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L3JE0T,

The purpose of this investigation was to
asocertaln the femsibility of preparing marketable
products from a rather ocomplex sulphide-fluorspar ore,

The ore was examined exhaustively by chemi-
scal, micrcssopic, and mineralogical methods of
analysis, After & thorough knowledge of the physiocl
characteristics of the ore had been obtained, flota-
tion concentration tests were made to separate the
sulfide minerals from the fluorspar and to attempt to
prepare lead-sine and fluorspar concentrates of

marketable grade,

"‘z“'
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Antroduction

(I1). Looation of the Ore s-

The ore investigated ocomes from the Gave-in-

Rock distriet of Bouthern 1llinois,

({11).

Lead and zine¢ mining in Southern Illinois
commenced about 1842, 4t that time fluorspar

had no commerciasl value, and it was not until
about 1870 that the first shipment of fluor-
spar was made from this district, Since than,
the fluorspar has been a conatant produat, as
well as minor gquantities of zinc and lead,

The use of fluorspar a2z a flux in the basioc

open-hearth steel process astarted aboat 1898,

and the rapid development of that process

ocreated an inereased domand feor the minezal.

Nining on & fairly large socale started ahout

1910, when systematioc metheds of mining and

milling were developed,

www.manaraa.com



(XII1), Uses of the Qre :
As the ore ocontaing fluorspar, sSiuc and
lead, it may be briefly discussed as follows
{(4). Uses of leads Loead is one of the
8ix Bo~ocalled pre-historic metals, The oldest
plece of lead extant 1s probudly that of a
figure in the British Museum which antedates
380 B,C, Prom ancient times until the present
lead has become inoreasingly important in in-
dustriasl uses, The following table shows the

ugse of legd in the United States for 1936,

Table (I). Use of Lead in the United States,
(Thousands of Short Tons 20004)°

Rurpose  ZThougsands of short tonm(1936)

White Lead
Red lLead & PHO
B8torage Battery
Cable Covering
Building
Autonmobile
Bailway Equipment
Ship Puilding
Ammunition
Terne FPlate
Foil
Bearing Metal
S8older
Type Metal
Calking
Casting

—Qther Usom
Iotal y83.4

SHerbert B, Hanley, Lecture Sheet of Lead Netallurgy.
HMissouri School of Mines, Bolla, Mo, 1937, p.3

F
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{(B), Uses of 4in¢s Recognition of zinc as
s separate metal Is uncertalirn prior to 1509 4.D,.
P, Neoygls has stated that zine wes produced as a separ.
ate meétal in lndla as early as tue sevunti century,
R,T, Chang, states that zinc was sinmilarly produced in
China as early as the eleventh cemntury., Table (I1I)
shows the consunption of zinc in the United States for

the year 193z,
Table (II) - Use of 4ino in United States (1932},

Perceni-

Purpoges Ihousands of Short Tons(2000¢4) __ ages
Galvanized 109 40,8
Sneets 32.5 -
Tubes 16,0 -
Jire 12,1 - ——
Wire Cloth 4.4 -
Shapes 24,0 ———
Brass Making 66,0 24,7
Rolled Zn 48,0 17,9
Die Casting 17,0 6.4

Qiher Xurposos —lO ——mme
Total 376,0 100.0

s Read, T7,T.; "Role of Mining in the Development of

Civilisation" . Eng, & Min, Journaly #12, December
1932, MoGraw.Hill Book Qompany, New York City,

s Chang, B,?,; Eng, & Min, Journal, #2, Febdbruary,
1932, MoGraw_Hill Book Conmpany, New York City,

. Hanley, K. H,; Leoture Sheet of Zino Metallurgy,
P. T 1937, Missouri School of Mines, Rolla, ko,

B
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(0) Haes of Pluorppars PFluorspar is used
as a flux and cleansing agent in the dasic open-hearth
steel prooens and in the manufacture of hydrofluoric
acid, artificial oryolite, ceramic products, such as
opalescent glass, enamel and sanitary ware, vitrolite,
etc. The steel industries consume about 85§ of the
fluorspar produced and the remaining 18% is used by
the other Iindustries cited above, The steel industry
demands & gravel spar having an analysis of adont
854 calcium fluoride and not over 5% silica, The ocer-
amnic grade is a ground fluworspar containing 96 to 98%
calcium fluoride and 1,5 to 2,84 silica, The aoid
grade has an analysis of 98 caleium fluoride and not
over 14 silica, and is shipped in doth fine and lump
form,

(Iv). Geclogy of $he Ore Deposit.

The rock formations of the Southern-~-Illinois
fluorspar-sinc~lead ore distriot are of Devonlan,
Mississipplan, and Pennsylvanian age and consist of
shales, sandstones and limestones, The Mississippian
seriens predominate, while the remmsylvanian rocks
are found only on the higher ridges or where axtens-
ive faulting has drought them into Juxtaposition

with the older formation,

-G
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The rock formations are approximately
horisontal with local dips and are faulted very ex.
tensively into irregular blocks, A4 few igneous dikes,
8ills, and plugs are to be foumd in the district,

The fults are all normal faults, no
thrust faults having been identified, The faulting
results from extensive doming, caused possibly by
doeep seated igneous intrusion fellowed by collapse or
re-ad justment of the surface after the settling of the
igneous mass, The mineralised veins commonly osccupy
the faults, though some mineralisation has taken p,ace
along fractures where there has been no dislocation,
In the vicinity of Cave.-in.Rock, a commercial ors de-
posit occours in a blanket formation resulting from
replasoment of limestone, A oross section of the main
faults in Southern Jlllinois is shown in Figure 1, Thias
figure can repressnt all the geoloyglcal conditicns in
the diestrict of Southern Illinois,

{(v). Ganeral Methods Used An Mining Fluorspar-2imQ-

é

s Oronkx, A .H,; "Underground Kining Practice and GCosats
of a Pluorspar Mine at Rosiclare, Illinois."
1,6, 6384. Dec, 1930, U,3. Bureau of Mines, p.2,

6 1ibdid, p.2,

¥
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Figure 2.~ Ideal vertical section through Daisy and Blue Diggings veins at No, 2 shafl
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The mining method 1s simple; shallow vertiocal
shafts are sunk to the center or to the side of the ore
body, from which the ore is reached by coross-guts,
¥ig. (2) shows the general manner of development in
these mines. The typical mining method used in this

district is shrinkage stoping, which is shown in Pig.(2).
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CHAPTER ORE

"B8ampling and Soreen Analysis”

"Lreparation of Ore Suuple for Screen Analysis”
(&) Cruening -

Ore invariably comes from the mine in lumps
which are unfitted for any kind of concentration other
than hand sorting., Orushing is always a part of all
flow sheete, Cince the me thod of orushing, at least
in large sizes, has little or no effect om the char-
aoter of the subsequent mill process, the flow sheet
of the orushing system may be studled without regard
to the mineral content of ore.

The ore, as received, was in lump form, The
larger pileces from six inches to one foot in size
were spalled down to two or three lncnee to give a
feed suitable for the small laboratory Jjaw crushers,

The jaw crusher was used for coarse crush.
ing to reduce the particles from three or iwo inches
to 1|4 inch or finer in size, Kolls were used for

finer corushing, an electrically dqriven 8haklug screen

-13.
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(6 noah)7 being in olosed oirocuit with the rells.
dfter roll orushing, the ore was thoroughly
mixed and gquartered and a portion of ten pounds
was obtained by a succession of pasces through a
Jones riffle, Thie sample was used d&irectly for
sising tests, microscopic examination, and float-
and sink testing. PFor ochemical analysis and flota-
tion testas, fine sizes are required and the roll-~
erushed hesd sample was ground by a disc¢ pulverisar
to pass 40 mesh, then by & pebble mill through 100
mesh, Pig, (Ia) shows the procedure adopted,
{I11) sdoreepn dnalvesie of Ore Sample
In ore testing of any kind a eoreen sanalysis
of the head sample is usually made, !asgarta de-

fines the various type of sising tests as follows:

Al) sises referred to in this paper are in teras
T of the Tyler Standard Soreen Seoale,

Yaggart, 4.F,, "Handbook of Ore-Dressing”
John Wiley & Sons, Ingorposrated, 1627
page 1181,

wld-
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P8izing analysis consists in quantitative
separation of a2 mases of material of various sizea
into a number of grades, each oharacterigzed by
relatively emall size intervals between largest and
smallest partich®s. The means of grading are (a)
screening and (b) settling im a fluid, usually
water, Ocreen grading, used on granular material,
is called screen analysis; grading by settling in
fluids, used for the f inest sises, 18 called elutria-
tion, Frequently the various grades are assayed, in
which ocnse the operation is called sizing-assay-
test "

A sizing-assay $t08t does not necessarily
involve chemical analysis of the produots, as sink-
and-float estimation of the valuable mineral con-
tent may suffice,

Sareen analysi#s, without assays, are applied
principally to the study and control of partiocle-
sige distributions 1n the products of orushing and
grinding,

Sising-assay tasts are used to ascertain the
distridution of valuable minerals in the various
sizes sand, when supplomented by mioroscoplic observa-

tion, to determine the degree of comminution nec-

~15-
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#ssary to liberate the mineralis from each other,
Hence such a test will determine to what extent
gravity concentration may be applled to a given ore
and how fine the ore must be ground to prepare it
for gravity concentration.

