zinc concentra te plots. 

Such size distribution plots are used in a number of 
ways to a na lyze minera l processing systems. For the lea d, 
rougher concentra tes within the screen size range of 200 
to 4 00 mesh, the slopes of the distribution lines are 
essentially the sa me for tests 28, 29 a nd tests 31 a nd 
35. This indica tes tha t within this size range, both 
good libera tion a nd good flota tion recovery were experi­
enced: The zinc rougher concentra te, on the other ha nd, 
displays a different response in tha t the slope for tests 
33 to 35 is noticeably less than for tests 28, 29 in the 
70 to 30 micron ra nge, which is a lso well within the opti­
mum flota tion ra nge. This means tha t the libera tion of 
the sphalerite is better a t  30 to 4 0  micron size than a t  
70 microns a nd grea ter. 

The respective slopes of the distribution plots in 
the range of 25 microns down to 10 microns show the oppo­
site pattern. Since the galena is obviously well libera ted, 
the increa sed slope a t  the finer grind indica tes a n  in­
crea sing loss of fine ga lena in flota tion a s  its size is 
lowered by grinding. Conversely, the zinc concentra te 



( 

( 

__ ( _ 

Page 15 

Mr. Sta nley D. Michaelson 
April 25, 1980 

curves within this range a re pa ra llel, indicating good 
libera tion a nd good recovery . . 

These effects a re a function of minera l libera tion 
a nd normal flota tion response. They a re quite indipendent 
of the different effect which occurs when oxide minera ls 
a re present. On this ba sis, the somewha t oxidized condi­
tion of the Lakefield samples ca n be disregarded. 

Conclusion 

The conclusions which ca n be dra wn fFom this a pproa ch 
a re tha t to produce a n  optimum lea d recovery from Anvil 
ores, the mill should be designed a nd opera ted so a s  to 
grind the ga lena a s  closely a s  possible within the trun­
cated size ra nge of 100 to 20 microns. Considering tha t 
different types of Anvil ore have varying sizes of ga len·a 
gra ins, a provision should be ma de for rougher flota tion 
a t  a n  intermedia te prima ry grind a nd then the rougher ta il­
ing should be ground to a finer size prior to a scavenger 
lea d flota tion step. Obviously, efficient cyclone cla ssi­
fication is required to a tta in such a compression of pa r­
ticle sizes within the optimum recovery range. 

It should be clea rly under�tood tha t this a na lysis 
�s·ba sed on very limited Anvil mill data combined with 
the ra ther deta iled data from the La kefield pilot pla nt. 
If a series of da ta a ccumulations for the Anvil mill a t  
va rious ore gra des and type were to be collected a nd 
a na lyzed, the potential problems a nd possible meta llurgi­
cal improvements of a n  expanded mill would be much more 
clearly defined. 

In a ddition, some well p la nned la bora tory, locked­
cycle flotation tests on. newly collected Grum samples, 
both discretely and properly composited, would more a de­
qua tely cha ra cterize that ore in compa rison to the Fa ro 
I a nd III ores. An expensive and extended pilot pla nt 
campa ign to try to find a unique rea gent combina tion 
can only lea d to the type of very confusing a nd con­
flicting results such as were produced by the earlier 
work. 
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V. Proposed Additiona l Pla nt Tests 

Since the ba sic meta llurgica l flowsheet of the ex­
pa nded pla nt is proposed to be the sa me a s  a t  present, 
some additiona l pla nt tests a t  va rious levels of reduced 
tonna ge a ppea r to be .needed for confirming the metallurgi­
ca l projections. The cost in lost production which would 
be enta iled by a ctua lly opera ting the Anvil mill a t  re­
duced feed ra te, would a ppea r to be a sma ll price to pay 
for insurance tha t a worka ble fine grind a nd a ccepta ble 
recoveries ca n be obtained. In a ddition, by conducting 
a concurrent la bora tory program on selected plant test 
samples, some potentia lly useful flowsheet va ria tions 
could well be developed. 

The plan for the expanded plant is to operate the 
existing grinding circuit a t  200 tonnesjhour ra ther than 
a t  400 tonnesjhour a s  a t  present. The pulp density in 
the tertia ry cyclones will seemingly be lowered to a tta in 
the finer 50 micron sizing a nd to give the desired lower 
pulp density feed to the lea d  rougher circuit. 

Thus, by merely reducing the feed ra te to 200 tonnesj 
hour for a test period at the Anvil mill, the grinding cir­
cuit projections can be evalua ted. The most ·critica l fa c­
tor in the grinding circuit to be confirmed would be the 
op�ra tion of the tertia ry cyclones. 

