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INTRODUCTION

The Kennecott Copper Corporation mines and the
ad joining Mother Lode Coalition Co‘. nine, which the Kenne-
Cott Copprer Corporation controls and operates as an inte-
gral part of their Xennecott, Alaska camp, are situated in
the Nizina Mining District, 196 miles inland from Cordovs,
Alasks, the tide-water shipping point'.

The first claims were discovered in 1900, and
these later became the property of the Kemnecott Copper
Coryporation. The Kennecott holdings oonsist of 111 mine
eral claims and }ﬁhe Mother Lode Coalition 00; has 73 oclaims.

- W e e



—5—.

GEOLOGY AND ORE DEPOSITS AT KENNECOTT, ATLASKA.

As the composition of the gangue rock has & great
deal of influence on the action and behavior of the oils snd
reagents used in the flotation plant at Kennecott, there fole
lows a brief synopsis of the geology and a description of the
ore deposits found at the Kennecott mines.

The formations found at and in the viecinity of

Kennecott, are as follows:e

Quaternary -
Alluvium: flood plain gravels, sand and silts.
Rock Glaciers: broken rock and ice.
Moraines: glacial till, partly sorted.

Jurassgsic or later -

Quartz diorite porphry: stocks, s8ills and dikes.

Upper Jursssic -~

Kennecott formation: shales, sandstone and con=
glomerates.

Upper Triassic -
McCarthy shale:shale with thin bedded limestones.

Chististone
Limestone: massive limestone (the ore contain-
ing bed).
Triassic =
Nikolal greenw
stone : altered basaltic lava flows.

The Chististone limestone, which is the ore-bearing
formation, overlies the Nikolai greenstons and has an estimat-
ed thickness of 3,500 feet. It is & massive formation, inter-
gected by numerous faults and fracture systems. The lower rart

of the formation consists of a 7-ft. bed of shale; above the
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shale is 12-ft. thin-bedded rough limestone, locally Ikmown
as "Crinkley 1ime"v. Avove this 30 feet of dull grey lime
stone. Above this are massive beds of sperkling light-grey
dolomitic limestone and dolomite. Some of the dolomitic
limestone and the dolomites have no physical differences dis-~
cernible to the eye, and their cslassification can only be de-
termined by analyzing and determining the amount of magnesium
present.

The Kennesott ore bodies are replacement deposits
in limestone with chalcocite the predominating minersl in the
deposits. Following chalcocite in range of importsnce and
amount come the oarbonates azurite and malacite, then cove-

lite and a very small amount of enargite.

The ore bodies are found along fissures that appar-
ently start from the greenstone contasct. The mineralization
along the fissures is much less as the fissure passes into
the dull-grey limestone andi rarely is ore found in this forma-
tion or in the "Crinkley lime" formation. Accompanying and
usually intermingled with the mineralized area along the fis-
sures are stringers and veins of calcite.

From this synopsis of the desoription of the geology
and ore bodies it is seen that the gangune rock acocompanying
the ore to the flotation plant is high in calcium and magnes-
ium, The presence of the calcium and magnesium beyond doubt
has some effect on the action of the reagents and oils used in
the flotation plant. While the exact effest produced has

never been determined, similar plants elsewhere have not yroven

Successes.
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MILL EQUIPMENT AND OFERATION

The term "mill"™ will be used in this paper to de-
note that part of the Kennsecott plant concentrating by me-
chanical means only, the "flotation" and "leaching" plants
are housed and operated separately.'

The following general outline of the milling pro-
seadure at Xennecott will give some idea as to the amount,
size and shape of the flotation plant feed.

The mill equipment, at the time the flotation
plant started operating, oconsisted of the following:

Buchanan Jaw Crushers
Tromnels '
Symons Crusher
Trommels

Bull Jigs

Drag Dewaterer
Traylor Rolls
Trommels

Hancoock Jigs

Single Hutoh Hartz Jigs
Colorado Impact Screen
Traylor Rolls

Hancock Jigs

2 ocompartment Hartz Jigs
Drag Dewaterer
Richard's Classifier
Wilfley Tables

Chip Trommel

Wilfley Tables

Flato Tables

Callow Cones

James Tables

Dorr Thickeners

Plato Slime Tables
Jameg Slime Tables

The final mill tailing is composed of the cobbined
tails of the first and second Hancock Jigs, the second Wilfley
tables, the FPlato Tables, the first James Tables and the James
Slime Ta.bles;



It will be noted that there was no ball mill
crushing, though very recently ball mille have been added
to ocrush sand and slime table tadils so that they may be
sent direct to the flotation plant.

