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RLOTA™INN APPLIED TOQ JOPLIN SLUBGE.

Under conditions existing today the cost of mining smé
milling the ores of the Joplin district is gererally satlsfac-
tofy from an economic viewpoint., Methods of ore concentration
hnve been develoned which, owing %0 the nature of the ore, ere
peculiarly vell adapted for obtaining high recoveries with re-
latively low costs, A visitor to. this district often receives o
first impression of c¢rudity in methods vhen compered with those
in vogue in osther distriets, bhut he is 'so‘on impreesed with the
results and the prevailing mining and milling practice. However,
eny nrocess tending toward z further recovery vhich mey be nppiied
along with th_e present schemes employed, deserves consideration,

The +ide diversity of ores in *the Joplin district is not
- generally anpreclated, This diversity is not great in physical
appearance,l snd less in chemical analysis, but becomes evident in
the finer details of concentration., The ordinary Sounthwest
Missouri practice is embodied in e simple system of rouching end
cleaning Jigs, TFine grinding is generally condemnsd, and it is
nrobable that in the majority of the mills this wrocedure
would not be profitnable, The wse of tables has heen instituted
only recently and vgnners hsave not been tried., Of the users of

tables not more than ten ner cent =re getting the full value of



their tables, Probadly not more than twenty five per cent of
the mills conteining tebles rre dewstering the trilings Trom their
roughing jigs end settling this vater to feed their tables, ™e
other seventy fiﬁe ner cent sre using aﬁ least & portion of this
woter, vhich undoubtedly is rich in fine ore, fo wesh their
‘ tailings to the tailings elevator. The sludge {fine material)
vhich daily is being sent to the tailing dump by the Joplin =mills
containe values in lerd e#nd zinc often in excess, a8 %o parcenimge,
of that of the crude ore. At nresent no attempt is belng mnde 4o
trest this msterial, Itﬂ}s at this point that it is proposed to
introduce some flotation vrocess to sunplement the ordinary achgme
of wet concentration. With this end in view we have conducted &
geries of experiments in the flotation of a Joplin sludge. The in-
vestigmation hes been nrosecuted by means of sternderd tests, in-
volving the use of variable factors which are known to affect the
flotation of minerals, Among thess may be mentioned the physical
and chemical nature of the ore, the amount =nd physical properties
of the 0il, the temperature of the weter, the time and speed of
agitation,

Before entering into = detailed discussion of our testes it
mey be weil to consider some of the generally known phenomena
attending the flotztion of minerals,

Any flotation process is besed on the knowledge thet sub-
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stances heavier then veter will, under certain conditions, "lont
on the surfsce of veter, The fact that .certain minersls will
float more rerdily then others is the beeis for the varions
echemes for the concentration of ores by this method., In order
to understosnd the act of the flotetion of osrbticles hecvier than
water we must consider certzin molecular forces, of vhich thet
of sdhesion is of primary importance, .

* wmhe films of; gases thet ere attracted to the surface of
s0lid particles adhere strongly in some instances, and are daia-
placed therefrom by liguids with cowsiderable difficulty. This
quality of adhesion varies remarkedly with different substances,
¥ith s.ome substances the gas adhesion is strong and the llquid
adhesion ig wesk; In other words, they are wetted with difficulty.
In this class are the metallic sulphides, vhich, although they
have 8 natural tendemey not to gd.heze strongly to water, d
fortunetely heawe a strong natural tendency to adhere to oil.

And further, oil has an even stronger tendency to adhere to lts
gas film, so that 2 sulphide partiol?, covered with an 0il film
has an alresdy strong tendency not to adhere to water consideradbly
increased, Jmartz and gangue minerals generally, on the other .
hand, hew preference in directly the opposite direction. They
heve s comparstively feeble adhesiveness to gee films and 0il, and

e etrong adhesiveness to water, snd this slready strong adhesive-
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ness for water is generally incressed hy n slight scidnlstion
of the water, There has bLeen no satisfactory theory yet pro-
pounded ss to why aéid does promote the preferencisl adhesion of water
to gangue particles, and probsbly also ot the time the preferencisl
adhesion of 0il to sulphides,******xx»+%7% has heen established
thet there sre: (1) Forces acting st the surfsces of lijuid, the
resultant of vwhich tend to prevent the rupture of the surfece;
(2) Forces acting at the surfrces of all substances, especially
at the surface of sulphide perticles, thst cause filme of gases,
resiating displacement to adhere to their surfaces; (3) Forces
aoting at the surfaces of sulnhides to cnuse these surfrces bo
show & preferencial edhesion to oil; (4) Worces acting ¢t the
surfaces‘ of gangune minerels that csuse these surfeces to chow a
preferencial mdhesion to water, mmd especially =cidified weter."
With these principles in mind we have been able to pursue
the investigations which 2re etbodied in this thesis,
For our investlgation a Joplin sludge was obtained. It re-
presents the materisl which is ordinerily lost through the in-
ability of wet concentration to handle it economicslly. The

chemicel and scéreen analysis is given fellowing:

*?. J. Hoover, "Concentrating Ores by ¥lotation",



JOPLIN SLUIGE.