If the grinding circuit will produce tp.e fine sized 
product a s  projected, then the existing flota tion plant, 
a t  reduced tonna ge a nd pulp density, should be a dequa te 
to show whether or not the projected metallurgica l re­
sults are rea listic. During a ny test period, only sepa ­
ra te lea d a nd zinc concentra tes should be produced. 

The present lea d flotation circuit a t  a feed rate 
of 200 tonnesjhour ha s the same volume to tonna ge ra tio 
a s  tha t proposed for the expa nded pla nt. Thus, the sig­
nifica nt effect of lowered pulp density in flota tion ca n 
be verified. The fa ctors of increased a era tion, a ir dis­
persion a nd a ssumed increa sed efficiency of the proposed 
OK 38 flotation ma chines would obviously not be present; 
however, the rela tive effects of these fa ctors is un­
doubtedly sma ll compa red to the projected ma jor effects 
of finer grind a nd lower pulp density. In genera l ex­
perience, sma ll flota tion cells with close opera tor 

__I 
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control, as should be the case with such a test run, will 
give metallurgical results closely matching those of new, 
larger flotation machines. 

· 

The present zinc flotation circuit at the halved feed 
rate would exceed the volume to tonnage ratio of the pro­
posed plant by 50%. Thus, zinc recovery under these con­
ditions might actually be better than that of the expanded 
plant. If necessary, some of the zinc cells for the test 
could be set at an idling pulp level. 

The capacity of the lead regrind mill could be ad­
justed by reducing the ball cha rge or by changing the pulp 
density. Since the lead regrind is not presented in the 
AFE as a particularly significant factor in the proposed 
expanded plant, in comparison to the fine primary grind, 
the pulp density adjustment might well be sufficient. 

1 The zinc regrind circuit would be closely comparable 
to the proposed plan, if one of the two mills were to be 
cut / out of the circuit for the test. · 

I 
Assuming, then, that the grinding calculations in the 

AFE are correct and that the Faro I ore to be processed in 
the test period would be similar to that milled during Dec­
ember 1979, the primary grinding circuit would produce a 
flotation feed at P8o of about 36 microns. With such a 
fine grind, some serious difficulties could be expected 
in the tertiary cyclone classification and-in the lead 
flotation circuit. 

A second test period at a feed rate of about 236 tonnes 
per hour should more closely approximate a primary grind of 
Pso at 50 microns, using the assumptions stated above. 

To complete the plant test program; a third test at a 
Pso grind of 70 to 80 microns is recommended. The feed 
rate (approximately 30 0 tonnesjhour) could be calculated 
on the basis of the results from the first two tests or 
from current normal operation. At this feed rate, the 
lead flotation circuit would have only two-thirds of the 
proportional volumetric capacity of the planned expansion, 
however, with the slightly coarser grind, metallurgical 
results for lead could be comparable. 
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I 

During such a plant test program, the opportunity 
to collect samples for laboratory flotation should be 
utilized. Since the secondary ball mill cyclone over­
flows in the proposed plant will have a P3o size of about 
120 microns, the potential benefits of a lead scalping 
flotation step before tertiary grinding should be investi­
gated. This flowsheet variation has been employed at the 
Paragsha mill of Cerro de Pasco for the past several years. 
Since the Anvil mill now yields a lead recovery approach­
ing 90% on days when higher than normal ore grades are 
experienced, such a modified flowsheet is likely to yield 
substantial advantages. Its primary function would be to 
eliminate the deleterious effects of slime from overgrind­
ing the lead sulfides. 

The Paragsha flowsheet appears to be more adaptable 
to the Anvil mill layout than that used at Mt. Isa. ( 6 )  
For a finely interlocked lead-zinc ore, Mt. Isa employes 
a sand-slime separation and a too complex a flowsheet for 
consideration at Anvil to reduce the recognized problems 
of overgrinding galena. 

VI. Suggested Flowsheet 

The foregoing analysis and discussion leads to a 
suggested flowsheet which could be incorporated in the 
already designed expanded mill by the addition of one 

1 thickener and perhaps an additional pump or two to handle 
the changed pulp distribution. No attempt has been made 
to develop more than a rough approximation of grinding 

·ci-rcuit capabilities and optimum pulp distribution. As 
based on the tabulation of revised grinding.capacity, 
one of the three existing small rod mill-ball mill units 
would not be required and, thus, would· be available as a 
standby unit or for further expansion. It could also be 
used, if additional lead rougher concentrate regrind capa­
city is found to be required . 

