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Subject: Concentrating Practice

dk I should like to see the gqusstion put to our Concentrator
Depextwent a8 to what changes would mesult in the net recoveries of
values and the grade of concentrates produced if the mills were per-
mitted to make a foul middlings product. I am not trying to stert
anything at the moment for we certainly have our hands full enough
with new projects tut the answer to the question might have a bearing
on future policy. I give the reasoning below.

2. We have three major circuits, copper, lead and zinc, and cuy
complex ores result in msking us feed leady ores in the copper furnaces,
copper-zinc wateriasl to the lead plant and #o on. Could a betiter sspara-
tion be effected at the concentrators,cheaper co@te and betier recoveries
would result at the smelter.

3. We tend o think of metal losses as a mmelting problem but veslly
we ghould consider overall recoverles between the mineshaft and the mar-
ket. The current May "Report on Operations" shows the following tailing
losses: :

e o Lot SR d - SR 0

Paragsha - 12.8 = 15.0 27.4
Morococha 7.31 20,00 7.44  9.26 (Bulk concentration)
Casapaleca 22.0 8,6 11.3 12.0 (Triple concentration)

Could a lower tailing be made if middlings were permitted?

4e  Thé question follows of what we would do with the middlings, the
whole modern trend in concentrating baving been towerd avoiding inter-
mediates. In the meantime, however, metallurgy bas been changing. The
new Sterling process will presumably isake messes and make a fine end
product with good separations of the impurities. The new process spon-
gored by the Cyanamid people with leaching under heat and pressure and
fractional precipitation by hydvogen will presumably do likewige {incid-
entally amsopium sulpbete is a by-procuct in some cases).

5. B0, making any and all assunptions necessary, would there be a
fipeucial margin to work with, viewed from this new angle?

Qw

Lawrance Addicks




April 10, 1045

e Ge Pe Sawpsy, '@'ies m..
Cavpo de Fases Copper
40 Wall Street, New v Tork fsr&y 5

Deay lr Jawyer:

Moting ¥y Wright's qwﬁtiw in hie letter of mm
10k rosmi_as the sffect of altitude upon the oxidathém
of ecopper minerals in Uxcelsier ore, my own view is
that altitude may well imterpose difficultless This
is the same question that was brought up when we cone

sidered flash roasting of zlnc concentrates ssveral
years ago, Trall argued that altitude would not enter
but I never thought they made oub a case,

My Smith has made the right suggestions in the
tasts he -nmg ?mauu'i tests are the best
answer, Preheating the alr to the roaster would
seom to be ladlcated plue a longer time in dontacts

Very truly yours,

Gl




April 9, 1945

American Cyanamid Company
Stamford, Connecticut

Attention: Mr. S.J. Swainson

Gentlemen:

We are submitting herewith two copies of Mr. Wright's
comments relative to your report of January 8, on tests of
Excelsior ore,

The second paragraph under "Hydrometallurgical Tests"
page 4 of Mr., Wright's letter raises the question of oxygen
concentration of air at Oroya and its possible effect on
roesting of the copper minerals in the ‘ore. Would it be
possible to repeat your experiment under roasting conditions
approximating those at Oroya, namely at an oxygen concentra-
tion of about 14% by volume at sea level? We estimate that
roasting the ore in a mixture of two parts air and one part
nitrogen should give this condition.

Meanwhile we are suggesting that Mr. Wright repeat his
tests using an sir plus oxgyen mixture at Oroya, which will
be equivalent to sea level oxygen concentration.

The experimental work is for our benefit and the cost
of seme should be invoiced to us., Kindly give us an estimate
of this cost.

We wish to thank you for your cooperation and await
your comments.

Yours truly,
CERRO DE PASCO COPPER CORPORATION

W. C. Smith
Metallurgist
WCS/RL
Encs.




§££.\u£f;kf : La Oroya,
March 10, 1945

Mr. V. L. McCutchan,
Assistant General Manager, !
La Oroya. !

- Cerro Excelsior Ore - i
Dear Sir: Tests by American Cyanamid Co., |

We acknowledge receipt of the American Cyanamid Co's
report of January 8, together with covering letters f rom our
New York QOffice, on the metallurgical testing of the Excelsior
dump ore. This report by Messrs. Kentro and Davis is indeed
excellent; it is comprehensive, straightforward and concise -
and the photomicrographs are impressive.

Flotation Tests. It is unfortunate, however, that the
flotation tests were not made at the time the A.,C,Co, received
the sample, for it is evident that the sample had deterlorated
considerably during the intervening months., The flotation re-
sults obtained by the A.C.Co. doubtless represent the true

amenability of the sample at the time it was tesf®ed, but the
results are decidedly inferior to those obtained by this laboratory

in testing a duplicate sample in December 1943, (Note: The ariginal
sample was split, and the A.C.Cols portion was shipped from

Oroya in December 1943; it was received by the A.C.Co. in Feb.,
1944 but their flotation tests were apparently postponed until

the end of 1944, Incidentally, it is quite possible that the
sample was adversely affected by heat while in transit through

the tropics; we have found that samples of Cerro copper ore
deteriorate rather raplidly when stored in a warm room,)

For comparison, the following tabulation shows the results
of: a) the A.,C.Co's best flotation test, Test N°2, using copper ‘
sulphate and sodium Aerofloat; b) the A.C.Co's test using our i
reagent combination (i.e., Test N°4, with potassium amyl xanthate
as collector); and c¢) our test on a duplicate sample, made in
December 1943.