.Tha total mill tails were sent to two Esperanza
Drag Glassifiers; The coarse material brought out by the
drags became the Ammonia Leaching Plant feed and the overs
flow from these classifiers became the Flotation Plant
feed;



SCREEN TEST REPORT

Mill Pails Composite - March l0-20, 1924.

Soreen £ Weight Assays = Contents - ¥ Total
- Direc . Total Cu. Carb. Cu. To arb. Contents
Ca. Ca. Total Carb.
‘ l v Sp., COm.
On - 6 M;M:. 30.2 30.2 0.75 0.51 «286 «154 | 16.1 | 14.1
2 M.M. 28;6 58;8 1;26 0‘.89 361 «255 25;7 23;4
20 Mesh 9.5 68'.3 1;14 0;93 ;108 ;088 ‘7;’1 8‘.0
65 15;2 83.5 1;‘72 1;44 «261 | .219 18;5 20;1
200 " 7;8 91;3 1.56 1.40 121 «109 8;6 10;1
Thru 200 * 8.7 100;0 3;'?3 3.03 ;325 «264 23;4 , 24;3
TOTAL AVERAGES 1;402 1;089 100;0 100;0
Remarks:
Head Sample

£ Cu. equals l.42
4 Carb, Cu, v 1.07
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RBCOVERY OF SULPHIDE AND CARBONATE ORE BEFQORE THE
USE OF FLOTARTION.

Generally speaking the recovery of the sulphides by the
mill was entirely satisfactory though a higher recovery is always to
be desired. However, due to the low specific gravity of the carbon-
ates, at least compared to the sulphides, the mill and leaching plant
did not make a satisfactory carbonate recovery. To illustrate, a sum-
mary of the mill operation for the year 1928, before the flotation
plant was put into operation, follows:
Average mill heads assay, t0t81 COPPOT ceeeceses 6568
As sulphides O..O...0.000...Q‘OC....QQ.Qb.O.’O.QQ4.16%
As Owbona‘bes ....0.'0‘....'.".".Q.'I...l‘.....2.4o%
Concentrates produced assay tot8l COPPOY eeees...48.95%
AS sulphides .Q‘.0.000.0Q.......0000000000700000035.9%
As Carbon&tes QO'OCOOQOO.‘l......‘...t.000...000‘13.08%
Talls assay, total COPPOT ecosscsccccscsssssccsccse lo5$
A8 SUlPhide8 .evsecscccencssosccccssssscnsccnenss 0041%
&3 carbonates IEEFEEREEER NN RN NI R I NI I NI N N N R NN RN XN ] 1.14%
Recovery, total copper ..........................78;88%
Reoovary of aulphides ...............-........¢-.91.207‘5
Recomry of Qarbﬂnates oo.ootoon00..0.000..0..00.57.44
While improvements in the mill raised the recovery some-
what between January 1, 1923 and May, 1923, when the flotation plant
was put into operation, these figures clearly show the inability of
the mill to hold the carbonates and the need for some means to recover
them.
Following the mill the tailings were sent to the Ammonia
Leaching Plant. This process of ammonia leaching with steam under
pressure was developed and patented by Mr. E. T. Stannard, now Vice-
President of the XKennecott Copper Corporation, for the purpose of re-

covering the carbonate ore in the mill tails. However, ss the leach-
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ing is done with ammonia and steam under pressure, the fines, though
most of the fines were discarded before the flotation plant began
operation, tended to cake and orust and so prevented a good circula-
tion of the ammonia liquor; While the leaching plant recovery boosted
the total carbonate recovery of the mill, as stated previously, for
the year 1922, from 57.44% to 80;47% total for all operations, the
final recovery was still far from satisfactory. MNoreover, while the
leaching plant is a commercial success, compared to discarding the
total mill tails, the high sost of operation due to the camps remote-
ness from the centers of distribution, the high cost of the equipment
used, especially the aluminum stills, left a need for further improve-
ments and especially for an improvement that would give the leaching
plant oclean coarse feed.

With these ideas in mind, after exhaustive tests anéd exper-
iments the FPlotation Plant was designed, bdbuilt and in May, 1923, put

into operation.

- wm ee wm  ew
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PROPORTION OF CARBONATE ORE TO SULPHIDE ORE IN THE
T NILL AND FIOTATION FEED

*

Before going into details of the mechanical operation
of the flotation plant some idea of the character of the mill and
flotatlon feed might prove interesting.