The added thickener on the rougher tails would pro­
vide operating flexibility to ensure the optimum grinding 
and classification in the lead rougher tails grinding cir­
cu�t. For this application, a lamella thickener would 
probabl y be satisfactory with the main advantage being 
that of requiring very little space. 

· 
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The use of a simila r thickener in the zinc circuit 
might well be adva nta geous in providing opera ting flexi­
bility to ma inta in low pulp densities for cla ssifica tion 
a nd flota tion. No attempt ha s been made, however, to re­
design the proposed AFE zinc circuit. 

Although the concepts for the flowsheet modifica tion 
were developed from this study, a subsequent review of 
the technical paper on the Pa ra gsha concentrator shows 
ma ny simila rities between the m�tallurgica l problems there 
a nd those encountered with the trea tment of Fa ro, Grum a nd 
Vangorda ores. The ore at Pa ra gsha is complex, va ria ble, 
somewha t oxidized a nd slightly higher in gra de tha n the 
Fa ro a vera ge. The ore is pyritic with a bout 25% Fe. Much 
of the ga lena ha s an a vera ge size of 100 microns but dis­
semina ted ores ha ve locked pyrite a nd galena in the ra nge 
of under 10 microns. Spha lerite occurs with the sa me 
pyrite locking a nd; in genera l, requires a · finer grind 
tha n the ga lena for effective libera tion. 

I The flowsheet, stressing close a nd ca reful cyclone 
clas sifica tion a nd intersta ge lea d rougher flota tion, ha s 
now been followed for over ten years. The concepts ma y 
well be required a t  Anvil to a ttain the metallurgica l 
goa ls expressed in the draft AFE . 

VI. A Possible Added Meta llUrg�cal Improvement 

Na tural oxida tion of the Anvil ore, a s  takes pla ce in 
stockpiles, for exa mple, ha s long been known to ha ve a n  
a dverse effect on flota tion recovery. This effect a ppea rs 
to exceed that which ca n be a ccounted for by the loss of 
the oxidized fra ction of the va lue. It, therefore, is 
more probably rela ted to flota tion chemistry. On the 
other hand, in-circuit oxidation of pyrite and pyrrhotite 
in the presence of cya nide under a lka line conditions is 
known to be beneficial to flotation selectivity. 

These observa tions suggest tha t either ferric sulfa t e  
or ferrous sulfa te, which. a re produced under the na tura l, 
a cidic oxidation conditions, rea ct with enough of the 
ga lena surfa ce to result in a surfa ce coa ting thereon 
which, then, ca uses some of the galena to be depressed 
together with the pyrite in subsequent flotatio�. 
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Conv ersely, when oxidation takes place under alkaline 
plu s cyanide conditions in the grinding mil l s  and aerating 
conditioners , then, as is well known, the ferro/ ferri cya ­
nide ion does not act as a galena depressant within a well 
d efined pH range. 

Some earl y ( l 96 8 )  test work done by Galligher on an 
A nv il sample showed that by allowing a moist sample to 
oxidize naturally for a short period, such as two weeks, 
both grade and recov ery of l ead suffered by 8 percentage 
points and 13 percentage points respectiv el y. Zinc metal­
lurgy was rel ativ ely unaffected. After 12 weeks of oxida­
tion, when " about 22- 25% of the l ead. minerals were con­
v erted to some non- sulfide form, " lead grade was l owered 
b y  18 percentage points and recov ery by 22 percentage 
points. 

These results lead to a suspi cion that Anv il ore may 
u ndergo enough oxidation between t he time of bl asting in 
the pit to mill ing as to cause a measurable loss in lead 
recov ery, ev en if st ockpiling i s  not practiced. 

Th e chemistry of natural oxidation has been studied 
ext ensiv ely in the past few years. From this work, we 
k now that rapid, catalyzed oxidati on of pyrite ( and pyrrho­
tite) requires acidic conditions. Also, the dev elopment 
of these conditions will occur within fiv e to ten days 
with very little moisture present. A potential l y  v al uabl e 
metallurgical study, therefore, wo ul d be to establish the 
degree to which the addition of lime or other reagents to 
freshl y broken ore from th e pit would decrease the rate of 
natu ral oxidation and assist· in achieving maximum l ead re­
cov ery at an optimum grind. If the l abor atory experi ments 
confirm this hypothesis, th en a rel ativ ely simple procedure 
of spr aying an o re face in the pit with � lime sl urry im­
mediately after blasting mi ght prov e to be a valuable 
technique. 

� ... lrll:l:.2C 
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