Ratio % Recoveries
" Conet % Cu Au_ Ag 0q3L s

(]

a) A.C. Test N°2, Cu cleaner con. 7.58 9.35 33.7 B7.8 79.3| 14.6
b) A.C. Test N°, Cu cleaner con., 5.15 5.44 32.4 36,3 70.3| 26.6

ol )CdeP Test N°3, Cu cleaner conm. 11,50 15,40 33.0 44.2 87.4, 7.8
e ) do Cu rougher con. 5.88 8,14 40.9 51.5 90.2" 15.7

The test conditions as applied to b and ¢ were as follows:




b c
A.C.Co. Cc de P
test test
Grind,% minus 200-mesh 91.5 ’
H, flotation pulp 10.3 10.5
geagents,lb./tonere:
Ca(OH)g,tO ball mill 1100 600
NeCN,to ball mill 0.30 0.30
Reagents,1lb./ton ore(cont.): -
PAX(Zz-5), to conditioner 0.15 0,050
PAX(Z-5), to rougher flot. - 0.075
Pine oil, to conditioner 0.025 0.075
Pine oil, to rougher flot. 0.025 -
Weight of sample, grams 600 2000
Flotation time, roughing minutes 8 20
Flotation machine Fagergren M.S.-type(CdeP)

The flotation method was substantially the same in
both cases (b and ¢). The degree of grinding was finer in the
A.C. test than in our test, but it is not likely that over-
grinding was the cause of the inferior results. The fact that
twice as much lime had to be used in the A.C. test to obtain
the same pH is significant; it substantiates our contention
that the poor results of the A.C. Co's tests were due to the
deterioration of the ore sample - i.e., & greater consumption
of lime indicates greater decomposition (oxidation) of the oee
and, consequently, inferior amensbility to selective flotation.
Oour flotation tests, of course, were made on a fresh sample.

We haed investigated the efficacy of the various American
Cyanamid reagents (Aerofloats, ete,) in the flotation of Cerro
copper ores, but amyl xanthate proved to be the most suitable
collector; that is, for the same percent age recovery, amyl
xanthate produced a higher grade concentrate,. Incidentally,
the current milling of Excelslor dump ore, employing the lime-
eyanide-pine oil-amyl xanthete reagent combination, recovers 85%
of the copper in a concentrate assaying 16% Cu - and the mill

feed assays only l.2% Cu.

In tests on fresh samples, the use of copper sulphate
as an activator in copper flotation had no beneficial effect.
We have not tried such reagents as sodium bisulphite, calcium bi-
sulphite and ammoniacal copper sulphate in conjunction with the
Aerofloats. To determine the effect of these reagents combina-
tions on the flotation of fresh samples of ore, we shall repeat

the A.C. Co's tests.

Gold. With regard to gold, of particular interest was
Mr. Davis' discovery of electrum (Au-Ag alloy) in a panner con-
centrate of Cerro pyrite. Although we knew from indirect evidence
that a portion of the gold was liberated from the pyrite by fine
grinding, we have never detected native gold nor electrum in
specimens of Cerro copper Ores. Since the particles of electrum
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are minute - not readily revealed =t magnifications below

1000X - and probably too small for déterminative tests, and
since electrum is isotropic and exhibits a pale yellow color
similar to pyrite, it is assumed that identification was based
on visual indications of softness, such as relief in polished
section., 1In this assumption correct, jor was the identification
of electbum confirmed by positive tests?

Our investigation of the distribution of gold in the
Excelsior dump ore indicates that, after grinding to 80% minus
200-mesh, 10% of the gold is free, 20% is associated with the
copper minerals, and 70% remains locked in pyrite, (Note: this
percentage distribution is based on the gold content of a large
number of products obtained in superpanning 'infrasized' frac-
tions of flotation concentrates, middlings and tailings; and
the distribution of gold has been verified by s=corez of tests
in which the actual gold assays checked closely with the calcu-
lated assays. See News Letter for April 1944.)

There are several generations of pyrite in the Cerro
copper ores, and it is not likely that each generation is
equally auriferous - in fact, same of the pyrite may even be
barren., However, in none of the tests made to date has been
any positive indication of a separation of high~gold pyrite from
low-gold pyrite; i.e., for a particular sample of ore, pyrite
concentrates representing high and low ratios of concentration
always assay the same in gold. Thus, the lower ratio of con-
centration the higher the recovery of gold, There has been no
exception to this relationship in any of ‘our tests.

Despite the high alkalinity of the flotation philp, our
investigations give strong evidence that practically zll of the
free gold reports in the copper concentrate - at least in the
case of fresh samples.

Contrary to the results obtained by our laboratory in
hundreds of tests, the A.C, Co, found (in four tests) that the
recovery of iron varied from 11.2% to 26,6% while the recovery
of gold remained substantially constant., If this anomaly is
not due to errors in assaying, then the only plausible explana-
tion we can offer is that the deterioration of the ore sample
impaired the floatability of the free gold. Referring to the
tabulation of comparative results on page one of this letter,
and applying our figures for the distribution of gold, the

predicted recoveries of gold would be:

a b cl ca
4.0, ‘Cu, A0, Co, cde P ¢ deP
Test NO2 Test N®4 Test N°3 Test No 3
c¢leaner con., cleaner con. cleaner con rougher con
Au, free 10.0% 10.0% 10.0% 10,0 %
Au in Cu minerals 15,9 ié.é lg.g i?.g
Au in ite 10,2 8. . .
pPyr

Au recovery, predicted 42.7%

» L4 . %
Au recovery, by asse 33.7% 32 33.0% 40.9 %
Difference: loss of

free gold? 2.4 10.3
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Note: Au in Cu minerals = 0.2 x recovery of copper; Au in
pyrite = 0,7 x recovery of iron.

But we are inclined to believe that the apparent
lack of conformity of the gold recoveries in the A.C. Co's
tests is due to assay discrepancies; a difference of 0,005
oz/ton in the gold assays of the flotation products could
account for the apparent discrepancies in gold recovery. In %
this connection, it is noted thet the calculated feed in
A.C. Test N°1, as derived from the assays of the products, is
0.033 oz, Au, whereas the calculated feed in A.C. Test N°4 is
0.054 - an apparent difference of 64% in gold content.

