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AHENABILiTY OF SOME ARIZONA HANGANESE ORES TO

COJC TTRATLO} BY FLOTATION

__CHAPTER I - INTRODUCTION

' Current Lnterest in the manvanése dre‘reéoﬁfces df

the United States,/anu the conszderation given thﬁm 1n
- the Stratebic YWar hinerals Probram of the United States

Government, is a conseqvcnce of the dependence of the
‘Amer;can steel Lndustries upon Lmnortcd mangonese ores.

Th*sAsitugﬁ;on 19 not_due, nrimar;ly, to a short&ga of

manggnese'ln_this'counffy, but to the low-grade nature
 of:dom¢St1é depoaitér ;As_ﬁuch_of the high@f-gradef
‘_mahgan036 ore in Arizona wes mined and shipped during
the World Var, the present problem anaistsfofudevising
- satisfactory methods for thé conéentratibn of the lower-

grade materials which remain.-

Although a survey of the situation revealed possi-
~vbilities of troaémsnt glong gravity, mavnetic,tflotation,
and hydrcmstallurgical lines, the exoerimental work -
aescribcd 1n-this paper was limited to flotation msthods.
The-nr mary reason for this limitation lay in the
character of the ores then selves. Fine grindiné is‘.

necessary'for gcod'liberation of the manganese minerals



in many Arizona orecs, and, consequently, neither sravity
nor nmagnetic méﬁhodg seemed likely to provide a coriplete

process,

Becéuse of pheirvpossible<appiicdtion to Arizona ores,
‘Sevefal‘experimental and plant flotation operations on
manuﬁnése'orés deserée‘mentiOn. The'outstandin# instance
is. that of the Cuban-American Manuanese Corporauion
concentrator in Cubéfoéhére several thousand tons of
mannﬂnese oxide ore, containinr about 20.per cent of
7manﬂanese,'have been concentrated to 48 to 50 per cent
of manganese by Vlotation. The method in use 1is based
.unon the patent disclosures of A, J. Weiniélgnivihs
, reaﬂents used consist of Lousiana crude oil, a fatty acld,

- and pine oil in ‘the rcugher circuit with tannin being

added to each of the iwo cleaning stages“bf"flotétion,
/‘j)

‘fIn’the CuYuna,district of Minnesota, a flotatlon

wnit treate¢ ferruginous mahganese'311mes which were the

(3)

Atailings‘from a tabling operation. on flotatlon heads
.aésaying~about 16 per éent of mangame se, concentrates
containing 23 per cent of -manganese were produccd with an
e;ﬁrﬁctién:of 66 per cen@;' The'r@agents used were oleic

acld, éodium'silicate,fsodiﬁm.carbonate, and pine oil.

1 A numerical system of reference is used throughout this
paper. umeraWS in parentheses refer to publications‘
listed in the biblio,r phye.
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In the Chiaturl district of Russla, flotatlon has been
tried in an attempt to recover the manganese Iin the allmes
-fron a was hing plant. Basﬁanosligports awitating the
slime with_sulphnric acid fgrrlO tc-lsrminutes and thmi
adding sodium oleate and wager'glass and finally ?1oating'
tha mengenese minerals with pine o1l as -a frother.;'On
sized materlal, minus 100 plus 250 ‘mesh, the use of 0.2
to 0.5 pound of sulphuric acid and lfO pounq of»sodium,
oieaté‘per tbn<of'siims-resulted according to published
sﬁaﬁeménts in aﬁ.extrgction of 95 per cent, with a con-

centrate containing 48 per cent of manganese..

At the Ewmma Mine'of ;Butte,>Kontana, sevéral'thdusand
tons of~fhodochrosite oré aveﬁavin: about 30 per :cent of
nanganese anu 20 per cent of swlica have ‘been concen-
_trated by flouatlon to o v"oauct containing 38 to 40 per
cent of mangunese and less than 6 per cent of silica, with
an extracfion.of 95 per cent. The process, ss developed
by P. D. DeVuney “nd J. B. Cleamegdf:g the treatment of
the Emma‘hine ore, consists ol a preliminary removal of
the sul@hide minersls by'flotutionnemplqyingwé small
gmbunt of copper sulphate, xanthate, and»piné oll, after
which.iiotation of the rhodochrosita was pfacticed using .

crﬁae sodium»o1eate and pine oil.



When the ofiginators of this probgas'applied it’to
oxide manganese breé, it_Waé found that the use of sodium
silicatc and'SOdiumréarbondte ﬁﬁsfé necessary modifiéatiqn
in order to obtain satisfacﬁory silica dispersion, It was
ﬁqted also, that oleic acid was preferable to the crude
' eodium oleate and palmitic acid was found to be more
Aéffectivc for some ores, Heating proved beneficial, .
particﬁlnfl?'when enploying the higher fattj acids;'and _
in all cases a hlgh pulp density was found to be d@siraole

in the roubher flotation.

A3 eport of the successful flotatlon of manganese
“oxides on a l:boratory scale has been made by Ao Mo Gaudin
”and R. H. Behren(V) The work was done on the tailinﬁs from
a maghetiC'concentrator at Philipsburg, Montana., The
préblem involved.the sepér#tioh of the manganese oiides
.ffdn boih curbonbteé and silica. As a prémoter of ﬁangaﬁ-
eso, oloeic acid was found to be the most adaptable, but.
groator ggloQL¢on in removinO the carbonatgs was obtuined
with palmitic, stearié, end undecylic acids. Tuel oif.was
used and wés/fouhc to improve the re coverg of mangancse
andvth§_f§jection of the ailiga. Sodium sillicate was the
mdst sdt*sfactory dispersant for silica. Redud;ng agents,
with a fo: outsta inding exéeptiqns such as citrates, tart-
‘rates, and dcxtrin, PUﬁeared.to_aésist‘thz flotationfof the

_'manvanese oxiues, while oxidizing agents such as potaaaium



chlorate and chloride of lime, depressed them. Thﬂ
theory advanced for this latter effect was based on the
fact thut manganese soaps are manranous rather than
manaanic, and, hence, & prlor surface oxidation 1s detri-’
mental-and a prior;surf&ce redﬁction essent ial fof‘
:.chemical’filmihé. |

Several ﬁnited atss patents coverln# the flété *on
of mhnganeéa'miheréls have been issued. Weeél;;plained
the difficulties of the flotation of manzanese on the .
basis of. poor reagent-ore cpntact,whlch is due to improper
diépersion‘of the fatty eclds and dila'which=are~insoluble
in watef and 1n<his patent proposed the use of a célloidal
dlsperuion of the fatty ‘acid and fuel 011. Thié”éﬁulsi-
fication was proauced by the adcition of triethanolamine,'
wh;ch.forms a soap %1th a mnall part of the fatty acla: and
promotes ita dlspersion. The wi ;antages claimed are both
nreqter selevtivity toward the manganese minerals and &

mnch lower consumption of'reagent.

(8)

Gutzelt recommended the use of sodlum stennate and
sodium vanadate as ectivators of munjanese oxides, wlth
'Qgcbracho bafk~as_a"5il;ca dispersér._ His paténﬁ covers
ihe;use:of'the'iéopqugcidgvin an actlivating capacitylas
Glostinet from the known sction of the heteropolyacids.
Flotatlon tests wérg»made,on manganese oxlde ores at a

temperature of 35 degrees Centigrade using stearic acid
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and amyl xanthate as promoters end terpin o1l as the

frother,;

. The use of the heteroﬁolyacids such as phosphomolybdic
and phosphotungatxc as oxide minernl activators was

| patenued by. &rnolé%l)Thcse activntors haVﬁ been employed

in the flotation of chrome ores and are saild to be satis-

factory activators for manéanese oxides.

Only a fow ;nstaqces of ‘experimental wqu~done'on
the' {lotation of southwes stern manbuneéé~ores have been
found, DeVangy and CoghiliQ&ade flotation tests on
mangahesé ore from the Artillery Peak district, west of
Coﬁgfess»Junctlon, Arizona, with the following.fesﬁlta:'

“Concentrates were nmad e, but thair silica

content was always high.. ......concentration by(s)
present ore dressing methods gpiears hopel@ss.

(1)

-Blessing, in his work oh soubhwestern manganese-
silver drés from the standpoint of the recovery of silver,
had little success in floating the mangonese miherals.

The reagents and combinations trled were oléic acié

oleic acic with.kerosene, par&ffin ‘Emulsol X, nixed
vxylidlnes, Aerofloat and xanthate. Unfortunatel- only
ailver assays were reported end the degree of success in
floating the manganese minerals nust be estimated on

the basls of an assumed manganese-silver association.



