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¥Flotetion is & new step in the separation of
valueble minerals from gangue. <ILhis process hes only
been in commercial use i1or ghout six years. ‘here hes
becn scverel theories advanced o©s vo how the ore is con-
centrated, and the theory that is now ususlly accepted
is thet the 0il covers or wets the sulphide mineral pear-
ticle &and does not the gangue; &nd this mineral perticle,
by meens of induced aid is concentruted on the surface.

“he suthors of this thesis have not attempted
to explain the reeson or reasons why minersls will float;
but have accepted the thecries advanced by men fer more
capuble, but we have worked on the eassumption that
sphalerite, the sulphide of zinec, according to &ll flot-
etion theory will float, so our protlem narrowed down to
one fect which can be steted in the one work-How,

The subject ot the thesis clecsrly stetes our
problen, We chose & berite plus sphelerite aggregate
beceuse of the laerge amount of this minersal developed
and undeveloped, in the resource of the United Stetes.

The second pert of the thesis wes so chosen
because of the wide field in the Joplin district for flo-
tation. The ore used was doneted by lr.F.C.iiallower
from his Cumberlend Mine no.l located in Carterville,
Miseouri, The Cumberlend mill is new and absolutely

modern in every perticuler, therety giving us & commer-



ciel feed for our work.

kegardless of methods employed our one purrose
wee to get & merketerle concentrate by flotaetion, end to
improve this concentrete in quelity snd guentity where-
ever possible by meens of reagents. 1he experiments
were mede in & stenderd experimentel numeral sepsration
mechine, as shown by illustretion on page __ and the
ptanderd Callon eir flotation experimentsl machine es
gsold by the General ingineering Company oi seli Leke City,
Uteh, elso shown in illustration. Both machines are
protected by patents. The water used wus the deep well
veter of the University which anelyzes &8 follows:

Deep iell VWeter
Phelpe County weter analysis

parts per million

Cog free l.4
Cog (bound) per L 111,.7
Co0 7341
Mg0 45,1
Soz-rezoa,A]E 0, 12,4
Cl 4.1
50g 30
totel solids 298.
2/18/%15

Analyst

VeH.Gottschalk.



ihe oils, reagenis e&na dilutions are best described in
the deccriptions of the actuel testse. Krom this point
on we will treat the subject as iwo separete &nd dist—
inet thesis in the toliowing order:-

Sepreretion of ZnS from & sphelerite aggregete.

The minerel is of synthrelic composition made
in the University lsbratories. the berite and sphal=-
erite were crushed to pegs through Sixty Five mesh and
then intimetely mixed. The egsey on this composition
was

22.66 4n

11.5b% S. (oelouleted)

66.250 BasO, (By ditterence)
all weighte of feed &re given as dry weight,

The flotation tests were mede according to the
following outline:

(1) In besic solution.

() In besic solution with sodium resonsate

(3) In scid solution with different flotation

oils.

(4) By seturating feed with hydrogen sulphide

(5) By first floating the barite

(6) By roeating the feed.



BN 1 Minersl seperation iiechine

800 gm. teed 3200 gm. water 3 C.C,
sulphuric icid (Hgs0,)

No concentration.

A heavy abundant froth which carried the flotation feed.
Run I "B" lineral Jeparetion lischine

Seme charge as Run No,.I

No Concentration

Acidified the pulp in order to check the sodium resonate,

but the entife froth diseppeared.

RUN 11 Minerel Separation l.echine

00 gm. feed 3800 gm. weter o2 CuCo 32304

20cc sodiwn resonete solution.
No concentretion

Yellow thick froth which was not cepious. The addition



of +0cc more of godium rckonaie soiution did not
affect the result.,

RUL I11 Minersl oeparetion iiechine

«00 gm, feed 48OV gm. weter l.44 1lbs. per ton

of ore of nunrer 06 ilotetion oile.

o corcentretion.,

Froth wes very capious, &nd by macroscopic examination

the barite was theé principle minersal.

KUN 1V Mineral veperation liachine.
00 gm. feed 400 gm, sodium resgscnate solution
3200 gm. water 5 cc HZSO4.

No concentration.

The suppogidly concentrate oconteined more zinc than
teat previous but not in sufficient quantity to call

it & zine concentreate.