Hydrometallurgical Test. The resubts of the A.C. Co's
hydrometallurgical test - roasting & acid-leaching followed by
cyanidation - were supprisingly good: high extractions of copper
& gold and low consumption of cyanide. Roasting & leasching
tests made here on a duplicate sample failed to yield satisfavtory
results; only 80% of the copper was extracted by an acid leach
of the roasted ore, and the residual copper (plus other cyanicides )
caused an excessive consumption of cyanide.

After receiving the American €@yanamid Company's report,
we endeavored to repeat thetrr test, but the results were poor:
low extractions and high consumption of cyanide. It is obvious
that something was amiss., ZEither our technique was faulty, or the
atmospheric conditions prevent adequate oxidation of the copper
minerals to Cu0 and CuSO4. We do not like to bleme the altitude
for our poor results, but it is possible that the low oxygen
pressure at Oroya may tend to produce more cuprous oxide {Cug0)
in the calcine then would be produced at sea level. Of course,
if either cuprous oxide or cupric ferrite are present in the
calcine in appreciable amounts, a simple acid leach will result
in a low extraction of copper and a correspondingly high con-
sumption of eyanide in the subsequent cyanidation operation.

What are the opinions of Messrs., Addicks and mith re-
garding the possible formation of cuprous oxide and cupric
ferrite when roasting Excelsior dump ore (65% pyrite, 3% enargite)
at an atmospheric pressure of 9.6 psi and at a temperature of
430°9C¥5° in a well-ventilated muffle furnsce with frequent 5
rabbling of the charge? We should also like to ask the American :
Cyanemid technicians whether they were able to extract 90% of the
copper from the Excelsior dump ore consistently and without
difficulty in successive roasting & acid-leach tests.

Our experiments along these lines, 1l.e., low-temperature
roasting and hydrometallurgical treatment of the caleine, will
continue. If we can duplicate the A.C. Co's results, and 1if
these results can be readily obtained by practicable means, the
beneficéation of the low grade Cerro Copper ores would be en-

hanced considerably.



. To effect dissolution of the cuprous 'oxide (assumin
that the presence jof Cug0 is responsible for our poor results),
tests are now under way employing a ferric sulphate-sulphuric
acid lixiviant and a long leaching period.

We take this opportunity to thank Messrs. Xentro and
Davis of the American Cyanamid Company ‘for their excellent re-

port.

Yours truly,

Theo R. Wright




New York, December 28, 1928

MR. C. V. DIREW:

The followinz is a preliminary estimate of possible
saving st Cerro de Pasco properties by milling the coprer ores
rather than smelting direet ss now practiced.

issuming s similar tonnage of ore as was smelted in
1927 but excluding the Excgelsior ore, that due to its auriferous
pyrite, can not he'oonoentzuttd to as'high a degree, a 2000 ton
a day mill will suffice. This mill could be built at an outside
cost of $2,000,000, or $1,000 & ton day capucity.

Judging by previous mill operations at Morccocha the
ratio of concentration should be 4 into 1 on a 5% ore. This with
& tailing loss no higher than the present slag loss - e.g. .32% Cu.
and .56 oz. in Ag (1937 figures). The tonnage of tailings so pro-

duced would be 75 of the totalsequaling the tonnagé of slag naw

boing produced.
Estimated costs for miiling, freight and smelting each
reduced to ton of original ore are:
Morococha - % Ore Milling:
Concentration
Preight « $.95 per ton
Smelting « $2.25 per ton |
Total per ton of crude ore §
7 Ore tSmelted:

Freight
Smelting

Saving by milling




Cerro de Pasco 6% Ore Milling:

Concentration $ 1.00
Preight « $1.66 .42
Smelting v $2.25 3 .57

Smelting Direct:

Freight . $ 1.88
Smelting 285

$ "2.90
Saving by Milling $ 1.9

Agide from the sbove further additional benefits will be

felt in the form of
| 1. Cheaper mining costs

2. Relief from smoke troubles

3. Lower smelting costs due to high grade initial charge

4. Increased smelter capaeity

5. Increased ore reserves by making profitable ores

now sbhandoned or used as stope fillings

The estimeted savings do not include the slag loss from smeltingz
the higher grade concentrates that in my opinion can bte more than
offset by reducing the tailing losses from that shown. This has
been the experience at Anasconda where their sctual poundage of
coprer lost as been decreased by adoption of selective concehtratior
before smelting.

In reference to inereased ore reserves a copper ore of
1.5% Cu. would show a profit provided mining costs could be kept
below $1.00. This would likel!y be possible at Morocoche rather
than at Cerro. Assuming copper in the fom of 20% Cu. coneentrates
to be worth 10 cents s pound with copper selling at 15 cents the

following estimate would hold:



.iiiiiiiatien .1‘00‘
. Total #1412
1.50% ore Cu. ¥ 10 ceute -
. 90% recovery < $2.70
Total net from whic mining

costs must be deducted is Gl.:p




Quinlacocha Mill, Nov., 29, 1928

Mr, Harold Kingsmill, General Mamger,
Cerro de Paseo Copper Corporation, ,
Lim, Peru,

CERRO DE PASCO LEAD-ZINC ORES

Dear sir:

Soeventy six samples of this class of ore have been bested both
singly and as composites by selective flotation for the separation of the
values contained.

Without exception all samples showed signs of eigher one or both
6L two types of oxidization.