;Thﬁ réquireménts of manganece ores and'concentrates
for ihe manufacture of férrbmanganese are afminimum
cdnféht‘in th9 vibinit& of 40 per cent of mnngsnesq and B
a siliqé‘conﬁéntnoﬁ.greafly'in excess of 10 per ceﬁtg' |
The'objéét of the éﬁperimental-#ork described herein 1is
the lﬁvestiéation of the possibility_bf the prbduétionf
of'conéentrgtes meeting‘theéevraquirementsfby.the-flOf

~tation of Arizona manganese: ores,
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CHAPTER II
| WATERIALS AND EXPERLEENTAL PROCEDURES
‘Materials:

The Arlizone manganesc ores, which the,wribor has had
the oPﬁortﬁnity to examine, maj-bérclaséifiod roughly
into three,tfpes; The highest grade énd, fo the.wfiter's,
" experience, the most cdmmon'ﬁypé,'is a black, dense ore
containing psilomelane and-small gmounts of pyrolusite
distributed through a silicaousvgéngﬁe."Caidlte may or
may not be»préscnt. The ores of the Pqtagonié;'Tqmbstone;‘
nhd Yuma areas are frequently of this type. Oré'from the
Bendéf}ﬁine near Patagdni&, Arizona,'was sslcéted:as
rep:escntdfive of this tjpc, and.microsccpic‘égaminétion-
of pclished sections indiceted that a reﬁsonablychmpletg’
libération of the mancsnese minerals would be attalined by
grindihgvto minué'lOO-mesh; nThe,calciuh carbonate ih the
bre‘permitted the investigation of the:;eparation'of:the

manganese oxides from both siliceous and calcareous minerals,

A second type of ore>qonsiSts-of perticles of §iliceous
gangﬁe imbedded in a‘matrix,of manganese minérals; Psilo=-
melane is the chiefl manganese mineral, but pyrolusite is
preseﬁt ine much.klrgef proportién than in the,oreﬁrof

the first type. Clay and chalcedony are present as free
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particleg as well as in the manganese mineral groundmaas,
'Thcvonly exqmple of this type of ore which was observed
cg@é fromvthé Artillery.Peak district west of‘Congress -
"Junction, Arizones. This is the 1argest known deposit of -

manganese in Arizona.

The thxrd and least exbensive Lype of deposit noted,
is that of the Cecil Iartin c‘a;mg near Sentinel ‘Arizona.
Thc'manganese oxldes occur there in an almost exclusively

calcareous gangue.

Partial anulyses of tha th ee ores are siven : '

in Table I¢

Table I = Partlal ﬁnal 7Ses of Ores legted

HunggpeSe' Insoluble | Ca003>
7o . . : :
- Bender 22.91 : 43.14 -10.81
Artillery Peak 12,90 . 64.82 -
Cecll Martin S 1ll.46 | - -

Flotation Procedures

For - phPDOSES of qualitnt»vc estlnation of the flota-
DLlitY o; the manganese minerals, and theeffects of various
reagents, "*ubn" tests vere made. Warélgives a descrip-
tion of this me thod whlcn con»iuts of - shakin; a.fgﬁ grams
ol des limed ore in a 50 ce. stopveroa glass cylinder ﬁith

the reagenbs,to be tested. The Dblack manganese minerals
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provided sufficient pontrast té the light éolored gangue'
‘to permit & rough visual interpretation of’theAdegree of
selédtiﬁity. In no case were‘the results of tube tests
taken as COﬁclusivc of the selecti#e action of réégéﬁta,
‘but they were accepted as "alia, when no tendency toward
flotation could be observea. Thus, the chief usefxlness

" of the tube method lay in the oliminatlon of unlikely
possibilities. '

Plotation tests wefe made'in‘é 1004~rau capacity,
“transparent, nlastic flotetion cell of the dschanlcal
type and of local design.’ If the result s of tha 100«gran
tests warranted it, further tests were made in a 500~gram

capacity Denver}léboratory flotation cell,

Diatilled waﬁer was uged in all tests'unleas‘other-

wise noted.

Grindinz

Ores werz crushed fo minué 20-me$h in aveilable
”laborauory crushing ecuin*cnt and the fine zrinding done
in a rorcelgin Abhé milil uQin silex pobblcé‘as thé
srinding media with a pebbtle to ore ratlo of three to one.
The grinding was_standardized for the Bender ore when
using the 5 inch diametér 100-gram capaclty Abbd mill,
When the 500-zran capaCity AbbE mill was used, the grind

was adjusted to suit the ore beinz tested.
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Wet and dary grinding were compared from tho'spand,
ﬁoint of théir;offeot opon flototion.' It was foundthot »
a dry Abbo_mill grind would givo,flotatioﬁ rosulto B

imilar to those orba Qetigrihd’provided_the dry.groogqo
‘ore was kept wet for several hours before maﬁingvthe

flotation test,

1815153. vv
Sizin; tests were made by hanu usiné Denver
'4EQuipment Company sieves. Tho screen bLZBS Lsed were
100, 200, and 350-mesh, and the size of opening of the
200-mesh screen_was measuradrand found to conform to the
Tyler Staﬁdard opening of 0.074 rm. for this mesh sieve.
Sizing‘teéts:on concentrates or othsr,agglomoratod
matérial wefévpreceded by ah aicohol, end, if»neoessofy,
a’ benacne waoh to break up the agvlomefatéé.” Thia was
_cons*dersd preferable to prolonged screeninb,'as the

1qtter may resu;t in "rinding of the soiter material on

the screen.

Disporsioh Tests

To ascertain the minirum quantity of a dispersing
“agent, such as sodium oiltoéto or tannin, necessafY{to<f
effectively disperoe the fine portion of an ore,;disporsion
tests were made. A scries of 10 tost tﬁpes$,6ach contaln-

ing 4 groms of ore and 12 cc. of water was used,increasing
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_amounto of the reagent tested being added to successive
‘fuboo,' After'éha?iﬁj; the settlins time'véé noted and
the oouLﬂum or minlmum concentration of the rearentfbr ‘

alequote dlsporsion W&S detonmined

Heavz,Liquid Soparotions

Héa#y iiquid se?drationé wefe mgde using'acétylene
:tetrabromido as the'hoavyﬁmedium; biﬁq speciflic gravity
of about 2.9 was satlsfactory for the separation ofthe
manwunese oxides from siliceous and calcareous gan*ue
minerals. It was found neoesqary to remove the minus
350-meoh-materiai before.making the geparation. Five
-lots of 1 grﬁm sach of-the plus 350-mesh material were
‘sepordted by‘stifring the»sﬁspensionAv130rously, ailow- :
ing the heavy ffaction=to.setﬁlé, and fhﬁh collecting
each fraction on a fllter.” The héavy andolight;portiona
vere allowod»to accumnlaﬁelon.the,filter papers and were
each given a second treatment to agsore getfing the best

possible separation.

Briquétting

To pe 1it a microscopic examination of finely
divided products of flotation tests,,bakelite briquettes
were made using’a briquette‘mOuld of local design. A

composition of 30 pof cent_of bakelite wao found satis-
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1actorv with a heating pnriod of one hour at a temper~ .

ature of 120 degrees CentLgrade.'

Microscoplc Procedure

The motbods of Shor%lilre followad in tnc micro~
scopic\identification,of thg_manganese minerals. Etching '
tests were used as well ds the ﬁiCroahemical ~sodium. bis-.
muthate, test for mangane se. The microscope was pr@vidad o

with polarizing equipment which permitted the iaenti;i—

cetion of pyrolusite and.man;an;te by their anisotropism.j

: Ahalytlcal liethods

' For'tho'anélﬁsiSQfor ménganese, a modification of
ewa'§9>okalic écid metﬁod was‘used; As a qﬁiék'approxi—
mation, in thé case 6f the Artillery Peak ore,»“spbt“
tests were nade. The_method could be used only onitailipg'
samples and cdnsisﬁéd'of-gfinding‘é‘few tenths of a srant
of the samplo“iﬁ an agate mortar and then pressing a
small pét of the material adjacent to a simllar pat of
ground ore of Imown manguncse content on a‘ﬁhita paper.'

A scries of sampleg of known manganese content permittsdr
the determination of the mangansse content of a téiling

within one per cent on samples running not over 10 per cent.

Calclum carbonate determinations were made using the

standard calclium oxalate mbthod.:-In the case of the



Bender ore;oanabbreviatod method was devised. An excess
of one tenfh normal sulphuric acld was added to the
sample which was then'filtered. The filtfate was titrated
with one tenth normal sodium hyaro iue to a meuhyl orange
end~point. Tho'oalciumnc&rbonate.content was calculated
on the ‘basis of ‘the scid consumed. - The mo thog gave
'satiofﬂctory compurative robults on a series of pro&ucts
 from a single flotationvtest, although_th@ caleulated
heaﬁ aseay might be several per cent above the true value.

(9)

Inooluble ueterm;nstions were mode usinr»Low's
methou.“-If a sllica analysis was desireo, the 1nqolﬁble
ros_due -was treated Wth hydrofluoric and then sulohuric
ac&os'and the silica content determined from the loss in

velzht of the rssidue.

Iron'detérﬁinations were made using the permanganate.

(¢)

method recomnended by Low.

Phosphorus determinations were made using the

(9)
volumotric phosohomolybdate method ﬂlven‘by Low.
pH measurements were made using the LaMotte colori-
motric indicators where possible and an instrument for
the potentlometric determination of pH»where neceﬁaary,
due to turbldity of solutlions or the presence of a sub-

stance antipathetic to the. indleators.’



EXPERIMENTAL WORK OF FLOTATION

Preiimmary “ba'sits‘w&w‘ M side . on 'ﬁﬁ: mﬂ-’ ore to
stimte the mghest dsgrea c:f :xtm‘tim m solw
: tion poesible by ph;yaiml mtlwdi. & sm&e w m

ore was Ermmd to pasﬂ a 200%mibeh

scmensd on & sw-mh sféw: k W Hm m&-
tion was maae a.s dnsorib&é iﬂ‘x Ghaptar XI, mx _the
‘ plm assumah partmn, m M W WW
to detemmu thair mn@mu amént. Phe rnm%u
are "’iven m Tahl& II.