A sising-assay vest 18 applied only to
those ores that, by microscepic or low power micro-
scoplioc examinatlon, are kunown %o contalin considerables
proportiona of mineral particles larger thamn 200
mesh in diameter, thereby indiecating that a sufri-
cient gquantity of such particles may be separated by
methods other than flotation,

(B) = = -

apar Opes

The ten pound sample obtszined from the
srushed ors as explained on page {(14) was toc large
for a soreen analysis, so 1t was reduced to about
2000 grams by careful comning and quartering. 4
single Tyler screen snalysie of this 2000 gran sam-
ple wes made, and the resulis are presonted in

Table (I11}.

-16-
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Table (II1). Soreen aAnalysis of Sulphide-Fluorspar

Ore Crushed Through 6 Mesh,

Ho. Mesb 4 of el ihl 4 Cumulative ieix)

+ 10 11,80 11.80
I 14 14,70 26,50
+ 20 11.85 38,55
+ 35 23,00 61,35
+ 48 14,10 75.45
+ 65 9.84 84,69
+100 7.31 92,00
+150 2,92 94,92
+200 2.12 97,04
—=200  _2.96  _100.00
Total 100,00

The data in Table (I11) bhave been plotted
on & cunulative direot disgran and on a cumulative
logarithmi¢c diagram, shown in Figures 34 spnd 3B
reapectively,

The soreen analysis appears to be normal
ou account of the rather careful stage orushing
there is but a small amount of minus 200 mesh

material in the sanmple.
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Elotting Curves -

Of the several available methods for plot-
ting soreen anaslyses the "gumujlative direct plotTand
tne Ygumulatlve lesgarithmic plet™ mre the two most
valuable and generally used., <The curves in gither
gase are plotted by marking tne gumulative percent-
age of the materisi which remalns on tie sieves on
the correspondiing vertical lines drawun from the
several openings on the horizontal scale of the dia-
gram, After drawing in the ocurve, the percentage
remaining on any set of openings other than those of
the testing sieves used, can be found »y interpola-
tion, and in this way the re-disiridbution of thse same
matorial dy any assumed set of epenings can bes deter-
mined, The differonce boetween s direct and logarith-
mic diagram is that in & direact plot the sieve open-
ings are 1laid out to an arithmetieal scale, while in
the logarithmia plot they are laild down to a logari-
thmioc saale. The pecularity of the arithmetioal
scale is that the actual horisontal distanees
between each vertical line inecrease or decresse in
the same ratio as that in which the soreen openings
dc, and in the logarithmic scale, the sorsen openlngs
are plotted to the logarithm of tne diameter of the
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Cumulative Direct Diagram of Screen Analysis on Sample 0
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opening (the ratio betweern the 8izes being a constant),
The horizontal scale of screen openings wi(l be one
of equal spaces,

The direct-plotting ie unigue, all crush-
ing belng expressed on diagrams of the same uniform
dimensiuns and having the same length of base line.
This renders comparison of the curves from various
crushings more oomprehensive than when diagrams with
varying lengths of base line are used, The vertical
lines on tue diagram represent any given set of sieve
openings having a constant ratio of V é\. hea first
left-hand vertical represents the soreen opening
through which the sample has all besen crushed., The
extireme right-hand vertigal represeuts zsero, 4 dia-
gonal drawn between thne¢se two points would be T the
line of perfect crushing”, and the ocloser the plotted
curve approacnes this diagonal line, the nearer the
acttal crushing is to be idesl,

The logarithmic plot is a satisfactory way
to plot a curve, covering a wide range of sises, By
using equal distances on the horizontal scale to
represent equal ratio of djameter, the curve for the
ooaree sizies may bs compressed and is extended for

the small sizes, The arithmetic difference between

-2l
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the sisze of openings in the standard screen is small
for the fine sizes, while for the coarser screens the
arithimetic difference is greater, However the ratios
between the sige of openings in successive sieves
are constant,

(C¢) Rurpese of Sisinz Tesgt -

(4) Through the study of sisve analysis of repre-
sentative sampleas, the crushing, pulverising
or screening eoperations can be maintael ned at
the highest posaidle efficlanuy.g

(B} To determine the work done in orushing:

Sieve analyses are the only means of finding

the ratio between the work domne or snergy ox-

pended, and the redustion in dimension that
results from the orushing prosess,

(C) Performance of ssreening equipment,

(D} Preparation of samples for subsequent tests,

{as float-and-.sink; misrossopie¢ examination),

(E) Detoermination of the distribution of valuable

minerals in wvarious sises of particles,

Catalogue 53, ¥The Profitable Jse of Testing
9 Sieves.," -~ The W.8, Tyler Company, Cleveland,
Oh‘o. pp- 6-‘71

-2
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(P) Locating sieve openings other than those

used in the test

16

(G) Pineness tests in buying and selling,

Catalogue 53, "The Profitable Use of Testing
10 3ieves." . The #,S5, Tyler Company, CUleveland,
Ohio, pp. 30-31.

-23-
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CHAPTER Two
Miporsloglioal and chemical Aua.ysis of the Cre
{I) Mineralogy of the Ore.
4 mineralcogical examination of the coarse
ore showed the presence of the following minerals:
Sphalerite
Galena
Pluorite
Caleite
Chort
Quarts

The sphalerite, fiuorite, calcite and quarts
are coarsely orystalline, much of the fluorite and
quarts oceurring as well developed orystals in cavi-
ties in the ore, Bincoular mieroscope examination of
the ore zhowed the pressnoce of pyrite and cf a small
amount of ohalcopyrite, 4 petrographlie examination
of some soreen produgts showed that barite ccourred in
small amounts,

{I1) Chemioal Analysis of the Qre,

A gquantitative ochemical analysis gives more
specific information conserning tiae elementa present
in an ore, but it does mot give any clue to the
asoctual mineral entities present, Henoe chemiocal
analysis and minerazlogioal analysis should go hand-

in-hand when an ore is being investigated., A dis-

tinct disadvantage of mineralogicsl analyses

-h -
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(whether by grain sounts or by section methois) is
the long time POquired,
The chemiocal analysis of the head sample

of the ore 1s given in Table IV,

Table IV - Chemioal Apalvels of Sulphide

mmumz.&mn
Hineral
~Substanoe % Assay  Eptity % Minersl
Py 2,12 b8 2,45
in 15.3 Zns 22,5
Cad 33.20 - i b
Insol1(8104) 22.3 810, 22.3

The analysis of fluorspar is difficult,
and in view of the lack of sultable equipment fluo-
rine analyses were not made, The poercentage of
fluorfite cannot be estimated from the lime analysis on

agscount eof the presence of calcium carbonate fn the ore,

{1) Keffer, Robert; "Methods in Non-Ferrous KHetal-
lurgieal Analysis®™ . MoGraw.Eill Book Company,
How York City, 1928,

11

(2) Willard & Furman; "Elementary <uanitative
Analysis® - D, van Nostrand Company,
Bew Yorkx City, 1936,

-25 -
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(111) Micromcopic Bxamination of tiae Ore,

The mineralogical composition eof the ore
has been briefly mentioned at the beginning of this
ochapter, GSeveral methods were used to examine tne
ore and the products obtzined dy treaiment of the
ore, These were:

(a) Ploat-and~sink tests,

(b) Mioroscopic examination. Examinsation by
vertical illumination, transmitted light
and by $he binoocular microscope were made,