FIRST:~ Impregnation with soluble salts, sulfates of zine and iron predomi-

SECOND:~ Decomposition of the gangue minerals with a resulting excess of
primary slimes. In the second instance oxides of the metals contained
were 2l1s0 shown %o be present on microscopic examination indiecating high
heat decomposition. ' ;

The samples in most ocases having been taken from old stope faces
possibly show a higher degree of decomposition than would nermnlly be
expegcted had they all been taken from aectively producing mine. In view
of this fact it is reasonable to assume that when the mine is in produc-
tion most of the difficulty encountered in these tests will be automati-
cally eliminated. The second type of oxidization has proven to be the
chief cause of difficulty in treating these ores., On cheeking the source
of examples and corelating the age of exposure of the faces from which
samples were taken the results obtained from tests were in respeet to
recovery and grade in direct ratio to the age of exposure, indieating
that the degree of oxidization of the ore both as to sulfides and gangue
minerals was directly responsible for metallurgical results obtained.
This fact is again bourn out by the detorioration of the samples in the
laboratory in that the ore erushed to minus 10 mesh after standing fon
four weeks shows practieally neo possibility of separation on samples
:h:t h::: given commercial results when treated within a few days after

eling €N

As a concrete example of the above the samples from the 300 level,
numbers 55 %o 69 inclusive all showed signs of prolongzed or hizh heat decom-
Eosition due to this seetion having been opened for a period of years, A

ypieal test on a sample from this level shows the effeet of iis resulting
high primery slime content that militates against a eommerecial separation
of values viz:-
RECOVERIES
;%E;“f!%?a_ﬁ n, Cu. Ag., Fe. ins, ©Pb. Zn.
Heads «0 %y 5.y .5 100 1 100~ 100 100 100
Pb.Cone 10.2 , 10,2 20.042.4 8.2 2.6 59.3 g.a
Zn,Cone 30.2 , 37.2 40.0 32,4 20.2 13.6 17.8 T6.2
Tails 59.6 .04 3.0 40.0 25.2 T71.6 83,8 22,8 14.6
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In direct contrast to the above the freshly opened ore on the 200
level,where the effect of prolonged exposure of the faces has not been felt
but where oxidization in place would be expected to & more pronounced degree,
gave the following typical separation on the same class of ore:~-

Pb.Cone9, : 4% 1405 5.5 2 1.1 7709

e o 0,12 0 1.5 4.8 2 $5.5 40.5 15.4 10,0 6.2 9.8 84.0

Tails 70.0.04 1.14 29.0 21.6 3 ‘?3 45.0 131 %33 92.7 12.3 ﬁ:?
You will note the difference in recoveries of values as well as the

high recovery of insoluble in the first instence indicating that the higher
primeryléline content had interfered with proper selection and recoveries,

To cite on extreme case of the effeet of this decompbsgd 1
material the following assays from a %test on sample number 07 fuf had been
stand ing for two weeks in the laboratory showed little separation:~

$Cu. Oz,Ag, SFe. $Ins, £, £ 2Zn.

Pb. Conet. 24 1%.? 24.1 6.8 13.2 13.3
2. .

Zn, Conet. .20 1340 21,6 2;.0 :
Tails « 10 0 10,2 63.2 504 07

Here again you will note the high insoluble content of the
eoncentrates produced, due solely to the primary slimes contained and
their effeet on the distribution of values.

Briefly the effeet of these rimary or collodiial slimes is one of
absorbing reagents added to the ore pulp and thereby inhibiting their
effectiveness in obtaining the separation for which they were added., Due
‘to this fact ores of a high slime content that show lititle or no decompo~
8ition of the sulfides are often of no commercial value because of the im=-
possibility of obtaining a physical separation of the mized values contained.

In regerd %o the soluble salts timt all Cerro ores appear to be
impregnated with suitable reagent combimmtions have overcome this cause of
former difficulty to a large extent, These soluble salts in the ore
cause a precipitate of the heavy metal salts formed by the addition of any
activating reagents such as Xanthate, Thiocarbanalid, Phosocresylic asid,
SoGium Sulfide andi the like., Research work has shown that in cases of ores
earrying a high sulfate content that a small quantity of sulphuriec acid added
after the addition of activating reagents again releases the active prineiple
of these reagents and the desired effect is obtained without resorting to an
excessive amount of reagents and obtaining the attendent bulk concentrate.

For example of the above, ore sample number 31 showed no separation
with the usual reagent combination until treated with 3 pounds per ton of
sulfuric aecid, after the addition of Xantlmte which alone d4id not proce
effective. This change in reagents gave a 91% reecovery of lead and T5%
recovery of the silyer in a rougher concentrate assaying 29.3 0z in silver,
3844 % in lead and 6,3% in zine. This followed by & rougher zine consentrate
agsaying 51.5% in zino and 0.9% in lead, as aginst a negative commercial
recovery of values with out the sulfuric aeid,
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In all cases where a high sulfate ore was treated the use of
sulfuriec acid as a re-activating agent was found to be beneficial and to
overcome to a large extent the deleterious effect of the econtained sulfates.

: The removal of these soluble salts by washing was also tried in

several eases but with improvement in vesults so slight, that until this ecan
be tried out under continuous everating conditions in the pilet mill anmd the
oagnom:l.os determined, no recommendation as to this type of treatment can be
mde, ,

In elassifying the samples and test thereon as to ore bodies there
is 1ittle difference to be noted as to their origin in this respect. The
only relation between metallurgical results and source of the sample has been
the time of exposure of the face from which the sample was taken, This can
be regarded as a temporary condition and in my opinion the poor results
obtained on the samples from long exposed faces discounted. In pilet mill
testing on ear lots this condition will be, to a large extent, eliminmated in
;hag a tonnage sample will inveolve going into the ore bady to a greater
epth, ‘

Another eondition that has been apparent in testing these ores is
the relation of the copper content of the sample to the zZine content of the
lead concentrate. The higher the copprer content of the heads the higher
the zine content of the lead produet, This relation is obvious when the
effeet of the soluble copper salts on the rate of fleoat of the zZine sulfides
is considered. Copper sulfate .is added dwring flotation to inerease the
rate of float of the zine sulfides but with the a high .copper content of a
partially oxidized ore there is contained in the ore itself sufficient

sulfate to astivate the zinc minerals to a degree whare i:nlou an abnorm

amount of depressent is used,an unuswl amount of zine floated with the
kead, For example sample number 75 assaying .54 % in copper gave a rougher
lead concentrabe assaying 20,37 in zine while sample number grﬂm the same
level with head agsay of .05% in coppar gave a rougher lead concentrate
assaying only 4.4% in zine, These are of course reme cases used to illus-
trate the point. In making up composites it was found that a head assay in
copper of under .20% d1d not materially raise the zine content of the
product bui any miterial exerease over that quantity resulted in an inereas-
ged zine content. This condition I again rezard as { mporary, in that on
gentration into the orebodies on aot?go production,the decrease in oxidiza-

ion of the ecopper minerals will eliminate the high percentage of copper
sulfate in this class of ores, :