Raferring to 'rablo II,, .'u‘.‘ maﬂy sonplata lzber»
ation of the. mangmeaa nimrals 1n the mimm M

material is aaamd a tatnl axtmct.‘wn éf over 90 per
cent atmuld be posaibla from the atmmmt or libar‘-
‘atlon of the mm*raneae mimrala. Asswning glao *that a

Tt
i
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scparation of the manganese minerals from the gengue on
the minus 350-mesh material will be as satisfactory
as that observed on the plus 350-mesh, a concentrate

grade _of”oveb 40 per cent of manganese a“ppéam paaﬁs‘ib}a.‘

Before proceedinb with ﬂotation tasta, th@ grind—
_LnO techniqua was atmdaraized for tests md@ in the

'IOO-"I'am capaclty flotation cel;. Tne om, at minus

20—“19311 vmﬂ \mt gmund as descrﬁmd in Chapter I% %

- .uslnt_, a two ‘co one’ ratio cf aoli&s to 11quid. The

'“ti.ne of f-r.mding W&E variad until at a “time of 15
mlnutos ’, the - seraen analyam "‘ivan in Table III was
vobtainei and ﬂGCGPued ag satlsf etory ror i‘lotat.ien
| » tcstlng. All subsaquent taats on th&a ore, unle:asa

otherwise sﬂecii‘ieu, were md@ usmg thﬁ.a grlnd..

i Table ITI - 3cﬁrﬁanf Anglxsia of.,stapdam-arm;

L %’?éﬁhtz'w o Gumx;&tiw
Plus’ «-m% B o =ee o 2.4'  -
‘|'¥inus 100, plus 200 ' 57;7 ] 40,1
|1inus 200, plus-350| 22,9 - | 63.0
"_I,E.inus ;’;SGQme'sl_x', . 37*0, ST _""7?7;‘0.'
Totals | 100.0

egies_;’- Effect of @
‘I‘he mrpose oi‘ these teats xms to- detemlm t&m

. efmct of pH on the I‘lctaticn of both tm mn,r_;&nesa
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minerals a.nﬂ the calcite in the ore. The pH was -v‘afﬁmﬂ'
using su lphuric acid or sodium uar’wnate and séhp ag’ the
‘ promotoz-. Ivory aoap wa.m ‘selected as a pum and aaaily
faprcdu"cible ‘product. The soap was added in lots of 0.1
nound per t;on of ora, and tm a@ditim mntinued until

: manrfzmc se mineral wes . not viaibla in th:a I‘roth tha 7
; qx.an’ci’cles varying from 1 to 5 poundw. DnPcmi; frother

B48 was used in T@st 1, but 2. frother was not mmm in
the succaadimv tssta. . A mnary of th«o maults cf tmta

1 to o, inclusive, apnears in Table IV.

t of pH Variatl

Test pH E&ng&nese in Hangam#e
No. - goncentrate, §| extracted,? | e
1. 6.7 28.5 | 574 ..
2 7.6 |. 8.9 | 59.6
3 8.2 | 0 22,9 | 48,0
« sa| ma | swa | w
5 10,2 |.. 20,1 - | 32.8 | 82,6

v(a) ~He'ada contain@d:22.91-@@1..0@1;&%;6?& o bﬁ% L

Interpretation g_i_‘_ @gaultz af matg ;., o 5, g,gelua; ve
Rafer**in@; to Table 1v, tha roaulta of Teata 1 to B,

inclusive, ’ 1ndica’ce thﬁ followmg cancluaiom:
1. A PH of 7.6 (the pHl of the ore in distilled
B wuter) 13 most aatiafactory i’or the . ﬂotatitm of bohh

the manganese minerals and ualcita tehan sosp 1is. used

as the promoter,
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‘2, It is evident that calcite floats more readily
than the mangane se minerals under,tbaas conditions.
These results confirm the observations of Geudin and

Behrené.(v)

Series IT ~ De§aha?fgigggggugggggggzg

Series II consisté5éf”%§eta'baged on the DeVaney-
Clemmér pétent (4) whi¢h involves the flotatlon 6f'th£
mangane se minerals aé a high pH asing a fatty acid as
}thg promotér and sodlum carbonate and sodium silicate
go sive the desired alkalin;ty and‘disperahxu Ths‘
quantities of sodium earbonate end sodium mﬁta’éilicata
(2;5 poundé of the fdrmer'and'lo;o pounds of the latter
per ton of ore) were‘datenﬁinad by disparmon Seata, as
described in Chapter II. These reagaﬁtg were added in
‘thevgrlnding stage, but it was found necessary to add
the fatty acid in the flotation cell to prevaﬁt excess-
~ivé'frothing during grinding. In each case, the pulp
was conditicned fpf 5 minutes with the ﬁramoter, the
ifrbth collected.forgzo to'25,m1nutes,iand tha‘tasta
"stopped when mangaheaé minersl was no 1ongor v1aibls-
In the froth, The addltion of a frother was not

necessary.

Thb first of-ths tests followed the patent _
disclosure in using 6.0 pounds of olelc &éid_per*ten of

ore. The results of Test 6 are giveh in Table V.
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"‘The aecond test was made using 6.0 pounﬁs of fiah
oil fatty acids per ‘ton of ore, &8 reaem&anﬂed by .
16,17 '
%ein ( o )as promstara of th@ mang&nase minerals;

‘Ths results of Teat ? apnear in Tabla V. ‘

As‘the}patentees suggeateﬁ a'high gulp‘dénaity for
Jimprovéd extraction. in rqughﬂr‘fletatién,-a third test
was-maae uwsing 200'nrams’oftera51n~tha~100~gram

capacity flotation eell giving a dilution of about 50
| per cent of aolidsf Diaperaknltaat& had indicated that
‘the concentratiéﬁs of sodlum carbcnateAand ‘sodium

‘silicate‘in the solkticn wers tha-govsrning factors,

‘f‘<rather Lhan the quantltiea per ton of ore, sc, l. 25

 pounds of sodium carbonate and 5,0 pounds of aodium

ailicate per ton of ore were uaed. cneic acld was -

; mided at 'the rate or 6.0 par pcunds per ton cf ore.

The resulta,§f §es£.8 éppeaé-ia Taﬁleiv;  .  .
_ . S o - . ()

.~ Table V - DeVaney-Clemmer Procedurs
- ?gst. Lo - Eang&nnae Manbane 1al
’ T - - S conce iy
] 8 - 0Oleic acid - 35-3~: 25~9
, - . : g B ety e S
7 Fish oil fatty aclds Tl.8 | _27.2
8 - High pulp demsity | aﬁ;a. . 24.4

(a) Heads containing 22.91 psr eent cf manganeaa.



20,

Interpretatim of Result:a of ggata 8 to a MIuaigg .
‘{eferring to Table V_ th& resulta of Testa 6 t@ 8,

inclm,s ive, the" conclusiona which fellow are imwa%d.
1. Both ext;rac.,ion ‘and the grade of concentrate
| ’obta}.ned show an - ii@rammt over *ahoaa
'obuained in Lne tests of Seriea I. _
2, Tne fish oil fauty acida a@pear to .be a more
| ‘selective pmmoter than eleic aeid altihou@
- not as k.owax*ml.,v | e
_3'.  A hinh pulp uensity daes not appear “to be
| } dasi\rabla,. although thz.seffect-may be due to
| slightlylpccfer ,di.spe»rsion as _a'r‘eau;lt of the
fd.ecrease"ihjti_l;se“quez_ntitiea {per ton of ore) of
" sodlum cargonate and sodiwm silicate used .

‘in Test 8. -

Series III - Olele Acid with Kerosene "
~ Doth Velnty (16 17) (7).

snd Ga‘udm and Baaﬁz*&m
mention the use of ﬁfg'ﬁrocarbon olls to assist the
flotatlon of tb.e m&nbanase oxiies. : Safias III consists
of tests maae to detemim ‘the effact of karnaene, when
usyd in conjunotion wiuh ola&c a;cid, upgn tm flotation
of manbane °e minemls. In each of thﬁse tests, 5.0
pounds of aleic acid per tm of ore were uzed, with
variat,ions in the a.mmmta and order of addition of
the kerosene. ‘i’he flotation time vars.ed from ‘7 te 11
minutes, the teats bolng stopped when no men ’&nsaa ‘A
mineral was vlsible in the I‘mth.. As a frothar, O. 5
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 ‘pound;of pine oil pef ton cr'cre-waa_used»

»VThb first tesﬁ ééaAmade using oleic acid and
conditioning was aone in tha fletation,eell.v,Thé T
,_vresults of Test 9 appear in Tﬂble VI.- -

In ﬁhs“aécond test'Z.O.ponnﬁs;of keroaéns per ton
 _6£ ore weréladdéd-in'theiébbé mill.andaﬁhe.oleic acid -
added during the éﬁn&itianing-gsriod_in the flet#ti&n»
cell.  Thé'results of TBat’LOfappeqr‘in.Tabla,VI.u'

N Por tbe third test tha order of additiun of ths
kerosene and oleic acid was revarsed, the qnantltlea

renaininU the same. The results of Test 11 appear in
EmneVL . |

In the fourth. teut the ore was conditioned in
the flotation‘cell with ths olelc acid,‘andrﬁ;Og
pounds of kerosene par ton of ore. The Tesults of -

Test 12 appear in Table VI.

- S - {a)
Table VI - Qlelc Acid with Kerosene

Test ' T ‘engane se Kanganese in

1o ' e lextracted, ¥ |concentrate.?

-9 | 0lelc acid only .,38. : 22.5 :

| 10 |Reroseme in grindl 36.58 | . 22.0
1 Oleic scid in ol 518 . 23.5
Six pounds of ' re ’ :
12 | omene 35.4 N E-TR

_vf(a) Heads containing ba.gl per cent of manganese.



22,

Interpretation of Haaults cf ?asts 9 o 12, indluaiva.

