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INTRODUCTION

There is no satisfastory method of conecentrating the finely dis-
seninated oxide ores of zinc. Gravity methods of concentrating such
ores roay be used for coarsely corysialline materials in whichk the zine
naterial 1s {ree at approximately 10— to 35-mesh or coarser, In addi-
tlon, gravity methoda of concentration do not give a setisfactory se—
peration on those ores in which the differsnce betwsen speacific grevity
of the desired mineral and the gangue minersl is amaell., As a result
thers 13 need for a method of benaficiating warious deposlts of oxidized
zine ores,

Ths two cammerelally important oxidized zino minerela under con~
sideration are smithsonite, the zino ¢arbonste and hemimorphite, fre-
quantly rera.rrod t0 a8 talamine, the silicate of zinc., Deposita of the
oxide minersls are numerous dbut unleas the ore iz ssleotively mined or
amenable to concentration by hsnd ploking or gravity mathods, 1t hea
not been possible to produce concenkrate of a satisfasatory grade and
reoOVEry.,

Thess combined factore led to the selestion of thia subject ae n
regeaxch problan,

The objeet of the prosant investigstion has been to investigate
various reszents and conditions in an attempt to produce, by flotatiom,
coneantratea of satisfzotory grade and reccovery from some oxidized
zine ores of ¥issouri, Since the selling price of zinc silicates and
zine ¢srbonats conoentrates is based on a zinc content of 40 percent
the goal of this investigation was to produce a concentrate of at

least 40 percent zing at & pmaximm recovery,



SMITHSONTTE

Smithsonite is the carbonate of Zimo (ZnC0%)}, a sscondary mineral
forined from the oxidation of the sulphide mineral sphalerite {Zns}. It
is often referred to as "dry bone" by mm, which 1is the porous
variety and the ore most commonly found. The hardness of smithsonite
on the iicha acale is 5.5 and its speeific gravity ranges from 4.30 to
4.45.(1) Smithsonite orystallizes in the rbombohedrsl system, however,
the orystals are .rarely wgll formed. It is found deposited in veins as
well as in beds, especlally In compeny with gelene and sphalerite, with
gopper andi iron ores, caleium and nmegneasium carbonates and frequantly
with mangapese carbonate, dnithsonite usually oceurs in calcarsous
rocks and is commonly asscclated with hemimorphite end limonite,

The oxidized zinc ore usuelly forms in gpenings vacated by the
sulphide upon oxidation, or else in the unocoupied spaces in the ad-
Jeeant cavitles and crucks, The pure mmitheonite contains 52,1 per-
aent Zino,

BRI ORPHITE

Hemimorphite is the silicate of zine (HpZnSiOg), often referred
t¢ as ealamine. The cerystals ars usually thin tsbular or pyremidal,

It hes a prismatic cleavags, the fracture is uneven to concholdal, a
hardness of 4.5 to 5 on the Mohs scale sud a specific gravity of J.4
$0 3.0. (2) It fuses sasily and gelatinizes reedily with soids.
Hemimorpbite is of mecondary origin formed by the aotion of silica~
bearing wateras upon othsr zinc minerauls, The pure hemimorphite con~

tains 54.2 parcant zino.

(1} Yord, W, E. Dena’s Textbook of Mineralogy. Wiley, K. Y. 1932,
PP 520-521-

(2) m' = E-. ﬂpo Cls. FD» 532-555-
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The zixa silicate is usually found in veins or beds in stratified
cglcaredous rock secompanying eulfides of zine, iron or lead and asscci-
ated with amithsonite, sphalerite, gelena, csrussite and englesite,
hydrozineite, zineite anéd willemite may also be prassnt.

DEPOSTITS AND PRODUCTION OF OXIDIZED ZINC ORES

Missourd

Table I‘ glves the anmual produstion and velue of zinc cerbonete
and zine silicate esoncentrsetes profuced from 1915 to 1943 inclusive.
From 1923 to0 1940 the oufput of zinc carbonate concentrates was very
soall, From 1940 to 1943 the productliom of zinc csrbonate concen~
trates inorsased, Table 1I glves the walue per ton and the average
zine eontant of zinc cuarbonate and zine silicate conseniratos produced
in acuthvestern ¥issourt from the years 1915 to 1943 inelusive, The
figurss ziven for the yesrs 1940 to 1942 lnclusive are valuea for zine

carbonate and silicate consentrates produced from orude ore only.



Table I, Anrnua) Produatidn and Value of Zino Carbonete and Zine
Silicats in Southweetern Missouri from 1915 to 1943 inclusive(3)

Yuantity Guantity
Year {(short tons) Yalue Year (short tons) Valns
1915 24,351 $ 1,203,998 1930 1,696 $ 40,698
1916 25,564 1,203,998 1931 377 4 "?60
1917 30,5693 1,247,830 1932 404 4,248
1918 17,581 567,291 1933 1,328 19'88'?
1519 1,510 814,277 1934 1,200 1’?'437
1920 9,433 336,095 1935 1,400 20,581
1981 60 643 1936 621 10,762
1928 3,008 63,917 1937 1,690 43411
1923 5,774 100,272 1938 1,022 17,931
1924 1,483 35,294 19359 949 16 757
1926 2,269 69,874 1940 807 10 .955
1926 3669 115,962 1941 1,277 14,355
1927 1,387 36,632 1942 1,510 23,940
1928 987 20,655 1945 1,037 B1,261
1929 1,352 28,710 )
Table II. Tenor of Zine S8ilicates and Zinc
Carbonates Froduged in Southweatern Bifsscuri (4)

Valua Zina Content Telus Zine Comteant
Yexr (per ton] _ pereant Year (per tom) Percent
1915 § 45,00 39,3 1930  § 24.00 40,1
1916 B0.E1 3%.4 1931 12,63 2%.0
1917 40,650 39,7 1532 10,61 39,8
1918 327 27,1 1933 15,01 39.4
1519 RT3 40,3 1934 14.53 29,3
1920 35,50 39.8 1938 14.62 38,0
1522 21,26 33,2 1957 28,69 40,5
1323 206457 3B:6 1938 17.54 4.4
1924 24429 30,3 1939 17,685 49,0
1826 30,80 38, 2 1940 12.13 28,7
1926 3l.81 39.3 1941 11,24 22.5
1927 26,28 B2 1942 1%.85 23,2
1928 £0.97 38,5 1943 49,43 3D.3
1929 2l.24 40,2

{3) HKineral Rescurces of the United States, 1915 to 1831, inclusive,
and Minsrala Yearbooka, 1332 to 1943, inelusivws,(niied Stztes

(4)

Bureau of Kines,

Minera}l RBesourcss of the Unltad Stetes, 19156 to 1931, inolusive,
and Minerals Yearbooks, 1932 to 1945, inclusnive, Umited States

Buremu of Mines.
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In Figure 1 the zinc carbonate and zine silicate soncentrate pro-
duation for gouthwest Lissouri has been plotted. The avarsge value of
the sonesntrate produced for each year haeg alac besn plotted to 1llus-
trate the aeffect that warket prices has had upon tha production of zine
carbonate and silicate concentrates.