RUN V Minerel Separation liachine.
200 gm. feed 1.22 1lbs. No.l7 flotetion o0il per
ton of ore 3800 gm.water 5 cc of 55 Patassium

alum solutiohn,.



No concentruation

No froth
RUN V1 liineral sepertion lMechine
200 gm, feed 1000 gm. sodium resonate -solution

2800 gm., watcr £ cc H,50,
No concentretion.

Added the sulphuric scid first end after five minutes
running the sodium resonate solution wes added. ihe
froth seems to carry more sphalerite than previous froths.

RUNS VII-VIII-IX Mineral sSeparation kiachine.

Seme charges €8 No.6 but using £200-600-800 gm. of

sodiun resonste, respectively;
Bo concentraetion.

The different quentities of sodium resonete solution

did not effect the froth, nor itfse cerrying qualivies.

Note: All previous tests were mede to determine



the value of the svdium rczonete solution. Lt wes
found to give & good iroth, but a froth thet is too
heavy to iloat zincg therefore the iroih products;
knovn a8 the concentrete, will contein to hrigh a per-
centege of bearite,

In commerciel prectice the sodium reconete
golution could be reused by treeting the froth with e
two per cent sodium hydroxide solution. The sodium
hydroxide will dissolve the dosium resonate and the

resulting solutidn is reedy to be re-uced.

HUN X Minerel -Sepasretion Mechine.

400 gm, feed 3600 gm, weter 10 gm. commercial
godium hydroxide (NgOH) .7 1bs. No.20 flotetion o0il per
ton of dry feed. HESO4 to neutralize pulp and give

1l c.c. excess.,
61 gm, concentrate assaying 54.9p Zp. 26% extrection.

The firet five minutes of agitetion were mede in &
elkeline solution end Yhen sulphuric acid wes edded to
neutrelize the pulp, and 1 c.c. excess. On the edd~

ition of sulphuric acid & ephemersl froth forfmed.



RUN XI Minerel useparstion Liachine.

200 gm. feed 3800 gm.wseter 20 c.c. of & 2p

godium hydroxide solution. E, 50, to neutrelize 4 2 c.c.

4
excess8s 7 lbs. No.«0U flotetion o0il per ton of dry feed.

2¢ gm. concentirzte asseying 41p Zp. 16.15 extrection.

“phemerel tfrotih. The sphelerite ceme over within five
minutes efter the run waes sterted. isdditioneg of more
0il probebly would have reised our extraction but we

feiled to edd the oil.

RUN XII Minerel Separetion Machine,
800 gm. feed 400 c.c. of & &% sodium hydroxide
2800 gm. weter o7 1b, of No, 20 flotetion oil per

ton of dry feed.
No concentration.

The froth cerried very little zinc.

RUN XII1I Minerel seperetion liechine.

Repeated run Ho.l2 with sesme result.



liote: We have been working on the assumption that
the pulp must be in & &lkeline solution to float the
sphelerite from ihke btarite; but on our perticular teed

it geems tret an zcid solution is nececssary,
|}

KRUN XIV cellow rlotetion achine.

600 gm. feed «48 lbs. No. 4b flotetion oil per
ton 8f feed per dry ton feed. bcc sodium resonate
golution 5400 gm. water geturated with hydrogen

sulphide.
No concentretion.

The froth was very copious but did not cerry very much

gphelerite.
RUN XV Cellow Flotation Lchine.
600 gm. feed 4 1b. No.,1l7 flotation 0il and 4 lb.

No. 24 flotetion oil per ton of dry feed 10ce¢ sodium
hydrox solution 4cc H2304

Xo concentration.
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Hun five minutes in alkeline solution &nd then ecid-

ulatede. wphemergl 1roih consistirg mostly of bgrite.

RUN XVI Callow Iklotetion Liachine.
600 gm. feed 148 1b. orysilic acid per ton of dry
feed 5c.c. H2804 56400 gm. water.

o concentration.

¥Froth was & good ephemerel froth sphelerite; but it

failed to cerry en sppreciable amount oif sphelerite.

RUN XVII Callow Flotation Mechine.
600 gm. feed 1.66 1bs. No.21 flotation oil per ton
of dry feed 6400 gm. weater.