Assay:
Zinc as blende -—---ee e -2.9 %
Lead #8 gRlENA —meo——meeomaan2,4 4

Gangue-~chert with little limestone.
Sorecen Analysis:

Sample 400 gm.

on 100 M ~=mea=0.25 gma—e———- 0.06 7
" 120 " ~eeeme b P 7 T R — 0.94 14
" 150 " —mmmem 3,00 " —e=eee0,75 %
" 200 " ———me S N 1 T R———— 1,94 7%
Thru 200 " ——=385,25 " -—--n96,31 7
Thru 100 B ~=--~99.94 ¢
" 120 " ==—-==99,00 %
" 150 * ----=98,25 %
" 200 " :___.___9'6‘.:51 %

It will be apparent from the screen snalyais that beceuse of
its finely divided state the sludge presents problems in cdn-
centration impossible of economicel solution by the ordinary
me thods of wet condentration,

Thile the physicel coﬁditions of the above sludge may be
conslidered very tynical, its metsllic content is lower by & number
of per cent than maﬁy of the sludges produced, It will be seen
that under such conditions the sludge conteing very much higher

values than the crude ore.b
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A mumber of nreliminery tests vere mede, In these tests,
vhich were of qualitative nature, a few grans of ore in about
30 c. Cco Of water, together with a drop each of crude petroleunm
and Hy804 was shsken in an ordinary 6-8 inch test tube and
allowed to stemd for a few secondr, Although there were no marked
differenciation of the sulphides from the gangue thc resnlts were
sufficlent %o »nromnt us %o attempt the application of the prin-
ciple of flotation jusntitatively to a large smount of ore.

In cerrying on the tests it wés realized thst some means
muet he employed to introduce gas or alr into the mass of the ore
or pulp to aid in the "floﬁstion" or separation of sulphides from
the gangue. To produce this aerstion of the pulp, # mechsnieal
agitator vss dévised consisting essentially of =2 small brass pro-
vellor 2 inches dismeter affixed to a rod, the vhole driven by en
elsectric motor, A round glass jer of éooo C. C¢. oapacity vas
employed to contein the ore under sgitstion. The method of pro-
gedure in making a test was briefly as follows:

To & pulp oonsisting usually of twenty psrts by welght
of water, 60-70° temperature, to one part of dry sludge, vas
edded varying ampounts of oil; acid or soap, and the whole aglta-
ted for from three to five minutes, After this period of agitation
the pulp was allowed %0 stsnd for sufficlently long time to per-
mit the sulphides in form of froth or film to eollect ut the sur-

face and the gansue to settle to the bottom. M™e floating sul-
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phides were then skimmed and agitation agein renewed without,
however, further addition of =material., .Ais many skirmings =8 vere
necessery to removs o1l sulvhides thet wonld flont vere made,
nenerally three to four skirmings were necessary,

Both the slcimings; vhich refresent tie concentrate anéd the
residune, vhich represent the tailing were dried, weighed, ~nmd
assayed for metallice content,

Oring to the small scsle upon which our tests were conducted
end the limited mechanieal means for approximsting the conditions
thet sre most favorable for the application of flotation prin-
ciple it was mecessary to run a large number of tests in order
to obtein = few results vhich demonstrate the applicabllity of
flotation principles to this kind of meterial, We were hendi-
capped, for example, by the inability of the machine to handle
a pulp hesvier than 100 gn. in 1000 c. c, of water with sny ade-
quate sgitation. Iloreover, the limited surface srea to vhich
the sulphides could rise, snd the intermittent character of the
agitation, hoth contributed to prevent a successful flotstion,.
Because of these limitations mmy tests were necessarily per-
formed vhich merely served ss £ bssis for more successful ex-
neriments,

The folloving sre some of the mére favorzble results secured

in our experimentation:
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™3T 16,

ore--—--50 gm,
. .
1000 c. c. H.0 &t 70° c.
r
5 drops cruade netroleun
\]
Agitation 3 minntes, no film
L]
5 drops HyS0,4
’
igitation Z minutes, very slight film-skimmed;
arpzrently high grade buf not safficlient in smount
to =ssay.
1 4
The second agitation resulted in sinilar film as the

first, but the third sgitstion did not nroduce sany

farther flozt,
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TEST 28,

Ore-——--50 gm.