}iines which hawe produceed zine carbonate or zine silicate ccnoenw

trates within the past ssversel years and producsing at present sre as

follows:
Neme of Mine Locgtion
Valle Jefferaon County, Valle
Mines, Missourl
Alice 18 miles weat of Weat
Flaine, Missourl
Wallace Aurora, Mlassouri
izick Bury Grandby, Missouri
K.D.F, Sterk (Oity, Missouri
Rex West Plains, Misaourt
G and G ¥eat Plains, Missouri
Sharp viest Plains, MWissourl
Alfce Mine

History The Alice Mine is the largest open pit zine carbonate
mina in Ozerk and Howell County, Missouri., Size of the mine is rouglhly
360 feol long by 250 Tesat wide with an average depih of &0 feet. The
mins was opansd uyp sbout 1890, Freduction reports sre acarce, but aw
eatimated 85,000 tons of sorted and washed ore, with s grads from 17 %o
3& percent zius, have been produced from the Aliee Mine, Hax Iine, @

mnd G kine end the Sharp Mine,



From 1940 to 1942, 900 tons of ore were shipped from the Alice
Mine, 'The average grade of these shipments was 17.30 percent zine.
Becauss of the difficulties of beneficiating this ore to an acceptable
soelter grade by gravity concentration, the operation has been small
and intermittent.

Qeology The predominating country rock is a fine-greined light-
eolored magnesian limestons of ths lowsr Jefferson Clty formakion, The
beéds of this formation are essentially horizontsl.,

The surface overbnaden 1s of 2 dark red clay and gravel; below this
is & thin bed of chert which the miners consider as the beginning of ithe
ore.

Qibe Heserves The sstimated sinc oarbonate reserves of the Allee
Nine is 29,256 tons of ore containing 8,81 parcent of :!.m.(s) Theas
estimates are based on sampling done by the United States Bureau of
Miness, The agtimated sine carbonate ore in the four mines, Alles, Rex,
G and G, arnd Sharp, 1s 49, 500 tons condaining an average zine content
of 8.51 percent.

Korthern Aricansas has been of 1ittile importance in the United States,
as a producer of suiphide zine cres, but it sassumed a wvery high rank, es-
pecially in 1916 and 1917 as a producer of cxidiged zino ores, The pro~
duction of northern Arkansas from 1907 to 1930 has been compiled by the
Dnited States Geologlcal Surwvey and has been, in round figures, 51,315
short tens of ginc carbonate and gine silicats toncentrates valusd at

_ (6)

‘2'2“97""'

{5 Meiilian, W, D., and Swanson, Artmir. Zinc Oarbonate Deposits.
Pnited States Buresy of Hines, Praiiminary War Minerals Repord,
1943, Dnpublished.

(6) WeXnight, Bdwin T., Zint and Llsad Deposits of Nerthern Aricansan.
United States Geological Survey., Bulletin 853, p. 6. 1335,
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Inouuplete oxdidation resulting in mixtures of zine sulfides and
carbonate or ailicate is common of the ore found in iArkansea.

™he production of oxidized zinc concentrates hag been mmpll in re~
gent years; during 1943 the Mineruls Yearbook states that zine mining
in arkenssas was confined to intermittant small scale opsrations, 110
tons of carbonate and ailieete zinc ores conteining 34.55 percent zine
was shipped to the Fort Sumith, arkansas mm].t.eu'«(?J
Celifornia

Zine preodustion in Celifornia whioch had been negligible in recent
yvesrs, expended in 1941l. Most of the output was carbonate ore, much
of which was shipped to the Paeific Oxide Company for the manufasture
of zine oxide, The produstion of Inyo County, California for the yeer
1941 is reported as 416 tons of zine carbonate ore which contained
327,058 pounds of zi.nc.(e)
goloredo

The followling figures show the guantities of oxidized zinc ore
produced in the Leadville Distriet of Colorsdo from the time of the

firat shipments in 1910 to the end of 1918.

{7} Martim, A. J. Gold, Silver, Copper, Lead, and Zing in the
Central Statesm. Minerals Yearbook, 1943. Unlted Statea Buresu
of Mipas, ©p. 296,

(8) Gaylord, H. ¥. end Merrill, Charles White. Gold, Silwver, Copper,
Lead snd Zine in Californie. Minersls Yearbook, 1941. United
Statea Buresu of Mines. p. 248.
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Ooxidizsd Ores

Year Suantity (shor? tons)  Percent of Zing
1910 8,059 30,1

1911 83,905 3.1

1912 142,782 29,2

1913 135,760 29,45
1914 115,848l 24.3

1915 82,592 22,48
1916 85,513 21,52

¥ost of the dre thus far mined bas ecome from the immenss body in
Carbonate Hill, which extends through the c¢laims controlled by the
Vestern Mining Company and a few ud Joining elaima. Smallear smounts
have coms from Fryer Rreses, Iron, Printer Boy and Rook Hills, showing
that the oxidized zinc orea like the oxldized lead ores are distributed

(9}
throughout the district.

Hew Jexrsay

Pranklin mill ylelds aopually about 773,000 short tona of ore con-
taining about 98,000 tons of zinec, The ore is a comrsa aggregete of
frunklinite 50 percent, willemite 20 to 30 percent, zinoite 2 fo 6 per-
cent and emisite 3 to 11 pment.tm)
Nevada

In southwestern Clurk County in southwestern Nevads weathering and
slteration of the zino sulfids have procesded to sc great a dagree that
sphalerite ia rarely found. The chief mineral is earthy hydroziuncite,
the hydrated carbonate. Smithsonits and henimorphite ere less important

but sre widespread. An importent feature of the zino-besring deposits

{8) Loughlin, G. F. The Oxidized Zino COres of Leadville, Uelorade.
Oni{ted States Geologlasl Survey. Balletin 641, p. 14. 1918,

{10} Lindgren, Veldemar, Minersl Deposits, N. Y. MoGraw-Hill, 1943,
r. 737,
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1s the pressnce of large concentrations of zinc carbonate and 5111~

(11}
cate ore below or in the lowsr area of primary mineralization,

Fennessee and ¥irginia

In Virginia and Tennessee primery zine sulfide depoaite in the
shaley dolomite have besen oxidized to hemimorphite end snitheonite,
which oceur ia nodules end minesble messes in reaidusl clay ovsrlying
the dolomite.

The Universsl Exploration (ksmpany at Jefferson City, Ternessee
hes a amall gravity concentrating mill whick it uses intermittently %o
concentrate zinc carbonate eras. e
Utah

Large bodies of clean zinc carbonate that have bean formed remote
from the sulfide ore are found at Tintie, Utah.(w}

Wiscansin
| Several cars of zinc carbonate ore wers suipped from the Clark

(14)
No. 2 mins 1o the Highland Distriet in 1941,

Foraign
Silesia in Polend remaine anme of the world's important zino pro-
dueing regions., The replacement ore cccure along two horizons. The

lower about 400 feet desp carrying sulfide of zinc and the upper is a

{11) Jaeokson, Chas. F., Kniebel, John B., and Wright, C. 4. leasd end
Zinc iining and Miiling in the United States Curreat Prgetices
and Costs. United States Buresu of Mines., Bulletin 361, p. 41,

1833.