(c) Photomiorographs were made of some of the
ore samples,

(4) Rloat-and-9ink Tesss

Principles: The media used for flget-and-siak
tensting are heavy solutions whiah are lower in
specifio gravity than tae sulphide minerals and high-
or in specific gravity than most of the gangue miner.
als. Therefere, 1f a mixture of sulphids and gangue
minerals in a2 state of physisal liberation, is plac-
ed in s heavy molution, the sulphides will sink and
the gangue minerals will fleat. It ia importaant to
note the stipulation made above, tnat the minerals
must be physically free,K 1f interlocking ceours,

the locked grains will either float or sink,

2B
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depending upon the relative proportion of the heavy
and light minerals present. It 1is obvious that this
method of analysis provides a powsrful toel for
ascertainings
(a) The sise at whioh lideration of all minerals
ecours,
(b) The quantitative mineralogical analysis of
the ore and of products derived from {t,
{e) Whether gravity concentration of the ore
is possible, Table (V) lists the specific
gravities of the mineral entities in the
Southern Illinols ore imvestigated,
Table (V) - Bpesific Gravities of the Minersals Osourr-

ing in Southern Illincis Sulphide-¥liuor-

Spar Ore,
Kinerals & Ganiuos 8p.Gr. Ploat-and-Sink
Quarts (810,) 2,65 Ploat
Chert 2,68
Salolie (€aCO.) .12
Fiuorspar (CaFs) 3,0-3.2
Bphalerite {(Zun3) 3.9-4.2
Barite (Ba80,) 4,3-4,7 8iak
Pyrite (Fods) 4,9-5,2
Galena (Pb3) 7.6-7,3

«RT -

www.manaraa.com



e &

ke

.

{

I g

: AR S5 A e T
! | S3004 goupr i

T T A R R R SRR SR T
HEg P e e = e T e e e b ah ey Tt T T T = . Eon oAy fadat 1o
i i 1558 e | I T ettt eaRe e 1
351 3 AR BSNITE jis! rriees { * S fTeIpe
18 il 1338, : 5 3 | : - Hirats
_.I.._”l.lq..rll. = rd ¢ o _o J.:M-...J ._.I“ .nWP_m..._. m PV SORS. < ..L.l..:.mll R e e e 1..._.L...||.ﬂ I.nxﬁl.n “ ..|.u..n..f
i}iz 31 s pia 1 LR PERR AT 1N S5 shatt rbad Bagd (2230
Sty SO i saaET {TSEIE 2l 13§ - 3R O Bt 1 5 i1 e
S 112l oS R 1o R -1 Lhaed FTL oy (AR S ped1 S5 15811 L 00 e 4EE S e IS el Belll 1S
ey Fyet i Eot a1 1 Aget SIS R [ i t - REaitit 13t W-
o Biil by I 4 . = b - 1
] 7 3
Shdieiiat bk ;! : : Rey
: <13 4 it | : | =i
10 Sl eemtesin 3 el HIE
pe | P - 1 4 " H - M r.. “.'
.. ‘41. - u | r .qq Thh -
STt Ll i Sp iy i T
SSitae et coritlE R e s e
HH 1m. . M T3 b T
i i : : + ﬂ,_ 12 28 b4
i b k & .. i rt l.“.‘ ”
R S bl e
“AS- ﬂl * . b p ; ._.wx
o : 1! h Rt
443t ] Yeli et v ety
1 - = 53 1 I e
TR r 22T haoet T
= i } a5 baaed
it w i | : . T fEre
2. 3oeRil il : i lige LS
r y —_— Yeye-
| : 3
| { i el
R 1 - 471
: 1 {4 ! e &l
ShETEEEETE
$141 P bt g e
SRRl H < 38 (2T E padas $3estElT
% [ i B | M | { =i LSS
" “ m [} ' d § i
. ®| f H trjale
- = | =1 | +4 s 140
el L IM};:! &1 SR IBSEY (GRS LR SR 1oT « pssiti
e i ba . 1 ok Dad iy #lE bl e iiallil
r.y,wl = u ! * | 1 fass baeat bls
1t T “ 1 o33 et Rea gt
." .. Iw” . EL)| L — e 14 -.m
FIEL i e Effi R F "
SRR S 155 1 34| U PR SRES 150 EOS MR M i1 radic i
FrerEaNEEES
.‘w m s i : 4

“.

. S e e

w
m
e e — /J/ & PR it L
i .m ! _ | : i =1 w 1 Y
i : _ .___ | i { : | w m 1
S S St s, MR AL AT LS LR | et LR s, b e -_..--L..w...%-.-. eel |M-
i : B O St AR
o n : =—s -




The heavy 11qu1d12 used in the present in-
vestigation was acetylene tetrabromide, having a
specifio gravity of 2,95, Accordingly, if there is
complete liberation between the compoment mineranls,
al any partioular size, the quarts, chert, and cal-
cite should report entirely im the float product,
and the fluorapar, barite and sulphide minerals in
the sink proeducta,

A chemical or microscopic analysis should
then furmlish the desired data conoerning tne size of
liberation,.

Praotically, the separation is not so sclear-
ly defined, for:

{(a) Oomplete liberation even in the finer sise
is never completely achievead,

(o) In finer sises mechanioal contamination and
flocoulation may ooour,

Therefore, fluorspar may bs found in doth
float-and-sink samples, BSphalerite may occour in the
float sample oocasionally even traces of galena may

be retained in the float samples,

Sullivan, J.D.,, "Heavy Liguids for Mineralogical
12 Analysis®™ 3 Tecnnical Paper No, 381, U,S5. Bureau
of Mines, 1827, p.26.

-29-
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Very useful informationm could have been
cbtained if float-and-sink tests had been made on
the sink products in ascetylene tetrabromide, using,
say, methAylene lodide, having & specific gravity of
3,3, This would have enabled a clear ocut separatiocn
of the fluorspar, once the size of liberation nad
been reacshed, Unfortunately, methylene iodide 1is
very expensive, and it was found impossible t0 use
it.

S1zed-0ore aggregates from the soreexn
analyses were used for float-and-sink tests, Jepara-
tion was effected in a 300 o0 separation funael,
acetyilene tetradbromide being used as ths heavy ned-
ium, Ths -1nk.produot was drawn off into a beaker
and filtered tirough a filter paper. The float preo-
duct was likewlse filtered. The dulk of the heavy
1iquid which filsered through the paper could de
recovered and used again., The float-and-sink pro-
ducts were washed in bensene, dried and weighed,

fhe results of tne float-and-sink tests are

given in T, ble VI,

www.manaraa.com



{B) Miorusoppic Exsminstions
The miorvscope may be used .o

(a) Identify the mimerals present in an ore.

{b) The relative abundance of the minerals,

(s) The imterloekiny oogurring in the

float-and-sink products.

{(d) The graeain size of the minerals,

From the viewpoint of the ore under inves-
tigation (b) and (c) were the most important points
to be asgertained, especially (c), whioch shoald give
the sise of lideratiom and hence jng_‘jjg_jg*!h;ghkb
$he ore would have %o be grusbed prier o goncontra-
tion.

Prelimainary microscopic exanminatiocn showed
that fluorite was liberated from quarts, chert and
oalcite at relatively coarse sises, The major pro-
blem was therefore to asgertaln at which size praec-
tisally ocomplete lideration of fluorite-sphalerite,
fluerite~galena, and of galena-sphalerite ococurred,

S8phalsrite, to be accepted by a xino
amelter, must ocontain a very minimum of fluorite,
Present day zinc smelters utilise the 50; odbtained
from the roasting of sphalerite concentirates for

the production of sulpanuric-acid by the contact

-,
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PROCESS, Traces of fluorine are ruinous to the

satalyst used in the process.

There is no fixed maximum quantity of fluo-
rite whiocb may be permitied in galena concentrates,
nevertneless 1t is desiradle to keep the fluorite as
low as possible if only for general metallurgiocal
considerations.

Unlocking of galena from sphalerite prior
to concentration is essential to the produstion of
high grade =xinc and lead congentrates,

The sine content of fluorite concentrates
should be reascnably low (less tham 0.54). Other-
wise the tinﬁ bae & habit of caueing $rouble in the
open-heartn slags,

From the above discussion it may be readi-
ly seen that the detersination of the sise of
1iberation of the ore under investigation is of
paranount importance,

i 14 ¢ the Ni sople Stady

The float-and-sink products prepared from
tue screen analysis samsples ware ciaosen for examina-
tion, P#loat products were examined by the conven-
tional petrographie metheds, Jink produots wers

examined by (1) petrograynic methods and by

w83
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(20 briguetting, polishing, and using ths metallo-
graphic microscopes for the ildentification of
opayne minerals,

The results of these investigations follow:

Sink in Sp., Gr, 2,95

This product consisted mainly of sphalerite
and fluorite., Other minerals were galemna, pyrite,
barite, calcite and quarts, Conmsiderable interlock-
ing of sphalerite and fluorite oocourred, MNost of
the galena was free, but the small amount of pyrite
present was locked with the sphalerite, JBarite was
free, and present to a small extent. The quarts was
wholly looked with the sphalerite and tae fluorspar,
Pigs, (5), (8), (20), (12) show & typical sse¥ion of
the produot.

