MISSOURI

S&l

Library and

Learning Resources Scholars' Mine
Bachelors Theses Student Theses and Dissertations
1911

The determination of the best treatment for a certain Mexican
silver ore

Sumner Cooley Macomber

Follow this and additional works at: https://scholarsmine.mst.edu/bachelors_theses

b Part of the Mining Engineering Commons
Department: Mining Engineering

Recommended Citation

Macomber, Sumner Cooley, "The determination of the best treatment for a certain Mexican silver ore"
(1911). Bachelors Theses. 29.

https://scholarsmine.mst.edu/bachelors_theses/29

This Thesis - Open Access is brought to you for free and open access by Scholars' Mine. It has been accepted for
inclusion in Bachelors Theses by an authorized administrator of Scholars' Mine. This work is protected by U. S.
Copyright Law. Unauthorized use including reproduction for redistribution requires the permission of the copyright
holder. For more information, please contact scholarsmine@mst.edu.


https://library.mst.edu/
https://library.mst.edu/
https://scholarsmine.mst.edu/
https://scholarsmine.mst.edu/bachelors_theses
https://scholarsmine.mst.edu/student-tds
https://scholarsmine.mst.edu/bachelors_theses?utm_source=scholarsmine.mst.edu%2Fbachelors_theses%2F29&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1090?utm_source=scholarsmine.mst.edu%2Fbachelors_theses%2F29&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsmine.mst.edu/bachelors_theses/29?utm_source=scholarsmine.mst.edu%2Fbachelors_theses%2F29&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarsmine@mst.edu

THE DETER&iNATION OF THE BESf’TREATMENT FOR A CERTAIN
MEXICAN SILVEE CRE.
T25%8
by
Sumner Cooley Macomber.

THESTIS
Submitted to the faculty of the
SCHOOL OF MINES AND METALLURGY OF THE UNIVERSITY OF MISSOURI
in partial fulfillment of the work recuired for the
b E é REE OF
BACHELOR OF SCIENCE IN MINE ENGINEERING.
Rolla, Mo.

1911,

- ——

Professor of Metallurgy.

1871



1

INDEX.

- -

Description of the Ore
Mineralogical Composition
Chemical Composition
Acidity

Screen Analvsis
Table 1

Concentration Test
Table 2

Amalgamation Test
Table 3

Cvanide Test
Table 4

Cyanide Test
Table B

Roasting Test
Table 6

Regeneration of Cyanide
Table 7

Suggested Treatment of Ore

Page

X3 Coev R
o . :
® ® e @
v feeee
:
O © N RATTTD NN
cear, PR ’,‘
l" » PEER N

[ A L R o A I e
© 0 ~N O H 0 O -~



2
bescription of the Ore.

The ore is brownish red in color due to iron stain. Being
somewhat decomposed, it readily crushed fine.
Mineralogical Composition.

The ore is a porphvry, consi§ting chieflyv of silica and
hematite and containing a2 small amount of pyvrite.
From cualitative tests, the.silver seems to Fgﬁ%@é%ﬁié@iﬁ_

as chloride.

Chemical Composition

Calcium oxide~—==-- 8.40

Magnesium oxide--- 5.60

Sulphur-=—-cececea-- 0.10

Silver;;;;;;;~—;;; 2.06 % ... 604.80 ozs. per ton.
dold;;;—Q;-;;;;;::_giggéf§_... 0.12 ozs. per ton.
Totai—;é;—;u;;;;;~94.66 4

The remaining 5.40% is mostly carbon dioxide which was not
determined.
Acidity.

The total acid soluble in water in the ore is ecual to

1.27 pounds of lime per ton of ore.
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The gold and silver values throuchout are reported in
ouncestroy per avolrdupois ton of 2000 pounds.