{12} ®Boueh, G, A. The Minsral Industry During 194l. pp. 585-D86.
MaeGraw-Hill, W. Y. 1942,

{13} Bataman, Alan M. Economioc Mineral Deposits. pp. 241-27%.
¥lley, N. Y. 1942,

(1"} mﬂw. op. oit. PO &?c
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bed of smitheonlite of considersble thickness. The ore contains about
17 persent zinc. - In 1930 Polish reduction works produced 174,000
mstrle tons of zinae.

iz the Moresmnet Distriot in Belgiwm, Luxembourg aand Bhinish,
Prugsia mre found masses of ocalamine which appear near the surface
and extend to deptns of 160 feat, In some cases, notadbly at Viellle
Montagne, the calemine deposits were of enormous size and reached a
dapth of 330 feeat, sulfides eppearing below these depths. The quan-~
ity of ore is sald to diminish in depth, A considerabdls part of the
world's production of zino has been obtained from these dcposita.(ls)

USES OF OXIDIZED ORES OF ZINC

Smitheonite and hemimorphite concentrates sre used primarily in
the manufactura of zine oxide. OFf the methods used for memufacturing
zine oxide the American method is used prefominately in this ceuntrz(vj.‘ﬁ)

Any ore of zinn can be used ne a rsaw msaterial in the manntacture
of zinc oxtde, In deursasing order of thelr ecopomic importance they
are: ophelerite, snmithsonite, hemimorphite, willamite, and zineite.

When earbonate ores (Emithaonite) are utilized, carbon dioxids
is driven off and goee forward with the furnace gases leaving Zn0 a8
a residue, accoxrding to the simple squation Znl0z — ZaO+CO0p. Thus
we bave zime oxide as the resl raw materisl in the oxide furmnace.

In the case of amilicates the silica takesd no part in the reasc-
tiong end remsins behind as s furnace residus.

The orude zince oxids usually ocontains from 20 %o 90 percent zine

oxids., The zinc oxide ia ther redunsed $o metal at a texpersture

{15) Lindgren, Op. Cit. p. 4%6.

{16) Murnes, C. G. Rogers Industriel Chemistry, p. 973, Ven FNos-
trand, K. Y, 1943,



considerably above the bolling point of the metal. From this otsge
the metallic vapors are converted to zine oxide by aedmitting air which
burng the Zn to Zm0. Jow-grsde zine ores {sulphide or oxide} are now
being handled metallurgically in the ™ipslz Procasa."{l?) The orae is
nixed with a required guantity of coke to reduce the zinc and 18 heated
in a long rotating cylindrical kiln, The zino ia driven off dus to
volatilization in contaet with the carbon of ths coke and is then oxi-
dized in the kiln gases. The "zine fume* 1s colleoted smd sintered to
recover ihe metal or without sintering, 1s sold direetly to paint manu-
Taciurers,

The reduction, wlatilization end reoxid:a;tion of the zino proceeds

as follows:

00 + 0 = CO + Zn {wepor)
Zn {vapor) + CO + Oz = Zn0 + COg

The presence of lime in the kiln feed is required when zinc sul-
phide ores are treated by this process to "fix' the sulphur.

ZnsS + Cald + € = Zn (vapor) + CaS + CO
Zn {vapor) + C0 + O2 = Zn0 + COg

Zinc oexida posaaéssa properties that meke 1t valuable in paint,
enemsls, rubber, peper, ceramica, floor coverings and textiles,

In the mpnufacture of rubber zinc oxlde is en importent reinfore-
ing filler. 'he reinforcing fillers are very finely divided, usually
through 500-mesh, Since compounds of copper and mangansss are vary
deleterious to rubber, zinc oxids used as a rubber filler must not
contain more than 0.00l percent of these elemants, The zinc oxide

inereagss resistance to abrasion, toughnesp, resistance to swelling,

(17} Rarris, Viilliam E., "Waelz Process” i.I,H.E, Trensactions, vol.
121, p. 708, 1933,
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imparting increased tensile sirength, hardness, compressive strength
and resistance to stoam.(lalz,inc oxide i8 oftan utilized extensively
as a plgment to give ¢olor to paint, stueco, plaster, mortar, cement
and linoleum. It must be fine, substantially insoluble snd inert in
the veiricle used.

The covering power of face powder is often impsried by the Zn0
ia the cosmetics, A typical faee powder will often contain 20 per-

cent zino oxide,

PLANTS UTILIZING OXIDIZED CRICENTRATES

A new plent for the mamufaeoture of zine oxide by the direct
flash fuming of ziune soncentrates was completed and put in operaiion
by the Eegle-Pilcher Mining and Smelting Company at Galena, Kensas in
1941.{19)

The addition of a 8leg fuming plant for reeovexing zinec frum
oxidized zino ore at the Tooele {Utah) plant of the International
Smelting snd Refining Compuny has offered a new nmarket $c some Nevada
minersa,

METHODS OF BENEFICIATING OXIDIZED ZINC OBES

Gravity coneentratioz methods arse used for concentrating coarsely
dispeminated oxidizad zine orsa, The rocovery of the fine aizes of
zine mineral are thersfors limited.

In the Highland, Wisconain district smell deposita of mixed car-

bonate and sulfide ore are worked by lesseea, The ore is hand ploked

{18) Eeory, Alden H. Mineral Fillers. Ipdustrial Minerals and
Roakﬂ- IL.IJE.E. N-c Yo pn 493- 1937.

{19) usyer, H. M. and Mitchell, A. W, Lead and Zinc Piguents and
' vine Sslts. Minerals Yearbook. 1941. United Stetes Bureau

of Mines. p. 178,
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and the high-grade meterial crushed in rolls, roughly coneentrated in a
log washer and slesped with Jigs. The mixad concentrates carry about 4O
‘percent xine. Recowery 1z low but deposits are too mmall to warrant

(20)
more slaborate equipment.

The New Jersey Zinc Company at Franklin, New Jarsey beneficiates
an ors containing willemite, framdinite and sincite and a ealeite
mg{a) The plant hes & capacity of 1,640 tons a day. It makes a
magnetic and grevity separstion of a frenklinite concentrete containing
17 percent zinc, a willemite-xincite concentrate containing 47 percent
zinc, &nd a tailing of 1.25 percent sine, The ore is cancentrated by
magnetic separation, Jigging and tahling, This method worke very well
as the ore is coerssly dissezinated.

At Nontspons, Sardinia, s 500-ton plant treating calamine in
dolomite with some sine, lead and Iiron sulfides consists of a ssries
of screens for preparing the feed for a picking belt, and 2 series of
Jigs. Concentrates and tailing are rejected at all sises.(zz)

The caidized zinc ores uilliged thus far have been the coarsaly
disssninated ores which can be comsentrated by grevity or the high-
mdcoresrhichmnbecomtodbygraﬂhyorthahigh-grm
ores which can be concentrated by hand picking. The axidised sine
ores that are finely disseminated are not avenshle to concentrition
by gravity methods.

TO0) Lovering, T. 5. Ninexals in world Affairs. BNe I, Prentice
W1, 1943, pe 307.

(21) Tagesrt, Artinr F, Handbook of Minsral Dressisg. . I. Wiley,
1%53 WQ 163‘1“.

