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| INTRODUCTION

In the milling of ores the tailing of a concen- _
trator is undoubtedly the most important product to con-
trol for the amount of the values lost in this product
often spells the difference between a profitable and a non-
profitable operation. i ‘

In the operation of a concentrator it is important
that t the study of losses in tailings be a matter of rou-
tine work if maximum.efficiency in the saving of the"s
values is to be achieved. This routine work deals chiefly
‘Wlth determinations involving the character of the losses
such as (l) losses due to faulty operation, (2) to grind-
ing degrees, or (5) to association of the vaLuable minerals
uwith refractory minerals.}_ _ |
: | Present routine methods for making determinations to
establish character of losses are (a) sizing assay tests,
and (b) microscopic examination made on polished sur-“ "
1faces for the purpose of studying minerals association
| and to some extent determining the efficiency of grind-
‘ing operations in liberating valuable mineralso The first
mentioned method is of value mainly in the location of

the losses in the various sizes of the tailing and is of




assistance when the losses are dus either to lack of
" grinding ‘or over grinding, but otherwise the method gives
no indication as to what the causes of the losses maybe.
The usefulness of the" s'econd"méth'o"d is limi ted due mainly
to the tremendous emount of labor involved in isolating
such small and infrequent perticles as those that make up
the losses, moré especially in the teiling of gold and
silver concentrators. If ‘some méthod could be devised to
concentrate the occasional particles, then this disadvan-
tage would be removed and the method would become a diss
tinct advantege in*e'.x'amining‘ such products. B

© * The method of studying tailing 1o‘ss'es'd~es'cribéa in
this thesis offer (1)suggestions for concentrating or
isolating the minerals-responsible for the losses, (2)
suggestions for studying the concentrated or isolated
fractions mainly by ratios’ éstablished by chemical analy-
ses; and (3) indications of the “possibilities in studying
i-efractory assocations in the concentrated fractions by =
aid.of the -microscope; k |

" In plenning the experimental work described in this

peper the writer was of the opinion that if two fractions
could be produced by two methods of concentration  each
method based upon different principles of concentration a
study-;af the ‘Tatios of eny two metals in each concentrate
would indieate, to & more or less degree, the asscciation

of eny of the two metals, It was, therefore, decided to
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use magne tic separati on-and “specifiec gravity concentra-
tion by means of heavy ‘solutions for prodncing the two -
fractions, SRR i

" The use ofj'ita"gne'tic:':od'on_'centrati on liniits the -
m;%ﬁ& of co"ﬁ'r'se‘,“to‘ those ores in which the values'
are associated or partially so, ‘in minerals that have a'
magnetic susceptibility great anougi and different from
the associated gangue minerals to effect a separation.
The results obtainable in establishing ratios of two'
me’tals on fractions prodﬁc’ea by ':g’:-avi't&' riethods alone, al-
though lacking conﬁrmtion, would give some indicat ion,
no doubt, of mineral associations. However, the low =
'grade manganese-silver ores of the SOuthwest are best -
adapted to the suggested method and these ores have been
the source of the materiel used in this' thesis.

- One of the motivating ideas suggesting this experi-
mental work was the desire to produce a method of ciirect
"attack in studying the treatment of Southwestern refrac- .
tory ares. The usual procedure has been an indirect attack
by treating the ores by various process and reagent com-
binations without much information as to ‘the reason for low
recoveries, With"the cause for the losses-known, a more -
scientific and. concentrated approach to the solution of the
probiem is possible. -

As an example of this hit and miss attack in study-
ing the treatment of ores, the La Colorada tailing in



e
northern Mexico was subjected to all of the various
methods.of ore testing for a period of some ten to twenty
yaars and at a very great expense.‘ All the results were
of no avail in pointing the way to a solution of the
problem and the actual cause of low'recoveries was not
established until the association between the silver and
manganese was established by T. G._Chapman thus confin-
ing further testing to the finding of a method for saving
ths manganese associated with the silver or liberating
the silver from its manganese association. | _ -
| It was from.this work of Doctor Chapman that ths
idea of this thesis originated._ A search of the litera—

tnre has revealed no information regarding thisAmethod.

1

-Chapman, T. G., Professional Report on Treatment of La
Colorada Tailing, Aug. 1928.



