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1.

Introductions.

The object of this thesis is to deter-
mine the advisability of treating this Mexican
Silver ore by flotation. To do this it was nec-
essary to determine the degree of crushing, the
kind and amount of o0il, the amount of acid, the
time of agitation, and the dilution of pulp,
which would give the best results. From the
following tests a suitable conclusion of the

best conditions of this ore was determined.
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Description of Ore.

The ore is gray in color and very hard . It
is of igneous origin lithologically known as quartz poxr-
phyry, and containing a small percentage of sulphides.
The sulphides which carry fhe silver occur in small par-
tioles.disseminated through the porphyry.

A mineralogical determination showed that the
ore contained the following minerals in order of their
importance: -

Faldspar

Quartz

Calcite

Pyrite

Chalcopyrite

Galeha .

Tetrahedrite

Augitite

A chemical analyais showed thet it contained
ZING eevveenonnnnans . 2.61%
188d «.vevecneaseoss. 0.48%
S11VeT cvevvrvernsns. 0.329 - 91.62 o3z,

GOld cs.vceecescsseses Trace

The remainder of the ore consisted of gangue
which is of little importance in the Flotation Process

and therefore was not determined.
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In this thesis all the silver results are report-
ed in ounces troy per ton of two thousand pounds avoirdu-

pols and the assay of the original ore is as follows:

S11lVerececesasos 91.62 0%,

Goldec.ceeees..s Trace.

Inasmuch as the gold content is so small, it has been dis-

regarded entirely.



Screen Analysis.

S

Microscopical examinations were made on the

ore to determine how fine it must be crushed to free

the sulphides.

At 90 mesh most of the sulphides are

free and.the particles are suitable in size for suec-

cessful treatment by flotation.

has passed through 90 mesh is as follows:-

Mesh.
Thru On.
90 100
100 150
1560 200
200 240
240

Average
diameter of
particles.

.0059 in.
«0055 In.
«0041 in.
.0029 in.
0026 1in.

Weight

in

Grams.

45.2
22.5
46.0
19.8
66.0

Per-

centage.

22.6

11.25
23.00
1 9.90
23.00

P

77.7%

36.00
69.20
82.20

84,50 -

92,560

A partial screen analysis on the ore which

Assay results
0z. per ton.

= §/3¢C

7782

1§ 70,6

Sr' \..)?) [" l\:')
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Test No. 1.

Object - To determine the most suitable oil.

Having several different oils, & number of
preliminary tests to determine which oils were suita-
ble for this ore were made., These tests were made
in an ordinary 8-inch test tube. <The charge was put
in, shsaken for about thirty seconds, and allowed to
gettle for several minutes. The amount of float, col-

or of float, and color of gangue were noted.

Ch&rge - OI‘O................. 5 - 8 gI‘amB.
Water.... ooooooooo (Y 30 - 35 CC.
Temperature......... 60 - 80° C,

Oilc-. .......... e e s 0 1—2‘dr0p8.

(See Page 4-a for Results of Test No. 1l.)
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Results. Grade of ¥loat.

(This was determined by the color and
amount of float, the color of gangmue.)
Name of Qil.

Hard Engine Poor.
5. F, Cylinder Poor.
Tar Poor.
Sun Black Poor.
Black Mineral Poor.
Gas Engine Poor.
Rust Proof. Poor.
Air Compressor Poor.
Tuel Poor.
Black Poor.
Diamond Refined Fair.
Ruddy Harvester Fair.
Lard Fair.
Red Engine Fair.
Cylinder Fair.
Special Pine Tar. Fair-Good.
Oleic Acid., Good.
Eucalyptus Good.
Pure Pine Good.
Refined Pine Tar Good.
Distilled Pine Good.

Conclusion:- By this test it can be seen that the heavy

0ils gave poor results, the medium grade gave fair results,

and the light grade gsve the best results,
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Test No, 2.

Object:- In this test I selected a number of oile used
in the previous test, and verified results of test No. 1
on a larger scale.
In this test a 350 ce Erlymire flask was used.
The charge was agitated by Jand for about thirty seconds
and then settled for a few minutes.
Charge:- Oreé@ciec.... «++.+50 grams,
vater....... ++100 cec.
Temperature...60-80° C.

011...0.-00...2 - 4 dropB.

Results.
1. Hard Engine 0il.
Here there was very little float. The o0il scem-
ed to form into clots that could not be broken up. There
was no coagulation of the sulphides,and tailings oarried

many sulphides.