(22) XYbid,
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Many of the zinc ores found are mixtiores of sulfides and carbon-
ats or silicate, oOne of the big commercial problems hax been the oo-
currence of these mixed ores which sre not amenable to gravity concen-
tration methode used in the fisld, ‘e generzl practice has been to
kesp the portions high in sphalerite separate from the rest if the
mineral iIs unevenly distributed in a mine, It is marketed as a mixed
ore a% a considerahly lowsr price than the carbonate or silicate,

Aa pany of the oxidized sinc cres are finely disseminated the flo~
tation procezs seems to be the more loglcal method of concentrating
that portion of the ore which is of jB-mesh sise or finer,

PRESENT METHODS OF FLOATING CXIDIZED ZINC ORAS

A searoh through ths published literature has brought out the
fact that up to the present there ars few reparts of the successful
coneentration of the axidised ores of zinc by flotatden.

Gaudin says there has been no success in the treatment of oxidized
ares aof zine by flotation, but that l1itkle work has been done toward
the solutien of the problm.(zz) Gaudin however did some plomsering
work on flotation of mixtures of szinc carbomate (contmminsted with
ima:ﬂmngamu)rithcalcitebymmoflmg@hﬂinmthatu
“and hydreosulfides, such as octyl xanthate, thiocrescl, amyl mereaptan
and heptyl mercaptan. Hia ressulis showsd that l..‘lnc carbonate can be
collected from other ecarbonates by the use of certain chemical eol-
lectors. The amounts of reagents used ranged from 4 to 8 pounds a
ton of feed. These quantities are excesaively high and since the
mto:thohighornnthathbloltudmhmlﬂthan
reagerits could be used because of economie reasons.

1237 Geudin, 4. M. Fiotation, pp. Jio-716, MNeGraw-Wil, N. 1. 1934.




The Chemical Abstracts give a method by A. P. Andreeve in which
emithsonite was flcated by first giving it a preliminary sulfidization

at 50° - 60° followed by flotation ai roam temperature, The review did
(24)
not glve the sulfidising reagent that was used.

Chemical Abstyrzcts also report that a mixture of 2060, and BaGO,
was separated by the use of 8-hydroxyqiinoline as a collector in which

terpinecl was used as a frother, Zn(0; and 310 mixtures and
(25)
PbC03~510y mixtures were also reported sepsrated with axine.

G, W, Davie reports the flotatidon or a czlamine—cerussite ore in
wiich the cerussite was firel suifidised with sodium sulfide srxd
floated, after which the calamine was sulfidised with sodinm sulfide,
activated with copper sulfate and flomied, producing & 47.8 percent
zine concentrate, The sine concentrate represented 42,8 percent of

the total ﬁmmx)rttmaﬁm—gr&imdmcont&iniagﬂépmt
{26
sine as calamine,

DIFFICULTIES TN FIQATNG SMITHSONTTE
Most of the previous research work on the flotation of oxidlesd
ginc minerals bas been directed toward sulfidixation and flotation with
sulfide reagents. The sinc minerels have besn dAifficult 4o sulfidixe

and hence dlfficult to float.

No investigations are recorded in which fatty scid collectors were
used to float the oaxidized zinc mineral, this line of attack was there-
fore regarded as more promising in investigating this problesm.

1% ZAcdrssva, A. P. Flotation of Smithsomits. Chemical Aostracts,
1942, p. Sh4L7 .
(25) Erlemmsyer, H. Steiger, J. V., amxi Thellhelassr. Fletatlon Kx-
with f-Hydvoxyguineline as Collector. Chamical
Ahatracts, 1942, p. 5390.
(26) Peavis, C. W. Calamine Ores. United Sistes Bureau of Minss.
Raport of Inwestigation 3370, pe. 99, 1938,
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The common gangue minersls found with & zinc carbonate ore are
calcite, dolomite, Bilica, and iron usually as hematite or limonita.
Zine carbonate mineral can be readily floated with a Zatty scid such
a8 oleic mcid (0yyHzxCOOH) or sodiun oleste {C19H33000Na), the sosp
of cleic acid. The metallie avep forming st the surface of the amtth~
sanite during flotation may be shown by the following reaction:

ZnC03 + 2017H33000Na > (C19Haz000)z Zn + NalOp

Consequantly the carbonate gengue p?esent in the ore will be
floated with the zine carbonate mineral.

The problem can therefore be attacked in tw ways:

1. Depress the smmithsonite hy the use of soms reagent whieh
will precipitete the zine lons at the surface of the
seithacnite 80 that a water repellemt scap coeting will
uod form when the fatty acid collector is used, 1 which
insgtence the mmithsonite would be depressed and the cal-
cite floated,

2, Depress the ealeium carbonate gahgus by precipitation of
the GCa—iona at ths surface or by surfave ceating the
minersl, so that a water repeliext scap would not be
formad; thus the zine carbonate ecould be flosted.

Mhen floating the smithponite, silica must be deprassed.
Silica is usually mnot readily floatable with the fatiy seids used in
flotation, However, the silica may have metallic ions adascrbed on
the surfacs. Thess matallic loms will in turn cense the silice to
float. In zweh cases it will be neeessary to eliminate the Fe-ilona
at the silice surface by precipitation or surface coating prior te

fleating of the mmithasonite with the fatty asid,
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When floating the mmithsonite the fron minerels present must alaso

be depressed.

DVESTICLTION OF REX 3SINE ORE

Mizeralogical aAnalysis

The mineralogical analysis of the ore was as follows:

kineral Cheamical Conposition Amount Present
Chert 5102 Large amount
Dolomite CalClzNglos Large asmount
fmlthsonite o0 Large smount
Hamimorphite H2Zns10p Approcighle smount
Quartz 5102 Appraciable smount
Iron oxides Pog0x Snall amount
Pyrite Fes8z Small amount
Sphalerite Zns Very amall smount

Chernical Analysis

The chemical analysis of the sample wes as follows:

Subatanocs Anelysis . - Percent
Zine (totel) 20,3
Zino (nom=-sulphide) . 19,9
Sio2 21.9
Insoluble 23,8
Cal 9.8
o2 22.5

FLOTATION. TeST ON REX MINE ORE

A Beriea of flotation teats wers conducted on the Rex iine ore to
deterzine the effect of various starches and dextrins on the seperation
of the amithponits and the carbonate gengue.

The sample was erushed in = laboratory jsw crusher to minus 3/8-
inch, Guartering furnished a 20-pound sample which was further reduted
in size by erushing ir saooth rolls $0 minmus Z0-mesh, the rolls being

in closed oirgutt with a 20-mesh acreen, The minus 20-eah sample Was
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used for subsequent flotation tests. Ip the test work, 250-gram
batohes were ground in a pebble mill to minna 100-mesh, in stages of

$ minutes, using flint pebbles and zeolite~-goftened water. Flotation
tests wers conducted on the minus 100-mesh batches which were thiekened
to 25 peroent solida and floated in g laboratory flotation cell of
250-gram capacity. The flotation cell used was of the mineral separa~
tion type, the sides and bottom of which were constructed of bakelite,
Alr was adnitted at the bottom of the cell through an ad justable
valve. Agitation was furnished by an impeller driven by an aleatric
motor.