The assay of the original ore:

Silver--—604.80. L

GOld--- . 123
The gold value is so small 1p ama*dt as comvared to the

value in silver that in some ef ”ha mark tha amfect of

the process on the gold has been neglected.
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‘SCREEﬁ ANAL%SIS.'
ﬂbject;

The object of this series of experiments is to find
whether on orushing,the gold and silver values enter the
particles remaining relativelkuoarse or tncse-crushing
relatively fine. This iniormgtioq{@?ﬁ?&fﬁ;ﬁéﬁmuoh_bearing
on the mechanical“preparatigﬁigﬁfipe;o;@“ioggﬁéé;gblution
process. o

Method:
A sample of 250 grams of ores was crushed until it passed

-a 20 mesh (1.20 m.m.) screen. Then the ore was placed on a
nest of scresns consisting of 40, 80, 100, and 200 mesh.

The material remaining on each screen was weighed and

assayed.

The results of this seré#es of experiments are given in

table 1.
Table. 1.
. Assay
Horeriar 7T Lezlper’ton. % To#a/
) gra/ms. go/d Silver (Wt |go/d |Si/ver
Aow Oreé 2500 0./2 60 4. &

Throvgts 20 oq #9 mesh| 5420 0,04 | $3 5 6 |34000,.30|47 /0

21T 1s 0.6 M. ITT

Thtevgh %0 ombomesh | (5.80 9,04 | 76 %2 26.60| §.87|33.70

Thtovgth §0 0r to0 mest 1£.05 | 0./0 ésto. # £ 72 fZé'ﬂ .05

1 " 0.3 M o7 QRS 72,17

Thtevgh ro0 o7 B90 /RES Jy £552 |0 04 £30.2 79501 6.07|72.90

10 0.2 72, /0. 017 /5172, 177,
7’/;“»«7/;2” mesl |33 ¢4 0. /2 RRAS5./ /3.50 |/3.50| 5 .02

&, /5 /i,

L Loss Ay LrFSferersree £/0 2.00 /R. 50 5.0

#’70 A
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According to these experiments the silver is meostlyv in
the ore which breaks into relatively coarse particles,

81% of the total silver value remaining on an 80 mesh screen,

This experiment indicates that fine crushing i1s a necessity
for the efficieht action of the solution upon the ore.
Since solution is a sﬁrface effect, and the speed of solution
s proportional to the surface exposed; the fact that the
valuable mineral does not break fine, when the ore is
crushed through a relatively coarse screen, indicates that
for the solution process on this ore, fine grinding should
be used.

The fact that the valuable mineral does not make fines or
slimes should be an important factor if it be desired to
soncentrate this ore, since it is the fine values which

are difficult to save in millingz.
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CONCENTRATION TEST.
Object;

The object of this series of experiments i{s to determine
whether concentration will prepare the ore for more efficient
extraction or for less cyanide consumption, or will in any
way lessen the grindinz expense. '

{1) A part of the ore may be better treated by some other
process than that to which the bulk of the ore is subjected;
The heavy mineral,if rich, and freight'chargés are not too
great may be shfpged‘to the. smelter and the tailing treated
by cyvanide. | ‘

(2) Some constituenf detrimental to the cvanide process

may be removed by concentration. '

(3) It may be that all of thevconstituents of the ore are
amenable fto the cyanidé prooess, but that the heavy minerals
may be more efficiently treated by a special treatment,

suoﬁ as finer grinding than 1s‘required,by the non-
concentrats portion.'This might save expense by regrinding
only the concentrate if that portion was to be the only

part of the ore actually needing much finer grinding.



Method:
The method is given in the following flow-sheet:
Ore (200 grams through 30 mesh,{ 0.8 m.m.))

P?n

v ¥
Concentrate Tailing

P?n

Concghttate Taf&fng

Crush through 80 mesh (0.3 m.m.)
Y, PaP

v ¥ '

.Concentrate Tailing
Fi}ter

¥ ¥
Filtrate Residue
Congéntrate Clear water Welgh and assay

Weigh and assay

The results of this experiment are shown in table 2.