' The mill feed at Kennecott varied not only in copper
content, which was usually more or less uniform for a day's run,
but also in the proportion of carbonate ore to the sulphide ore;

As the mill feed consisted of ore from four, ani for two months
during the summer five mines, trying to control the sulphide,
carbonate proportions were practically an 1mpossib111ty; As the
flotation plant was primarily intended to recover the cerbonates
from the mill tail fines and slimes, this fluctuation in the per-
centage of carbonates in the feed necessitated constant watching,
changing and regulation of the oils and reagents; Because it will
probably be impossible to ever have a fixed flotation feed, at least
ags far as the proportion of sulphides to carbonates is concerned,
succesasful operation of the plant will always be more or less a mat-

ter of having ocareful, interested operators in charge.
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PLOTATION PIANT EQUIBMENT

A summary of the flotation plant equipment, in the
order in which the feed passes through following the overflow
of the Esperanza Drag Classifiers, is as follows:

2 = 1 Tray Dorr thickeners 20' diasmeter,
1 - Standard Janney Cell 24" (as an emulsifier),
1 -~ Bucket elevator - 107,

1 - Centrifugal pump 2" (use optional with the
above mentioned bucket elevator),

8 « Standard Janney Cells 24",

Bucket elevator 10",

1 « Dorr thiokener 18' diameter (for concentrates,
use optional, depending on dryness of froth
taken off),

1l - Oliver filter 4' x 8' diameter,

1 - Automatic tailings sampler.

In addition there is a lasboratory conteining a smkll
Janney cell {laboratory model), orushers, hot plates, drying

ovens, oils, acids, reagents, etc.



REAGENTS AND OILS USED IN THE FLOTATION PROCESS.

In the laboratory tests preliminary to the starting of
operation in the flotation plant, all, or nearly all standard
flotation oils and reagents then on the market were tried, as
well as the by-product reagents sold by the large rubber come
pa.nies; At the time the flotation plant started operating, good
results had been obtained in the laboratory, and the results were
better in actual operation of the pylant by the use of a sodium
sulphide solution, accompanied by a sulphur-lime solution, to-
gether with G'.Nos;# pine oil (1 1b. per ton of feed) and a
50:50 mixture of Barrett #4 amd #634 (2 lbs. per ton).

Nearly as good results were obtained with the above
mentioned sodium sulphide and sulphur~lime solutions and G.N.S.#4
pine o0il together with #80 Pensecola Tar and Turpentina oil, also
by using steam distilled pinie oil instead of the G.B.S.#é vrine oil.

The sodium sulphide and the sulphur-lime solutions were
prepared and added with the idea in mind of giving the carbonate
ore bearing particles in the feed a sulphide coating so that they
would be acted upon by the "floating" oils and held by the
"frothers", the same as the sulphide ore bearing particles. Dem-
onstration proved thst this was actually acocomplished and the par-

ticles containing cerbonates remcted to the flotation process guch

the same as the sulphide ores.
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OPERATION OF THE FLOTATION PLANT.

In the plant operation the oils were added from buckets
to which small faucets had been attached; The oil was fed into
the feed launder, the amount being regulated by the fa.uoet; The
sodium sulphide (commercial 35 to 40% Na,S), which was usually
caked when received, was broken up with a hammer, put into a small
tank with & steam line attached, water added, then steamed and
boiled for about three hours or until the sodium sulphide was dis-
solved.s The solution, a deep orange-red color, was then allowed
to oool; After cooling it was fed into the feed launéer by means
of a small pipe with a valve a.ttached; This makeshift feeder
gave trouble due to the pipe corroding and was replaced by a small
wheel ané buoket feeder., The amount of sodium sulphide used in
preparing this solution ranged from 4 lbs. to 5 lbas. per ton of
dry feed passing through the flotation plant. The sul;phur, GOHMEe Y=~
cial lump, and lime, equal parts and averaging about 0.8 1lb. per
ton of dry feed was prepared as follows: The lime, as & rule this
had become "slaked" due to exposure, was placed in s small tank
with steam pipe connection, the tank partly filled with water and
the sulphur addede.