Baagantis Usgad
Sodiun Fluoride Fluoride ior precipitates the earth matals,

ferrcus and ferrie lons. Therefors, sodivm fluoride was used to pre- .
cipitate any of these ions which mey have been adasorbed at the surface
of the chert and ailica and o depress the iron oxide minerala.

Starches and Dextrins Sterches end dextrins ars carbohydrates

wirich have the property of preeipitating their miscelles on solid sur-
fages., The preciplisting of the gstarch or dextrin may he selsetive on
some surfecee, 1o which instance the surface oomted wWould resiat collec-
tor eoating end would bhe depreasad,

Sodium (leats  Sodium oleate was used as the collestor and

frothsr in all of the tests.

Frelliminary Flotation Tests

Preliminary flotation testa were made to determine ths depressing
offsct of starches and dextrins in depresaing the carbonate gangue,.
For exemple, the pulp was £irst conditioned for 5 mindkss using 1.0

pound of sodium fluoride a ton of ore, Ths ssomd copditioning period
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was for 5 minutes using 1,0 pound of 132 Esgle pearl stareh from the
Corn Products Refining Company, New York. A rougher concentrate was
flounted ubing 0,1 pound of sodium oleate a ton of ore. Subseguently a
second end a third rougher concentrats was ﬂoﬂadluaing Q0.1 pound of
sodium oleate for each rougher consentrate floated.

The three rougher concentrates end the tailing were enalyzed for
zinc and carbon dioxide.

Qther geusticized starches snd dextrins used in this seriea of
flotation fests mrs a8 follows: 152 Dextrin, 185/30 Amijel, 186 MHogul
brand ceorsal binder, 52 Hydrol, 126 Buffalio starch, and 150 Uextrin.

Analysis of the parcent zine emd ecarbon dioxide in each rougher ocon-
centrate for each atarch or dextrin investigrated has been plotted in

Figure 2.

Conelusiop of Preliminary Tests

The causticized starchea and dextring investigated gave some de-
presaing action on the smitheonite.

Gausticized 152 Dextrin depressed smaithsonite more than the othex
starchas and dextrins investigated. Results of this test are tabu-

lated in Table IIl.

Table IXI. Results of Flotation Teat
Weight, Analysis, Persent Recovery

FTroduct Percent Zn cog Zn
First roughsr econcentrate 12,1 15.7 3A7.4 9.1
Second wougher concentrate 15.8 17.2 4.9 13.0
Third rougher 32.2 17.8 3247 10.4
Tailing 09,9 23.5 13.5 67.5

W81t' 100.0 20.9 22.1 100.0
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Finsl Flotation Tests

Preliminary flotation investigation of the depreassing effect of
starches and dexirins on smithsonite indicated that cousticized 152
Dextrin or 150 Dextrin were the moat effsctive in depressing the
smithsonite. Two firal tests were condueted using the caustieized 152
Dextrin and 15C Daxtrin., e procedure used wes as follows:

The pulp of 25 percent solids end of minus 100-meah grain size
wes condltionsed with 1.0 pound of sodium fluoride a ton of ore and
with 1,0 pound of causticized 152 Dextrin, sodium oleate equivalent
to 0.3 pound a ton of ore was used to float a rougher carbonate gangue
gongentrate. This rougher concentrate was cleened 2 times, Tmilinga
were combined with thse middling and the slimea decanted. The dealimed
pulp was repulped in the 250-gram flotation cell and s rougher zino
concentrate floated using 0,8 pound of oleic acid a ton of ore, The
zine concentrate was cleaned 3 times. Results of the test are tabu-

lated in Table IV.

Teble IV. Results of Flotation
Weight, Analysis, Percent Recovsry, Percent

Product Ferocent Zn o2 7n
Carbonate gangu#s
eoncantrats 10.6 16.2 41,1 8,0
Zinoc coneantrate 45.8 al1.5 3l.6 46,2
Zine middling 13.8 23,6 6.5 15.2
Slimas 53 22,5 10.2 5.6
Talling 24,5 21,9 4,0 25,0
compoaite 100,0 2l.4 21.8 100.0

Conelusions of Final Flotetion Tests

The csugtleized 150 and 152 Dextrin geve eome depression of zine

garbonate, as a result larger amounts of carbonate gangue wers floatsd,
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The depreassing aotion of 150 and 152 Dextriv was not positive snough to
produce & carbonate gangus conventrate of low zinc aontent. The sar-
bonate concentrate assayed 15,8 percent zine.

Zinc copcentratss asgayed only 21,6 percent zino and contalned a
large emount of earhonste gangues.

Zine middlinge contained 2%.6 pereent zine and 6.0 pexrsent carbon
dioxide, The sconelusion 18 that the middling eontsins a smell m.mmt
of carbonate gangue and amithscnite and a large emount of hemimorphite.

The tailings essayed 21,9 percent zine end 4.0 bercsnt carbon
dicxide, The majority of the zino is evidently pressnt as hemimorphite.

Flotation tssts were discontimusd on the Rex Mine ors. It was be-
1leved thet more pertinent information on the depressing effeet of
vsrious reagenta, on smithsonite as carbonets gangue, would be found if
the investigation were conducted on an ore which contained the sins as
smithsonite only.

INVESTIGATION OF ALICE MINE ORE

Composltion of Ore

Mineralogiocal iAnalysis
The ore consistad of cross fracturs weathered chert contaimixiy =

large smount of msmithsonite and dolomite, and appresiable content of
sphalerite, 2 mnall emoun® of iron oxides ss hemstite and limonite, a
small amount of pyrits and quartz, and a wery small emount of hemimop-
phive and olay.

The amithsonite ocecurred in fracturs se fillings or incrustetiens,
as £illings and ocementing matsriaml in bresciazted zones and in irrvegular
opsnings. Smithemnite variea from firm clesr srwas to soft sdmixrtures

with iron oxides and dolemite. liany freestures wers filled with ironm
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oxlides as hematite or oxldizing to limonite and moat of the prrite is

assocliated with these areas, Chert areas are in varying stages of

weathering with some zones approaching tripoli.

Chemiea). Anglysls

Chemical analysis of the Alice Mine is as follows:

Analysis, Percent

Zine
Total KNon-gulifide 8102 Cal Fe G0z

Insoluble

22.9 28.7 21.3 3.8 8.1 22.3 -

22,6

Float=-and-Sink Test

PYoe of & heavy liquid was mede to aeparate the amlthsonite from

the ohert sand curbonate gangue in orxrder thet the characteristics of

the ors could be studied., It offared & means of determining the de~

grse of libaration of the valusble minerals, at vorious sizes, and the

Tfoasibility of gravity concentratimg the ore.

A porticn of the ore sample wWas 8ized as shown in Table V.