Referrinv to. Tabla VI, the Pesulta cf Tssta g to 12

inclusiva, the conclusions whivh follaw are inﬁi@ate&;

1.

It appears that 1t ia detrimﬁntal to beth ‘the

- extractlon of mangansse and tha gvada of the

oD

concentrate to add kernsana to thﬁ grinding

circuit.

'Lar ge amounts of kereos&ne are ar‘littla valuo.

'The results of Tast 11 are. af interest 1n that

both the grada of @oncantrate anﬁ th@ exbraa-
tion were benefitted by the addition ef the

!olsic acid to th& grinding ci%@ult.
40T

hz ygar extractions dbasrvaﬁ 1n thsae taata

””are probably: due 0. tha rnatrictian 1n thé

"quantity of oleic” &cid uﬁeﬁ» :

,I“,'

S wartman

aeries_;v = Effeet of §E&2§&£~Qis§£éa
(14)auggaated that sulphur dloxids

) might ba usaful in depresainu silica’ and actrvating the -

.qanganeae minerals. 3@riea Iv cenaists of tests mada

, usinv this raagant in canjunction.aith cleic acid,

sodium carbonate, and sodium gilicats.

Tha first or thsse tests waa wada fer the purpose.

of eatablishing a baais for . eam@ariaon, and 6.9 peua@;

of oleie

dloxide.

acid per ton ef ore were uaed ﬁithent nulghmy

The oleic acid wes - adde& in th& fletatien aﬁll

and the froth.collected ror a p@ricd of 15 minatea.v
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_The results of Test 13 appesr in Table VII.
fhe‘séccnd teut‘wasrmadé using 6.0 pounds of'olaie
“acid and 6.0 pounds of sulpbur dioxide per ton of ore,
1the latteﬂ being adled in an”aqueous solut;on. The

ore was conditioned first with the sulphur diaxide,
and second. with the oleic acid, and thﬁ froth collected
for 20 minutes. The water added.durino‘the teat con-
taxned the sans concentration of 3ulphnr dioxid@ as that-
in the flotation cell..«The‘rsaults of Tast ‘14 appear
in Table VII. | |

The Lhird teat wes made uaing 10.0 p@unds of sodlium
meta silicate, 12,0 pounas of sulphur diorida, andAIE. |
pounds of olelc aciu per tan of»ere.’ Thﬂ~pulp was
coqditioned first with th@ sulphnr dioxide whieh was’
_follcwed by the sodium ailiﬁate and oleic acid. Ths_'
froth.wau‘collected over a period of 30 minutes. 'Th%'
results of Teat la appear in Table VII._ ' ) o
A& fourth test was madn uaing the D@Vﬂneyaclemmer(é)
Vprocednre with sulphur diaxida. mha-pulp was. conditioned
wlth 3.0 pounds of sulphnr dioxﬁﬁe per ton of ore,
follovinﬁ which tha pH value was 1ncreased to 7.5vwith
'sodium~hydrox1de. Sodlwm carbonate, aadium ailicata and
}oleic acid were adced 1n tha sama proportiona as in Test
6 of ueries II, and the froth collectad over a period of

20 minutgs, ,Tne.results ofvTest 16 appear in Table VII.

A fifth test was made which wes similar t& Test 16



o
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vin all respects, except that 6 0 pounds of sulphur
dioxide per ton of are were used and 7.0 pcmnéz of
oleic acm per ton cf ore vom naeded. ?ha remzlta of
‘I’est 17 app@ar in ’I'atle VII. -

A sixth test was made uaing 12..0 pomda of aulpimr
,dioxide and 8.0 pcunc’a af eleie .acld per ten of ore,
but in_cther reapecis the_ same as Tests }.6 agd-l'?.. .
The ,resxil_ﬂs of Test l& appaar i'anabl-'a‘ VII. |

13 | Oleic acid alome "

14 .sulphuz?' ‘diaxide added
.15 | Sulphur dioxide and

sodium silicate added | 26.4 | . 83.2
16 De’maayuﬁlmar with | © 27.0 - 88.2 .
- ,'DaVané S K i T o
| Y7 g l‘bs.ysulphm' dloxide ||  27.9 | -88.3 -
1. | DeVaney~Clemmer with | = ~ : E
18 12 1lbs, sulphur dioxide, -N: | w1l

(a) Heads ccntaining 22. 91 per cent of manganese.

Qtergmtatign cr Reaults of Tasts 15 to & mglnai

., Referrizr to 'i'able ?II, Testa 15 to }.8 tm con~
cluaions which fellow are 1ndicatea., _
o 1. A comparison. ef the rasulte of ‘l‘eat 6 whieh
appeara in Tabla V with thess of Tasts :LS to |

" 5118 sWs that sulphur dioxide improved the
| f_,,rade of . coneentrate obtain@d in avery case.
2. ’ Larga amounts of aulpl:mr dioxida apparently

increasa th,e amwnt of olelc acld neoesaary
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.'and decféase the- extraotion. - S
5. When! used in moderete amounts, sulphnr dloxide
:"'aeemé to mpmva both tm grade of tbo caneen-
| " 'trate and the. extraction. )
4. mmn sadimn ailicate is" used with wlplmr _
o diaxida at a mlatlvely 10&* pﬁ value, tha grade
| ‘of conc@ntrata 13 1mproved at th@ oxpenu of

:gincr'eaaed comumpthon of promta%

. 891‘1@ V Maratiem af_Mita
' '»_To Mvestigate hhn pﬂwibility of a aeyaration of

= tho calcim fmm the- mangmmae mirwrala as. well as the

. latter from the silica, o test was ‘made in which the

| pmmotax* waa added. 1n a@& pomiom s.nd & aapamte

. mnc{ntmte colleatad artm- aa;ﬁ; addz.timn. The reagents

| 'and thelr ordar of adciltion, with tm axwption of the

| pmmter, ware the sama as thnsa in Test 1.'2’ whim was
:desoribed in Seriea xv. Tb wbta&m better reagant-
mineral contact and alminam the pomibility of the oil-y
oleic acld bamg carrioﬁ off in tha froth matead of
‘assiatino ths flotation of tha mangmw.,e mmrala and

o calcite, a wlloic}.al disparaion of 10 mrm olele acid

. one part triatham&mim R and %00 W‘w Watar was used o
as the pmmter 1n wcuxvdma with the ’med(lslamchaum,, , I-
‘ 'l‘bae promoter was aﬁdad .’m the quantitiea S.ndiua'bed in
Test 19 of Tabla VIII, and tho froth was collected after

each adglit_ion unt;ll menganese mineral was npt visible in

it. The results of Test 19 appear in tabulated form in



 Table VIII - Seporation of Galeclto

- 4. Extraction Cumulative

vOleié Aci& e lght manganese*Calcité InsolubIé Hancanese|Calclte|insoluble
: 1bs per ton| 9 S e - e .9 2.1 g .
THead | 100.0| 22.61° | 14.9 |  4l.5 100,0 | 100.0 | - 100.0
Concenﬁrate 0.2 948 14431 55.0 | 15;417 ' 6.1 3546 345
Concentrats 2| 04 7.2 20.41° | 37.0 25.8 | 12.6 | 52.4 7.6
‘Cbnbéntrﬁtess o 6;6 | 4§6v QS:QQ : r22-0 i‘31,3ﬂ ' 17.8 C59.1 | 1.1 |
Concentrate 4] 08 3.7| 27.38 | 16.3 | az.7 | 22.5 63.1 | 14.1
lconcentrate 5| 1.0 2.6| 2e.54 | 13.0 | 347 | ‘25,6 65.1 16.3
Concentrate 6| 1.5 41| 24,35 | 20.5 | 30.2 30,1 70.5 19.4
Concentrate 7| 2.0 3.4| 23.90. | 19.6 31.6 | 33.7 75.2 22.0
concentrate 8| 3.0 6.3| 22.30 | 20.3 | 30.1 | =9.8 83.9 | 26.4
Concentrate 8| 5.0 9.3| 27.55 | 17.5 | z2.7 51.1 94.6 | 33.6
Concentrate10| 7.0 10.4| 35.02 [ 3.0 35.4 67.1 96.6 | 42,3
Concentrate 11| 10.0 30,6 22.75 | 1.5 s8.4 | 97.3 99.3 84.3
Tailing B 8.0l w7.54 | 1.7 | 835 2.7 .| 0.7 | 1s5.7

9z
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Table'VIiI and’in graphicdl fbrm in Figursfl.

Interpretatien or Reaults af Teat 19.

Referrin? to Table VIII and Fivure 1, thﬂ con-

_ cluaions which follew are indicatad. _

' 1.__The calcite 13 more floatable than tha N
manganese<minerals, but tha noaaibil*ty of a
;aatisiactory separatlon of the two by this

';mathod appears unlikaly' -
2.  Tb» ceparat151 of the maﬁnanoae “1nara;s from
7 the silica 18 also unaatisfactory, end large

‘amcunta or promoter apparently cause even leaa
selectiv*tr ~ This 1atter effect may be due to
the dec:eaaed concentrations of diaperaing

’ a*ents tcward the end of the 1eng test in a
small rlotats.on cell,

Series VI - Effact eff§gg§waeﬁ geaggnt 59?