Testing on the 70 samples submitted was earried out unier standard
conditions E.G. grinding in steel ball mill to 807 =200 mesh and treating in
&6 suba type flotatlon machine with standard reagent conditions in preliminary
tests,and varied reagent conditions on composite samples., Composites were
mde up as sullfleient nunber of samples were refeived to avoid long standing
and deterioration, All known successful reagent combinations were tried on
the composite samples as well as successful processes now in commereial use.
0f these tests not all were assayed as the clmracter of products produced
evidenced the failure of the treatment employed., A total of some 200 odd
tests were made of which some 100 were assayed for record.

adoptfﬁsoi“;‘"g °£ re:@“ﬁg anﬁi;irpea of trestment resulted in the
eatment scheme similar to that employed at ™
the exception of the use of acid as before uotedl.np » TIPS e
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Some trouble was experienced in the control of the lime alkalinity of the
zinc eircuit but with the recommended use of the P.H. control . tus in
the pilot mill this difficulty should be eliminated. The Kraut machine was
tried out on several tests but 4id not show any advantage in small scale
testing over the 1,5, suba machine used on the major portion of the tests.
There has been a ¥raut unit ordered for the pilot mill to further investigate
the possibilities of this apparatus. 1My opinion is that this machie could
be ®med to advantage as a cleaner due %0 its nicety of air control. -

With few exceptions all tests were made with only rougher products
shown. The reason being that under proper selective conditions a commereial
product should be obtained in a rougher concentrate without reserting to
several recleanings to prove the effectiveness of a process o is kind,
This also eliminates the question of distribution of values in the middlings
resulting from retreatment. The treatmemt of these ores in the pilot mill
will, due to retreatment, show a higher grade finished product and eliminate
any guestion as to distribution of middling products. A typicel test on
a composite sample that in my opinion can be used as a guide to the grade
of concentrate that can be expected gave a finished lead concentrate
08% in Cu., 22.8 0z. in Ag., 8.9% in Fe, 1,2% in Insol., 55.0% in Pub, and
8.2&’: in Zn. This was followed by a zinc concentrate assaying .284 in Cu.,
2.0 0z. in Ag, 10.8% in Fe, 1.2% in Insol, 1.1% in Pb, and 55.5% in Zn. In
both cases the rougher products were retreated once with no excessive values
contained in the middling produets indicating that no loss in recovery would
result from retreatment to cbtain the grade products shown. Excluding the
excessively oxidized samples, that, unless taken from the Pacos-Sulfide
contact zone, only represent a small tomnage (a few feet in depth of the

mresent faces) the freshly mined ore as represented by eighty percent of
the samples submitted ghould under proper treatment show the following
metallurgical results:- : i

ASSAYS ; RECOVERIES:
Z W, % Cu, Oz.Ag, % e, L Pb, & Zn, Chs ARe Je. 10, 2u.

Heads 100.0 .15 5.0 20,0 8.0 16,0 100 100 100 100

Pb.Cone 12.5 460 25.0 10,0 50,0 9.0 Fua.? 60,0 6.0 80,0 5.0
Zn.Conc 24.0 425 5.0 10.0 ‘1.5 53.0 $3.0 20.0 10.0 7.0 B85.0
Tails 63.5 .0 1.3 28,0 1.3 0 35,0 20.0 84.0 13,0 10,0

On the basis of the estimated tormage taken from the 1028 report of are
reserves inecluding both in sight and protable ore there is 1 822, tons
of ore of the grade shown. Discounting this figure by 20% %o exclude
the tonnage represented by the badly oxidized samples there remains some
1,450,000 tons of high grade are that can be assumed $0 yield the products
shown. This would give on treatment 194,000 tons of lead concentrate and
340,000 tons of zinc concentrates of the grades shown. Iy understanding
is that these are reserves have been considerably increased by the past
year's development and that all the present reserves are the result of
Copper ore development so that amy active campaign for this type of ore
would result in a very material inarease over these figures.

In regard to treatment costs the fact that no unusual guantity of
reagents or method of treatment has been employed I can see no reason far
any inerease in direct milling cost over §1.25 per ton when molern milling
methods are considered and the tonmage milled maintained at 1,000 tons a
day or better, This figure of course does not include the indirect costs
such as & ortization and the other usual indirect operating expenses.




o

Considering a 1,000 ton mill andl applying costs on similar
lants in liexico, a preliminary figure for a plant of this size, execluding
e necessary trackage, houses, etc., would be $1,200,000 U.S.Cy.

COnC ONS:=-

(1) The Cerro Leal-Zine ores offer no difficulty in treatment by
proper selective conditions aside from their partially oxidized condition
that in all probability is superficial in extent.

(2)= The effects of the contained soluble salts can be overcome by
proper reagents. :

(3)= The primary slimes contained in the highly oxidized ores prevent
these ores from yielding commercial produnets. Such ores should be
excluded from ore estimates and be regerded as waste until the extent of
this character of oxidizauiior caa bYe determined.

(4)- 1Long exposure of ore bLefore treatment results in decreased recovery
and grade.

(5)= IMining methods in view of the above, should be employed that will
have & minimum of ore in the stopes at all times.

(6)- Pilot mill tests on Cerro ores will be required to determine the
distribution of intermediate or middling products as well as grade of
final products. :
(7)- Tonnmage samples for pilot mill tests should be taken with a view
of penetration of the ore body to overcome the superficial oxidization
- of the exposed faces and to determine the depth of sueh deterioration.

(8)= The tonmage of ore now developed would warrant consideration of
a mill at least 1,000 tons per day.