, . CHAPTER II i
. APPARATUS, MATERIALS, AND- ANALYTICAL METHODS . USED -

- . Apparatus -

The Wetherill Magnetic Separator was used in the
separat ion of: the magnetic minerals. - A sketch of this
machine 1is shown in . Fig.,l. ' .

Separations by specific gravity methods were effect-
ed in a separatory funnel shown in-Fig,ﬁz.;»The ore. was
added to the funnel;which_Cantainean solution of acety-.
lene tetrabromide having a specific gravitylof 2.9. The . "
pulp was agitated by means of a stirring rod end the ..
heavy minerals allowed to settle. The solution was then
drawn off and filtered to remove any suspended heavy
minerals. The filtrate was returned to the funnel and
the light fraction again agitated. This procedure was re-

peated as often as necessary to make the desired se;eration.

N Materials N
The tailings employed faor this experimental work
were produced frcm the treatment of typical SOuthwestern
ores which centained refractory so called "manganese-
silver“ assariations.' Two tailings were used one from
the flotation treatment of Pankey Nﬁne ore Socorro

County, New Mexico,'and the other from the tailing dump

at La Colorada, Sonora, Mexico.



.~ -The -results of one of the flotation tests used for
the treatment of originel Pankey ore to produce tailing
for the experimental work are given 'in Table 1. The re-
sults given in this -table compare favorably with the mill
results obtained in the commercial. treatment: of: this ore.

Table 1 - Results of flotation treatment of original -
Pankey ore.

- - ... '"Tons Assays,ounces ‘Tons x assays Per cent of
Weight, in per ton : total
grams 50 Gold - Silver Gold Silver Gold Silver

Heads . 2000.0 50.00 0.228 - 5.86 11.20  293.2 100.0 100.0
Goncentrate - 15,0 = 0.375 19.17 352.58 7.19.  132.2 64.2  45.1
Middling . = 17.1 - 0,427 -2.48 51,05 1,06 = 81,8 -.9.56 7.4
Tailing . 1967.9 - 49.198 . 0.06  2.83 . 2.95  -139.2 26.3  47.5

Referring to Table 1, the flotation treatment of Pankey ore,

vhen ground to 1 per cent plus 65-mesh indicated that

64.2 per cent of the gold.and 45 1 per cent of the silver
were recovered as a finished concentrate assaying 19.17 and
352.58 ounces per ton gold and silver, respectively. The
losses in the tailiﬁg, not including the middling, amounted
to 26.3 per cent of the gold and 47.5 per cent of the sil-
ver. - A cyanidation test indicatedvthat 95 ‘per cent of the
-gold and 50,7 per cent of the silver were soluble., This -
indicated that the gold is substentially free and there-

fore i1ts recovery is a matter of degree of grinding employ-

ed, - Thus- eliminating the necessity of further consideration

—
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of the gold in the talling. The silver, however, seemed
to be in part associated with some fefractory mineral or
minerals for in both flotation and cyanidation, about
50 per cent did not respond to freatment

Iu the La Colorada tailing similar conditions haue
been revealed. grsuiouséwgrk'OQ this material by T. Gés
Chapmaniand'preliminar§!experiméutél.work by the writef'
4indicated that the gold is éssentially free and can be
dissolved by cyanide solutions if the ore is ground fine-
ly enough. Approximately ‘50 -per cent of the silver occurs
as finely disseminated.argentite or proustite and can- :
be recovered by either flotation or cyanidation,while the
remaining 50 per cent is associated with a refractory

mineral or minerals.

‘Methods of Analyses

Silver was determined- by the usual fire methods.é
lmnganese determinations ware made by the bismuthate '
method and_iron eanalyses by«the msthod of Zimmermann- .
Rheinherdt. Due to the small quantities of some of the
products available it was ngcessar&lto run both the 1rén
and manganese deterninations on the seme semple. This was
accomplished by fusing the sample with sodium carbonate
and dissolving in hydrochloriec scid, then meking up to a
known volume and taking aliquot‘parts for each determination.
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- Mon-magnelie

- Fig., 1




CHAPTER III =
EXPERIMENTAL WORK

Sizing-assay test on Pankey flotation tailing.