Lostylens tetrabromide of specific gravity 2.92 was used to disaect

each screen size into & float and a sink produet.
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Teble V. Float-and-Sink Test
Analysis, Recovery,
Welght, Percent Fercent
Size Product Percent Zn Fa Zn

Minus 3 plusz Filoat on 2,92 35.59 6.77 - 11.13
4-magh Sink in 2,92 64.41 29.88 17.1 88.87
100.00 21,85 100,00

Minus 4 plus Float on 2,92 36460 5,35 - 9.58
10-mash Sink in 2,92 63.35 29,18 16,7 30,41
100,00 20,43 100,00

Minus 10 plus Flost on 2,92 37.97 4,69 - 8.89
20-mesh Sink in 2,92 62,03 30,15 13.5 91,31
100,00 20,41 160.00

Kigus 20 plua Float on 2.92 18,70 3.88 - 2,35
35-mesh Sink in 2,92 Bl.30 31.868 15.5 97.67
100,00 26,37 100,00

Hinue 35 plus Float on 2,92 18,96 3.06 - 2,18
65-mesh Sink in 2,98 8l.04 32,16 13,8 97.82
100,00 28.64 100,00

Mivus 65 plus Float on 2,92 6452 2.84 - 2,96
200-nash Sink in 2,92 79.48 33.64 10,5 97,04
100.00 25.47 100,00

.

Benzene wes used as the Washing sgent.

Analyses of zinc ware made

on each produet and analysss for lron wers made on the sink produets

only. The float products were relatively free from iron aAs wes char-

acterlzad by the light eolor of the produet,

Conelusion of Flost-and-Sink Teat

The precent of zinc locked in the chert end carbonate gengue at

8ize minus 20 plus 3B5-mesh is 3,28 pereent, at size miuus 65 plus

200-nesh is 2.84 percent.

Grinding the ore finer than minus 3f-mesh

mould not incrsasse the amwunt of recoverable zins epprosiasbly.

Lerge amounts of ircn were present ip the aink produsts, hencs

gravity concenrtration methods would probably faill to give a high-grads
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zine eonoentrate. This subjeet will be labter vefwrred to in the dim-
sussion on the tabling taat.
PRELIMTNARY FLOTATION TESTS

The ore saple was orushed in a lsaboratary jaw crusher to minns
3/8-inch, Aftsr primary erushing the orc was reduced in sizs to wimus
20-mesh by orushing in suooth 1olls. Batches ¢f 230 grums wers stage
ground In a pabble miil to minus 100-mesh using flint pebhlas and
zeclite-saftenad water. The ground ore after filtsring was repulped
t0 25 perosnt solids and floated in a 250-grem laboratery flotation
seil,

Ceustioized 152 Dextrin hed glven soms depressing ection on amith-
sonite in the Rex Mine ore expsrimenis. Thsrefore a series of tests
wgs conduoted on the ilice Mine ore to detemmine the deprsesing effect
of the following reagents when used w:lth the suusticized 152 dextrin:
Scdium hydroxide {(NaOH)}, sedius pyrophosphate (NeqP207), tri-sodimm
phosphats (HagpO4) emigon (Nes(PO3)g. sciiua silicats {Nup0.5102) and
scdivm fluorids {(HeF).

Prosedure ef Preltwimavy Tests

The minus 100-mesh groumd batehes were thiskened ts 25 pereent
801148 and conditioned with 1.0 pound of the reagent to bs teated
and with 1.0 pound of camustiocized 152 Dextrin a tom of ore. &
Tougher soncendrate wes floated using 0.05 pounds of sodium oleatse
a ton of ors, Aftsr the first rougher ocacentrats a sesond rougher
eoucenirate wes removed with an additional 0.05 pounds of sodium

olsats & ton of ors. Ia like msmeer & thimd rougher cencentrate was

Tioated,
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Resuits of the flotation test are shown in Figure 3 where the per—
cent recovery of zine and caleium earbonats in each rougher concentrate
have been recordsd.

Discussion of Flotution Results

In 811 of the teats the zinc was being dspressed in the firat
roughayr consentrates that were flosated.

Calgon begen to depress the carbonste gengue 1o ihe seepnd rougher
concentrate, Sodium silicate is the only reagent tested which was not
Qepressing the carbonate gengue in floating of the third rougher eon-
sentrate,

Conclinaions

The following reageats - sodium hydroxide, tri-scdiuz phosphate,
ealgon, sodiwm eilicate, and sodium fluoride - when used with ceusti-
cized 152 Dexirin elther reverse thelr depressing sffsct on smith-
sonite or slae thelr depressing sffect becames almost nil, These
ehemicals show no promise of being satlafzctory resgents for the
saparation of the mmithsonite apnd carbonete gangue by flotation,

Investigation of Other Reagents

Tenning snd Dyewoocds

Tannin end dyewood extracts are now prepared from nearly &1l of
tha tsnuin substances by sxtracting with water in mpecially deaigned
axtraoting squipment -and then ewvaporating the tannin soluticn to a
thick ayrup or evem to dryness. These products conteln from 25 to 60
percert of tannin and ere precipitated when they come in contset with
matallic salte. Tha composgition of scmse of the extracts produced ers

umnown .
The following tanninsg wnd dyswoodas from the Americen Dyewood
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Company, New York, were tested for their depresaing effect on amithe
sonite or carbonate gengus, wattle extraet, logweod extract No, 2,
cheatnut extract, sumac extract, hypernic extract No. 3, divi-divi
extract, quesritron extract, fustic extract No. 3, and osage orange
axtract,
Daxeda

Daxads are polymerized organic salts of sulfonic aeid and are dis-
pgrsing agents. Two reagsnts from the Dewsy snd Almy Chemiesl Company,
Massachusetts, wers tested: Daxed No, 11 and Daxed No. 23. Daxed No,
£3 may act a8 a protective colloid for the purpobs of coating solid
particlea.
Synthetic Tennin Resgenta

Exan, a synthetic tammin reagent containing 26 %o 28 percent tannin
and Mertanol 7L, & syntan having a tannin content of 19 to 20 percent
from the Kerrimac Divlalon of Moneanto Chemieal Company, Everett,
Massschusetts were mleo investigated.
Lignin Sulphonate Reegenta

Lignin aulphouates are salt fram the lignir sonstituent of sulphite

pulp mill liquors, and ere commercially available as the saliz2 of most
metals. The gtructurel coamposition of the lignin sulphonstes has not
been fully eatablisbed. The chemical characteristies of the lignina
include dispersing, lon sexchangs and sbsorption properties. Merathon
DI-I1I-6, and Merathon magnesium ligrin sulphonate from the Marathom
Chenloal Company, Rothschild, Wisconsin smd Horn-Kem No., 101 from the
Horn-Kem Corporation, Hew York were used in preliminary teatwork.