(9)= Due to the relatively high rate of decomposition of these ores
delay in their treatment results in an ultimate economic loss.

A complete tabulation of the samples tested 1s attached hereto.

Very truly ydurs,




Mr. Harold Kingsmill,
General Manager,
Lim,

Dear sir: CASAPALCA CONCLNTRLTES

In referenfe to the separation of the lead and
copper values contained in the sbove product, a number
of tests have been mede with this in view an& while a
separation of the Chalcopyrite anl Calens were made, the
assays of the uvltimate produvets d4id not show the segrega-

tion of the velues desired.

The mixed eoncentrate now produced at Casapalea
doos not contain over 404 of its oop?r as Chaleopyrite.
The remining 60% is present in the form of Complex silver-
copprer-lead minerals that due to their chemical combination
cannot be separated by any physiecal process.

The ore now being develofied from the lower tunuel
is showing & higher percentage of copper as Chalcopyrite .
and a% the time this ore is treated therc uny be a possi=
bility of a separstion of the mjor part of the copper
from the lead present as Galena. ,

The type of separation desired on this sonceutrate,

and as practiced atUtah Apex, is based on thé retarding ac-
tion of ¢ de on the iron contained in the copper-iren
minerals (Eloopyrite}. Copper mrecent in other chemical
combinmailofls is not affected so tirt this treatment will

not apply to sulfides of eopper ani le2d other than Chaloo=
prrite and Galens,

I would recommend tmt this treatment be again
considered when lower level ores are to be treated.

Very tmly yours,
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CASAPALCA MILL

_ This mill was visited during the first and the latter part of the
month during both visits suggestions as reagent were made. Sufficient
data as Lo results from these changes is not as get avallable for quoting
any exact figures as benefits derived. However indicaiions from geveral
ghifts assays point to the possibility of obtaining the following separa-
tion:

ﬁ Cue 0Z. ARe % Fe. ﬁ Insgol. ﬁ % "Ne

Heads «90 22.0 9.0 50.0 6.0 Ye0
Pb, Concts., 9.00 230.0 4.0 3.6 69%.0 7.0
2Nn.Concts. «60 6.0 2.0 1.5 1.5 60%.0
Tailings 12 1.2 19.0 6540 0e6 e8

By the substitution of 30luble reagentis for progressively soluble
or only partially soluble chemical reagents 1t is quite possidle to over-
come the effect of and change in ilemperature of the mill circuit, without
resorting o heating of the pulp, Zanthate subsivituied for Thie has to
date given as good or bde.ter results on the 12 to 8 shift as on the other
two shifts indicating the loss in effectiveness of T™hio was d ue to 1ts
decreased solubility in the colder circuits whereas Xanthaie being added
as a soluiion suffered livile or no ill effectis due o drop in temperature.

In regurd uo the separatvion of copprer and lesd contained in the
Casapalea concentrates; Lests have been made at juiulacocha but with
neg.iive results Lo date due primarily to lack of equipmeni to givo the
proper preagitati n period required for ihis treaument. Suiiable apparaius
is being made at Oroya and on its compleition further invesiigation along
this line will be made. ™his copper-lead separaiion or more corresily
speaking Chaleopyriie-galena separation ag praciiced at Utsh-ipex was
developed by myself in 1925 using a circuit strong in cyanide ilo depress
the ehaleopyriie while floaling ilis galena with proper reagenis. It
oscurs Lo me that the use of 2 girong cyanide cirocuit in treaiing the
Casapalga concenir.ies may result in = solution loss of the contained
gilver thau wecald more than overcome the advanisge gained by the base
metal separations Another pcimnt t9 be determined is the behavior of ihe
complex copper-lead minerals contained on these concen trates. "he lead
conceniratie produced on the 12-8 shifi of July 26th., shows 9.30% copper
and 3.4 4 ?e, indicating some 60% of Lhe copper present in minerals other
than chaleopyrite. "he behavior of e complex copper-lead and copper-
gilver minerals can only he detcrmined by experimentation and will be
reported on as soon as spparainus is available. However I do not expect
as complete a separation of base metals as would be possible with a
concentraie composed of chalcopyrite and galena alone,
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In refercnce to both mills now in operation 1 would suggest that
recoveries be reported as economic recoveries rather than the present
form of recovery reports where grade of product produced is not taken
into eonsideration. REeonomic recoveries figured on fixed metals prices
of v.luss in theé ore divided into metals recovered figured &t the same
base vaLues under terms of smeler contracis will give a beiter index
of mill operation that the present method now in usE.

Very truly yours,

c. Pu L.Wi.o




Oroya,
Oct 3rd 1928,

Mr, Harold Kingsmill, General Manager,
Cerro 'de Pasce Copper Corp,
Lima,

Dear Sir;- CASAPALCA VILL
Herewith is my report om the above mill both as to metal-

lurgical progress made to date as well as recommendations for future

improvement,

COURSE _CRUSHING: The present practice of crushing te
approximately two inches for the ball mill feed is to be comdemmed
because of the resulting high fine grinding costs in small diameter
alhin. Miia oF Lhe othe et (64-1,2€ varcy) in the primary grinding
section should have a feed no larger tham 1/2"inch, The present duty of
thfs{millS can be performed at under half the cost by crushing dry te
3/8 or half inch, To correct this I would recommend that a 3 or 4
foot Syma)(l Cone Crusher be installed ahead of the present elevators
that discharge into the mill fine ore bins., The two gyratory crushers
now instalded there are not in use and can be removed to provide spase
for this equipment. A 3 foot cone would give the required capacity
but a four foot cone would be recommended to provide the margin of safety
in capacity that is to be desired in case of breakdowns and rutui-c
increase in mill capacity, The cost of this installation would pro-
bably be approximately $10,000,00 and the savings resulting therefrom
would retumn the cost within twelve months,

GRINDING 3 Due to the fact that this
mill has been remodelled several tines the location as well as types
of machines in this department are not all tho.t‘ could be desired,
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FIRST: The primary mills using 5 inch balls are doing work more
economically accomplished by up to date dry erushing, .