2 Air Compressor 0il.
This o0il acted in & manner very similar to Hard
Engine 0il. ‘“he float was extremely smell and no coagu-

lation took place.
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3. Diamond Refined 0il,
In this test there was a small float which was
very black in color. There seemed to be some coagulation,

but the tailings carried many sulphides.

4, Ruddy Harvester 0il.
This gave very little float and no coagulation

could be seen.

5. Red Engine 0il.
The float here was fair in guantity, dark in

color, aund carried some gangue.

6. Special Pine Tar Oil.

A good black float was found here, but it was
small in bulk. -“he coagulation seemed better than in
any of the ab v~ cacaa,

7 Oleic Acid.
Xarge quantities of float were obtained in this
case. It was light gray in color, showing therefore the

presence of much gangue.

8. 011 of Eucalyptus.
Here the float was very good. There was not a
very great guantity, but it was extremely black and much

coagulation was noted.
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9. Digtilled Pine 0il.
With this o0il the best results were attained.
The float carried little gangue, good in bulk, and coag-

ulation was very pronounced.

10. Refined Pine Tar 0il.
This also seemed an excellent o0il for thies ore.
Although the float was not as large in bulk as in tlhe ocase

of Distilled Pine 0il, it was darker in color.

1l. ®ure Pine 0Oil.
The results here were very similar to the two

above.

Conclusions: - Again, as in No. 1, the light olls gave

the better results.
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Test No. 3.
Object. Here the results of Tests Nos. 1 and 2 were
verified, using a Flotation machine.

From the previous tests the eight best oils were
chosen, and then tested in an experimental I"lotation mach-
ine., This machine was modeled &after one Hoover suggests
in his text book, "Text on Flotation'",

Charge. Ore@.c....c.ceveeeeeens .. 500 grams,
- T B o P 1500 co.

Temperatureonooco-oouo 600 - 700 C.

Olleveeeensecencnnnnsns S5 cc.
Time Agitated ........ 3 Minutes.
Time Settled...cceceve 8 lilnutes.
Name of 0il. Assay of Tailings.
Og. of Silver per ton.
Oleic Acid 57.76
Red Engine 656.20
Diamond Refined 43.32
Eucalyptus 30.40
Distilled Pine 20.70
Refined Pine Tar 40.16
Pure Pine 0}1 18.40.
Special Pine Tar 40.14

Conoclusion:- Distilled Pine and Pure Pine were the two

oils that gave the besat results.



Test No. IV.

Objeoct - To determine the action of acid when used in the charge.
A similar charge as that used in Test No. 3, except

one cubic centimeter of Sulphuric aéid was added in each case,

Name of 0Oil.

Oleiec Acid

Red Engine
Eucalyptus
Distilled Pine
Diamond Refined
Refined Pine Tar
Pure Pine
Special Pine Tar

Conclusion:-

Assay - 0z, of Silver per Ton.

Tails.

61.00
41.20
37.90
18.80
52.60
48.88
18.20
20.82

Concentrates.

226,44

259.56
316.16

319.00
372,04
369.12

0il aided materially in the concentration

as shown by the fact that the tailings carried less sil-

ver.
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Test No. 5.

Object:~- To determine the correct amount of oil to be used.

Charge:= OTBeiecescsscccccsecss HDOO grams,
Watereseeseeasecesasss 1500 co.
Temperature......ec... 60-70° C,
Ollecteeeecenennenneees Varying.
Time Agitated..c¢...... 3 Minutes,
Time Settled..s.....s..3 Minutes,
Adid (Hy;SO()eeeeeeeaas 1 co,

Distilled Pine 0il Pure Pine Qil
Amount Weight Assay weight of Assay
of oil. of float Concentraje Tailings. Float. Concen. Tails.
0.1 coc. %Z?gs 59.02 53.0 279.00 36.00
0.2 co. 20.0 339.40 29.20 31.0 265.50 45.20
0.3 occ. 36.0 454.80 20.96 51.0 310.20 2R2.28
0.4 cc. 36.0 340.60 50.0 330,00 20.20
0.5 coc. 29.0 453,50 16.84 50.0  %48.00
0.6 cc. 35.0 578,70 14.52 51.0 356.10 17.72
Oe7 oo 37.0 461.00 13.76 51.0 328,10 18.50
0.8 cc. 37.0 348.20 14.04 46,0 17.40
0.9 co. 36.0 431.00 16,10 ~ 46,0 317.00 16.40
1.0 cec. 37.0 494.20 24.70 46.0 340.00 15.60

