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2-Claims:-
1

This.. invention., relates. to hindered-settling
cla,ssxﬁcatxon methods of It actlonatlng naturally
oceurring. mineral aggxegates -or’ores, 'into, one
fraction contaxnmg swmﬁeantly Valuable ‘con-
stltuents of .the. ore, and. into. another fraction
contammg s1gn1ﬁcantly ga,ngue,,or ‘waste, . con-
stituents of the.ore. Heretofore, the fractionat-
ing, bath -of. suspended ore-particles has had its
density controlled by the. addltlon thereto of some
weighting. agent that.is extra¥ieous or foréigh to
the.ore, and; which: accordmvly must be. washed
from, the. 1ecovered "values béfore. final treat-
ment THis i ventlon, therefore, has as one’ of
its moin . featiirgs, the,control of the inéreased
density. of ; -the: weight- -discriminating hindered-
settling classification bath Y- densxty—mducmo
constituents.derived from. the ore itielf.

Thé invention proposes the pretieatiment of the
ore. durmg its héneficiation by subjécting it, prior
- to its. being. ground in-the usual .closed. circuit
grinding station. to gtravity-induced fractionation
along. hindered-settling - classification lines, 'so
that -one. fraction. contains. relatively . light sig-
nifidéantly gangiié ‘constitueiits of ‘the ore and an-
othér fraction contains relatively. heavy 51gn1ﬁ-
cantly metallic valiles of ‘the oré. that -may be
furthér “treated for. theif 1ecovery ‘A7 feature
of’ novelfy of’ uhe 1nvent10n res1de in contiolling

Lo W WS e iyl -dlscmmlnat-

ing hindered-settling classification bath by, sup- :

plying theéreté gravity-ihducitig’ ‘conistituerits of
the raw ore itself, drawn from any.suitable pomt
of ‘the usual; closed,clrcult grinding station in-
cliding a ‘sizé-diseriminating classifier in which

‘the ore values are being classified predominantly 3

into size groups..

Values, fractionated out, ffom the crushed raw
ore. by, the weight-diseriminatific’ bath, which
hiaveé béen substantially fréed of gangue. constit-
uents by passing through that bath,. are thén
supphed to.the usual closed ‘circuit grinding sta-
tion; from’ whlch statlon the- beneﬁclated ‘ore
values ‘emerge” -after treatment ina predomi=
na,ntly sme-dmermnna.tmg or cla551fy1ng ‘bath so
that they ‘are ‘0f & particle siz&é small ‘encugh to
unlock - or  expose” the” vallies” to facilitate’ the
usual subsequen’_c, values-recovery treat;ment
steps: ) ' '

A" usual closed mrcult grinding station icom-
prlses a’fine- grmdmg mill that discharges into
an” ag1tat1ng class1ﬁer havmg a sloping" bottom
or’ deck’ adapted” to hold- a predommantly size=-
diseriminating" bath of ‘the ore’ particles in sus-
pension: Aglta & rakes rake the' setitled” ‘laiger
or” coarser ‘sized partmlés usua’ly called sands

40

55 |

ommantly ac-
1a551ﬁer in'‘the

here is drawn

111 be understood
ﬁ’erent m1ne1 als

valiie-in any giten case corresponding tothat: for
a sohds content of approx1mately 40 % by volume,
iderably : “e

p&'rlte suspensmn of
t1tutes a pulp havmg

the ‘same solids confent correeponds ‘to a° pulp
with specific gravity of 3.60; and a’ sand_ suspen-
sioni-(for coal'separation) o S
t(;n;, c:rrespondsuto ‘a°pulp with' spec1ﬁc ‘gravity
of<1.6 ’

More pa,rtxcularly then" this mvention uses the
hmdered—set g

thxs irwen,t.ion Is. a.pphcabTe )the efore <to inany
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ores in which there is a substantial difference be-
tween the specific gravity of the desired min-
eral and that of the unwanted gangue, but more
particularly to massive sulphide ores and to iron
ores where the heavy mineral comprises a sub-
stantial proportion of the total weight. The im-
proved method is especially applicable to such
massive ores where the heavy minerals have a
higher grinding resistance than the gangue and
thereby cause an accumulation of such a pulp in
the closed circuit which is enriched in heavy
minerals. ‘The method is also applicable to coal
cleaning and to so-called non-metallic ores car-
rying a relatively heavy mineral such as fluor-
spar.