A sample of a reagent mads by tha uhsrwood Petrol—
eum Company and termad ”Eahegany 01il™ or Sherwcad 407
‘ gave encour&giné results when 1nvest16atad by means of
tube teats as dagcribed in Ghapter II. Tha camposition
of the reavent was not discloaed by the mﬁnuﬁacturer.
’The tube test results mayybe summarizeé aﬂ follaws: |
first, sulnhur dloxido is neeessary to obtain the deairpd |
selectlion and is more effective if added betw%en two

additions of promoter; seconﬁ,‘both kerosene and’ olaic



‘acld seem to enhance the selective action of Sherwood .
407.. | | - N
In the firat flataticn tom: of this wrioa, tm
‘pulp ma con&iticned in three m:ageﬁ; first, with 5.0
pounds or onerwcod 407, :;': 26 pounds af koroaona, and
3 3,75 pounds of ol.eic acia, ‘second, with 23,1 pounds of
ﬁsuiphnr diéxido;.wmaithird"wiﬁh‘ggﬂ p@ﬁnﬁa of Sherwood
. 407. end 1,25 pounds of kerosene per ton- of ore. A
;frcther was not nmeded. Thﬁ_reaaltp a% @wat~a@~aypegr
i Table Ix._[ ‘ B | |

meomi tes»t waa mde eliminatlng ttw aulp}:mr
’dioxide, but Imaping the other reagents and their

qmmtities conatant.- ._Tha results of Teat 21 appear
‘in- Table IX.“ | o

A thirﬁ. wm: wes made at a pulp d@naity of nwly ’
50 per cen't of sollds usln’*'a QOO-gram charge .in the
100—-31‘8@1 capacltv flotation cell, ;’m &n effort to
ﬁeuuce the a:nounts of ra%enta required. ‘ "‘hs pulp was
condi tioned in thma abae,es, using firat, 4.0 pmmda »
of aherwood 40’7 1. 3 pounds of kerosens, and 1.5 pmmdﬁ
of oleic acid; aacond, 164 5 pounds of aulp!mr Moxida,
. and third 8 o pnsunda of Skmrwood 407 and 3«5 pounda of
kerosene per ton_ef ore. _Tha rewlt.a of Test 22 appear
in Tabie iﬁ. - |

A fourth test was: mad@, also ‘at a hi@h pulp
denaity, with the oleic acid omitted, The three-stage
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was fo

- 30,

iohing procédﬁre;as'desdr:bed"fbr Tests 20 to 22

1lowed and thé‘fotal amounts of resgents were

i 9.5 pounds of Sherwood 407“6 9 pounds of kéfosané,

" and 6,

result

, & pounds of 3ulphur dioxide per ton of ore. The
s of Teat 23 appaar in Table IX.-

, _' ‘ S (a)
'“Table IX - Effect of'Sharwobd 407 :

Test | E&nganeaa in Menganese
No, : ] concentrat ; »
20 Initial test. - 28.0_ - - g97.4
21 : S’lllph\ll' diox*del ', . 28,2 - . 83 ‘7

ez |Olc sold TN eg e | o34

(a) Heads' containing 22,91 per cent of

man*ane 86,

Interpreuation of Results of . Tests 50 o 25 indhudma.

‘conclu

1

Reierang to Table IA, Tests 20 to. Qu, ths

slons waich follow are indicated.'

« It 18 avidant that the Sherwoed 407 reagent
'combingtion_was more effectlve frcm thefatandé
noint of both'grade of cdncentrafe'and extrac-

tion, than the best results ob’cai.ned h:eretofore.-

2e _Sulpbur dioxida is an essentlal conatituent of

the reagent comb;nation, but oleic acid does

not appear to be necessary.‘

3.V A high pulp density 1n the flotation cell

results in 1ower r@agent consumption w;th



. ;1ttio‘doprea80'1n'axﬁfactton anﬁ en actual

fiﬁcraasé in the grade of concentrate obtained.

‘Series VII - Mlscellaneous Tests S

‘Se#éféi teaﬁs-wefa'made to determine’thé velue of
a miscellaneoua wroup of reagents and: raacant combi-~
netions that gave 1nconcluslve qualitative resulta
’when t@ated by mnana of tube t@ata as desari“ed in

Chapter II..

 The fiﬂst of these teats was made followinv tha

B ¥ 1 (15)

k!eed patent procednxﬁ as dlosely as pOS"LblG. As

8 puln density of 33 per cent of solids was snacified
for flotauion a 150~gram chmrwe of ore was Wround with
1.2 pounds per ton of ore (in terms of oleic acld) of

the foll ring reagent emulslon:

. mz @r CCe

Oleic acid 500
_Kerosene ‘ - 30
Wi&th&nolmﬂirw ) ‘ 5

A total of 8.4 pounda per ton of ore af the r@agent
were rsquired and ‘the froth;was collected over a period
of 35 mimites, using 0,3 pound of pins oll per;ton of
:ofe.- The resalts of Tast 24 appear in Table X.

The sacond of these ﬁeata wes mada uaing alkalinw
potato stamh,; which F. S. %artmanu )had haard was a

promoter of the ‘méng‘aégha ‘zninemls._ The pulp was
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,conditioned with 0. 1 pound of the reagzent, and a total
of l.0 pound per ton. of ore was uaed.; The last 0¢3
pound addition was of no apparent value in floatlng the
1manwarese minerals as ths froth was white. The resulta

of Test 25 appear in Table X.

(14)
’ Avain on Fd Se Jartman's sa"”estion, a reagent

combination consisting ol an enuloion of 1 per cent of
“mulsol Corporation reavent X1 ‘and . 6 per cent of kero-
sene was uaed. Th@ pulp'was csnd;tioned with 0.1 pound
of ‘the reagent and floatedvusingva total of 1.0 pound
of thé réaﬁent ﬁgf ton of 056.‘ The last 0.4 pound of
the reagent appeared to collect 1ittle manaznese

mineral. The results of Test 26 appear in Table X.

‘Table X -~ ¥iscellaneous Tests
Test - ,:, |¥anzenese 1n Mansnese
Ho. _lconcentrate,? | extraction,®
o4 -Weed gatent 24.9 01.0
25 ﬂlxaléﬁgtagqrch | ‘24.0 |  40.5
Bralzol Xy with | . B ‘
26 | Bmulool X3 23.8 | 42.8

(a) Heaus conoainino 99.91 per cent of man aness.

Interpretation gg Results of Tests 24 to 26, inclusive.

: Réferrins to Table X, Tests 24 to 26, inclusive,
the conclusions which follow are indicated. |
1. The results of Teat 24 indlcate that the- grade
of concentrate cbtained, when'following the

WGéd patent diséiosurcs, is not as satisfactory



as that obtalned when the DeVaneyuclémmsr proeedurb7is

- usod, and a greater consumpticn of promnter ia-

-experienced.

(2]

-2 Alkalina pot ato stareh is not a satisfactory

promoter of the mangenese m&narals as employ-

ed 1n Test 25.

3,L An enmuislom of kerosene and Emulsol Xl is not

‘effective as a promoter of thaimanganeae~

 :ﬁnera1s present In this ore as evidenced by

Tests on Samples from the Artillery Penk District

‘A hsavy liquid separation wes mde on a éamplQ of

ore from the Artillery Peak district to determins the

‘degree- of 1iooration of the mang anese minorals aftar

grinding to ‘a sizejoffminns.ZQO-mahh,;,The-3&mp&a"a;

ground to minus 200-mesh, . t he test made on the plus

350fﬁaéh-portion, end the productis analyzed for'méngan¥

ese and insoluble,-

Table XI.

The resuits of the test appear in

Taole XI - Heavv Liquid oeparat g

Wéight Mané?nasa Inso%ubls'% of total
AR 7
Head - 1.00.0 ]9 Q3 7.9 1Qn 0
Tight , . '
~:Fr§2tionfx BN A 4% % ,4.92 85.0 ~9.5
e on |- e2.5] 40,49 | 16.2 70.5.
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f Refgrring'tb Table XI, 1t is evident that a
céncenﬁrgte ofvloﬁ gilica_éontent'cannot be obtained
on the minus 200 plus 350 mesh.fradtion 6f this orse.
If}it is.assuméd‘ﬂnat the minngvSSO—meéh m#terlal
would show aisimilar~degfea éf:liﬁération, an extrac-
tion ofAVprer cept of the total manganese in a concen-
tratauénalyzing‘éo per cent oﬁJmanganeSe‘appears
possitle in so ﬂaf.aa liveration is concorned, |

Flotation tcsts wére:nadé to compare the effect

of a dry'grdund chargé,‘which had'beeﬁVSoaked"in wﬁter '
fo:’severalfhpurs,with a charge which had been wet
ground. For the firmt test, a sample of the ore,
crusﬁed to a size‘of minus 20;mesh.ﬁas screened on a
100-mesh sieve and the oversize ground for 10 minutes
without watgruinuén‘ﬂbbé mill. The rinus 100-mesh
matorial was again‘rémoved,'qnd procodﬁré,repeated

until,the'entire'lot héd been reduced to minus 100-mesh,

_For the second test, a 100~-gram semples of the
ore was wet ground for 15 minutes 1n the manner des-
cribed in Chapter II, using a dilution of 66 per cent

of solids,
' Flotatlon tests were made in exactly the same
monner on both semples. The résults of Tests 27 and

28 appear in Table XII,



_Table XII = Wet snd Dry Grind

- -

rest Manganese In | Manganese =~

| Hos __|concentrate,% | extracted, £ |
27 Wet grind |  24.1 | 75.7

|28 pry grind 23.5 74,6

- Roférring to Teble XII, ths rcsults of Tests 27
and 28 wore considered sufficienﬁly“similor;to Justify
the use of & drv grind on this ore for the comparison
of tho effocts of various rcanents upon its flotation.
Subuequent ueats on this ore were rade using a dry

grxnd unlesq otherwiso noted.