Conclusion: - Consider the tailings and concentrates, and it
can be readily seen that the amount of oil that
gives the best resul./ts was:

Distilled Pine 0il ~ 0.6 co.
Pure Pine 0il - 0.6 cc.
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Test lio. 6.
Cbject:- To determine the required amount of acid to give

the best results:

Charge: - OrBescececccnccscancanss eee O00 granms.
water..... ceseeas csssesses 1500 cec.
Tempefature..... ..... ceee. 60-70° C.
Oileveeee.nnn P I 1 1

Tine Agitated...........-. 3 minutes.

Time Settled..ceeeeeen ees S minutes.

Acid HyeSOgeeeoeoesnonnn «ss Varying.
Amount Digstilled Fine Oil. ( Pure Pine 0il.
Agfd o¥b%%?:t Concent$§%2%éils. ;ge%%ggt Concenggggg%éile.

grams grams

0.25 cc. 40 360,00 16.82 40 340,50 17.30
0.50 ce. 45 350.00  12.00 38 420,00  16.84
0e76 ce. 32 483,00 17.00 35 419.80 12.20
1.00 ce. 10 780.00 44,30 31 468.00 12.16
1.50 co. 8 849.00 47.60 10 713.00 31.30
2,00 ce. 17 375,00 45.80 10 590.00 54.00
2,50 ce. 15 356.00 50.20

Conclusion: - The amount of acid that secems to give the
bester results:-
Distilled Pine 0il - 0.b co.

Pure Pine 0il - 1.0 cc,.
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Test No. VII.
Object - The determination of the best temperature to be

used.,

Charge. O0r@iceesstasscvesssscnces 000 grams,
WBteYeceeeeceessssensacses 1500 co.
TemperatUre s crecesssse Varying.
Ollecivienccecenccsssnese b cCCo
Time Agipated.......e.... 3 minutes.
Time Settledeecescececesss 3 minutes.

ACid HMSO‘...-.....o..ooo 0-5-100 CCe

Temperature Distilled Pine 0il Pure Pine 0il
Degree Welght Agsa Weight Assay
Centigrade of float. Concent's. Tails. of float. Cone. Tails.
grams. grams.
20° 35.0 406.0 44.00 16,0 670.50 49.80
50° 32.0 460.0 14.90 18.0 660.00 42.20
80° 40.0 481.0 14.00 20.0 675.00 14.50

Conclusion:~ At a temperature of about 80° ocentigrade
in the case of both oils the best extrac-

tion was obtained.
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Test llo. VI1I.

Ob ject: -

Charge:

Time

The determination of the amount of agitation

necessary to give the best extraction.

Oreee.eo... cesssssssssssssss 000 grams,
WBEereeeeeecseeesensaenss 1500 cc.
Cemperatureescesceee.oe.s 80¢ C,
Oilececeenenenennns ceen e « 0.6 cc.
Qime Agitated...cvvv.o.. e Vurying
Time Settled.....eov. ... . 3 minutes.

Acid (H, S0 )eeeernnn ceeese oD CC - .6 ceC.

Distilled Pine 0il. Pure Pine 0il

Agitated ﬁéight Assa liel1ght Asgay.
Seconds.of float. Concent's. Tuils.of float ConcTs. tails.

15
30
45
60
90
120

grams. grams.
25.0 6.2.00 23,50 10.0 782.00 50.30
32.0 022410 18.40 25.0 422,10 s2.24
45,0 508,50 17,50 30.0 483,50 14.24
$5.0 532.00 14.40 30.0 712.00 16.64
356.0 471,00 16,70 30.0 1310.00 16.04
40.0 440.00 16.00 20.0 409.00 18.00

Coneclusion: -

In the case of Distilled Pine 0il 60 sec-
onds of agitation was sufficient while in
the case of Pure Pine 011 agitating, 90

seconds was reguired.
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Test No. IX.

Object: - To determine the best ratio

by weight.

Charge:- Ore........ e 0o 0 0

Watereeeesen

Temperature..

0il..

® 6 0 0000 00009 0

Tine
Tine

Acid

Ratio of dry

Agitated.......
Settled.eesvs..