A sizing-assay test (Test 1) waS*run'upon~the;taiiing
produced by a flotation operat ion oaethe Pahkey Ore. Tae
ore was ground to approximately minus~260-resh;and“§reaff
ed by flotation in a Fehrenwald cell employing the ;iana_-
ard reagent combination for the flotation ef éold}'aamel&,
lime, xanthate, aerofloat, amd pineleiiei'The:failiﬁé(pre-
duced was then sized on plus and minus 325-mesh and the
granulear minus 325-mesh.matezia1 was separated fram.the
slimes by washing with water. Each' product was assayed
for iron, manganese, and silver; the results are given in
Table 2. o e .

A graph, Fig., 3, was plotted from the data given in
Table 2 and indicates the close association or at least
similar segregation of the three metals in the three o
sized products of the tailing. Referring,to.ihis graphi
it should be noted that the iron is the most erratic, es- -
pecially between the plus 325-mesh and the granuler minus
325-mesh sizes. As no attempt was made}to reﬁevegthe= '
metallic iron or magnetite from the%taiiing,andiae the
fact that both of these materials are tough and do not

tend to slime to the same degree as other iron miherals:

is believed to be the cause of the iron segregating in the



Table 2.

Sizin

-a88ay test of Pankey flotation tailing.

. Assays ‘ Tons x assays Per cent of total

Weight J:Ton in|Silver,ozs|Manganese| Iron Silver [Manganese}jIron :Bilver:Manganese} Iron
gramgj: 50 per ton | per cent| per centjounces -1lhs lbs .
Heads 300.0 4 50 2429 0.81 l.11 | 114.57 801.2311113.57: 100.00100.00 }100.00
+3235 mesh

44.3 7.38 2.27 0,36 1.34 18.75 83,141 197.78¢ 14.67f 8.82 | 17.76

Granular . - . :
-335 mesit 20.0 3.33 3.30 0.91 0.89 10.99 60.901 59.27} 9.59} 10.13 5.32
~325 me 235.71 29.29 2,21 0,823 1,09 86.83 487.19] 856.57 75:79] 81.04 76.91

-0‘[-
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plus 325—mesh sines.

~ The fact-that—the‘silver, iron, and manganese
segregated in tne colloidal portion'of the tailing to
about the same degree suggests that either the three
metals are associated together, within the seame mineral,
or - that the various prOperties of the different nﬂnerals,
assuming that the three metals are not associated but
occur as separate minerals which control the formation -
of codloidal slimes are approximately the same, would
appear a remarkable coincident. It should be noted, how-
ever, that the results of this test give no more than an
indication as the preponderance of material 1s present

in the finest sizes .

, Segregation of refractory manganese
- and iron minerals by magnetic concentration

‘The ’in'atertial used for Test 2 was plus 100-me sh
flotation tailing produced from Pankey ore., This test
was made to deternﬁne if any relationships or associa-
tions existed between the three metals in a product pro-
duced;by magnetic'separation. The detailed results of this
test are presented in Table 3. Referring to Table 3, the
resultS‘indicate'that the metals concentrated in the
magnetic natexial in'the'following percentages of the
total amounts\originally present in the feed to the mag-

netic machine{ silver 13.38 per cent, manganese 17.36




The results of segregating refractory minerals of Pankey tailing by magnetic concentration.

Table 3.
Assays Tons X Assays Per cent of total
Weight,}Ton in{Silver ozs.|Manganese{ Iron [ Silver [Manganese| Iron \
grams 50 . per ton per cent{ psr centf ounces{ pounds pounds(Silver [Manzanese Iron

Heads 200.0 : 50. 3,01 0,48 0,69 :150.79 }487.22 692.92] 100.00f 100.00 100.00
gagnetic N ' : B : :

oncen- : . : .

trates 3.6 :| 0.9 22.43 4.70 3.58 |- .20.,19 | 84.60 84.44] 13.38 '17.38 9.30
Non-mag- ’ ' ’ ‘ . " : :
netic ce . o : BRI | . 1 - : ;

tailings | 196.4 :]49,1 2.66 . 0.41 0.64 :J130.60 :{402.62 628.48] - 86.61} = 82.63 90.70

-CT-



per cent, and iron 9.30 per cent.