Series I - Oleic Acla-aulghur Dloxide t__»
| A series of tests was mado to detorﬂine ths effocts
of various ouantities of sulphur dioxide, Dulp density
and fineness of grindin~ on thio ore when usino oleic

ach as the o"@noter.

. The first test oi this Zroup was Tost 28 'rhich

appears J& Table YII.. The ore WaS conditionod in threa

utages using rirqt l 0 pound of oleic acid, uecond 66
pounds of sulohn‘ dioﬂide, and third 2.0 poﬁnas of oleic
acio por>ton of are. A total 0¢ o.O pounds of oleic acid
.'Jnd O 5 pound 04. - oafont I‘rother B48 vies used. The

ults of Teot 28 aopea¢ again in able YIII.vi |

A second test was made in the same manner as Test 28,

‘but 0.66 pound of sulphur dioxide per ton- of ore was
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-uséd. The results of Teét_zé appear in Tébie XiII.v
A third test wes msde 4n'the séms ménnef'as'Test
;9 but the sulpnur dioxide concentration was sustained
1at O 65 pound per ton of ore and a total of 6.0 pounds
'o; oleic acia-was used.: ‘The results of Tast 30 appear
in Tedle XIII. = B
,' A fourth test was madé in the same ﬁ&nﬁer as Test :
. 30, but 3.3 pcqndé Of'suiphnf @;Qxide'ﬁéré used in the
~coﬁdttiqning; Thgrééults4of Téét 31 appear in Tabie
XIII. - o
In = fifth,test a chﬁrre of 200 "raﬁa-of ore, to
give a dflution of about 50 per cent of solids, vas
conditi oned first, wihh 045 pound of ole;c acid; second,
Witn Q. 66 noung of sulphur dioxide; and third, with
1 O pound of oleic acld per ton of ore. A total of 5.0
Dounds of oleic acia, end 0.5 pound of duPont frother
B4S per ton.of ore ‘was usea, and the concentratioh of
>sulphur dioxide was sustained at its oribinal value.
The rcsults of Test 32 appear in Table XIIT.

A sixth test was made in the same manncr as Test
N 5°, but O. 35 rotnd of sulphu& dioxide and a total of

n 5,0 pounds. of oleic acid were used.per ton of ore.
The concent"afion of sulphnr dioxida wos suatainca at
its'original value, The results of ?ast,5§'appear,tn
Tablo XIIT. | I |
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}A seventh test was made in the 8 ame manner as Test

30, but the ore was wet ground in an Abbd mill for 30

.m:.nutes, to observe the effect of & very fine grind on
the flotation of the MANZAans 86 minerals in this ore.
The reosults of Teot 34 appear In stla XIIT.

An} oighth btest was nade using a sample of ore which
had been dry grouﬁd to minus ZOO-'aesh and soaked in water
for several . hours. A total of 4,5 pounda of oleic acld
per ton of ore wss uaad, but the test’ was the same as

Tast 52 1n otner_ respactg. The results of Test 35 appear
in Table XIII. - a |

A ninth test was made using 1.0 pound of mﬂ.phur
dioxide and_o‘O pounds of oleic acic. ber ton of ore, and
sustalining the éoncéntration of the sulphur dioxide
throughout, but. in other respects the ssme es Test 354

The résults of Test 36 aﬁnear in Tablé XIIT.

A tentn test was made u.tai:nD an initial and sustained
concentratioa of 2.0 ’oounds of ‘sulphur dioxide per ton

of ore, but in_other respects the same as Test 36. The
results of Tast 3‘7 appaar in Table 'XIII.

An eleventh test was made using 3.3 pounds oI‘ aulpkmr
dloxide per ton of ore in the conditicning and not
allowing 1its co:ncm’cmtion to drop belou 0. 66 pound per
ton of ore, but in other mspects the same as Test 5*7.

The resulta‘ci‘ Test 38 appear,in Table XI1I.



. T (e
Table XIII - Oleic acid, - Sulphur Dioxide .

| Test Grind |7 Pulp. | Sulphur Oleie - o Mgnganese'in langanese

¥o. | Density|. Dioxide = | Acid Concentrate, 9 nxtracted,ﬁt,.v=
y - -] Lbs. per ton Lbs. per ton L <
29 | (b) | (e): . 0.6 *ufS?Q I T 85e4 B
30 (b) (e) | o0.66:(h) | 60 . | 287 . | 778
31 (b) (e) | 3.5 (n) | 60 | 26,7 - 78.7
32 (b) (£) | 0.66 (h) | - 3.0 21,1 | ws.8
33 | (w | (£) ]| 0,33 (g) 5,0 23,0 7845
3¢ | (c) (e) | 0.66 (g) 6.0 - 24,5 | 84.8
35 (@ | (£) | o.66 (g) 4,5 19.4 . 96.3
36 (@ | (£) 1.0 (1) 5.0 . 20.6 95,5
37 (@) | (£) 2.0 (J) 5.0 23.4 - 92.4
38 (a) | (£) 3.3 (h) . 5.0 | - 21.5 | 94.0
(a) Heads contained 12.90 per cent  (g); 80 concentration sustained at
. of man§anese. - : 0.53 1lbs. per ton of ore.
(b; Dry zrind to minus 100-mesh. | (h) SO0g concentration sustalned at
(¢) Pine, wet grind. - 0.66 1bs, per ton of ore.
id; Dry gzrind o minus 200-mesh. (1) SO, concentration sustained at
e) Normal pulp density (about 8 1b. per ton of ore.

25 per cent of solids) ; (J)“Soz"concentration sus tained at

(£) Hizh pulp density (about 50 '
, oent of golida) v ( per - 2,0 1lbs. per ton of ore, .



mter;gretation of Resul’cs af Tests 28 to 38, 5.nclu:sive.

g Referrmv to Table XIII, Tests 28 to ‘38, inclusive,

‘che conelusions which i‘ollm are indicated.

' 1

The presence of sulphur dioxide reduccs the

: GXumcti on of the mangane 86 minerals, obut

o :1.1:1}31«)*'.'&:u the L,rade of the concengrato obtained

as indicated by »he results of Tests 28 and 29.

'hen smaller amounts of sulphur dioxlde are .

'auded continuously, tmre is a slight mzprova- '
.ment :m extraction as svidenced by tha reaults

of Tests 28 ang oO.

A higher initlal concentration of sulphur dloxide

- with a lower sustained concentration improves the

- grade of concentrate cbtained as shown by the

,4._
5.

6.

'reaulta of Tests 30 and 51,

- A high pulp density resul’ca In a lower reagent
- conaurmtion as mdicated by the rbsults of 'Pests

52 and 33 o

A fine r'rind 1mpmves both the rrrade of - coneen-

trate obtained ami the extrac+ion oi‘ thz manganeso
mine”als as shem by the results af Test 4.
Using a h..gh‘pulp density and a i",tm g_rind, an

~increase in the amount ‘of éulj_ahuf :dloxide
em.oloyed reaults in an- increase in the grade of
_concentrate obtained as evidencsd by Tests 35 to
‘;38 incluslvo.,
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.Gerles II - Oleic Acid-Kerosene Emulsion

A serieg of’tests was'madé to determine first, the ’
effect of kerbﬁene when uaed,injcopjunét;on with olelc
acld iﬁ an‘émuision*stabilized ﬁitﬁ Sherwo od 407, and
second, the valué of the fhrea»stége 6ondit1§hing proc. d-
ure‘used when sulphur dioxide was employod. A tdtél of
2.0 popnds‘of the_émulsion}per ﬁon of dre/(in terms of
oleic acid);,'waé_ ﬁaed. The anulsidh conslsted of lQO-mg
per cc. of oleic acid with 2—mg per cc.-of Sherwood 407,
and varyinv &mouhts of kerosena;:.Eéch test Waé'made on
a charme of 200 brams of minus r’00»-1::.1331:1.chﬂy'grcrmrw. and
water soaked ore, With O 5 pounds per ton of duPont frothe
er B48._ Tap water,,with'the pH value reducad to that of
distilled w&ter by means of sulphnric acid was uaad in

these »eats.

| The first tect was made'wiﬁnouﬁ;keroaene,'the pulp‘
bein~ conditloned in three staves with first, O 5 pound
of oleic acid' second, 1 o pound of sulphur dioxide; and
‘unird *71th»1.5 pqunds oonleic.acid~per ton,of ore, and
the concentfgtipn qf_sulphurfdiqxide»w&s-suatained aﬁ |
I.O'pﬁund.per ton of ore.- The results of Test 39 appear
in Table XIV. ' o | |
The socond test was the same o3 Test 39, but 0.2
ound of kerosene was added al ter being emulsified.with
the other-rcagents. _Tbﬁ results of Test 40 appear,in

Table XIV.
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The third ’cest was the same as Test 40 but 2.0
'Oounds of ksroasne were used. The results of Test 41 .

appear Ln Table kIV._

A fourth test was. mde in the seme mnner as Teata
40 and 41, but 4,0 pounds of karoaene Ve re uaed. The
results oi‘ Test 42 appear in Table XIV.,

A f£ifth test was,made.wfthout~su1phnr dioxide. In
other re spects, the te t was ‘the same as Test 40, Thé
results of Test 43 apﬁear In Table XIV.- ' o

© * sixth test was mde iIn which the three-stage
conditioning procedure-wﬁs abéndonea,lﬁhe4£niﬁal 1,0
pound of'auipﬁnf dibxide‘berlfén of oré'being'addéd' 
first, gnd folldﬁed by the @muis;ried_reagenf.- In other
respects, the test wasfthe-same as’mest 40. The results
of Test 14 appear in Table XIV.

g seveuth test ‘was made in which the ﬁhreﬂnstage‘.

condltionlng pnan@&nre wos again abandoned the emulsified
- reagent bsing adued flrat and follcwed by the sulphur
dloxide. 1In othar_respects, the test was the same as

Test 40. The results of Test 45 appesr in 'i‘able Xiv.