Ploat in Sp. Gr., 2.95.

The minerals present in this produot, im
the order of their abundanoce, were c¢alaite, chert,
quarts, fluorspyar and sphalerite. The first taree
minerals were essentially free but small quantities

of quarts, fluorite and sphalerite cccarred as

looked grains.

34~
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Pigs, (7), (9), (11), show a photomicrograph
cf a polished seotion of this produact.
Kinus 35 meal plus 48 mosh sampple

Jink in 8p. Gr, 2,95,

This product consists essentialiy of sphal-
erite, fluorite, and galena, Loecking of sphalerite
with fluorite and oaloite 18 not as severe as in the
corresponding coarser produot, The galena is totally
free. 4 typleal section is iliustrated in ¥rig, (8),

Float in 3p. Gr, 2,95,

This produst is very much the same as the
~20+35 mesh float product, Gome sphalerite is pre-
sent, locked with chert and salsite, ¥ig, (9) shows
the appearance of this material under the mioro-
scope,

Mipus 48 nplas 65 mesh samile
8ink im 8p. Gr, 2,95,

This product consists essentially of
sphalerite, fluorspar, and gslena, Practically all
of the sphalsrite is free, a small amount deing inter-
jooked with flumerite, The galena is quits free., The
fluorite comtains only small guantities of imter.
locked sphalerite, ¥ig, (10) showa hovw free the

sphalerite is from locked fluorite,

=35
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Ploat in 8p, Gr, 2,95,

Thie material consists of quartz, chert,
and calecito, A 1ittle losked fluorite ocoourred and
small amounts of sphalerite. dSee (Pig, 11},

Migus 65 plas 10Q mash gample
3ink in 2,95 8p. Gr,

Galena and sphalerite are practically free
of interlocked gangue minerals at this size, Like-
wlae the fluerite ¢ontains no ocontaminsat sulpuide
minerasle., #flg, {(12) shows tue almost complete free-
dom from interlociking,

¥loat in 2,9% 38p,. &r.

This product is gquite alean and fres fron
interlocked fluorite and sphalerite.
Siges finer %haz 100 pesi

The float-and-sink produsts prepared fron
tae «100+185C meeh and the ~150+4200 mezh siszas were
sxamined by micrcescopic methods, KLven loes inter-
locking between the various minerals osccurred at -
theese sisgea than in the coarser sizes, However,
finer sige than 100 mesh would materially benefit
the operaticn of separating the various minerals
from each other,

Mioroscople grain ococunte were made of @ach

36
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Pig, 6, FPhosomisrogra .k of
Polished Secotion of the -R0+385
Megh sink produet. X500, Ghow.

ing galena{G), fiuorite(rl),
salcitef{c}, spralerite(d}, and
Chert(Chj, The galena ie coxrse
an® free from ipterlocking, The
sphalerite is dadly looked with
the fluorite, The siangle parsiocl:s
of ehort aud onlolite are appxr atly

freo,

-37 -
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Fig. 7. Photomicerograph of a
Polished Seocticn of the ~20+85
me sh flioat preoduat, X80,

Most of the graing cgonaiet of
shert (Oh) and ealcite{C),

sphalerite(s).

«38 -
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Rig. 8. PFPhotomisrograph of a
Polished Section of the -35#48
mesh sink produet, X80, Show-
ing galena(G), sphalarite(S),
and fluorite(F)., OJoms inter-
loeking between sphslerite and
fluorite is shown by the grain
in the upper left hand corner,

Very little calcite is present,

-39~
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11g.. 8. Photomiorograph of a

Polished section of the -35+48

m sh fioat product, X500, Showing
sphalerite{s), Calceite(0}, Chert
{Ch}, and Flurcite(F)}. The oen-
tral grain shows rather bad
interloocking between all four

minerals,
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238,10, Photomicrograpnh of a
Poidkshed seciion of -48+¢65 mesh
aink produoct, X50, Galena(é},
sphalerite({8}, and Pluorite(F).
The sphalerite is practically
free of looked fluorite and the
flaorite is locked witn very

little sphalerite,.

-4l
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Flg.. ll. Photomiorcgraph of a

polished section of -48+65 mesh

float produst, X506, Chert,ynartx,
caleite, sphalerite and fluorite,
The la st two minerals are present

$0 only & small extent,

-42-
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Pig, 12, Yhotomierograph of a
pollisngd section of -654100 mesh
sink product, X50, Spualorite(s)
and flaorite(F). ¥irtually no
interlosking oscurs betwsen these

two minerals,

-d 3
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product., The results of the grain gounts of the

sink producte are given in Table (V11),.
Table(ViI) . Percent of Ores in Simk Samples.

«20+35 35448 48465 654100 ~100+150 -150+200
Ore mesh mesh mesh me sh mesh mesh

alnk  elnk  sink sink  slink alnk
Sphalerite 354 40§  45%  BO% 554 604
Galena 3% 5% 8% 9% 10% 10%
Pluorspar  30%  33%  38% 354 35% 284

Table VI - Peroent of Ores in Sink Samples (microscopie
assay).
Thess results are plotted in Pigure
The galena ingreases steadily in amount as the sise
deoreases. This may be attridbuted te the relative soft-
ness of the galena, It is not clear why the percentage

of fluorite should suddenly deorease in the -150+200

mesh sisze,

i) Conglusions
(A) The miorsoscopie study of the sulphide-

fluorspar ore very definmitely furaishes the ansver to
the gquestion "to what mize should the ore be srushed

in order to physieslly liberate the galena from various
gangue minerals and from sphalerite, the sphalerite
from the fluoritse and associated gungue minerals, and

the fluorite from small amounts of sphalerite.”

Y.
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It i1s evident from the results of the investigation
that galena is a free mineral at a relatively coarse
size, about 35 mesh, The association of sphalerite
with fluorite is so intimate, however, that a ocon-
sideradly finer grinding 1s necessary to be certain
that & sphalerite concenirate low in fluorite and a
fluorits soncentrate low in sphalerite could bs ob-
teained by ore dressing methods, The upper limit in
this case 18 approximately 100 mesh, Iun other words,
tahe ore, either prior %o or following separation of
the galena, would have to be ground to 100 mesh in
order that the sine and fluorite concentrates oould
moet marxet demands for purity.

(B) It ies evident that gravity concentra-
tion would not be satisfactory as a msthod of prap;r-
ing lead, sing, and fluerite oongentrates from this
ore, OConeéeivably the lsad could De separated at
approximately 35 mesh by table concentration but the
remainder of the ore would have to be orushed to 100
mesh to effect separation of the sphalerite and fluor-
spar. This is not feasible by gravity methods, on
ageount of (a) the fine size and (b) the small differ-

ence in specific gravity between the fluorite and the

sphalerite,

-4~
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CHAPTER THRAE
Flotation Concentration
(1) Definition of Flotatiocn:

Plotation is s method of wet comeentration
of ores in which separation of mineral from gangues is
effected by causing the mineral te float at oy above
the surface of a body of liguid pulp while the gangue
remains submerged. This partioular method of Qen-
ocentration utilises the surface properties of minerals
and has nothing to do with the specific gravities of
the minerals to be treated sxgent when the minsrals
AR _1$09 Goarse. 7The method operates, in general, only

on particles smaller tamn 0,5 mm, diameter, Minerals
that float readily asre those of metallia, resinous or
adamantine luster, such as the base . metal
sulphides; thowse that are not readily floagted are the
vitreous or earthy gangue minerais. This is a gen-
eralisation and not alwgys true. Thus galens oan de
separated from blendej fluorite, calcite, and apatite
may be separated from quarss and almost all other
silicates; coal ean e separated from slate, and mica

from other silicates,

-4 6
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(11) Bvolution of Flotation:

(A) P4lm Flotation{skxin flotation)

13
1860-1885.