Much trouble was experienced with the sulyhur oollesting
at the bottom, forming a hard layer or lumps and not completely
dissolving. To remedy this the sulphur was placed in a fine mesh
wire basket, the basket suspended in the lime solution amd the
whole allowed to bo:ll until the resulting solution was & good

"lemon yellow" eolor. Even this mixing process was not satisface
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tory, as the sulphur tended to form & gum, would not dissolve en-
tirely and a true l‘ime-sulphuﬁ: solution was not obtained. How-
ever, the solution as it was seemed essential to the plants' oper-
ation and until the summer of 1924 the lime-sulphur solution was
made in this manner. At this time Bulletin #1285, issued by the
Ue3e Department of Agriculture came to the metallurgist's atten-
tion. In this bulletin the preparation of a sulphur-lime solu-
tion for spraying frulit trees is described. The bulletin advised
the use of unslaked lime, the heat generated by the slaking help-
ing to make the dissolution of the sulphur complete. The bulletin
also advised the use of commercial groumi, lump free sulphur, which
is made into a paste by the addition of water before it is added
to the lime solution, where it is boiled 50 minutes. This scheme
or process was adopted almost entirely as given in the bulletin,
flowers of sulphur or the equivalent being used instead of the com-
mercial product and all with very good results. PFollowing this
change in the preparation of the lime-sulphur solution, the grade
of the concentrate rose from around 20% Cu‘. to well above 3% and
as high as 36% being obtained. Secondly the lime in the sulphur-
lime solution apparently hsd some effect on the working of the
Oliver filter. ZPrevious to the change in making this solution the
concentrate was at times "gummy" and "sticky", retarding the action
of the ﬂlter.. Following the change, however, the concentrate was
8a9ily handled and thoroughly dried. To the writer's knowledge,
however, up to this time there had been no analysis made to deter-
mine the alkalinity of the sulphur-lime solution, or of the feed
1tself, though the fact that the presence of lime influenced the
Tesults obtained in the flotation plant cells as well as the sction



of the 0Oliver filter was recognized.

The feed to the flotation plant coming from the over-
flow of the Esperanza Drag Classifiers and averaging about 68
dry tons in 24 hours, passed through two Dorr tank thickeners
came into the ocell feed launder at & 4.50 to 1 water to solid
ratio. The feed to the cells would all pass 80 mesgh and averag-
ing about 164 on and through 200 mesh. Average assay of the flo-
tation feed was 3.75% total copper anmd 2.85% carbonate eopper;
To the feed while passing through this launder was added the so-
dium sulphide solution, the sulphur-lime solution, frothing oils
and floating oils. Ehe'feed then followed through one of three
routes or 1ines; Bach of these three lines for the feed were
tried out on long runs with much the same final results although
the third route was finally accepted as the best one.

In the first route the first cell was used as an emul-
sifier, no froth being taken off; Following the emulsifier the
feed passed through the remaining cells with most of the concen-
trate froth bveing taken off before the last cell was reached. At
the last cell part of the remaining feed, that pessing through an
overflow valve, was returned to the primary feed launder to go
through the circuit again. The sending of part of the feed from
the last cell back into the primary feed launder applies to the
second and third routes as well as to the first.

In the second route there was no emulsifying cell and
concentrate froth was taken from all the cells but the last.
This froth was then sent to the last cell which was used as &

cleaner cell.



In the third route only a very smsall amount of froth
was taken from the first cell, more from the second, etc., the
amount inereasing at each cell in the series. In this last
route, the adopted one, the first cell was considered a partial
emulsifier as only a very small amount of froth was taken off,
most of the concentrate coming from the last cell; The third
route also differed from the others in that a small amount of
floating o0il was added to the third and fourth cell;

For some time after the plant was put into operstion
following the series of cells, the final concentrate froth was
sent to a small Dorr Thiockener ani then to the Oliver Filter,
Later, however, with equally good or even better results, the
congcentrate froth was sent direct to the filter.

The flotation plant concentrate taken from the filter
was shoveled from a bin into sacks. The sacks were elevated to
a loading shed by means of a belt and arm elevator. The sacked
congcentrates, under cover, were piled up until a sufficient
quantity was on hand, then they were loasded into box cars for
shipment.
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KENNECOTT COPPER CORPORATION

KENNECOTT, ALASKA

DAILY REPORT OF FLOTATION OPERATION

METALLURGICAL

Estimated Heads—% Copper Calc. Concts.—9 Copper Tailings—% Copper Calc. Recovery

y Tons Treated Today To Date Today To Date Today To Date Today To Date
d';y"/To Date ﬁTotal " Carb.| Total 'Carb. Total| Carb. | Total | Carb. Total[ Carb. | Total | Carb. Total} Carb. Totalr Carb.