4

Teter 1000 c. Cc. 2t 70° <.

+

Sosp shaving——--3m. gm,
?

% inch flost light color

?

10 dfops H 86,
Agitation 3 mimmtes-acid nentrslized the soasp, and

a thin film of sulvhide floated on the surfeze.
A

Crude petroleum
¥

Agitation 2 mimites-heavy film sulnhides, two skimmings,

Head Concentrate Taliling
4 R 2.9 29.8 % 1.1
Ph  memmemee e 2.4 10.5 4 1.0

-



TEST 17,

1000 . o. H.0, 70° e,
Soap 1,'m; £me
0il 15 ’dfops
Agitate 3 mimtee~heavy float (first skim)
igitete 3 mimtes-heavy float (second skim)
'
Agitéte 3 minntes- slight film, no froth
'
Soap Z'm. em,
Agitate 3 mimites~barren froth
'

5 drops crude petroleum
1]

Agitate Z minutes-no change, barren froth.

Head 1lst Concentrate 2nd Concentrete Tail

4 Wt. A vt.
N —————----2,9 24,9 2.9 gm. 18,8 1.0 gm 1.3
Pb —“'-—‘—"'2.4 12l0 606 19
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TEST 26,

50 gm. Qre
.
100010. ¢, water 70° c.
Soap shaving 3 m. gn.
*
Agitate 3 minutes-} inch froth, light color
]
6 d'z-?ps" HgS0,
Apitate-no froth, thin film of sulphides
h
5 drops ¢rude petroleum
r
Agitaﬁa 3 mimutes=thicker film of sulphides
. .
10 drops erude petroleum
Agitate 5 minutes~heavy film of sulphides

t

Four successive agitations emd skimmings necessary.
A

Head Concentrate mriling
Wt.
zn v———v—-—-----z.g' 2109 2-9 g'ﬂ 1-54
Pb mmmmmmeamn 24 9.0 1.0
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m™he maximum reults thst could be sttained by direct con-
centration, using a heed zs low s that of the sludrpe, were
found to be between 25-30 % for the zinc smd 10-15 7 for the
lead, Further exncriments were theresfore mede ir the attemps
to reise the grade of the concentrste by retrestrent, following
the generel scheme of Test 28, Using the concentrate obtrined
from the forecoing tests, it was possible to secure a n"floatn

which was of much higher grade, the zinc content from 40-46 7,

SUMMARY .

In reviewing the tests we find that although the oil is m
essentinl element in flotation 1ts use alone will not result in
a separation of the sulphides from the ganpgue, In precticslly
all cesee it wes necessary to supplement the oil with other
frothing sgents in order to obtain favorsble results, The na-
ture of the 0il iteelf influences not to » small degree the
successe of the sepsretion of the sulphides, Between two o0ils
there may be s difference of as rmch as 25 € in the amount of
froth produced. The Illinois crude petroleun was used in our
tests hecruse of the fact thet from 2 commercial stendpoint it
vould be easily and economicelly procurable in the Joplin dis-
trict. The addition of szcid seemed to be beneficisl although

its effect was not so clearly shown as when it was used together
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with soep. An attempt to use soep s an acid in the proﬁuction
of froth resulted in two things:
Tirst, if anplied in enell guantity, 1-2 m, gm, to BO gm.
. sludge in 1000 ¢. c. veter it seemad to have a bheneficial
action nroducing & heavier froth than if sosn versz not used.
gecond, if used in larger =zmount then already mentioned it
vas most detrimentel, in fact it totrlly destroyed all selective

action of the oil.

TEST 32.

1000 ¢. c. HO at 70°

Soan B m. ST,
L4

Agitation 3 minutes-heavy froth, light color, ski-med,
v

8-.10 successive agitation snd ski~ming-flotstion of

£11 the solids. Evidently no selective sction by

the sosp.
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CONCLUJSION.

It mist he borne in mind that our work vas carried
out on small lahoratory scale, :né the results recured
are therefore not necessarlly conclusive, Te believe,
however, thet the results obtsined even under condition
with which our work was surrounded, Justify furtler
investigation upon & larger scmle; and that flotation
mey be consldered ss one of the solutions of the nro-
blem presented in the concentrstion of the Joplin

sludge,
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