Another feature of this invention relates to the
manner of controlling the density of the bath in
the size-discriminating classifier (namely, its di-
lution) thereby determining the particle size
above which particles settle and emerge as rake
product or sands, and below which the fines pass
as overfiow. In other words, the line of size divi-
sion between the two fractions is determined by
the dilution of the bath of that classifier. The
more dilute the bath the smaller or finer will be
the particles of the overflowing fraction, and con-
versely. The diluting water supplied to that bath,
in a closely controllable manner, comprises the
water used to flow through the screen or screens
that make screened fractions of the overflow
(principally gangue material) from the weight-
discriminating classifier. Thus, the bath in the
weight-diseriminating classifier is confrollably
rendered sufficiently dense while the bath in the
size-discriminating classifier is controllably ren-
dered sufficiently dilute—both by the use of con-
stituents present in the cyclic system and not in-
volving the addition of constituents extraneous
or foreign to the ore. The said dilution in the

size-discriminating classifier gives a high content )

of heavy finer particle values in the intermediates
bled off from the bath of that classifier to be sup-
plied as weighting agents to the bath in the
weight-discriminating classifier.

By way of a more detailed explanation of these
and other features of my invention, reference. is
made to the following description taken in con-
junction with the accompanying drawings in
which:

Flgureé 1,2 and 3 are diagrammatic flow sheets :

of ore concentration plants according to the pres-
ent invention. In these diagrams three-digit ref-
erence numerals are employed for convenience,
the first digit indicating the figure number while
the last two digits, when identical in the several
figures, serve to designate functionally equivalent
apparatus elements. ’

Referring to Figure 1, raw crushed ore is intro-
duced into a weight-discriminating classifier 101
where the lighter gangue constituents are sepa-
rated and overflow via line {1l while the heavier,
and valuable, ore values are removed by means of
the rake of the classifier and discharged through
line 123.. The values leaving via line 123 are in-

troduced into the grinding system of the ore |

dressing arrangement, which grinding  system
includes the fine grinding mill 103 and the size-
discriminating classifier {05, which may be for
example, of the hydro separator type.  The values
introduced via line 123 are mixed with the larger
sized particles removed from the size-discrimi-
nating classifier 105 via line (27 and are intro-
duced into the mill 103, where the particles are
suitably reduced in size.

‘Efffuent from the grinding mill { 03 is mtro-

13

4

duced via line 125 into the size-discriminating
classifier 105, wherein classification predomin-
antly into size groups takes place. The fine values
are removed via line 129 for further recovery
treatment (not shown) and the relatively coarser
particles are returned via line 27 to the grind-

~ ing mill for further treatment in the grinding

circuit.
A portion of the effluent from the mill 103 is
introduced via line {3f into the bath of the

. weight-discriminating classifier 101, where this
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portion functions as the gravity-inducing consti-
tuent imparting the desired density to the bath in
order to permit the desired separation of the raw
crushed ore in the classifier (01 on the basis of
weight or density to take place.

Returning to the gangue which is removed from
the weight-discriminating classifier 101 via line
{1, this gangue material together with the pulp
introduced into the classifier via line 131 and
most of the fines possibly present in the new
crushed ore supplied, is introduced into one or a
plurality of screens 113 and (14 where it is sub-
jected to washing with water (from a source not
shown), the final gangue after washing being
withdrawn through line 115 and rejected. In
order to provide the proper dilution of the bath
in the size-discriminating classifier 195, all or a
portion of the wash water from screen (13 may
be introduced via line 121 into the grinding sys-
tem together with substantially all the refurning
pulp and said fines. More particularly, in the
embodiment shown this pulp with wash water
may be admixed with the material passing via
line 125 from grinding mill 103 to the size-dis-
criminating classsifier 105.

Meanwhile, and in order to maintain proper
density in the bath of the weight-diseriminating
classifier 101, the gravity-inducing constituents
therefor are introduced via line 131 in the form of
a suspension in all or a portion of the wash water
resulting from the second screening operation.
For example the wash water from the washing of
the gangue on screen (14 may be introduced via
line {41 into the grinding system at a point just
ahead of the place from which the gravity-induc-
ing substituents are withdrawn via line 13 for
introduction into the bath of the weight-discrimi-
nating classifier {01. As in the case of the first
screen. {13, the second screen |14 is supplied with
water from a source not shown.