S-hydroxyquinoline
B-hydroxyquinoline from the Mongsento Chemical Company, dt. Louls,
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Miesouri, was investigated for 1%s effect in the seperation of smith~
sonite and carbonate gangue.
dotds

Malic aeld (C4R805), oitric acld {CgHg0n) and tartaric asid
{Cals0g) were inwastigated for their depresaing effect on amith-
sonite or carbonate gengue,

Preliminary Flotation Procedure

Batches of E50-grem of ore were ground in atsges of 5 minutes to
minus 100-mesh in e pebble mill using flint pebbles and zsclite-
goftened water, The pulp of Z6 percent solids wes In eaph teat condi-
tioned for 5 minutes with 1.0 pound of acdiwm fluoride s tox of ore and
for 5 minutes with ons of the following resgenta: Wattle extract,
logwood extract No, 2, Chestnut extract, mmnc extract, hypernic extract
No, 3, divi-divi exirect, quersritron extrast, fustic extraet No. 3,
osage oramge extraet, Exran 930, Mertamol 7L, Marathon DT-JII-6, .
Marathon magnesium 1ignin sulphonate, Horn Kem No. 101, B-hydroxyqui-
noline, malic acid, olitric acid, and tartaric eeid. A4 rougher soncsa-~
trate was flosted using 0,1 pound of sodium olaelxto e ton of ors. After
removing the firat rougher concentrate from the flobation eell, «
sagond sund finally a third rougher eocncentrate were floated uslng 0.1
pound of sadium oleate as colleotor and frother for easch rougher con—
cantrete removed from the cell.

Besults end Cosslusions of Preliminary Tests

Figure 4 gives a eomparison of the parcent recowery of zime md
ealolwm carbonate in each rougher concentrate for eath reagent inves-
tigated.

Thme only roagent tested which deprsssed the celcium carbonate in



Percent of Totael Zinc and Celcium Carbonate

Figure 4.

in Rougher Concentretes.
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\ all three rougher consentrates was citric acld. A1l other resgents
teated either depressed the amithsonite in soms of the rougher coneen-
trates and ¢eloium earbonate in others,

e depressing effect of oltric acld on oalclum carbonate appsared
great enough ¢ Justify further investigation.

Effect of Citrie Acid Coneentration when udsd with Sodimm Fluoride

In these tests the pulp of 25 percert 01ids was conditionsd with
1.0 pound of sodium fluoride a ton of ore and with s concentration of
eitric acid as shown by Figure 5. A rougher zine concentrete was
floated using 0.8 pound of sodium cleats a ton of ors. The rougher
goncantrate was clesnad 4 timea.

Figure S gives a comperison of the essay percents of zinec and
s¢aleium cardonate, 1t also compares the parcent recovery of zine mnd
calcium earbonste for the various tasts,

A large concentratiom of citric eeid results in the produstion of
zinc concentrate containing lsss calclum carbonate, this zine consan~
trate contains 40,9 percent of the total caleium carbonats.

Effest of Sodius Silicate Concentxatiem

The eitric ancid apnd scdlum hydroxide concentration used In thess
series of teats was 1.0 pound each a toxm of ore, The concentration of
sodium silicate waa varied from 0.0 to 2,0 pound & ton of ore., The
rougher condsutrate removsd in each test was {loated with 0,8 pound of
sodiuvm oleats a ton of ore. Each rougher consontrate was cleaned 4
times,

Figurs & scmpares the assay pesrcent and recovery peroent of zine
and caleium oarbonste for sach test. The maxriwmm xinc rasovary was

obtained when using a sedium miliocate concentratiom of 1.0 pounds a



=33~

Figure 6. Assuy and Recovery Percent of Zinc end

Celcium Carbonate in the Zinc. Concemirates.
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Figure 8. Assay and Recovery Percent of Zine and

Celcoium Carbonate in the Z2ine Cenceniratés,. -
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ton of ore. This concentration of sodium allicate algo pmdma.d g zine
eoncentrats containing the minimun asgay perdent of eelclum esryrbonate.
At & eodium silicate consentration of 0,0 pound end 2.0 poundas s ton of
ore the recovery of zine decraaszas apprecinsbly and the calcium earbonate
present in the ginc concentrate inereases,

Effect of Sodium Hydroxide Gonaentyation

Flotatiorn teasts were conducted using a eitrie aneid conosantration

of 1.0 pound a ton of ors and sodium sillcate eonosutration of i,0
pourd a tom of ore, The consaentration oi; godivwm hydrcxide uased for
eagch test is givan in Flgure 7, ‘L'-m rougher conssutrate was floated
using 0.6 pound of sodium oleats a ton of ore. Rech rougher conoen~—
trate wes cleaned 3 times.

From Figure 7 1t can be seen that the oonsentzation or soé;iun hy-
droride is eritical. Thils means thet ths pH of tha pulp must bs con-
trolled within eertain limits for produaing a satiafaetery smithsonits
soneantrats,

A sodlwm hydroxide ccusenmtration of 1.0 to 1.5 pounds s ton of
oxre coryesponds to m pH range of from B,5 Yo 9.0,

The highest grade of zine is obtained when sodium hydroxide con-
eantrations of 1.0 to 2,0 pomds a ton of ore is used, This concen-
tration of podiom hydroxide gives g zinc conosntrate containing the
lesst caleiom garbonate,

It ia intaresting to nots how the recovery Increases at a scdium
hydroxide soncentration of 2.5 pounda a ton of orse., However, at this
eongentration of sodium hydroxide the calciuma carbonats 18 no longer

baing depressed ab well as it hafd been at lowsr conesntratioms of

sodium hydraxide.
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Fignre 7. Assey and Recovery Percent of Zinc and

Calecium Carbonate in the Zine Concentrates.
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Bffect of Citric acid Ooncentration

Iv the tests in which citrie acid concaentration was varied the
ssmples wers ground, as bsfors, to minus 100-meah, thickened to 2§
percent s0lids and conditioned with 1.0 pound of sodium hydroxide =nd
1.0 pound of sodium silicate a ton of ore. The pulp was conditioned
with cltric acid concentrations as shown in Figure 8, whers the re-
sults of the warious tests have been plotted,

The assay peresnt of zino in the concentrates inecrenses from 43,0
percont to 44.5 percent as the citric acid soncentration is increased
from Q.5 pound to 2.0 pourds a ton of ore.

The assay percent of calcium carbonate in the zinc concentrates
18 s maximum of 5.2 parcent at a eitric acid concentration of 0.5
pound a ton of ore, 1t i a minimwm of 2.6 parcant'as a oitric acld
concentration of 2.0 pounds a ton of orse,

The recovery of calciwmm carbonaste deoreases from 29,1 percent at
a citric acld concentration of 0.9 pound a ton of ore to 16.6 percent
vher a eitric acld concentration of 2.0 pounda = ton of ore wes used,

¥aximen zine reaovery was obialined at a e¢itric acid concentra-
tion of 1.0 pound a ton of ora,

Gonelusions of Chemical Reagenta Tested

Citric acid was the most effective reagent tested in depressing
thes carbonate genguae,

Sod{ws hydroxide waa used to give the pulp a pH that would give
the optismn seperation of amithsonite and carbonate gengue.

Sodium silicate was effective in dispersing the pulp and depress-

ing the silica, chert and iren.
The Fine consentrate of highsst graie wes produced, when the minus
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Figure 8. Assay and Recovery Percent of Zinc and

Caleium Carbonate in the Ziﬁc Concentr&ﬂer

100

Percent in Zinc Concentrates.

90
Zinc Recovery

70
€0
50
Zinc Analysis . 55 WA SR 1R i
P mmmmm—m == e et B e o
40| - ! } - T P O RN A M s : I
SQD-;___“__L*‘+_§alcium qigPonate Racdyery
- s,
B |
O Calcium Ca{yoﬁate‘ﬁnaLySis 2117 13 i
%.s 1.0 1.5 " 2.0

Citric Acid Concentration in Pounds a Ton of Ore.