Table 2
Materra/ We/{l'yéir £ 01"‘;:,);0”_ Jetal oz Pereenr Loss
?./:7 s/ /rer getd silver wT lold |2i/ver
Raw Ore 6. ¥4 0./2 |60# ¢|0.¢2 |#£/36.§|— | —
Concenntrarte /. RO 026 (29072 0.31|3488¢6 | —| — | ——
79/ /0N g .55 Frace| /00,6 5583 |— | — | —m—
O i emed 09 —— | ——\os7 | §9.9 |/32|3%0]| 2./
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The ratio of concentration is 5 into i. The ore produced
a very rich concentrate and a relatively low value in the
tailing. The concentrate consisted chiefly of hematite,
silver chloride and silica. Little pvrite existed in with
the heavy mineral.
The lcss due to sliming was very small. There is an actual
gain in silver of 2%. This must be due to a combination
of small errors in sampling and in aséaying such rich
material. The great gold loss was due to the same causes.
The gold, existing in such relatively small amounts, no
particular care was used in taking sufficient ore to
properly account for the gold. This experiment has not
been completed. There is, however, a ﬁromising field here
in special treatment of the concentrate by cyaniding, giving
to it the relatively finer grinding suggested in the 1n;

troduction to this series of experiments.
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AMAL&AMATIOK TEST.

Object; |

The object of this experiment is ts determine the effect
on extraction attainable by’amalgamation, followed by soluiion
treatment of the amalgamation tailing.
Method:

The ore, crushed through 100 mesh (0.25 m.m.), was mixed

with water until a pulp of the consistencv of thick paint

was formed. To this pulp was added 50 grams of mercurv and
the whole was triturated in 2 Wedge~wood mortar, the tem;
pgrature being kept.close to. 100°C.

The results of these experiments are shown in table 3.

Table 3.

: Wt i o/ oF rse
Ma Ferral 4 oS Assay % e zod.
o/ S/ er Va4 S/ /et
7

fTa w Ore /0 0./2 604 | —

yfa////77 /0 0.07 RREA| £/ 7 62.2

A algam /7 |0.03 22/ 4|98 3 3729

It will be noted that although a 62% recovery of the silver

is obtained, the tailing still contains 228 ounces of silyer.
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This treatment might be used economically as a preliminary
step in securing the values. If, however, the ultimate
extraction be not greatlyv inoreased therebyv, amalgamation
should not be recommended. Amalgamation on this ore, since
pans would be needed, should be fairlv expensive.
It is doubtful, also, il the expense for following solution

treatment, would be lessened by a preliminary amalgamation.
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C?AHIDE TEST.
Object:

The object of this experiment is to determine the effect
of fine crushing on the percentage of extraction.
Method:

The ore, crushed thréugh the mesh as given in table 4,
was put into an agitator with varying amounts of solution
and agitated for a period of 48 hours, the volume of pulp
being kept constant in each agitator to account for the

water evaporation.

The results are tabulated in table 4.

Table 4.
W ore|Mes b\ WS So /a?“/aA Jf;;e/:/?ij‘oﬁ” /r;‘,/z&,,mpﬁ‘ujigx*kaef/d”
A tons| Thrv.| Assay Fons|/bs per o 1% Forall| 165 per §i7ver
’ ) 7o 17 @ Xeny | tonera|loz.pel o/,
«CN KN 7877 [~}
Jo | 30 70 200 | /0| 963 | 577 | soz.0| §3/
30 | /00 70 200 |70 | 283| 589 |530.4+| 77
30 |Aao 7.0 200 | /0| 955 | 59/ | 5400|873
JO | 200 R0.0 200 | /0 | 746 \tos8|85793./| 95/
Jo 2/07 20 .0 RO.0 | 10| 794 |/05¢ (5777|989
vse
3o | zoo + 20. O R0.0 | /.0 762 /016 | 556 #1987
10 LoFS.
febe
Fo 200 5 20.0 20.0 | /0| 780 |fost0 |575/ |99
2. X
Yvie
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When the solution and ore were used in the ratio of
3 to i there was no great increase in the percentage of
extraction caused by extra crushing bevond 100 mesh.
The amount of solution, as compared to ore by weight, being
increased to 6 2/3 to. 1l gave a much greater extraction.
This was due to increasing the available cvanide, which
had been lacking when usinz the smaller amount of one
strength solution. There is an enormous consumption of
cyanide shown byv these figﬂres, but it must be remembered
that the silver mineral itself will theoretically consume‘
many pounds»of cvanide per ton of ore treated.