By the difference of the "Resistanose to
wotting™ of the surfaces of metallic minerals compared
with that of gangue minexals, the metaliioc ores can
be floated on the surface of water, but the gangue
minerals will be e.s8ily wetted and will eink, If a
sulfide ore is ocrushed, dried and sised through, say
0.3 or 0,2 mm, and Dbrought gently onto the surface of a
body of atill water a certain number of the particles
will float. The floating particles will contain a
higher proportion of sulphide minerals than was present
in the original ore, But the gangue minerals will not
float,

Pig. (13) shows the prinoiple of film-
flotation, Metalliec ore may be floated due to its
high contast angle with water, so the resulted forss

T' being greater than the weight # of the mineral,

HEoover, Theodore J,; "Conoeantration Ores by Klo-
13 tation” . The lining Hagazine, Salisbury House,
London, %,C., 1914, pp.1-5, 69,

-47-
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But gangue minerals possess a low gontaot angle with
water, 8o the floating force T" 1is smaller than tae
particle weigat W, and the gangue particles are
forced to sink, Iu Fig, (13) is shown the common
type of film flotation mechimne, It consicts of itwo
tanks (A} and (B) filled with water, 4 rolier (C)
witnh corrugated rubber belting, rotates in the direc-
tion indlcated. The roller earrics a thin layer of
water, Dry ore is fed onto the surface of the re-
volving roller by meane of the shaking feeder (E),.
Gangue minerals tend to wet and sink into the greoves,
while the minerails of metallic luster temd to float,
When the floating and submerged minerals are garried
over to the point where the surface of the liguid in
the tank intersects the surfase of the roller, the
floating mineral rides out onte the water surface
because the surface film is continucus over the tank
and roller, 4 gentle current is maintsined from
pulley (D]} towarda the small roiler (?) by reason of
constant addition to the surface film at (¢} and
eonstant removal at (F) by the traveling belt (G},
The less tightly held material in the film is

shaken out and settles to the boitom of tank (B},

This is the middling product, Thes floating concen-
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trate overflows ths 1lip of the tank (B), Details of
thies prooess are given by Hoovor14, However, this
yrocess is no longer used,

(B) Qi) Flotatiop - 1872-1914.

"Bulk oil flotation" and "oil-buoyancy flo-
tation' are other names for tue same method. The
process depends upon the interfacial forces at the
contact of a mass of oil and water for selscting and
holding sulfide minerals, and upon the buoyangey of
the o0il in water for the levitation of smelacted
sulfide,

Operation of the process counsists in mixing
relatively large quantities of oil with finely
ground ore, either before or after admixture with
water, then allowing the mixture of ore, oil, and
water to stratify, 1f the oil is of lower speocifiec
gravity than water (or the pulpl, a lead of golid,
predominately metallic mineral, is carried at the
interface bdetween the oil and water. By overflow.

ing the oil layer with a thin layer of underlying

water, this mineral load aan de separated from the

() Taggart, 4,7,; - "Hand Book of Cre Dressing"
New York, John Wiley and Sone, Ino,, 1927,
PpP. 780.783,

{b) Hoover, Theodore J.; "Concentration Ores by
Flotation® . The Mining Magazine, dalisdbury
House, London, &,C,, 1914, pp.1l-7, rpp.69-72,

14
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settled gangue, The theory of oil-.flotation is
illustrated in Fig, (14). This process was re-
placed dy froth flotation,

(c) Eroty Plotation . = 1901-1908

Froth flotation cgomprises two entirely dif-
ferent types of processes which resemble each othsr
only in the faoct that in both the concentrate in the
form of a froth or foam composed of gas, liguid, and
sclid water, In the early days the mineral that waa
floated was mineral of metallis luster, dut greater
knowledge of reagents and controlling conditions
have now made it possible to fleat other kinds of
mineral,

The processes differ fundamentally both in
the place in which conceéntration is doen, and in the
mechanism of the selection of sulfide ore from gan-
gue, Un the basis of the first difference the pro-
cess na; bde classified as pulp dody process and
bubble-.column process, Un the badls of mechanism of
the selection of sulfide ore from gangue, the con-

tact angle (see Fig, 18), and the benvalor of oil on

15 Hoover, Theodors J.; "Concentration Ures dy Flo.
tation® - The Mining kagazine , Salisbury House,
london, £,C,, 1914, pp.120.134.
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solids (see Fiy.19), has already been presented, The
metallic particles after oiling are sasily wetted by
the gas budbbvles and carried to the surface of the
pulp, Gangue minerals are oiled witn diffioculty but
are easlily wotted by water and then eink down %o the
bottom,
(D) Rifferential and Selective Flotation.
i - 16

"Bifferential flotation® 1s used 1in contra-
distinction %o the phrase Ybdulk flotation®™, The latter
indioates an operation in which all of the minerals of
the general class, @.g,, sulphides, are separated by
flotation from all minerals of the non-sulphide
glass; the firat term desoribes a semaration effected
between two or more minerals of the same class, ©.g.,
lead sulphide from gine sulphide, or me non-metal lic
mineral from another, <iyplocal cases are: Galena
from blende, pyrite from blends, chaloopyrite froa
pyrite or pyrrhotite, ochlacopyrite from blende, mica

from reck-forming sillicates, cassiterite from

quawtz, ete,

15 (a) Hoover, Theodore J.; "Concentration Ores by Flo-
tation® - The Mining Magazine, Sglisbury Heuse, Lon-
don, E,0,., 1914, pp.135-164,

(b} Taggart, A,F, - "Hand Book of Ore Dressing"” -
John Wiley & Sons,Hew Yorr, 1927, 5p,790.828,

~53-
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Differantial flotetion is performed dy
careful control of the following faoters: Inten.
aity of frothing, frothing asgents, condition ag-nts
aeration, agitation, concentration of hydrogen-ion,
sige of particles, pulp demnsity, ¢tce,, which will
be dbriefly described herecafter.

The invention of colleocting roagents in
1222, and the introduetiun of xanthates imn 1924,
made differential flotation relatively easy, In
this paper, “"flotation™ is 2aquivalent to "differen-

tial flotation®™,

(B) Clamsifioatjon of pifferenvial ilovatiop
iests.

Aoocording to the U,8, Burea.: of Minonl7

flotation testing 18 considered under tiaree heads,

as follows: (1) open.cireuit dbatos tests, (2)

closed-cirouit batch tests, and (3) closed.circuit

sontinaous testis,

{({a) Opon .cirouit batch flotation tests: A sample o
suitably ground orej usually 125 to 2000 graus,

is treated in a ladoratory flotation cell

£

17 Dietricn, ¥, ¥, Kngel, a,L,3 Guggenheim, horri
"Ore Dressing Toests and Their Significance",
Information Circulay, U.S, Bureau of lines -

No, 3328, pp. 24-25,

~54 .
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without ciroulation of the intermedigte products,

Such tests, serve the purposs of determining the

kind of flotation and conditloning reagents that are

best suited to the ore being treated, the degree of
grinding necessary, and the probable resovery and
grade of oconcentrates, They do not determine tae
quantity of reagents required, or the ultimate dis-
posal of the intermediaste products,

(b} Closed-cirocuit batch tests: These tests involve
the mame equipment and methods used in the open-
eircuit bateh tests, but a series of tests 1is
made to permit the return of intermediate pro-
ducts and flotation water for re~treatment with
the feed of a successive test,

(c) Closed-cirenit-continuous testss The tests are
conduoted with a ball milil and classifier in
olosed oircuit, followed by & bank of flotation
cells, The entire flow sheetl is arranged %o
give a contimucus flow of pulp., Iln the labora-
tory, these tests are similar to pllot-mill
tests,

{a) Factors influencing the cholee of flotation
testing methods: Open-circuit bateh tests

sexrve the purpose of deteraining the amenabil-

www.manaraa.com



ity of the ore to flotation and ylelad approxi-
mate dats as to the grade of conocentration, per-
oentage recovery, kind and quantity of rTeagoents,
and required degree of grinding., The chief weak-
ness of these tests is that intermediate produects
89 not retreated,

Closed oircuit tests are nscessary, when
the opsn-batch tests indioate that an excessively
large proportion of the valuable minerals entere
intermediate produgts, which in turn must be treated.,

The continuous closed-circuit test on the
customary sgale of 100 to 150 pounds of ore per hour
consumées #o Puch time ard labor that it sheuld be
used only as a last resort to solve tho real diffi-
oulties whioh san not be solved dy the iess eladorate
tests and which should be solved before the eresction
of a pilot-mill at the properiy is Jjustifiadle,

(111) - 3ise of Parsicles in FPlotetlien.