No concentretion.

4 very copious froth-

RUN-XVIII Callow Flotetion lischine
600 gm., feed +48 1lbe, No.,17 flotstion 0il per ton
of dry feed 40 c.cs 10p sodium sulphide solution

bce 32804.
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No concentretion.

4 very neevy copious froth, “he frothe on the cellow

tlotaetion machine gecried to carry the tlotation feed

Just &8 it entered the pechuce mixer.

RUN XIX ¢ellow rlotation wmechine.,

Repeated run number 18 usging flotation o0il lio.

stead of No, 17, seame result.

No concentretion.

RUN XX Callow Flotation wachine.

Repeated run number 19 using flotation o0il lio.

plece of No. 54. Seme results.

¥o. concentration.

HUN XXI Minerel seperastion kiachine

54 in-

45 in

500 gm. feed 3500 gm. of 1% sodium hydroxide solu-

tiono .

No concentretion.



The above cherge wes run for fifteen minutes and no

froth ever formed in the spitz- ke sten.

RUN XXIIX Minersal Separstion ilschine

€00 gm. ore with 800 gm. weter were saturasted with
hydrogen sulpride (H,5) 5c.c . Lp godium resonate
golution 3000 gm, water 1 c.c, H2504 1.4 1bs,

No. 45 flotetion o0il per ton feed.

31.5 gm. concentrate esseyed 54.ip Iy 37.8p

extraction.

The pulp wes egiteted for tive minutes before the acid
end oil were eadded. The froth was heayy until the acid
wae added and then it beceme very ephemeral and laden

with sphalerite.

RUN XXIII Kinersl Seperation Machine.
Repeated run number Twenty-iwo (22).

28.5 gm. concentrete asseyed 58.74 Zy. 37.85

extrection.
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Lhe first twelve experiments deslt principelly with
godium resonete, end whetrer the tests, or pulp,
should be in acid or besic solutionm. Iln the exper-
iments from twelve to tweniy-three we tried to get &
concentrate with difterent oils, both in scid and base.
ihe hydrogen sulrhide tests &s described in runs
twenty-three erd tweniy-four ere the first commercial
concentretes obtieined.

Lr.MsH.Thornberry in charge of the Univeregity
experimentsl lebretory, suggested that we try to float
the barite‘and then the zinec. Acting upon his sugges-

tion, we made the following experiments:

RUN XXIV kiinerel Separation iachine
200 gm. feed 1 c.c. of & bp of & Ben-Hur soep sol-
ution 3800 gm. water.

Agitated for thirty minutes during which time & heavy
copious froth, cerrying very little sphalerite, over=-
flowed from the spitz-kesten. The teilings from this

experiment were given the following treatment.

Teils 3500 gm.water l1.44 1bs., No. 17 flotetion

oil.
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No concentration.

Iwenty grems ot concentrete: were extrascted on this
experiment, end were examined macrosgcopically. The
concentrete appedred to be sround 32 4 # zinc which

would be very poor.

RUN XXV kinergl seperation iiechine

Repeeted run number twenty-four using 1.5 cc ot a 5p

"Fele-Neptha'sgoep solution.

No concentration.

RUN XXV1 liinersl seperation iiachine.

Repeated run number twenty-fouwur using 2,2 c.c. of

"German-Femily“soap.

Concentrate assayed 35%x zinc.

Tailings asseyed £0» zinc.

The weight .  of the concentrate was never recorded,
nevertheless ghe zinc contents of the teiling is sutf-
icient to prove the un-commercial value of the exper-

iment.
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sphemeral froth.

RUN XXVII riinersl eparation wachine.

500 gm., feed were rossted with & blast lemp for fifteen
minutes until the berite began to turn & light red
brown in color, The feed wag put into the flotetion
mechine hot.

3600 gm. weter l1.14 1be.No.1d flotetion o0il per
ton of dry feed  .3c.c. of & 10w Ne, o solution

3 cc H2504 1l cc¢c sodium resonate solution,

53 gm. concentrate essaeyed 60.4 p Zn. £8..50
extrsction.
400 gm, teiling asseyed 5.p Zn 17.85% Zn. in

teiling.