Distilled Pine 0il

ore to water Weight

by weight. of float. Conc's.
grams
1tol 40 488.50 12.90
1l to 4 30 742.10 13%.50
1l to 8 10 1016.80 12.50
1 to 12 5  827.50 35.40
Conslusion;-

lseag.
Tails

of dry ore to water

Varying
Varying.
80° C,
.6 cc.

LI ] 60 - 90 Se0.

.es 3 minutes.

(H“SO‘)ootoooocooono.o .5 cc."‘loo CC.

Pure Pine 011

welght Eﬁb%x.
.0f float. Conc's.Tails.

grams.
72 584.50 18.00
25 580.00 27.24
10 691.00 15.24
4 701.00 &9.70

The best ratio seem to be one part dry ore

to eight parts water in the case of both

olls,



Summary: -

15.

In summing up the condition that will give the

extraction: -

a.

b.

Distilled Pine 0il.

Pure

Amount of Oil.seseesees.ee 046 cCo
Amount of Acid (H,S0,).....0.5 cc.
Temperaturec.ccesesecceesssss. 80° Co
Amount of Agitation....... 60 sec.
Dilution of Pulpeesessses. 138 by wt,

Pine 0il.

Amount of Oilececceseeess 0.6 cO.
Amount of Acid (HgSO¢)... 1.0 oo,
Temperature@..cseccecsecces 804o C.
Amount of Agitation...... 90 8ec.
Dilution of Pulpeece.csees 1:8 Dy wt.
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Test No. 10
Object:~ To determine whether or not soap aided in the

concentration.

In this test the change that gave the best re-
sults with Distilled Pine 0il was used. In the first
test 1 co. of liguid soap was added and in the second

1 cc. of shaving cream.

In both cases there were large quantities of
float. But the float was very light in color, showlng
that it carried a large percentage of gangue. The as-

say results were as follows:-

Concentrate. Tailings.
(1) 350,00 25.80
(2) 2956.20 36,75
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Test No. XI.
Object: -~ To determine results that could be obtained by

retreating the concentrate and tailings.

Concentrates were used which were obtained from
a series of runs in whioch the best conditions, as stated
on page 16, were used. After this concentrate was dried
and screened through a 90 mesh, it was used in place of
the regular ore in a charge. The first skim assayed
2588.,00 ounces. After agitating these tailings for six-
ty seconds, they assayed sixty ounces, and the resulting
skim assayed 740 ounces. Repeating this experiment with-
out adding oil the resulting skim assayed 2198.90 ounces.

Some of the tailings were dried and soremned
in the 8ame manrer as the above concentrate. By retreat-
ing once without o0i1l, the tailings assayed 6.72 ounces agai
against an assay of 6.60 ounces obtained by retreating with
0il. In two retreatments with the addition of a little
soap the tailings were reduced to 4.20 ounces.

Several different methods of lowering the grade
of tailings were tried, but in none of the experiments

could the content be lowered below 4.20 ounces of sillver.
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Conclusions:-~

(1) Character of the 0il.

The oile that gave the best results were the light
oils. Distilled Pine 0il, the o0il with which the best re-
sults were obtained, is light yellow in color, very thin
and liquid, specific gravity 0.93, and the viscosity 63
seconds at 80° Fahrenheit.

(2) Acid:-

Acid aided in concentration and as such small
quantittes were required, the additional cost would be com-
paratively small.

(3) Pulp dilution.

The dilution of pulp which was found suitable
in the experiment can easily be carried out in & mill
where wet crushing is maintained without additional expense.

(4) Soap.

Such substances as soap, which in many cases are
very valuable in forming & strong scum, were unsuccessful
in this case.

(56) Temperature and Agitation.

. The temperature and smount of sgitation necessary
is about the same as that in general use in the flotation
process.

(6) It must be berne in mind that this work was car-
ried out in the laboratory on a small scale and thc results
secured are not necessarily conclusive. It is thought, how-
ever, they are sufficiéently conclusive to justify further

investigation upon & larger scale.
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I would suggest the following flow-sheet as a

means of treatment in the cases of this ore.

Ore

|

Crush through 90 mesh

A

! W

Flotation lachine.

W

Tai?ings Conc%ftrabe. )
Flotation Mach;ne Flotatién maqhine.
Conceitrate Tai}ings. Coicg&trate Taiﬂ&nga.
{ -
Dusi. 11 Dry
!
Smelting.

Market.
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