{a) Rffoos of Barticle sSize on Flotakion 3-
S8atisfaotory separation of an ore into conscentrates
ar $tailings is possidble onliy when the individual
minerals ia the ore are physiocally separated,

S3i3ing tests and miocroscoplic studies shovw that

l1iveration is more mearly perfeat in the finer sizes.
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Examination of the ccarsest portion of an ore pulp

affords a critically adverse pleturs of liberation,
18
It 18 not practical to oearry liberation to

completion; indeed, it iB economically desirable to
strike some napy,y medium between complete liberatien
and one that is metallurgically 1neffective,

By the experiments of Gaudinlg, we know
the ocoarse non.polar particles mey well show reduced
fiotability. To & ocertain extent, the flotabllity
of the non-polar particles may be inoreased dy the
deorease of slze,

Broadly speaking the followlig oomnclusions
have been reacned by the experiments at tne kontana

Sohool of Mines
20

Gaudin, A.M,; "Flotation” - MoGraw-Hill Book Qo,,

18 yow York, 1932, Tables 16,18,19,21. pp.l40-146,

19 1ibvid, p.162

Gaudin, 4. M,, Grott, John O,, and Henderson,
H_B,, "Effect of Partiocle S5ize on Flotaticn”,
Tecunieal Publication FHo. 414, American Insti-
tute of Mining sand Metallurgical Lngineers,

p. &3,

20
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(1) The usual notion about the relative ease of

flotation of very fine particles does not agree with

tne facots,
{2) There ie m time sequence of flotatiom with

regard to particle size, the medium coarse particles

floating first,

(%) FHo successful methcd of floating extremely
fine pulps has besen found,
(4) Recovery ie at an optimum in a certain well

defined size ran e,

(5) Seleotion 1s at a optimum in another well
defined size range,

(v) Bry Yersus éet QGripdings:s Dry grinding of ore
prior to flotation 18 generally unsatisfactory
and i3 not represeniative of plant practice,
Flotation tests om dry-ground samples often
give recoverias 10 to 20 percsut lower than
when the samples are wet.ground, This is due to
izoreased oxidation during dry-griamding.

{e) 2liny Vermus uSteel Baligss In plants, grinding
of most flotation feed is done in steel mills
with steel or ocast irom balls, But in labora-
tory work poreslain mills witn flint pebbles

are preferred, because the iron contamination in

~858 -
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labdoratory grinuing with steel balls ie exaggzerated
compared to plant praciice, This is primarily due
to tue reiatively higner ratlec of exposec grinding
surface per unit of ores groumd, A4nocther reason is
that the intermittent use of the ladoratory mill
favors excessive rusting, The advantage of the pebd-
ble mill is that it gives a constant oonditioning
tactor, ©The effest of plant grinding with steel balls
may be neutralised by the addition of an alkelil to the
grinding oireuit,

{1v) - Rulp Pilution and Pulp Consistongy.

For general purposes tne suitable pulp den-
sity is 254 of solids, namely, the ratio of ore to
water is 13:3. It is desirable to keep low dilution
for the following reasonss

(a) 8aving in water,

{v) Less coet of handling.

{(¢) Less cost of treatment, because of the small-
or amount of reagents rejguired,

{d) Inoressed capaciiy of flotation machime,

On the other hand, decreased dilution in-
ereases the mechanically emtrained load of solids in
the froth, so that the froth will be dirty. This 13

jllustrated by thne follewing table,

50~
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Table (VIII) - , 17 L £

Besults.
22

. Actual
Charge in Cell Load

at Start Tailing Lost

of Test Pulp Congentrate Load in

£ms.. Gopeistenoy lLoad % 4 Tailing.
2400 _ 2800 b I+ 43.4 . 0.12 A8
1600 3000 -] D66 0.14 2.9
4200 _3[200 | 89,9 Q.04 1.4
290 3300 Al 2.4 0.14 Ak
~£00 2300 17 63.9 0.27 d.d
~ABO 3450 £3 68.8  0.4% 1.8
- {1+ .- 1 1°] 28 4.8 _0.86 1.8

From Tadle (VIIl) 1t may be oconocluded that
the recovery deoreases but the gangue rejection im-
creases as the pulp is made thinner, In practical
work the pulp dilution should be less for roughing
operations dut greater for cleaning operations,

Dilution is the ratio of the weight of

li4uid to that of solids in an ore pulp. Pulp con-

sistency is the ratio of volume of liquid to the vol.

ume of solids in an ore pulp, Pulp oonsistenoy is

Gaudin, A M,; "Flotation" - MoGraw-Hill Book
28 go., New York City, 1932, p.118,

~61-

www.manaraa.com



always larger than pulp dilution and it is paysically
more signifioant altho less frequontly used, rfulp
consistency ranges 13:1 to 431,

(V) - Effect of pH on flotation.

The flotationof certain minerals may bde
helped or may be hindered by pHE regulation, The
following examples show this @

(1) In the flotation of pyrite, the effect of pH is
very marked, as ¢an be seon readily by ¥igure 16,
(2) In lead and 3inc ores, a satisfaotory recovery
of sphalerite may be obtained only by contrel
of the pH within narrow limite; if the DE %e
over 10,4 galena will be depressed,
(V1) - Beagentas.

The reagents which have been used in and
have been proposed for flotation number more than
three thousand, In this paper only those common
reagents whioh are used in testing work willi bde

mentioned
23

For a more extended discussion of flotation re-
agents, see the following: American uyanide Co.;
"Plotat ion Heagents.® . 30 Rookefeller Plaia,

New York, Author; January 1987, p, 19, Veinig,a.Jd.,
and Palmer, I.,A,, "The Trand of ¥lotation", Bull.,
Uolorado Sohool of Mines, Vol,24, No,4, vot,1929,
Pp.21-25, Taggart, A.P,, Taylor, 7.0,, and ince,
0,R, - "Bxperiments with FPlotation Reagents”, Tr,,
Vol,87, AIMME, Milling Methods, 1930, pp,285-368,

23
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Reagents are generally classif ied se
follows: (a) frotuing reagents, (b) collecting azonts
or so called promoters, (c) depressing agents, (d)
activating agents, (e) desotivating agents, (f) cleans-
ing agents, (g) pH regulators, (h) protective colloids,
(J) antitoxic agents, and (k) disperasing agents,

(4) Frothing 4gemts - 4s o Btable froth cannot be
formed in pure water, a frother is required in flota-
tion, Ghen, say, pnenol (about 0,3 1b, per ton) is
used the bubbles of gas disperssd in the pulp are
snmaller, more elastic, and reacs the surface without
bursting, forming a more or less coherent froth,

From Gibbs'® absorption Qquationz4 we Know
that salt solutions inave higher surface tensions than
water, whereas aqueous solutions of alcchol have a
lower surface tension than water, There is therefore
an excoess of alconhol in the surface layer, i,e,, the
alcohol is gdsorbed. Another conclusion %o be de-
rived from Gibbe' equation is that large amounts of
substances whiocn raise the surface tension of a

liguid have to be added to it to produce a material

2 Bxtended Visoussion of this equation, see:
4  Qaudin, A.M.; "Plotation" . McGraw Hill Book

Company, Inc,, New York City, pp.17218.
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change in surface tension, but that small amounts of
a substance lowering the surface teunsiuvm may de
sufficient to bring about a drop in surface tengion
equivalent to the rise obtm ined otherwise , This is
the reason that 8ll frothing agents used fﬁ practioe
are substanges that lower tne surface tension of
water, They are extremely effective in lowerin; the
tenslon sufficiently, even if used in ver, small
amounts,

The frothers are organic compounds, tiue
longer tne "CH," cnain the less the solubllity and

the greater tae ocapacity to lower the tension of

the water. (see Table IX]),

Willows, R,3,; and Hatschek, Bmil; ¥"Surface
Tension and Surface Energy and Their Influence
on Chemioal Phenomena,® - Churehill, J.A,;
London, 19193,

23
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APRIl 20, 1938. $: C. Sun.

Fie . 1N. SuRface TensioN Fort€s The bubbles go Down WARD

A. Brigger bubble 3ukject pove Fervce of Surface - Tensioy
B. Sealler wabble Suegect less Force of Surface -TedSion

€. Bubble net reath surface yet | Subgect Wo Surfmce Teusow

R = R =1 R
4 i } } l |
oH ol oH oH oH oH

EG . 18. Corbon Atem of FrotheR DECREASE Surface-TensieN,

R = Carbown cﬂ"om' of Frother,

o = “peolar ParT of Frether |



Tavle (1X) - Belationsuip Beiwess Lescts of Aydro.