«57 1bs. of N0.15 0il &nd the sodium resonate solution
were sdded &8 soon &8 we started the pulp to agiteting,
a copious froth overflowed the apitz-kesten which Beem~-
ed to contein very little sphalerite. After thirty
minutes the charge wes ecidified with 3 cc H2304 and
«57 1be. of H0.15 flotation oil added.

Ephemeralvfroth formed heevily laden with sphalerite.
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RUN XXVIlI Minersal separation lachine.

430 gm. feed roested twenty minutes over blast lemp.

1he test wes mede ideniicel &8 run number twenty-seven.

31 gm. concentrste essayed 58.8p Zn. 19.3p

extraction.

51 gm. berite concentrate esstyed 7.30 Zn. 3.86 % of
the totel Zn conteined wag in the barite concentrsate.
RUON XXIX Mineral Sepsaration bechine.

500 gm. feed which has hed & chloridizing .roest for
three hours. Experiment made by seme procedure dee-

cribed in run twenty-seven.

No froth or concentretion.

RUN XXX Minersl Sepersation Mechine.

Same as run number twenty-nine except that the egitation

was mede in a 2%.E328 solution,
Ko concentration.

From the sgbove tests it is quite evident that the
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authors did not seperete sphelerite from bearite from
& comncrciel viewpoinl; but we do believe thet these
erxperiments pave the wey for future experiments aslong
two lines.
{l). oseturating tne flotetion feed with
hydrogen sulphide, &g described in runs
twenty-two &nd twenty-three; &nd then ex-
periment with different o0ils and reegents.
(£). wo roest the feed, os described in
runs twenty-seven end twenty-eight end ex-
periment with different o0ils end meagents.
it is the helief ot the euthors that the second method
could be put on & comnierciel beasgis. We heve made our
deduction from the following conditions.
(1) &4 berite-sphalerite aggregate usuelly
esseys 12 + » Zn.
(2) The ore body would have to be of suff-
icient sige to pay for instelling the plant.
{3) One long hend reverbstory furnace would

have an enormous cagpacity.
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Y a R T 11.

1he gsecond part of this thesis deals with flotation
experiments mede on the Lumberland iine hol.l sludge
pond ore.

The screen enalysis of thie ore is on the
accompenying "Tyler stendard Screen bcale Dpaper.

inhe products reteined on the different meshes
were exemined under & microscope &nd of the materisl
retained on ¢5 mesh, & smell percentage of the sphal-

erite was not broken free from the gangue.
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In the following runs ell weights of oil and sulphuric

ecid are given in pounds used per ton of dry ore feed.

RUN AXXI Mineral Sepeaerstion liachine.
350 gm. ore «8 1lbse. tlotetion 0il wo. 15 «£6 1bs,
H2304 3650 gm. water.

No concentrétion

Kphemeral froth. Ihe froth only lasted five minutes
and the eddition of more oil did not returm the froth.

by edding ten pounda of sulphuric ecid the froth re-

appesared.
RUN XXXII Minerel Seperetion liachine.
350 gm. ore 5.1 1bs. Hg 80, 3 c.c. 107 sodium

resonate solution. «6 1ba. cregylic acid 3600 gm.,

water,
30 gm. concentrate esceyed 55» Zn. extraction 63.75p

4 good copious froth during entire run; heavily laden
with sphalerite. The @cid was edded at diiferent

intervels until the entire smount was used.

RUN XXXI1I1 Mineral Seperation Mechine
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350 gm. ore 40 1ts. H,50,; b c.c. of & e Cus0,

golution .6 lbs. cresylic acid 3b00 gm. weater.

29.5 pm. concentrate essayed 575 Zn. 63,9% extra-

ction.

& good sphalerite froth. Froth graedes between the
heavy froth and ihe ephemerel froth, and is an ideal

froth for spheslerite.

RUN XXXIV Minerel Separetion liechine.

331 gm. ore in 1000 gﬁs. of a Sp H,50 golution was
sgitaeted or emulsified, on rolle for two hours. added
_ 2000 gm. water 3 c.c. of & 10% sodium resonate sol-

ution. 167 1lbs. creaylic acid.
£4 gm. concentrate esseyed 46.6 , Zn ¢4.b% extraction.