2 KCN + AgCl = KAg{CH)_,t+ KCl

2

4 KCN + 2 Ag + HQO + 0 = 2 KAg(CN) 52 KOH

2
There is in the ore per ton 604.8 x 480 grains or

---—-.- - -

-———--——-.—--——-——-.--—-

. 108 x 7000 )
of cyanide~ 9° /bocmds OC} Rcw /De"’ ton o% raw ore - 1To ditsolve +he g‘])oe/\(\

The cyanide consumption is still very large, being as high
as 50 pounds of cvanide per ton of ore, which would amount

0 ﬁ10.00 additional cost per ton of ore for theoretically

unnecessary cvanide consumption.
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CYAKIDE TEST.

Object:

The object of this series of experiments is to determine
the most efficient'strength of solution.
Method: |

The ore, through 200 mesh (0.16 m.m.), was treated with
different strengths of solution and agitated for 48 hours,
the volume being kept constant in each case.
The results are given in table 5.

Table 5.

Srrern g7 Cyanide Exitractron

w7 solv¥ion Sosvtron |Commsvmprion| Sireer

wt ore| mosh

A. tons. Atons oy |l ity ol ret] %
J o 200 /0.0 RO #£0 |7+ 3| /780 |S68 2 939
Jo 200 /0.0 Jo 60 | 672 /344 5%/.0| % ¢
>0 200 /0.0 S0 /00 | 482 |/60.6 5850767

The most efficient strenzgth of solution seems toc be 1%.
Only 3% greater extraction is derived by usinz a 2% solution
and this is obtained at the expense of more cvanide ¢onsumed.
The 3% and 5% solutions are too strong as they give too

great a coensumption of cvanide and with no greater extraction.
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ROASTING TESTS.
Object:
1‘ The object of this series of experiments is to determine
the effect of an oxydizing or a chloridizing roast on the
extfdctibn attainable.
Method:

In the oxydizing roast, the weighed raw ore, being
previously assayed, was roasted and, after roasting, was
rewelzhed and assaved.

In the chloridizing roast two schemes were followed:

(i) The weighed raw ore was mixed with 10% by weight of salt
and assaved before and after roast.

€2i The weighed raw ore was mixed with 10% salt and
5% pvrite by weight and assayed before and after roast.

The purpose of adding pvrite was to insure the formation
of enough iron sulphate to decompose the salt.

See table 6 on page 16, which gives tabulated results
of this series of experiments.

In the oxydizing roast the sulphur content being so
small, there would be little sulphur liberated. However,
most of the sulphur may be in the form of silver sulphide.
By roasting, the sulphur is driven off, thereby eliminating
one of the possisly detrimental elements from solution

treatment.
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In the chloridizing roast, the principle is to change
the silver éulphide to silvér chloride;
‘Roasting this ore is impracticable as silver chloride is
volatile at a good roasting temperature, and much silver
is lost during this treatment on an ore as rich as is

this one.
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7071 FoasT \Hrglest