Assuming first-that all the manganese was associated
~with the silver a calculation made by the following pro-
portion'(lstaa + 17,36 :: x: 82,63) indicated that 63.6
per cent of the silver was assooiated’ﬁith the mengane se
in ‘the tailing of the magnetic concentrator. Since 13,38
per centwof-thefsilver was obtained in manganese minerals
of the mesgnetic produet, based on the assumption given,
63.6 per cent was found in the non-megnetic material -
associatéd with manganese, the total silver associated - .-
with menganese amounted to X&) per cent thus leaving 23
per cent unaccounted far or in oiher words present in ,
some fom not associated with menganese. ‘ Following the
same line of reasoning for iron in place of the manganese
it is found that 130 05 per cent of the silver occurred
in the non-magnetic product associated with the iron.‘ )
Since this oondition is obviously impossible the results
suggest the presenoe of at least two separate iron L |
minerals, one dbtained in the magnetic material and present
also as included grains 1n the non-magnetic material the
other a non-silver bearing, non-magnetic mineral present
in the tailing of the magnetic machine. The assumption
-meade is open to error due to the fact that all the iron
minerals contained in the magnetic produet were assumed to

be argentiferous. It is believed that some non-argentifer-
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ous magnetite was’ present in the magnetic producto

| Assuming a second condition namely, that the
association existed between all three metals the data
indicated that 13 .33 per cent of the total manganese plus

iron concentrated in the magnetic product which ¢ an-~

pares very favorably with 15.38 per cent of the silver

concentrating in the same product.

' Segregation of refractory manganese end iron minerals

by both magnetic separation and heavy solution concentration-

‘,Foilowing,the indications obtained.fromhtherre-
sults of Tests i;and_z,,three‘tests numbered 3, 4, and 5
Werefmadeienploying both megnetic end heavy solutions
concentration to.obtain. segregations of refraotory minerals
- to establish silver, menganese,_and:iron\ratios,JLL o

. .The .procedure which ﬁoiiowghwasjuseq for each -of
the_tests,mentioned.: 4 sample of tailing was. sized .and,
in some cases deslimed before sizing, as neither magnetic
or specific gravity concentrations are applicable to the
separation of slimed minerals. After sizing, certain
products were selected for treatment by the Wetherill
megnetic mechine which treatment produced a magnetic.
productiand;a.non-magnetic;product. Metallicpiron and
‘magnetite‘were_separated from.the magnetic,product bY,,,.

meens of a hand magnet. - The non-magnetic product was
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treated in a separatory funnel (Fig¢ 2) with acetylene
'tetrabromide as described in Chapter II. This treatment
produced a "sin}c" product and. a "float" produect, All
products Were analyzed for iron, manganese and silver.
' ihe results of test 3, involving segregat ion fram

plus lSO-mesh Pankey flotation tailing are given in
Table 4; ~data of segregation obtained by treating plus
aoo-mesh Pankey flotation tailing are presented in Table
5; and ﬁie results of segregation obtained with deslimed
.minus 90-mesh La Colorada cyanide tailing are givem in
Table 6o : | '. R

4 Employing the assumption previously mentioned
‘namely, that en assoc:iation existed between all three
netals, it was: found that this assoe:iation was not as
apparent as indicat‘ed'in ths»results: of Test 2. . In the
plus 150-mesh magnetic product of Test 3 the silver con-
centrated amunted to 33+08 per cent of the total while
’only 14 35 per cent of the conbined iron mnd manganese
’was found in the same product. Also in the sink product
of ‘che non-mgnetic meterial- there was 12.65 per cent of
the total silver compared to 731 per cent of the com-
bined iron and mnganese. These results do not sem to
bear out the assumption to the degree shomn in Test 2,
‘but indicate \only a’part of the iron_ and menganese

‘associated with the silver. This condi tion was confirmed



Data for Test 3 aeéregations - Pankey plus 150-mesh tailing .