A oopious froth. After ten minutes the flotation mrcthi
maochine broke, therefore the ebove results are. on the

ten minutes run.
RUN XXXV Mineral Separstion Mechine.

378 gm., ore 32 gm. water 20 1lbs. HpS0, . .55 1b.

cfosylic acid.



<l

63 gm. concentrate egsayed 56.4,0 Zn 65.5/0 ex-

traction.

a good sphalerite froth as described in run number

thirty-three.

RUN XXXVI Mineral separaiion lMachine
380 gm. ore 34 lbs, HZSO4 3500 gm. weter o 74
lbs., No. 66 flotation oil.

38 gm, concentrate  &assayed 48.4, Zn. extrection
65.5p

On the esbove charge we did not get & froth. Upon
adding two oubic centimeters of & ten per cent #odimm
resonate solution & heavy froth overflowed at the dis-

cherge spout of the gpitz-kasten,
RUN XXXVII Minerel Seperation liechine.

Repeated run thirty-eix using 800 gm. ore. The ex~
perimentel machine will not hendle this amount of our

ore and float & concentrete. The pulp is to thick,

No concentratione.

RUN XXXVIII1 Mineral Sepsaration lMachine



n
e

350 gm, ore 35600 gm? water, 14 1bs. HkSO4

l1.42 1bs. turpentine, Na (OH) commercisl
55 gme. concentrate agsaeyed 31,8/ zn  70% extraction.

Chdrge wes run in acid solution fbr tive minutes and
then meke alkaline with sodium hydroxide. After it
wes mede slksline ., 4% lbe. .of turpenfine waa added
every fifteen minutes until One end forty-three hund-
redthe (1.43) pounds were used. fThe froth was four

inches thick, white in color, end easy to bresk down.

RUN’XXXIX _ Minerel Separsastion Liachine.,
Kepeated run thirty-eight with same results.

We believe, from penning this concentrate, that it

would meke & practical feed for & recleaning table.

RUN XL Minerel Separstion liarhine
372 gm. ore 3500 gm. weter 29 1bs. (3 o.c )
HESO4 «67 1lba, Lio. 6 flotation o0il o3 lbs. N0.56

flotation o0il. 7.66 1bms. gesoline +88 1bs.

Cleaveland ¢liff flotet ion o0il lic. £
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36 gm. concentirate assayed 5£.9,0 Zn, b6p extraction.

The ephemeral iroth wes unstable until we added tlre

Cleaveland Cliff o0il number two.

RUN XLI Cellow Flotetion lischine

372 gm. ore 5500 gm. weter «67 1lbas, No. 6 flotation
0il 29 1bs. HgSO4 26.4 1bs. gesoline.

35.5 gm. concentrate esseyed 50.1lp Zn. -=—-v-=- 65,8%
extraction. 11 gm. middlings essayed 27.5% Zn._10.9%

extraction. total extract 76475

Ephemeral froth. 1he concentrete wes teken from this
machine for the first forty-five minutes and the pulp
contained 18.9 pounds of gesoline. At the end of the
foty-five minutes seven end five tenths (7.5) pounds
of‘gaeoline waee edded, end it caused more sphalerite
to be carried in the froth; but we noticed that this
gecond product wes rether dirty so we classified it a&s

e middling.

RUN  XLII Cellow Flotation Mechine

742 gm. ore 6000 gm, water £20.,£ 1be. gasoline

flotetion o0il same &g in run forty-one.
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59 gm. concentrete  ussuyed 53.2/ Zn. b7.5@ exbract.

6 gm. miadlings aaseyed 40.6/4 Zn. 18.5% extrect

Totel extraction 76¢ o

oy 1 - ! 3

bxperiment mede ihe ceme &s run number forty-one.
oixteen pounds gesoline used on the concentrate end
Four &nd two tenthe (4.%) pounds on the middlings,.

nUN XLIII Cellow Flotation ilachine

558 gm. ore £550C gm. water £8 1lbs. gasoline

8 1lbs., Ho. 6 flotation oil l. 1b. Cleavelend Cliff
Lios 1,

45 gm. concentrate assayed 30.£  Zn. 3%p extracte
ion

19 gm. middlings essayed 36,650 Zn. 16.65% extraty-
ion. Total extraction 49,25p
RUN XLIV Minerel Separetion Machine.