(3 m 3

3 O

13

HL RN WY

Yrante Lomoon

LeWaring sf Sha Guxf

Approxinmate imount

Nuzbor {part jer million)
of Heoded to Dopress
Substance Cazbon tae Surfage Tension
Atoms of dater B dynes
at 20 & 2°0,
Agsakie asid M 218,900
Ereplonis said 3. 44000
dao.-Knsyris scid A 2a0ii
Aas-yalerio asid 8 880
Aso-gaprais_sgid i 80
Repiylin aold b W
Eaprylic acid B 20

z i Gsed ia i .
#. Plae oll:s

This material aas asrked

collieoting properties for graphilte, cosl, melyb.

denite, sulfar sud tals, but mo coliecting wvalue

for netallic minsrals.

26
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Amerisan Cyanide Companys "Plotation Bezgonis®,
8¢ Rookefeller Plasa, Hew Yorx City, p.ll.
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b, Cresylic acid:s Possess distinct collect-
ing properties for lead and copper sulfides,

o, Frotuer 60: iidely used in the flota-
tion of non-metallics,

d. Barrett, Ho, 4, Ho, 410, and Bo, 6343
These are coal tar ereosote oils,

®. Crude petroleum: Limited use in flota-
tion of sulfidised lead ores,

(B) Qollepting dgants

011 oolleoctors and ehemical colleatorss
The term collectini agents goes back to the days of
flotation with oitles, at which time it was used to
designate gsertaliln olls, which were scapable of bring-
ing sulfide minerals to froth in great abundanose,

Cusmioal c¢cllectors ars collecting agents
whiech exert their action By adhering to the surfase
of eertain mineral particles, either in their
natural state or in some altered chemical form,
forming there & non-polar coating that repelis water
but attaches itself readily to gas bubbles or to
non~polar media (0ll droplets). Different agents
have different re-activities with differeont

minerals. This s important in selective flotation,

-68-
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(a) Rriuciplee of Reaction of Colliectors
28
(1) The theory of less sol dilitys-
Xanthates are made by carbon disulfide, alka-
linity solution, and alcolols, The chemical formula

of xunthate can be expressed gs:

3
KOH + C8s + CH, CH, OH CH, CHgO . C + HyO
B H \e-x
8
- Y
H.C.0C.0.¢ + HqO (Ethyl Xanthate)
) ’ ‘\\
H H 8-.K

The base part of xanthate will bde soludble in
water, and the organic part will react with sulfide
minerals as galena or ephalerite,

Pb8 + 2KEX = Pp {EX)a + Kob
(less soludle)

dfter xanthateo was added wits zalena, a
chemical reaction took place at the surface of

galena, 4 non-.gaotive film coated the surface of

28 BExtensjon Discussion, see:
{a) Taggart, 4. F,, Taylor, T ,¢,, Inoe, ¢,R,, Trans,,
Vol. 87, AIMME _ Milling Methods, 1930, p, 285,
{v) Warx, 1,¥,, and vox, i,B,, -~ "Principle of
Flotgtion®™ - Transactiom, Vol, 112, American Insti-
tute of Mining and Metal lurgieal Sugineers, Xillimg
Methods, 1934, p.189,

-69.-
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galena. The coated film is non-polar and difficult

to be soluble, and 1t is easily wetted by alr but di1ffi-
cult to be wotfad by water. The coating of galena by
less moluble fil: is illustrated by Figure (18a).

{2) Abstraction Theorys-~ Galens is allogedly
0asily oxidised in the mine or daring grinding, and the
coating of lead sulphate is supposed to abstract xan-
thate ion from solutiomn and produce eguivalent sul-
phate iomn,

Pb8 + 20, ~———7 PbSO,
Pb&0, + 2KEX — 7 Ph{EX)s + (So.]

(%) Absorption Theorys A4s different min‘iall
posseas dif ferent powers of absoprtion for the xan-
thate or otner oclieating reagents; therefore the
degres of occating of men-.polar part of collectors
npon the surface of minerals are also diffcreat, The
flotatbility of the minerals are different too, These

gau be explained by the Schuman Series: (3se Table X),

=70
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Table (X) Ihae Schurman Series.

Solubiiity Solubility

of of
dulphide Xantuate
in
—dinerals Hal

>
>

Fe sulphide
4n sulpnlide
Pb sulghide
Cu sulpaide

Ay sulpuide

. @ @ & P B w 9 >
- @ B ® e S e S e w

Hg sulpnide

<#o¢q.v-qo-

E

(4) Hydrocarbon.chain Theorys-. The longer the

hydrocarbon-chain of the collector, the heavier the

goating it will place upon the surface of mimerals

and the higher the recovery, See Fig, (19),
Ethyl Xsnthate - OHg0H,
Propyl Xanthate .. CHyCHeCH,

Butyl Xanthate . CHg(CHgl,

Amyl Xanthate ~ GCHg (CBgle, eto,

Cocllectors used in practioeég
(a) Xanthates,

() Aerofloats,

Detail see: Gaudin, A M,; "Flotation”
Hill Book Company, Inc,, FHew Yorx City,
Pp. 68-78

29
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(o) Thicoarbonates.
(d) 4Alpha Naphthylamine,
(e) GCollecting o.is ¢~ Coal tar creocsotes,
wood tar, crude cil in higih sulfur,
(£) Fatty acid and soaps,
30

a. Olelc acid,

b, Palmetie agoid,

¢, Heptylic acid, pelargonic acid, etec,

(C) Gonditioning Asentg.

If an ore settles rapidly and cleanly it may
be due entirely to freedom from colloids, or to acidity.
If colloids are present, they may bde detected micro.
scopically. Soluble salts are deteotable by colora.
tion of the ore or grinding water, The acidity or
alkalinity of the soluble salt c.rn be measured by
pH determination,

When soluble salts are evident, soda ash
is umsd in guantities ranging from 0,5 pound to

2,0 pounds per ton of ore; in order to obtain the

proper pulp alkalinity, soda aash in excess tends to

30 Extended Discussion see: Qoghill, Will H,, and
Clemmer, J,Bruce; "Soap Flotation of the Non-
Sulfides® . Technical Publication Ho, 445,
A,I1_ M N E,, 1932, p.16,
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ingreass frothing with some ores, whioh results in
less recovery of the desired mineral, the froth be-
somes watery. Jometimes the excess soda ssh will
inorease the flotability of gangue minerals., shen
calcium salts are present in the pulp a combing-
tion of 1lime and soda ash may be nocessary o pre-
cipltate them., 3Since lime strongly affects flo-
tation, it must be used with care.

When collclds are present, and it is nec-
es8sary to deflooculate or disperse tnemn, sodium
silicate is used. The amount of sillicate added
ranges upwards of a fraction of a pound per tom of
ere, It will give high grade concentrates free
from siime ocoating, but if present in excessive
amounta, it will csuse a weaker, more brittle
froth, and hence a lower recovery., 4islid eireults,
are not uped in moderm fletation, but sulfurie acid
may de used in conjunction with some other gomdi-
tioring reagents to get best results and are some-
times used to flosoculate tie pulp. Cauatic sodas
(NaO0H) tends to inorease frothing and to decrease
the grade of ooncentrates and recovery. 1in non-
salfide flotation it may be used with sodium
oleate to promote the efficiency of oleic acid as

a o0ollestor,

-T5-

www.manaraa.com



Lime is widely used as a depressant, par-

tioularly in sulphide flotation, where separate con-
centrates of several sulphides are made, or where
one sulphide is depressed while another is floated,
Sodium eyanide is used as a depressant for sphaler-
ite and other sulphide minerals. iinc sulphate
does not give very satisfactcry results when used
alone a8 a depressant for sphalerite, It is often
used in conjunctlon with sodium oyanide to depress
blende, Fotassium d&ohromate is a depressant for
galena dut is not often used, Lactie acid is a de-
pressant Tor mica and some other silicates, dodium
lulpnits. hyposulphite, hypoohlorite and other deo-
pressaants bave been used on individual ores with
successful results, Copper sulphate is widely used
a® & general activator, Sodium sulphide is an
activator for metallic carbonates and oxidised sul-
phides. An excess osuses the formation of poor
froths, and In ceritain goncentrations, tends to
flogoulate the entire pulp, a4t other concemirs-
tions it ie & dispersing medium, 1ln flotation of
non-sulphide minerals various metallioc nitrates

have some times bYeen used as activators,

76~
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It has already been poiuted out that for

the preparation of zinc and fluorite councentratese

the ore must be ground to 10C mesh, Ten pouads of
the bdbroken ore were taken and orushed by a labors-
tory Jjaw-orusher through approximately 4 mesh, ‘ihis
matorial was then arushed through a laboratory roll-
crusher to 48 mesh, the rolls being in closed cir-
ouit with a 48 mesh shaking screen, This method of
crushing reduced the produotion of unnecessarily

fine materiul., Batoh flotation tests reguired 200 to
280 gms, of ore ground through 100 mesh, Hence
datches of ore of this sixe were stage ground to sise
in Abbe' pedble mille, using flint pebbles and dis.
tilled water as the liyuid medium, The -.100 mesh ere
was then filtered and flotation teats commenced,

Laboratory flotation cells of the minerals
separation type were used for the flotation tests,
They were of 250 gm, capaucity.