SECOND : The rod mill used as a secondary grinder is being rum
under its normal efficient operating load. This causes metal to metal

contact with high steel consumption =s well as over sliming,

THIRD/ The Allis Chalmers mill section due to small
size of the units and the small clnsi-ﬁ.on are high steel consumers
due to lack offciranlatlng load passing through them,

FOURTH: All classifiers on hand and in use lack the
depth that-is necessary to provide classification without too much
dilution, The present overdilution of the classifier overflow has
been found necessary to insure proper grinding but in return resulisd
in a shortening of the treatment peried by remson of larger volumes
of pulp handled. '

As a remedy for the above I would recomiend that the second
large classifier on hand be installed near and -ugm} above the rod
mill classifier, This second unit to receive the discharge from the
two primary ball mills after they have been converted inte ﬁno grinding
units by reducing the size of the feed to them as well uf\tho use of
3 inch balls rather than 5 inch, The sands from both chslifim to
return by gravity to the rod mill and constitute its feed. This will
eliminate the entire Allis Chalmers mill section atbihe present tonnage
rate or provide for am increased tonnage of 100 to 150 tons per day
should this be desired, as well as reduce steel consumption and over-

dilution of the greater portion of the pulp as obtained,
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LEAD FLOTATION CIRCUIT: The lead circuit consisting of
Inspiration type Callow machines both in the rougher and cleaner

sections is producing good resulis from a metallurgical stamdpoint
but with high costs both as to power and repairs,

No unit costs are available so exact tigur.i can not
be quoted, The power consumed is approximately 40f% above what would
be required by mechanical machines producing equivalent resulis,
altitude considered. Estimated savings here would not justify any
change when the age of the mill as well as possibility of a new mill
on a different site are considered.

ZINC FLOTATION CIRCUIT; From a metallurgical and operating
standpoint there is little fault to be found with this section, Under
proper control excellent results are produced with the ﬁ«ptiu of
thoed periods when water shortage results in lack of air from the turbe
blowers, ;

PILOT TABLIS:=  Both these tables are now being run on
tailings as pilots for the entire operation., I would recommend that
one be used as a pilot on zinc concentrates to more closely control
the iron content of this product. |

GENERAL, :~ The flotation circuits as a whole are lacking
in proper emulsification or contact of reagents. To remedy this
I recommended last# July that twe 2 cell agitators be buili to insure

proper agitation of the pulp before it entered the flotation circuits,

These I understand are now being buil} and should be installed
sometime within the coming month,

As mentioned in mytipro’vious report on this mill various
reagent changes have been made that are reflected in comparing the

following two tabulations of metallurgical resulis:=
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w OF JMT :0 MAY 1928,
ASSAYS RE 0V
fu oOxfAx b Z B &k B
Heads 954 2079 5.0 B.3 100 100
Pb Cts 8,62 200,96 43,65 10,34 81,1 88,4
Zn Cone .77 10,44 2,40 52.8 10,0 6.3
Tails % % | 9 o8 1.9 8,9 L
T 21 31st 1928

ASSAYS RECO

fou Oz Az &b fm Cu Qu Ag Ag P 2o

Heads 1,076 21.81 6,51 10,2 _ 100 100 100

Pb Cone 8,69 180,46 48,56 10,2 84,2 92,7 89,0 11,1

2n Cts ,60 4,04 ,90 59,5 2, 2,0 80,3
8

2 6
Tails 13 1.8 7% 1.3 «6 4.7 9.0 8.6

You will note in the above that while the final tailing
is about the same the distribution of the values is better by
several percent,

I find fromhy visits to this plant that the chief difficulty
encountered in maintaining the best resulis, lies in thO,fuet that very
close operation is required and the personal factor plays too prominent
a part on that acount, Close attention tan produce results at this phit
second te none but with the present flow sheet more than usual attention
is required, The Casapalca ores are remarkably amenable to selective
flotetion treatment and they should yield products and recoveries
unequaled anywhere, '

I have hesitated in recommending any mechanie¢al changes until I
was sure that the best results had been obtained with equipment and
flow sheet in use on my arrival. The recommended changes contained
herein can all be made without loss of mill time and with no greater - -
up.{ta.l outlay than would be justified considering the life of the mill,
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Trusting you will find the foregeing in order
I remain, '

Yours very truly,

C. P. Levis,




CERRO DE PASCO COPPER.CORPORATION

Oroya, Pert,
July 30th. ,1928.

Mr. Harold Kingsmill ,Gener:l lanuger,
Cerro de Pasco Copper Corporation,
Casilla 2412,
LIMA,

Dear Sir:

The following is a brief summary of my activities
gince my arrival in Peru on June 19th.

' The interval between June 2lst. and July 6th, was
spent in vigiting the various camps and becoming familiar with
the concentration problems presented by the concentrators now
in operation and the prospective problems in the ores now being
smelted direct as well as these developed incidental to the
mining of direct amelting ores,

QUIULACOCHA MILL

I visited this mill from the 6th, to the 22nd. inel.
a8 perjyour verbal request made while in Lima,

During ihis interval three major changes were made
there. Viz:

) FIRST: The flow was changed from a counier current
gopcentrate Ilow Lo & gunourreni flow for the folliowing reasongs-
lste a counter current flow entails the 1lifiing of the more refrac-
Lory sulfides several times before they can be eliminuted as con-
gceniratese
z2nd, a counter current flow results in the inclusion of an excess
amount of wash water thai results in an over-dilution of the pulp
10 a point where seleotive flotation at the lower end of the eirouit
i3 impossible. 4As a oaao'éﬂ point of my arrival the density at ;aq
'head of the oircuit was 40% solids by weight with the tailings
8olids - this with an average elimination of only 20% of the total
weight of the ore in the form of concentrates.