~59-

100-mesh ore batoh wes Yhickened to 25 paresnt sclids and conditiomed
wiih 1.0 pound of scdiwm hydroxide, 1,0 pound of sodium silicate, and
2.0 pounds ef eftrie acid a ton of ore. Scdium oleats squivalent to
0.8 poumd a ton of ore belng used for fleating the rougher soncentrate.
mreloamglotthoroughsrmmntr:ﬂcmmwtomdm-l
zluc conceantrete containing 44.5 percent zine.

The results of the test producing the highest grade of zine mon-
contrate has bean tabulated in Table VI,

Teblo VI, Results of Flotation
Welght, Analyails, I’aroens : Percent of Total
Eroduo$ = Pereent Zu 0aC03 M Insol, 20  0aG03 — ¥s  Tnsel,
Zine eon- -
santrate 41.0 44,6 3.9 1.2 3.5 ?9.9 15.9 Bs2 6,7
Zine mid-~

dling B7.6 12,2 20.4 T3 19,8 14,7 T0.5 21.8 25,2
Tnil!.‘ng 1.4 5.9 2.0 2B,1 48,6 Ted 8.8 73,8 68.)

Composlte 100,00 22.8 8,0 9.4 21,5 100.0 100,00 100,0 100,0

The naximes recovary of zine in the smuithesxnite concontrates waz
produsced when the minus 100-mesh ore ssmple was thiekemed to 25 per-
osnt solids and conditionad with 1,0 pound of sodimm hydroxids, 1.0
pouwmsd of sodium siliocate, and 1.0 pound of eitric acid a ton of are,
The rougher concentrate was {loatsd wsing 0.8 povnd of sodium cleate
ton of ors. The rougher cousentraie was cleaned fonr times, Ths zine
wonosutrate produted contained 43.5 psresnt xinc which represented 83.8
pasroesnt of the total zince, Resalta of this flotation test have been

tabulated in Table VI,



%b&o VII. Resulta of Flotation Test
» _Apalysis, Perceay = Persent tal

Produet Percent — Zn  Gagls _J¥e Za__ 0a03

Zino aonceantrats £4.8 ‘505 5-?{ 1.0 %.6 25.1 5.6
ﬁm Mm 54.3 806 13.1 m-s ul& 70.6 45.3
Failing 20,9 42 1.0 18.4 3.8 3.3 4a.1
c@ﬂiﬁ. 163,0 23.3 B.4 8,@ 100,00 100.,0 ;_mqﬂ

Ihe flotation results show that a zine eoncentrates of satisfantory
grwls and of gwod rscovery has been produced,
Tabling Jest

The sink-and-float analyais hed indicated that the oxre frem the
Alfce Mins could mot be sxbisfactorily soncentrated by gravity methods.
The ore contuined 8,1 persea$ of fvon as limonite and hematite end ths
differance betwesn the spscifis gravity of the smithsonite and these
iron oxides is pot large snough o givs a good gravity separation.
However it wad felt ithat 1t might bo possible to rsiset a low-grade
tailing and provide an enrished fesd for flotation.

A seventesn~pound MhMMMWomc.Mﬁodm
& 5~1/8-insh by 30~inek constristion-plats hydraulic elassifier into
& 2lime snd thres &pigot disghargs products.

Eash apigot dischaerge product was subjected to £ table test. The
tahle used was a Z4 by 42 inoh dlagonal deck eonasniretor mannfactured
by the Diester Conoesntrator Company.

The table concentrats from each spigotr discharge wes retabled pro-
dueing a Lins) aonmmtan;ﬂni&dlm. Thene m1ddlings were ecmbined
and oryushed o minua SS5-mash, The llddltw were retabled produsing a
fourth gine condentrate, u fioal middling snd a telling. In Tedble VIIX
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Conelusions from Tghling Test

The teble conoextrate from spigot dlseherge 3 was the only concen-
trats produced of & satisfastory xinc grads. This concentrate con-
tained omly 6.5 peraent of the total zine,

Conpidering &ll of the zinc concentrate products as a combined pro-
dust, the zine concantrate produced would assay 34.3 pexcent zino, end
wonld represent 76.5 pereent of the totel zine.

Al thongh the fable 4id effsct a considerable smowunt of bensfi.
olation, ths net rssult was unsatisfestory. The tadble teiling contained,
pore zins than the flotation tailimg, hsnce no adventage would be galaad
by using the teable as a preconcentruting device prier tc flotation,

SBOLEY GOBS

Various resgsnis such as starohes, dexirins, metursl tasnic ex-
traets, dyswood extraots, synthetic tennins, daxeds, liguin sulphon-
atas, B-hAydroxyquinolime, malic acid, citric acid, and tertarie anid
were investigatsd to determine their depressing sffect on amithscnite
or carbonats gungue.

It wes found that eisria soid was the Dost sffective reagent in
depressing earbonate gangue and pornitting the rapid flotatiom of

smithaiontite.



Produst Fearemd pe Y Fe Zn b ;)

Spigot 1
Gonosntrate 3.9 5.1 14.7 98 .4 98,8
Tailing 2.3 B.5 3.4 X.8 1.4
5.z -3 93 110 100.G 100,40

Spigot 2
Concanirats P.7 5.9 10.8 87.5 82.8
Teiling 8.7 Ted 3,3 12.5 17.8
5.4 F % 2 100.0 166.0

Spigot 3
GConcantrats 3.7 41.9 8,1 89.9 88,4
Taillng 2.9 §.0 3.8 10.0 83,6
6.6 6.1 4.3 160.0 160,0

Reground middiing

Qongentrate 4.3 3.8 13.9 69.1 80,9
Talling 8.5 11.0 5.9 30,9 38,1
11.06 21.1 8.9 00,0 100,0
Zine sonoeutrate 54.8 3.3 15.1 76.5 ¥5.3
Zine alddling 4,8 45,2 15.8 4.3 5.8
Tailing 18.4 8.8 4,3 &.4 8.2
Blines 2.8 _13.9 41 128 9.7
mt. ﬁ.o 24.8 .0 100,08 im.ﬂ

Mditional testwork on the sffest of pH and ecncentration of e¢itrie
acid and sodium ailicats prodused a zlnc concentrate of satiafactory
grode and resovery. The eoncentrets contaiming the highest grads of
2inc, assayed 44.5 pereant zine and gontained 79,9 percant of the total
zino. The largest recovary was obtalned in s text whish santeined 83.5
pareent of the total zino end assayed &3.05 paresant zine,

Speoifie dtuseation of the ore with s heavy liquid end table test
showed that ilhe iran present as hmaatite avd limonite prevents the pro-
dustion of a satisfuctory greds of xinc by gravliy ecncsxtratiom,

The tabling consentrake produced eontained only 34.3 pardent zine

which reprssanted 76.0 poresnt of the total xine.



This investigatios indiscatee that flotation would ks a batier
method for soncentrating the mmithienite ore from the Alise Mine
{han would gravity methods of concentration, '

Shortege of time 4id not permit the investigation of coneentrat-
jug of heaimorphites by flotatior as huéd originally been plenned.
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