;LI_

Table 4.
.. t... . | Tons Assays ‘Tons x Assays Per cent of total

: Weight,] in {Silver ozs|Manganese}  Iron . [Silver . |Manganese} Iron | .. .| .. .. | . . . .
f grams ‘| 50 ‘jpsr ton per cent| per centliounces | pounds vounds|Silver:Manzanese Iron
:Heads ©} 150.00:} 50.00 2,96 0.94 0.64 [:148.00 938.45 638.85] 100.00: 100.00 100.00 .
‘Btronzly| - S R o Lo C oo S o R L A '
" Magnetic _

‘ inerala 0.75: 0.25 3.89 3 -~ . : 0.97 . . 0.69: - -

' [{eakly AR ‘ - e ' o

“Magnetic j . _ - _ ,

inerals| . 1.50. 0,50} 53.72 8.28 ¢ 4.80 26 .88 62.80 48,00 18,08 8.689 7+51

“fNon-mag- S v BRI v = : : . ; e SRR e
‘metie , ; . ’
(tailing ‘| 147.85.| 49.25) 2+44 :| 0.89 0,61 : 120,17 { 875.65 | 590.85{ 81ls19: 93,30} 92.48
‘Heavy | . ] o REY R I . S R R
{solution : : :

. |heads '- . |147.85 ] 4925} 2423 :| 0.89 : 060 :} 120,27 { 876.96 559.24{ 100,00k 100.00% 100.00
Bink p . b e L 1o L : 1 .

|product | 0.33 Oellt 81.45 :| 31485 :| 8450 : 8.78 70.07 18.70 5.62) 7.98 3.34

. [Float S D N I I D . SRR I g o
“lproduct ([147.52° | 49:14 231 : 0.82 @ 0455 : 113,51 { 805.29 540.54 94.38 92,011 96.65
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Table 5, Data for Test 4 segregations - Pankey plus 200-mesh tailinz.

N . _Assays : " Tons x Assays . Per cent of total
Weight, Tons in Silver ozsiManganese} Iron_,A Silver [Manganese} Iron_ R o
grans ... 50 .}.per ton. '} per cent [per-cent ounces | pounds ° pounds }Silver Manqanese Iron

fleads 150.00 | 50.00 }' 3.:39 i 1408 . 1635 169 50 1065.21 }1357.60} 100.00} lOO OO 100.00
magnetic ; ; ‘

minerals 2. 00 0.87 2.52 - L - ' 1,69 - - 0.99} - -
Heakly S S i ‘ .

magnetic| ; ; ' : .

inerals| . 3.50 1,17 | 47.93 8.88 5.33 ¢ ' 56.08:|207.79 124,70} 33.08 19452 9.18
ﬁon‘.mag- PR i X Kl : i T Y T I :
etic ( ? f '
tailing | 144.5 ‘48,18 2,32 '+ 089 ' le28 $111.73:[85%7,42 1232.90} 65.92 80047 30.81
Heavy ) [ N ! L .o Y B R . R : '
solution| . i : ,
heads - 144.5 | 48,16 | 2:34 0.89 1,25 112464 :1846.79 1201.89f 100400} 100,00 | 100,00
Sink . : : ' ; T : ‘
yroduect 2427 |- 0,75 | 3121 ¢ 5,25 4,87 4 23.41 :|] 78.75 84,05} 20.77{ '9.27 5.33
Float ‘

roduct | 142.2 4741 1,88 0.81 1,20 89.23 :{768.04 1137.84] 79.22 20.71 94.87




Data for Test 5 segregations - la Colorada tailing.

Table 6. y : i ' :
Assays - Tons'x Assays - Per cent of total

Weight, |Tons infSilver ozs)Manganese ‘Iron - Mapganese Iron ; 4 .- _

grams 50 per ton per cent} per cent “pounds poundsjSilver iMangsnese}  Iron
Heads 150.00 | 50.00 | 2.88 1.83 | 1.11 1833.55 |1172.33/100:00 | 100,00 | * 100,00
Heakly ‘ : ’
magnetic S o ' ‘ T ‘ ' .
minerals 5,80 1:93 } 17.50 9442 - 9418 362.61 355:15} 23.40: 19.77 | = 30.29
Non-mag- o :
netic - - N L -
tailing | 144.20 | 48,07 2.30 1,53 0.85 1470.94 817.19] 76.60: 80,22 _ 69470
Heavy - j ‘ o
solution ‘ o ’ o D L
heads 144.20 | 48.07 231 1:53 0485 1470.94 817.19]1100400: | .100.00 § -100.00
product 6,92 | 2.37 } 11,67 2,48 2.48 117.55 | 120.34| 24.90: 7499 19.72
Float ' , ' ~ ' . . Lot e

roduet |137.31 | 45.70 1483 1.46 .0.78 1353. 3 896.85| 75.10:. 92,01 { 85.27

—6‘[-
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by the magnetic producthorfthe_ébo-mesh meterial pro-
duced in Test 4, where lé.bé‘per cent of the silver
concentrated in the magnetic product to 7.31 per cent
of the iron plus manganese. However the sink product ’