It will thus be observed that in this ore dressing
system the wash water (together with pulp) from
one or both of the screens 113 and 118 is used in
such manner as to make it possible readily to con-
trol the density of the gravity-inducing constitu-
ents introduced into the weight-discriminating
classifier (0. Furthermore, the introduction into
the closed grinding circuit of a portion of the
wash water (together with pulp) via line (21
makes it possible readily to control the dilution
in the gize-discriminating classifier 105, which
dilution in turn permits an excellent control over
the particle size of the fine values of the ore re-
moved via line 129 to further recovery treatment
(not shown).
" Pigure 2 shows another modification of an ore
dressing system which closely resembles that of
Figure 1 and in which corresponding reference
numerals have been employed, with the excep-
tion that here the reference numerals are of the
“200” series rather than the “100” series as in
Pigure 1. The essential difference between the
system of Figure 2 and that of Figure 1 is that in
the former a separate classifier 251 is inserted in
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the-closed grinidthg system in-order:to-providé a-
préeliminafy separationiof thie-coarser ofithe pai<
ticles-resulting” frony- the“grinding operation in’
grinding-mill-203 and‘theéreby-to-provide a-more-
stable suspensmn for the we1ght dlscnmmatmg:
"bath;w~ [

Thus, : in- this- moehﬁcatmn the -suspension --of:
ground<particlés ‘withdrawh firom-mill 1203 in=-
stead of being returned directly to the-size-
diseriminatifig classifier+205° (&s inthe-system: -of
Figure-~1) '8 introdiiced irito - the  bathof "the:
classifier 2515 théreby- permitting -ai'smoother-
operation-in that ‘occasionsl: possible- variations:

10

of-the-‘amount-of- ‘pulp supplied -and-of the-con+ -

sisteney-of the mill-materigls dre-equalized; as-

welli:as-<furtherpermitting- any: unduly: coarse:

materials that-pass through the mill ‘203 .without:

being-reducedto a suitably:fine size-to be removed-

prior-to: introduction:-thereof: into - the sxze--l
diseriminating: classifier:205.: o

It will'be observed that the’suspensmn of ma--
terialsdeaving:grinding - mill 263.is:introdiiced via:
line:225a:intothe:bath of the classifier-254. .. The:

relatively: coarser: particles: separated: in. -this:

classifiér are-returned via-line:253 to:the mill:203,-
together:with-emerged sands of:heavier particles:
from:ithe weight-discriminating. classifier-20( that:
areirfed: to ithezgrinding: system :via.:line:+ 223:.
Finally;:the relatively: coarser:particles from:the:
sizexdiseriminating:.classifier: 205+ are: also: re~
turned:to:the:mill:203:via line:227:t0 complete the-
circuit of materialsinitheigrinding system:: The.
relatively: finez particles: that..are::separated . in:
classifier: 254::overflow=therefrom.and:are:intro-

duced:viz:line=225b mto the»s1ze d1scr1m1nat1ng,
classifier::205:::

In order:to.adjust: to the deswed value:of the
density:of the bathcinthe weight-discriminating.
classifier-20 1., a;portion:corresponding to.said de-
sired value:of the-bath containing: gravity-induc=
ing:.constituents: isz=removed:from : the:classifier:
254 and-introduced;via.line: 234 into:the bath:of.
the:weight-discriminating.classifier 201. ' I.prefer.
to..remove.ithis: portion-:from .a:point :helow: and:

254

The relatlvely hght ‘gangue materlal overﬁow-
‘ing.from the-weight-discriminating:classifier 201,
and-removed. via-line::21{; is: washed: on' screens:

243-and. 244 with-water-from-a source not:shown.. {

Allor.a-portion: of: the -wash--water- from: screen-
213:-is ~infrodueed- together with -pulp into the
classifier .26 via: line: 221, thus enabling the de-
sired-dilution:in the-size-discriminating classifier
205--ultimately: to: be ~obtained.:- Also additional
amounts.of: wash water from the second screen
214.-may-be introduced into-the bath of the classi-
ﬁe1 25(--via line 241.  The washed. gangue ma--
terial is withdrawn from the screens via, 11ne 215
and ~reJected

According: to Figure:3, the ore treatmg system
includes: a.-weight-discriminating: classifier 30|
whieh may, for: example, be of.the rake type, a
suitable. grmdmg -mill-303,.which may ‘be of the
ball mill type,; and a. 51ze-d1scr1m1nat1ng classifier
305,.which may also.be of the rake type.- Receiv-
ing.the. overflew.from: the weight-discriminating
classifier.301.via line 311 is.a screen 313-that pro-
vides. screened . (and. washed). fractions of. the.