37€ gm. ore 3500 gm. water B8 lbs. No. €6 flotsetion

0il 7.5 1lbs. gesoline.

49.5 gm. concentrate essayed 3l» Zn. 56% extrection



aUN XLV Mineral separation liechine

372 gm. ore 3500 gm. weter 18.8 lbs. gasoline
«88 lbs. Clegveland Cliff flotation o0il ho. I .75 1bs

flotetion o0il iio. 6

46:5 gm. concentrate asseyed 34.6p 4n. 58.4%

extruaction.

zphemeral froth. sfter running for forty-five minutes
enother 10, 1lbs. of gasoline were added with-the

following results:-

14 gm, concentrete essayed 36,.8% Zn. 18,76 extrec~

tion. Totel extraction on cherge ¥7.15 %
RUN XLVI kinersl Separetion Mschine
372 gm. ore 3500 gm. weter 18.1bse cosl-o0il

o7 lue, flotation 01l WO. 6

47.5 gm. concentrate easeeyed 4lp 4n. 170,8p extract-

ion.

iphemerel froth.

RUN XLVII liinersl sSeperation liachine.



372 gm, ore «88 1lba, Clemvelend cliff flotation
0il ko.l 20.¢ 1lbs, coal oil 5500 gm, water

«75 lbs, flotation 0il Lio. 6

©7 gm. concentrste &ssayed blp Zn. 50.1p extract-

ion,.

On running the above charge thel01eav91&nd Cliff oil
number one was edded first, and only & few thubbles
geturated with zinc sulphie appesared. ihe flotation
0il number Bix was added and the ephemerel froth

epreared immediately.

HUN XLVIII Mineral Separation lischine

372 gm., ore 3500 gm, weter 18.8 1bse. coel oil
2.1 1be Clesveland Cliff flotation o0il number Z.

76.6 gm, concentrete asseyed 24.4m Zn. 62.8p

extraction.
A very hesvy copious froth.
RUN XLIX Liinersl oeparetion Mechine

37¢ gnm., ore, 3500 gm., Hzo b ¢ ¢ coal o0il
£€.1 1lbs, Cleeveland Cliff No.&



x7

Hezvy copios froth.

T€.D gm. concentrete assaying «é.4p Zn. = b2.8p

extrection.

t

Actuel running 1 ine of the above experiments were

forty~-five minutes.



In exeniring the gbove results on the
Cuwnberlerd ore it is noticeahle that regerdless to the
recgents snd oils uged that the best concentretes
range from 50 to 574 in zirnec contents, and their ex-
trection veries irom €Uw to 70j0.

It ig tke opinion oi the autrors thet if a
recleening plent is instelled the extraction could be
raised, meteriglly without lowering the metsl content
of the concentrate, and may be successfully handled to
even reise the precentege of zinc in the concentrate.

We gre indebted to Lr.l.H.Thornberry for
suggesting the use of gesoline end coel oil. The use
of these two crude 0il products is no doubt revesled
the importent point oi our thesis bheczuse.

lst. It has il;minated the use of acid,
thereby lowering the cost.

zﬁa. 1he concentrate made is very clesan; &nd
would heve been higher in zinc has cloger attention
been peid to the machine.

We were unfortungte in making our exper-
iments using gasoline &nd coal oil in the lest week
of our experiméntal work, otherwise we would heve con=-

ducted congidersble research on these two oils.



<9

il Noe.

1)

”

6----1l0.8 flotation 0il (Pine o0il)

Generel Neaval Stores

lo----Pine 0il No. 6 (light)
Genersl Nhevel otores.

17--==Flotetion o0il 800--

Pensacole Ter end Turpentine Company

£0--~-N0.,16 special rosin

Pengecola Tar and Yurpentine Compeny

£l----No.76 crude wood turpentine

Pensacola Tar and Turpentine Company

45----Koein o0il

bimer &end Amend

54----Cresylic ccid 95p

Meyer Brother Drug Compeny

66----Creesote 0il 20p

Meyer Brothers Drug Company
411 cresylic acid 95p pure

Sodium resonete solution used were alwayvs of ten ver

cent strength unless otherwise specified.
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