Inuerpretation of Rsaulta of Tests 39 to g“, 1nclusive.
Referrmr to Table XIV Tests 39 to 42, inclusive,
the concluslons .hich follax are 1ndicated. |
1. Small amcmnts of kerosene i*;omve the extrac-»
tion or.the m&nganeae minerals,.but even large

amounts have little efféot_ﬁpon the grade of
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$2v

concentrate‘obtained..

manganese minerals.

3.

Sulphur didxide éssists the flotation of the

The thrae~staﬂe conditioning procedure seoms

to be essential in order to obtain satisfactory

.exuraction, but the grads of concentrate is not

as hibh as whsn the SLlphur QiOY1de 13 addad

Tirst. o
L _ | ' S s i a)
Table XIV - Oleic Acid-Kerosene Emulsion -
Test "Hanzanese in | kanzanese
Mo Coacentrate, % extracted
. 39 Ho keréséne' 19,9 . 85 2
|02 1B, of - -
%O ' k;rdsene 19.9 ; QQﬂl=i
, 240 1b, of Ce
41 e . 20.2 B89.8 .
42 |40 1b, of 20,8 89,2
v keroa$ng s e
. | Ho sulphur - 0.9
45 | d1oxide 2245 50.9
Sulphur dﬁoxide . 5.0 .
%4 first 25 72 4
45 |Promoter first 21, 4f - 6.5

(a) Heads contalning 12, 90 per cent of manganase.

Series IIT - DuPont Reagent

The duPont Cbmpahy recommends the following reagent

compbination for the flotation.or the_manganesevminerals:

Dupanol L. Se paste

Rosin

Sodium hyaroxide

Crude oll.
" Rosin oll

MZ. per cc.

0.53
4.00
5.00

30.00
4,00
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A saries of tasts was mada uaing thia reagent on ZOO-gram
1ots of minua BOO-mash dry rrmund ore vhich had been
soakad for several hours in aiatillad wat&r. In each caae,
the ore was conditioned with 40 cc. of the magnnt, which

was equivalent to 12.0 pounda of crudo 011 per ton of om,
| and 0.5 pound of duPont frother B48 was used. ‘I'he crude

. 0il used consisted of Ho. 5 California fuel oll which had
 peen thinned v:ith 10 per. cent or No. 1 California f‘uel oll.

The I‘irst test was “’f&d@ 'msin\.3 this rea"ent in the
"ma.nner de«cribed a‘bove. . The results of~‘1‘a.s’c 46 appea'c in
‘ Table Xv. |

A second ﬁé‘stwas niade'using_thé rg'agéﬁt" 'in ‘cori;}unc-
- tlon withr ml}ihur"ﬁ.oxideQ ‘I‘ha‘pxﬂéy was econditioned in
three stages, 'u‘sing first, '-’10"cc‘. Cof the reagent, bveciond,‘
A 1 0 pound of sulph:ur aioxide per ton of ore, and third,
30 cc. of the re agent. - The sulphur dioxid:e comentration

was sus’ca.med at the initial ooncentratim Tha msulta
- of Test 47 appear in Table XV..

The reagent emuls lon was highly alkalim and Tea‘c 48
was made o detemine the effect on flotation of Lowe ring
its pH Salphuric acid wo.s addad to tm reagent, reduc-
ing. 1'1;3 pH value to about 7.0 ‘The test was made using
th.e neutr-al rea"ont, but was tl.w samé at Test 46 in. other‘

respects. The rasults of Test 48 appear 1n ‘Table IV.
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R (a)
. Isble XV = DuPont Reagent

Hool - |memendte| ERERNS «|

46 | 535599F.3° 2235 . 82.6

47 .Sulgggzd&io§ide 18.9 . 85.7

46' Heutral reagent | ~ 20,4 72,7

(a2) Heads containing 12,90 per cent of manganese.

E '._mt‘érﬁfétaﬂcﬁ of Results of 'ge'sts, 115 to 48,inclusive.
Referring to Table XV, ‘Tests ‘476.‘ to 48, ‘incluﬂsivé,
the conclusions which follow are'indicated. | |
1, The dqunt reagen£ gives a'satisféctory grade
Of conééntrate,_but the extraction ls not as
‘high,aa_céﬁ be obtained with a dlspersion of
oleicfécid'and'kerosene.7, |
2. Sulphur dioxiie'decreases'the selecﬁivity‘bf
~this reazent. in respect to thégmanganése-.
mineruls. This effect mnay be due, in part, té-
the acldity of the aqueous solution of sulphur
dloxide. | R
;3; Neutralizing the réégénf with sulphuric aecid
decreases its uéefglness as a promoter for the

manzansse minerals,

 3eries IV - Cieanﬁr Fldtation‘

séveral tests were mde in an effart tb‘detenmine

the most satisfactory procedure for the cleaner
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flotationf§f‘rougher concentrates recovered from this
ore, ‘In order to havé‘the same rougher concentrate for
use ;n the se tests, rougher flotation te¥t° wére mnode
in a oOO-gram capaclty Denver léboratory flotaetion cell
oﬁ gqmples which were weL ground end web sc“aened
give‘a minus 180-mesh product§, The oleic acidasulphur
dioxige nrdcedurﬂ'describod in Test. 36 of , eries I was
used tnd concentratcs havxn” an averabe content of
21 96 per cent of mangansse and representing 86 6 per
cont of the:to»al:manganese in‘tne ore,ﬁwere obtained.Q
The moiéture cdnteﬂt af the combincd éoncehtrates was
deturﬂined end a samplo of the wet material eqtivalent ‘
to a 100—~r m dry weight s used for each test, Two
;stabeg ot cWGaner lot:uion,~0.o pound of dnPont Trother
i_B48'per ton of feed being added in the first,,wer® used
for cach test appearing in Table ZVI.

Thé first ﬁest'pf this‘series vas made with the
eddition of the frother onlys The results of Test 49
appéar iﬁxTablc XVIs

The second test of this series was made using an

. in;tial‘cdncentfafion of 3;0 poﬁndé and & éustained}
.concéntration of 130 pdund of sulphur dloxide pbr ton -
Cf}feed for each stage of cieaner flotetion. The
 results of Tost 50 appear}in Tablo XVI. o
. In the third,test,_the pulp‘wasjpbnditioned'in three
stages with, first, 1.0 pound'of oleiépacid, sécond?_ﬁ.O
- pounds of sulphur dioXide, and third, 1.0 pound of oleic
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“acid per ton of fesds A total of 5,0  pounds of oieic
ocid per ton of feed was used in thﬂ first cleaner float
-and thevconcentration of sulphur Qioxide was sustained at
2.0 pounds por tan of feed. »Tho same concentrations @f

‘ ulphur dioxide were. used in the second staqe of cleaner‘
flotation, but oleic acld wes not added,, The results of

‘Test 51 appear in Table XVI,

_ For the fourth'test;ﬁa}§aﬁplvof-the rough@: concen-
'ﬁrate was ground for 15'minutes in a 1§Q-gram capacityf'
abbd n1ll md the flotation test performed in the same
manhor és Teso Sl. The results of tha'first'two stages
of cleaner flotation appear as Test 524 1n Table XVI.

In this case the cleaning operation was repeated using
an 1n*tial concentration of 6. O pounda and a sustained
concentration of 2 0 pounds. of sulphur qioxide per ton.[
of feed in each. sta €, In all Tour staées of cleaner
:flotation were‘usea. AThe;rosults appear as Test 52B 1in

Table XVI,

A fifth test was rade usinD tann.n to improve the
grade of concentrate as disclosed by weﬁnig(l ) Tﬁe

phlp was condltionsd,with-o.zs pound of tannin per ton |
of feed befdre each'of thé‘two stages of cleaner flota~ .

tion; he rzsults of Test 55 appear 1n Table XVI'

Interoret%tion of Results of Tests 49 to 5 _ﬁ, 1nclusive.

Roferrinr to Table EVI, Tests 49 to 53 inclusive,

the conclusion5~whlch follcw.are indicatad,A
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1, Sulphur dioxide 1s of 1little beneflt in the

cleaner flotatlon of the rougher concentrate

 >tested,

2. Regrinding the rougher concentrate before prdf

cosding with clesaner flotation.iﬁprovas the

grade ol concentrate obtained with only a small

sacrifiée in extraction,

3. As eﬁployed in Test 53, tannin does not greatly

improve the,gradeAdf concentrate obtained, but

does cause a decrease in extraction,

, (a)
Table XVI ~ Cleaner Flotatlion -

'Test: o ‘ ganganesé in Ehnganese {b)
. |Xo,. o cqgggg&;g&gF% extractgd&%
| 49 Frother only" 32,3 85.1
50 Sulphur.digxide 32.8 72.9
= hdditional oleic &cid N ~
51 with svlphur dioxide. 02’6 84‘?'
524 Rogrind’ 35.2 82,4
53 Tannin 33.2 55.4

(2) Tests made on rougher concentrate anslyzing

21,96 per cent of manganese and containing
86,6 per cent of the manganese in the ore,
- (b) Per cent extraction in cleaner Ilotation.