Preliminary flotation tostis were made,
using empirical resagent charges based on quantiilies
used on oree of similar mineralogical constitution,
Por example, in the .nitial test 0,4 1lb, of scda

ash (NasC0,) was used per ton of ore, This condi-

-T7-
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tioned the pulp, giving a pH of 9.6, Sodium
oyanide and zinc sulphate were used in combinag-
tion as depressants for the sphaleriie, rotassium
etiyl xanthate and oresylio acid were used as col-
lector and frother respectively for tiuc flotation
of the galena, Following the lead roughing, tue
pulp was conditioned wiih copper sulphate in order
to activate the sphalerite, Ethyl xantuate and
grseyllic aold were used for collection of the sphs-
lerite and for the produstion of a good froth,

Jo far the flotation results asre normal,
The next material tc be collected is calcium flu.
oride, Unfortunately the gangue aonsists of cal-
oite and gquarts, and it is diffionlit to separate
two minerals bhaving a common metal ion, in this
oase fluorite and ocalclte,

This problem may de attacked through the
negative ion, Caloium carbonste 1s & highly re-
active compound, dut cgalcium fluoride bas a relat-
ively low reactivity, Hence, if we add sodium
silicate to a mixture of fluorite and calcite, we
would expect little or mno reaction wiiti the first
named mineral, but the possidility of a reaction

with tne calcite thus -
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810,
CaClO; + Na, 8i04 > Ga< + 2Naa00,
510,

This reaction proceeds as shown, sither by
chenicnl metathesis or by adsorpticon, The silioate
csoating 1s polar (amd hence wettable by water) but is
not particularly stadle., It may be stabilized by
the addition of copper sulphate, followed by the
addition of a collector for the fluorits, Olelo asiad
is a collector for fluorite,

Phis principle was utilized in the sapars-
tion of the flucorites from the lesd.zins tailinga, In
this first test the separation of the flucrite was
very satisfaotory. <The sincmlead separation was not
particularly good, however, so a number of experi-
ments were rade o spoertain whether the results
could be improved,

Two final tests were made whisch gave ex-
cellent product, The fleotation data for the final
test follow

{4) Weight of ore = 200 gus, MNesh -100
Yolume of water used = 600 ce.

Pulp dilution = Heiaht of liquid = £00 = J
deight of solids 200 1

www.manaraa.com



(4) Percent solids = Neigzht of solids X .100

Total weight of pulp

w 200 = 25%,
8GO0

Pulp consistenoy = Yolume of liduid = $00Q
Volume of mseolids 45,5

- 12
1

(B) Primary orushing amnd grinding =
Laboratory Jaw Crusher,
Laboratory Rolls in Closed Circuilt with
48 megsh S8haking Sereen,
(C) Secondary Grinding i1~
dbbe' pebble mill, flint pedbbles, ore stage
ground with 100 mesh screen, Tap water was
used ae the grinding and flotation medium,
The pH of this water = 6,8,
{D) Reagent Additions -
{1) General Conditioning
4in¢ sulphate 3 0,80 1bs, per ton of ore,
Hodium cyanide 3 ©,80 1lbs, per tomn of ore,
These sino depressants were added to the
pebble mill during grinding, this practice giving
slightly better rosults than when they are sdded
directly to the fiotatlion cell,.

Sodium cardbonate (soda ash): 2 lbse, per

www.manaraa.com



ton of ore, This reagent was added to the ore pulp
in the cell, and a five minute conditioning persiod
used,
Zinc eulphate 3 1.5 lbs. per ton of ore,
8odium cyanide : 0,5 1lbs, per ton of ors,

These two reagents were added after the
soda ash conditioning periocd,

Finally 0.10 lbs, of eodium silicate per
ton of ore were added,

(2) Lead circuit reagents s3-
Butyl Xanthate s 0,07 1lbs. per ton of ere,
Cresylic 4cild : approximetely 0,10 1lbs, per
ton of ore,

This gave very satisfaotory lead comoen-

trates,
(S) Zine oircuit reagents -

Following the removal of the lead oconoen-
trates, 0,03 1bs, per ton of ore of sodium siliicate
were added and the pulp conditioned for two minutes,
One and one-half pounde of copper sulphate were used
for activation of the sphalerite, Ho additional
frother or collector was necessary. The zinc came

over a8 a good conocentrate,

-81l-
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{4) Pluorspar oircuit -

The oalcite was depressed by adding
sodium silicate (0,05 lbs, per ton of ore) and
sopper sulphate (0.4 1bs, per tom of ore). After a
short conditioning pericd 0,06 lbs, per tom of eore
of oleloc acid was used as a frother and fluorite
solleotor,

The reagent oconsumption is shown in
Table (XX},

Table (X1) - Beaxent Counsumpiiop in Flotation of
Sulphide ¥luorspar Ore.

—Beagents Lka.lton of dry ore

ao“ I.h ® 2 8 ¢ &80 0 50 RSB B SO0 000 2000 des oo e

dino sulphate ,.........cc0000006 2,30 L.ivivcene
B8odium cyanide ,........00000000 3.30 ...l
Butyl xanthate ,..........c00000. 0,07 (... 0.ua0
Oresylio acid ,....cc0vs00s00000 0,10 souavnncen
Copper sulphate .........cc00000. 1.90 . ..u..e
Sodjum silicate ,.........0000000 0,20 .ioia..n

010&0 ‘Gid @ 00 s s 0e s p @SB e be e b oo 0‘06 sssossecn oo

Chemiosl analyses of the produots and per-

sentage recoveries represented by this test are

given in Tabie (XII1).

~-82~
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Tabie (XI1) ~ Results

Begd 3gmple Analysis

Pd 2,13%
in 15.3
Cal 85.2
510, 22.3
]
Assay % Recovery 4
Floated We,
Concentrates % 510, S10,
4 in Gal {insoluble] Pp _4n Ca0 (insolublel
Lead cone. 8.9 66 0.9 _ Irage = $8.3 Q.15 = =
Zipe some. R1.9 0.1 66.4 0.4 _3rage 1.0 _96.5 9.3  Trace
Fluorspar ,
cone. 38.8 O 0.25 74 0.3 - _©0.59 87.9 0.6
Tailing ..36.3_ 0,08 1.0  1l.6 ~$i. 1. _ 0.7 _2,3 12,7 99 .4
100,60 2,90195 15,0 33,0 22,5 100,06 100,00 100,00 100,00
-88-
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(1) A rather complex ore from the Cave-in-
Rock distriot of Southern Illinols was taken for an
investigation to determine whether satisfasotory high-
grade lead, zinoc and fluorspar concentrates could be
prepared,

{(2) 4 miorcscopic investigation revealed

the presence of the following minerals

Galena Quarts
8phalerite 2yrite
Fiuori te Barite
Caleite Chert

(3) Dissection of the ore by float-and-sink
methods, by & micorcecoplic examination of polished
gections of the ore, and by petrographioc studies,
showed that the guleng wes free ati a relatively
ooarse sige (-%5 mesh), The sphalerite and fluorite
were not satisfactorlly liderated at slzes coarser
than 6% or 100 mesh,

(4) In view of these results it wam decided
to use all flotation as & method of concentirating the
ore, The normal reagents for zinc and lead differ-

ential flotation proved satisfactory, but the fluor-

-84 -
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spar concentration proved more difficult, Finﬂily
a reagent, consisiing of sodium silicate and sopper
sulphate, was found to satisfactorily depress the
galcite and at tne same time permit the ecllection
and flotation of the fluorite with oleics acid,

(5) In the final adalyeis very good lead,
sine and Cluorspar congentrates were prepared, The
lead concentrates ocontained 66y lead and represented
& 98,5 recovery of the metal, The zino consentrates
contalned 66.4% sinc and represented a 96,5 recov-
ery. The fluorspar comcenirates were high grade,
pontaining no lead and Jjust a trace of zine, Due to
the analytical difficulties involved, chamical analy-
ses of the fluorspar concentrates for fluorine were
not made, and a satisfactory recovery eannot be

assigned,
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