'of Test 4 contained 4.56 per cent silwer and 5 26 per

cent of the combined iron plus manganese vhich confirms':' “

the results of Test 2. Although dealing with a dirferent:
vtailing, namely the La Colorada tailing, the results on
the magnetic product confirm the results of Test 2,
for in this product there was 25 40 per cent of the o
silver compared with 25 03 per cent of the iron plus
manganese. In the heavy'solution sink 19 07 per cent

of the silter concentrated to 11 31 per cent of the com-
bined iron plus manganese Which tends to confirm.Test 5

results...




CHAPTER IV
~ CONCLUSIONS

.rThe data presented in Test l give what nay be con-
sidered as qualitative evidence that the silver, mengenese,
eand in_'o‘n .segregated in the Peankey eollqida]». slime to approxi—
mte}l'y: tne ‘s‘az‘ne_ ciegree. This condition indicated, as p_re-'
viously mentioned that either the three metals occur With-
in the same Vminer}al,‘ or in three _separate ’minera_vlsv eacnv
having approximately the same properties affecting sliming., }

r"he results of Test 2 are considered quantitative
and show that the three metals, namely, silver, mangene se,
_and}_iron were present in the magnetic product.' »_‘Si‘nce no
known silver mineral has sufficient mesgnetic susceptibility
to explain its presence in t_he magnetic product. then it
follows that. the silver must necessarily, be combined with
the iron, manganese or both. . If the iron end menganese
oceur as twe.separate_minerals'it is not probable that
_eacli yienld segregate to\approximately the. same extent in
the magnetic product since this conditien, would imply equal
liberation by grinding, end furthen‘novre each niineral must
have sufficient magnetic ‘susceptibil_ity to enter the__ mag-
netic p_rociuct. . The evidence presented from the' resnlts
of Test 2 ‘indicate,” therefore, an association }betvween the
silver, irm, and mangenese at an approximate ratio one
silver to, one ckom_bined iron andnanganese when ,expressed

as per cents of the total metels recovered in the magnetic
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pfbduct.:

" The data of Tests 3 %o 5;t1nciusivé, present con-
firmatory quentitative data in that two segregations were
effected one by megnetic separation end the other by
specific gravity concentration. Tests 3 and 4 involved
Pankey talling and the results on both magnetic amd

gravity fractions ébhfirﬁéd‘thé fact that both meanganese

and iron were present in those fractions. ‘The ratios of

silver to combined manganese and iron, however, varied as
the size of feed varied to the megnetic machine. In Test
z'fﬁéifatio'bf‘siiiér to combined mangenese and iron was
approximately 1 ‘to 1 when expressed as per cents of total
metaiéirécdiéred as magnetic product but in Tests 3 and
4 the ratios were 2.3 to 1 in each case, In the "sink"
prdducts of Tests 3 and 4, however, the ratios of~silvef
to combined iron and.manganese were 1.7 to 1, and 1.2 to
1 respectively, showing that the relative emount of
mengane se plus iron increased as the size of the feed to
the specific gravity’qoncentrator decreased.

‘The evidence that the silver, mangenese, and iron
were associated within the seme mineral would heve been
fairly conclusive if these variations had not beem found
in the ratios of silwer to mangenese, to iron, or to the
combined iroﬁ and manganese. However, the data indicate
rather definitely some association between the three

metsls el though it is quite probeble that more then one
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iron mineral exists 1h both féiling freated and possibly
more than one mangenese mineral. The association of
manganese;and iron indicated by the experimental work
described in this peper raises "a:question as to the
status of the well known so-called hrefractory silver-
- menganese" asscciation. The data presented 1ndiéatea’
' that this association, at least in two Southwéstern ares,
s a "réfractény silver, manganese-iron association., The
- data présented also givesrat least a hint as to the reason
for repeated failures in floating Southwestern manganese
‘minerals. The reason may be due to iron occu;'ring wiﬁ@
thelmanganege in a mineral or minerals not deriﬁitely

established.