. I
4| /725 333 28/|378 |3.20/83|/60 | 226 /ff’ 97, 73 /3247 776 726,67,2162’2
SULFIDIZING REAGENTS
- Sodium Sulfide Sulfur Lime Total &p_ggpﬂj
gu:ount Lbs. per Ton Amount Lbs. per Ton Amount JLbs. per TP’LE**Amc’)unt } Lbs. perTon /g’”.;L 2E T
Py IToDate Today, To Date! Today ]To Date | Today ]Tn Date| Today 1To Date f Today | To Date| Today |To Date( Today ‘To Date ?4 ‘{?
; ‘ | ! | /vﬁé@f&é
! ; _
) . . . B . . e oo L | _ —0
b 9356 |4/ | SO — | /5 w——J o# | — |g70 = OH I90v207\55 |63 | g0-730 /=08
L ) | ] o
F _
F
OlLS

=

NeT 7 p1e7 Fd = 5 Tl | TZorrs #EEO S me | Totas
Amount Lbs. per Ton Amount Lbs. per Ton Amount Lbs. per Ton Amount Lbs. per Ton Amount Lbs. per Ton
by ' ToDate| Today |ToDate| Today ‘TuDa.te Today ]ToDate Today ‘ToDate Taday [ToDate Today fToDate Today [ToDate Today ‘ToDate Today ‘ToDate

i |

’/8’5‘6 40 | 1o \7#0 3854 22| 20 |20 (Yo |3 |2 |— | /8 | — |— |22 |6/5F 3\.\(3' .z
| ’
bl 1 1 _

DELAYS
% Running
ky | To Date |Time to Date Causes

- é:‘

77

MISCELLANEOUS

Ratio -
iter: Solids

2y |To Date

P
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SCREEN TEST REPORT

FLOTATION TAILS COMPOSITE - DEG. 11-21, 1923,

Soreen @'Wbight
Birect -~ Cum.

On 100 Mesh 4'.0 4.0
150 ™ 5,0 9.0
200 % 11.0 20;0
Thru200 * 80.0 100;0

Total Averages

Remarks:
€ Cu. equals 1.70
4 Carb. " 1,60

Assags Contents ﬁ@otal Cont .
TO a . Carb.cuo Total Uatcaxcuo‘ TO U u8YD.
Cle

2415 1.78 +086 «076 4,97 4.73
1.39 1.13 070 «08%7 4,05 3.54
1.13 1,056 <124 «115 7.18 7.15
l.81 1.70 1,446 1.360 l83.80 84,58
l.726 1.608 100.0 100.0
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EFFECT OF SLIMES ON FLOTATION

The effect of slimes upon the operation of the flo-
tation plant is interesting. While slime is the "bugaboo™ of
all flotation plants Kennecott had an extraordinary amount to
contend with part of each year, due to the lack of fresh water;
The effect of the slimes showing in both the grade and amount
of oconcentrate produced, and in the amount of feed lost at the
overflow of the Dorr thickeners.

The water supply at Kennecott depended solely on the
melt ing snows and glacial streams from the mountains behind
the oamp; During an ordinsry winter this supply is ample une
til about the first of Februarye. From February until the lat-
ter part of April the supply of glacial water is practically
nothing. Consequently the water in the plants is used over
and over, returning after each circuit through the different
plants to a spray pond where it is cooled and partially cleaned
by allowing the sediment to settle. Also despite close watch-
ing, some grease and oil will get into the water which is ime
possible to take out.

The effect of the dirty water was immediately felt
in the flotation plant; The quantity of feed in the slimes
over=flowing from the Dorr thickeners insreased, the recovery
went down and consequently the percentage of copper in the
tails inoreased while the grade and quantity of concentrate

produced decreased.
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Knowing the results of increased slimes, dispersion
tests were taken on samples of the flotation tails every three
days throughout the year. In making these tests 10 c.c. of a
104 solution of sodium silicate was added to two-thirds of &
bucket of pulp. After standing seven minutes, to allow the
sands to settle, the slimes were syphoned off; Then both
sands and slimes were dried, weighed and assayed. The percent
of sands and slimes was calculated and the sssay obtained from
them checked against the shift tailing assay. There was usual-
ly some discrepancy between the dispersion test assays and the
shift assays, but this might be expeoted as the dispersion
tests were run on single grab samples while the shift assay was
run from an eight hour sample cut by an automatic sampler.