To overcome this obvious fault all middling froths and
cleuner tailings were returned to the classifiers where the contained
water was used as make-up water at that point and te. provide the
more refractory sulfides with another opportunity to come in contact
with fresh flotati-n reagents.

S%Colp: From the screen analysis of the tailings and
their sesays it was apparent that the most of the recoverable
losses were in the ¥ 200 mesh material, The - 65 and ¥ 20" mesh
product showing on an average of iwice the silver content of the
= 20" mesh producti. Invesiigation showed that the primary mills
Were discharging a partially ground produci, the major portion of
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which wae being overflowed from the elassifiers withous being
sufficlenily ground to expose fresh gulfides surfaces. To remedy
thias defeci and to insure sufficient rishtoning of the sulfives
Ve disgharge f rom the prisary milis was-sent direct to the secon-
dary mille without olassification. This apyarently not only asoccom-
clished the desired rcsult but in addition corrected the under-
loaded condition of tvhe secondary mills that has undoubtedly caused
exgeasive steel oonsumpiion as well as trouble in maintainance of
lhese units »

- THIRD: Heagent changes were made during the first 10
days in an endevor to both inorease tihe recovery and grade of con-
Gen.rales as well as reduce il» excessive guaniiiies of reazents
used s+ This work was handicapped to some extient by an occasional
erronious eample %0 that geveral days were lost before an aggurate
estimaie of reagent functions could be made. It was found that in
reating the partially oxidized dump ores from the Colquijirca mine
that any material inorease in grade of praduct was obtained at an
unwarrenied sacrifice in recovery. That is a 60% lead congentrate
Wwas accompanied by an 8 1o 10 0z. silver tailing. - ’

With the above in mind the reagents were changed to give
@ congentraie of from 45 to 50% in lead at which point it was
apparent no saocrifice in tailings was necesasry and recoveries
matcrially inoreased over previous operaiions on i:is sane class
of ore + ™he grade juoted can be increased by gareful operation
under supervision of yualified shift bosses. Results during tvhe
monih of July can be said to have suffered to some degree due to
lack of this olass of supervision thru out the 24 hours of the day.

To suamarize, the following are the average results for
June when ireating the dump ore, including five days afier my first
visit there where a minor reagent change resulted in an approximate
ingrease of 10 over former regovery:-

A3S834AY 8
smmmmenet] Qe 03 Age & Phe b 4D - emmmmemee
Heads-, .39 17.6 1l.l 6.7
Gomtﬂol.% 70!0 44.2 14.8
T.il. 14 5.9 3.2 3.7

RECOVERIES BY FPORMULA
72.28 %

72,74
76.6%
59.8%
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After the 18th. and until my depariure while a definate reagent
program was adhered to and after all the chamges had been ¢omple Led
the average resulis for 18 shifis were as follows:=-

2 % 8 A1 8
% Q\lo 0‘. Ag. fé Pb. % &n.
Heads .33 16.4 11.6
Conctal.20 ) 44.5
Tails <06 3.7 1.6

L.4
13.2
3.8

RECOVERIES 3Y FPORMULAE

Cu. 88.65%
Ag. 82.0%
Pb. 89.%b
Zn. 60.8%

As far as 1 have been able to learn since leaving this plant the
results to date have of the same :‘grder as sbove with some varia-
~tion in grade of concentrates due no doubt to changes in ore and
also an occasional high tailing due to shui downs becaunse of mecha-
nigcal difficul ties and power interuptions.

In comparing these figures y-u will note the similar grade of con-
gentraie produced with a reduction of 2.2 0z. of silver in the
tailings as well as a 1.6(% reduction in lead.

As to reagents the following table will serve to illustrale the
reduction in gquanviiy per ton of ore ireated under condid -ns
prevailing on July 7th. and those under which the lasl quoted
resul ts were obtained:

Reagents July 7th. Reagents July 1¢th.
Thio-cerbanalide ¢313...... None

44nc sulfate 36689¢ccsse Hone

Sodium Cyanid. 8470 eecne 231

Hardwood Creessie adlBeeesns « 228

Pine 0il 016Dsccsse 045
x.nth.t‘ .378.00--. .580

305& A.h 120564'00 LRI 1050

Black aAsh lilkBleoaiwns None

Petroleum 201lBece . o 0.00

It is to be expecied that further familiari iy on the pari of ihe
operaivors with this changed auyle of operaciva will result in a
gradusl further betterment both a&s to grade and recovery and that
these changes will slso result in improved recoveries and grade
when treating the mine ore during the ensuing month.
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eentrate contained a2 high pereentage

previons samples (seﬂ J¢n‘317 report).

one c¢leaning operation with very litr1°

is of suffioient grade (48 to 50% zino)
concentrate., The FOubhur zine concentrate, :
aoter of the ezleinm carbinate, is conbzmine te:
with' this mineral. The rougher zine eoncentretes
50 per eent. Cleaning brings the grade up to !
constituent being chiefly csleium earbonate.
trate contains about 50 per cent of the total zi and
total cadmium. Disregarding the disposition ui he zin
the zine midd]mga the eleaned comeentrate conteins abo: 5
of the total zine snd 85 per ocent of the tot¢1 sedmium in & i
ing 52% Zn end 1.7% Cd.
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Future Test Work: There is a need for & futher study of the Cersapuguio
ores with the Tollowing objeatives,

1l To speed up zine flofuticn by erecting a2 more armored froths

2. To deorsase the rate of flocoulation of eolloids.

3. To deerease.  the CaC0z content of the zino econeenirate since
this mineral interfefes mechanically and chemleally in the
leaching proesess.

PThese points will be taken up during the current month and an
endeavor mads to reetify the diffieulties.

Further tests will be made on the cleven samples of Cerrg lead=
zine ores 1o determine the =ffeet of time on the rate of oxidation gnd
to determine the metallurgical influence of oxidetion,

There are several samples of lead-zine ore from the Moroogaha
mines whioh have not as yed besen studled.

Respectfully yours,

Theo: R. Wrigh