ssay Silrer |Tot ol Sitver |Loss Silver Solvtio s o Co 1.5 v me o Assay
Marteria/|Besere|Affer |Botera| Afrer | BeFord Atot |ox. per | e #emp| o) lpens lbs | /45 |/ds per |70 ling |% Latrect.
Roast| Rous? | seast| Roast| poost | poest| #on | Yo 2ol HeW Fonisested .
taw ore. total o/re
ﬁc»t‘ ore
o%d:?;y 4.7/ | 4006048 .4:45'249.{;2//2.0 56.2 (9.3 |03 |g50°Cci M0 /2 240|142 | 323 (/1297 65/
» .
Raw ore
* /0 %80/’.' P
chteriaizing 492 | A 34| 590.5 504.9\ 2435720755 454 | ]. 5 0.5 |650°C\/0|/2. 240001623 &£ | 78 4| T0. &
foary '
' Raw ore
Fre%80/7 _ . . o
LIRITE| 473 £.39|520) 1603 parsTlaosis| ST F (2.5 0.5 |660%|10|/a. 240 |fo2\ 20 9 |725 |6 5. #
o/
Roes #

2/
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_ REGENERATION OF CYANIDE.
object;

The object of this experiment is to determine the amouﬁt
of cvanide which may be regenerated from the solution after
precipitation.

Method:
The solution used was the 2% solution in table B.
The method of proceedure may be clearly followed by the
flow;sheet.
Ore
Soluiion.
Agiiate

y
Filter
]

Res&due -Filg}ate

Waﬁh

v
Precipitate with Zinc dust
¥

Fi%ter

¥ 3
Residue Solution

Sample 20 c.c.

.80, (b c.i. solution)

2774
I
v X
Solution _ Fume
i) Puss Tlhro
Made alkaline with KOH (KOH solution containing

- 8 grams KOH to 20 c.c. HgD)

{
KCN determined KCKR determined
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The results are shown in table 7.

Table 7.

; Amrovnt| A#,8 0 AOoK Cyarmide| e
Materia / c.c. 3‘, C.4_ o.c. TS Free. Ie;cnerdfm’
Seo /o ierr

a¥Frer
precipiration £0.0 0273
Se fo 710 r7
arrer cadin g 5.0 -

HySey o072
o/ Soletren
oﬁeﬁ/od.rsiﬂl

Fferne 20.0 0./8

Hew #//
Ie7aﬂef4feo’- 0.07 y ==

The theoretical consumption of cvanide is about 48 pounds

per ton of ore for the silver values.

This amounts to about ©.50 per ton of ore. With a regeneration
£/ / 7 5 90

of TB% of the KCN used per ton of ore .E¥S worth of

cyanide may be saved for each ton of ore treated.
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Based on the preceding experiments, the following treatment
is suggested for this ore.
Ore

Gyratory breaker (1%")

Wt
Rolls (%")

Trommels {(4")

v
Over Under

| v )
[ﬁlevator Rolls (0.06"™)
e

Trommels 10 mesh

v 1
Over Under

Elevator Tube

W
Cyanide solufion 1% XCR
Pulp

Agitating tanks

Agitated 30 hours

Presses
¥ v
Solution Residue
Boges Waste
N ¢ RN 3 ;
Precipitate Solution
Refinery . Regenerate KCN

I R

Bar
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To prevent dust, a 0.5% KCN solution in the proportion of
2 of solution to 1 of ore is added after the ore has passed

through the first set of rolls. Before entering the tube
mill, the solution is to be increased to 1Z KCN and the

ratio of solution to ore is increased..{0.5 to 1.

- e I e
- DR [ o-
- Tae Ll -



INDEX

Description'of ore
Mineralogical Comnosition
Chemical Composition ..
Acidity -
Screen Analysis
Table One
Concentration Test
Table two
Amalgamation Test
Table three
Cyenide Test
Table four
Cyanide Test
Table five
Roasting Test
Table six
Regeneration of Cyanide

Table seven

Suggested Treatment for Ore,

11
11

13
14
16
17
18
19



	The determination of the best treatment for a certain Mexican silver ore
	Recommended Citation

	p0000a
	p0001
	p0002
	p0003
	p0004
	p0005
	p0006
	p0007
	p0008
	p0009
	p0010
	p0011
	p0012
	p0013
	p0014
	p0015
	p0016
	p0017
	p0018
	p0019
	p0020
	p0021