After numerous laboratory experiments it was found
that the addition of a copperas (ferrous sulphate) solution to
a sample of the feed in which the slimes would not readily set-
tle caused the slimes to settle down almost as fast as the sands.
Consequently a solution of copperas, about one amd a half pounds
per ton of dry feed through the flotation plant, was prepareé
and fed into the feed launder leading to the Dorr thickeners.
This solution apparently had little or no effest upon the ac=-
tion of the oile and reagents but produced an almost clear
overflow from the Dorr thiokeners, resulting in increased ton-

nage and higher recoverye.



Sept;
Oat.
Nov.
Deace.

Jan.

DISFERSION TESTS AND FILOTATION RESULTS

Sevt. 1923 - Jan. 1924
% m%cu. % m?z % ou. ?omﬁn RO CONE.:
73.8 0.38  26.2  2.81 0;99 79.4 22;5
76.1 0.39 23.9 2.43 0.86 79.1 24,7
7549 0;81 24.1 2.44 1.21 79.6 29.8
71.8 0.74 28.2  2.63 1.25 7547 20,1
6443 0.86 35.7 2489 1.40 73,7 28.1
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DISELRCION TLEODS Ol FLOTALION Taluiles

PLSKUARY 1924

DATE SANDS SL I8S CALO e ADBAY SHIFT ASSAY
2 Wte % Cue  GCarbe BWte  S0ue % Carbe 50U < Carb. %Cus % Caxp,

debey 7240 1.05 1.80 28.0 5.17  4.22 2485 2448 2.14 1.8
6 T4e7 « 31 26 25.3 3430 2440 1.07 80 1.52 1.730

8 Gde3 L0 49 3547 3463 Fel4 1468 ledd 2426 2.10

1L B85 .0 352 415 2452 2402 1.20 1.03 «95 «87

14 C8e7 «29 23 Fle3 1e45 1427 66 56 <61 55

16 7245 02 34 2745 1.7 1.G0 ¢ 79 69 1.02 «00

20 6249 042 e32 3741 2,62 1440 Le24 $72 1633 l.21

22 367 1.13  1.02 €343 2.35 2,22 1.90  i.78 1.74 157
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LABORATORY AND TEST WORK IN CONNECTION WITH FIOTATION

Bach day a grab sample was taken of the flotation
fead to determine the water to solid ratio; The ratio usu=-
ally was around 4;50 to 1. The launder carrying the flotaw
tion feed was so constructed that it was possidle to com=
pletely cut off the stream with a bucket, i.e., to take a
sample representing the total feed to the cells. Each morn-
ing such & sample was taken, timed with a stop~watch to one-
fifth of a second., This sample was dried, weighed and the
tonnage to the flotation cells for 24 hours oalculated; Gradb
samples taken with a Butter®, by hand, every hour amd repre=-
sentative of the total feed at that time combined into three
large samples, each representative of a shift, were taken,
dried and assayed'. The assays frem these samples and & comw
posite made from them to represent the 24 hour run were used
a8 assays of the flotation feed; The teailings were sampled
by an sutomatic sampler, the sample taken filling a twelve
quart bucket each shift.

Besides these regular daily samples and tests
there were also the dispersion tests previously rentioned as
well as soreen tests of both feed and tails. Expe;cimental
laboratory tests using different kinds sné makes of olls,
these tests being run on 500 gmv. gsamples of actual flotation
plant feed, were. constantly being made and recently, as &
result of these, Xanthate has been introduced into the plant
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and had proven highly satisfactory.
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TONNAGE AND COSTS

Taking for example an average month, August,1923,
the flotation plant treated 2176 dry tons of ore, shipped
27.51 dry tons of goneentrate, containing 116,000 1lbs. of
copper and 810 ozs. of ailver.. The cost of production,
including royalty, was 4.28¢ per pound of copper rroduced,

on board the car for shipment from Kennecott.



CONCLUSION

The outstanding features in the flotation process
for the recovery of the carbonate copper ore at the Kennew

sott plant might be summed up as follows:

le In the strioct sense of the term no fine-
grinding, although recently some tables in the mill have
been discarded and ball mills added.

2e The adding of a sodium sulphide solution as
a reagent.

3. The mixing, according to U;S. Agriculture
Bulletin #1285, and adding of a sulphur-lime solution.

4. Necesslty of constant vigilance in the plant
because of the fluctuating proportions of the carbonate ore
in the mill feed.

5¢ The fact that this plant for the flotation of

carbonate copper ore has proven a commercial success.

- ar e e
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