Test 52B -~ Four Stages of Cleaning

TWeight,,% | Henzanese, W] % ol Total Hanganese

| Head 100,0 | 21,26 ~100,0
~ Concentrate B840 |  SB.6 7045
I iddiing 6L.5 |  10.5 29,5




Tests on Ore from the Cecll Martin Clalms

¥lotation tests were»méde on sémples containing
1143 per cont of mangane se from the Cecil Martin Claims
:}near Sehtinel, Arigoﬁa. _Thé pfedominant gangue>mineral
in this ore wgé calcite and as the‘expérimentai work on
‘samples from the Bender line had'ipd;cdted that calcite
was‘mqre reudily floated thﬁn ths manganese minerals
‘when olelc acid wasfused aé tbs,promoter,tan attempt was
- made to flq&t the églcitaraway from the manganese

mlnerals“vhich“wbuld’beccme~concentrated.in the talling.

series I - Ihverﬁed Flotation -
Alseriés of‘tests.waédmadéfusiﬁgyloo-gfam somples of
the ore which had been yet‘ground for 15 minutea in an
“ Abbd mill at a dilutioh'of 66 per cent of solids.
In the firét'testrthevpulp was conditidﬁed with 2.0
“pounds ofroleié acid por ton of are and the calcite
floated using 0.2 pounds of duPont‘frothef B48 per ton

of ore, The results of Test 53 appear in Table XVII.

A second test was made using sulphur dloxide to
determine whethgr a high con@entration of this reagent
would act as.d‘depressanfbfér the mangenese miﬁerals,
when the Quantity of promoﬁar was restricted.‘ The pulp
was conditioned fifst,‘with 2,0 pounds of oleic acid,

and second, with 10,0 pounds of sulphur dioxide per
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per ton of ore.- The concentration ofisuiphur'dioxidé"’
was sustained at 5v0 pounds pef ton: of ore and 0.2
pounds ol duPont fro»her B46 wgs used per ton of ore.

_ The results of edt 04 appear ln Table XVII.
" (14)

: F. S. Wartman sugsasted the use of sodlum |
hexamétaphnsphdfe, which‘1s»sold‘under>ths.trade namb of
Célgon, as'a'pOSsible.dépressant‘for calcita,A'A test
was madé'using.this reagent, the pulp being conditioned
fifst,'with 0.5 pounds of Calgon and second, with 1.0
pound of oleic aclid per ton ol ore. ‘A total ol 4,5
pounds of oleic acid and 0,5 pound of duPont rrothar 348
per-ton o*‘ore,was.used in the test,. The results ef o

‘Test 55 appear in Table XVII.

Tube tests,'mada ﬁs déscrib&d in Chaptér Ii, had
indicated that‘éﬁPdnt reagent H.>P. 189,~which i§ an
aliphatic SUlphonafe; unuld float calecite, but not
manganese minerals. .A test was made'ﬁsiﬁg this reagent,
the pulp being conditloned with 0.1 pound of He Pe 189
'per‘tdﬁ:of ore. A total of 1.2 pounds of the reagent
were used per ton of ore. A frother was not needed.

‘The results of Test 56 aprear in Table XVII.

| Iﬁterpretation'of Results of Tests 53 §g>56, inclusive.
| Refeéring to Teble XVII, Tests 53 to 56, inclusive,
:the concluéions which follow are indicated.

130743
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1. Oleic ‘acid is the mos t effective of the reagents
and- reagent combinations used.

2.v Activation oi the manganese minerals by sulphur
dioxide 1s indicated by the results of Test S54.

3. Calron is o mpre’effec?ive depressént of the_‘
nanganese minerals than_qf‘célcite,

4e Dufoﬁt réaﬁentIW.P; 189 has a féndency, not
obuerved in tube Lests, to float a part of the

manganese minerals.

@

-Table'ﬁvzg';fInVeftgd Flotation

est - L ﬁanganese in ﬁanganese
Ho. ' o concentrates,? .| extracted, %
53 Olelc Acid | 19,4 81,7

. QOleic Acid with 14.%
54 - Sulphur dioxide| 14.3 7649
55 OlClC ACld \Jith ‘ 22 6 50.7 .
s “‘Calro : A e
56, puPont ¥.P. 189 19.2. - | -76.9 .

(a) lotation Tests on ore containinv 11.3 per
cent of llanganese. -

Series II - Inverted Flotation of ”;lfley Table
' Concentrates

Tests were made on the concentrate from a Wilfley
téble test on thls ore. The table concentnaﬁe aééayed
31;9 per cont of manganese mnd conteined 41 per-cént of
the total menzanese In the oré.’ The flotation tests
were made using samples of the concentrate which had

been gzround in the manner described in Series I.
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In:the first test, the sample was condltioned with
1.0 pound of duPont reaéeht E.P. 189 per ton of feed and
~the calcite floated. The results of Teatv$7 appear in
Tgﬁie‘xvxl;. | | |

For ths'sebond test 5.0 pounds of Calgon and 11,0
pounds of oleic acid per fon of feed were used. The

resulta of Test 58 appear in Table XVIII.

L » - - B (=)
‘Table XVIJI - Tests on Wilfley Table Concentrate:
rest . . _ - | Hanzenese in ﬁanganése
Ho; . S concentrate,% Ixtroction,®
57~ DuPont }.P. 189 37.5 |  87.2
, Olelc acld and |: _ - .
58- . galgpon | - 4Le7 1 - 83,5

(a).. Plotatjon testa on concentrates eontainin?
ol 0 per cent of manbanese.

Intenpretathn of Results of Tests 57 and 58

_' ?eferring to Table KVIII Tests 57 and 58, the
covclusions which fOlth are 1ncicatod.

l. A satisfactory,separation of the manganese
'm¢nerals and the calcite can be obtained on
the table concentrate.

2. The consumption of oleic acid is exccséive'
Lhen the quantlty of Calgzon used in Test 58
is employed. 7 _

Se 'Tpe contrast in the resulis ofJTest 57 with
those of-Tést’5é vhich éppear iﬁ Table XVII
may be due to the. absence of the priwary

slizes of the ore in the former case.
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CHAP‘I‘ER IV - CONCLTJSIOBIS

.......

flotation of manganeaa minerals lndieata thnt differ-
ent types ol ores may roquir@ vary different mnthoda
of treatqent. Dempit@ thim fact tbﬁ experim@ntal
work indicatea that the factora whidh follow had a
aimiler effect on.all ores teated and appear to
. Justify the’ ooncluaiona bivan in so far as those ores
are concarnaﬁ. | | , ,
1{ Olaic aciﬂ is & powarful pramotar of. tha mangen-
ese minerala and ealcite.
2, Sulphur dioxide 1mprevea thm aeparaﬁian of ‘the
mnnganeae minmrula from silieaaua gangue minerals
~and 1s,moat,effect1va when- added &uring;thg condibionu
ihg'period in'thélfiotafidn-ﬁaii 5§tieen tﬁo‘édditians
of promoters, S e e 4
3¢ A high pulp density 1n the flotation’ cell ‘decreasss
the consumptian of raagents without causinb an ex-
sclve decrease in the grada of conc&ntrate obtained.
‘.‘ Calcite 13 more readily floated than the mnnganese
m&nerals. o |
- The. raaulta of taata madn on aamples of ore fram
the Bender M*nu, the m@qﬁ difficult type of ore- teated
v indicata th& coneluaiona which follow.
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S5¢ A roagen§.c>mp1natian consisting of kerosene
and Sherwood 407 when used with sulphur dioxide gave
the most satisfactory results, o
6+ A Procedurs based on the DeVerey - CIQmmsi(é?‘
disclosures yielded modsrately good results, but the
reagent coﬁkumption was high. '
7. -A satisfactory 3epara;tie:i';'df the calcite fram
the mhb@anesc» minei'o.ln was not o’btdﬂncd thon olsic
acld was used as thn pramoter._<
84 The pH value of the ore in distilled water was
satiafactory for the flotatian of the manganese |
minerala with s08p.
9¢ Fish oll fatty acid:, alkalino potato sw,
Emulsol xl-kcronno emzlsion, a nd soap are not as
| powerfui,ﬁg premoteraiof the mangsnese minerals as
oleic mcid. - o

The results of tcsti made on ;anpiea of ore from
the Artillary Peak district indlcate the conelusions
which follow.
10. A fine grind 1is essential for satisfactory recovery.
1l. Olelc acid when u5§¢“invconjunction with sulphur
dloxide 1s most effective partiqulnrly'whbn.used in
an.gmnlsion‘sfabiliged tithMShof'ooq 407 » |
12, 'Kérosena;.'hsn added in an emulsion, 1mpr6ves
the extraction to a slight extent but does not effect

the frade of concentrate obtained.

-



| 13. Grinding of the rougher concentrate befbre pro-
ceeding with cleaner flotation- is banaficiul.
14, Yeither sulphur éimxidu nor. tannin are cffeotiva
1ﬁ'rnising’thalbrado of the cleaner Qoncentrato}whsn
sadded to the cleaner flotation oirm&ﬁga |
:v15§ The raagent combination recommended by the Du-
Pont Company is effective, but the qu@ﬁtity-ﬁdcossary‘
to obtain satiafactory axtraction is azcessivw.

The resulis of the testa mnda on samples of -
oré fram tha Cecil: %artin claims indicate the con-
' clusiona Which follow.\ ; _
16 Selective flotatimn aeparatian of the calcite
from the manganqae»minsrglg was not satlsfactory on
the undeslimed qré,.but dlcio acid ﬁns»thd'most effec~
tive of the reagents tested in this respect.
17. A aatiéfactbﬁy sep&ratiqﬁ of the aalcito(fbam*
‘the manganese minerals of a Wilfley table ccncsntrate
is possible.
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