overflow. from..the weight- -discriminating classi- '

ﬁer 301... The worthless, or.relatively Worthless
gangue. .obtained .'as .a.résulf. of the screening.
operation.is rejected via.line 315." “Line.3{7 pro-
vided .with_a.suitable valve 319 sérves.-to intro-
duce ‘wash water to ass;st in’ the seréening and’

spaced from the: level of the bath Ain: the class1ﬁer., 4
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washing: operation:applied to:the-gangue:derived:
from the overflow from the weight~diseriminat=:
ing ‘classifier:.304. - The! wash:water-from this
screening operation; which:isemployed for:dilu=:
tion purposes-as.described more:fully-hereinafter;:
may be:introduced: together with:the:pulp returns=-
ing from the-classifier:-30f:via hne 32 :t0: the 51ze- ;
discriminatirig classifier-305::.

Réturnitig «to: the 'weights dxscmmma/emg;cla;ssw-
fier- 301, 'the- emerged> sands or heavy ‘particlés:
separated thereby.-are:introduced: via.line.323:tos
grmdmg mill 303 wherethey:are suitably reduced
inssize:: The:ground particles leaving thissmill'are-
then introduced vig-line:325 intothe-bath of the:
size-diseriminating classifier-305:wherein separa-:
tion of theiore: values predommantly mto sxze=
groups-takesiplaee:+

The emerged sands or-coarse-parbicles from:the:
size-discriminating: classifier: 305 ware -recyeied. to:
mill ‘303 viasline 32T while atthe :same time:the:
fines are removed-as-overflow:via line 328, ~These<
fines-may- then-be-taken to. a-further Ieeovery:
treatment ‘which forms -no-part.of- the present?

_invention;-e:-g.; ‘an-okeé flotation process::

Returning-to-a:consideration of:the-operation:
of the size-discriminating: classifier-305; a-suspen=-
sion'ofi'the :heavy values~bearing :.ore particles:
undergoing classification predéminantly into:sizet
groups-is: ‘withdrawn: ffom- the:bath’ thereity: vig:
linie-33{‘ provided- with ausuitablée valve 1338, -and:
is-introduced:into theibathin the: ‘pretreataient’
station;, namely, thes bath contaifed ' ih - ‘thes
weight-diseriminating ‘classifiér- 304 . By:a: sult-
able adjustment of valve-383, eithei:alone -or in:
conjunction with- a«suitable-adjustment -of the:
rate'of introduction of-wash ‘water which'is intro=:
duced togethierwith pulpinte the:bath of the size~-
discriminating classifier 305 via line 321, the:de<:
sired ‘density-or specific' gravity-oftlie bath in the
weight- dlscnmmatmg classifier::361 -is*obtainsd.

Summarizing: the- operatlon -according ‘to Figure:
3, the-raw+crushed ore-undérgoing ‘treatmernt is-
introduced-into the weight- d1scr1m1nat1ng classi=-
fier 304, where-thie: coarse particlesare-separated:
into light: gangue partmles ‘and-heavy valies par--
ticles:  *The+former- ‘pass-over together- with' fifie
particles- possibly- ogcurring -ty the- raw crushed:
ore’ supplied*and with*pulp ifito-the: overflow: vig:
line 31%;'while thelatter-pass-via:line 3§23to mill’
303»where they are*sultablyf Teducedtin sizeand
then~ introduced - into- the s1ze-d1scr1mmatmg
classifier*305; ‘The--gangue* ‘particlés-are:-then
washed -on:-screen-313 while adding sufficient’
diluting  water-vig'valved -1ihe“3i7 to provide a
wash water, whiéh; when introdiiced into the bath-
of “the size<discriminating classifiér-305-via-line’
321, will-provide the desired-dilution of the-Iatter
bath in order to-efféet;: the separatlon of the heavy
ore values mto ﬁne ~partmles of the-desired” size
which ‘pass-over-into- the overﬁow ‘Via-lirie” 329~
while*permitting the-coarser partlcles ‘to betrex’
moved as rake product and recycled"vm lme 321
to ‘the ‘mill* 308 ;

In the meantinie a portion of the bath in" the
sxze-dxscnmmatmg classifier 305 is removed- and
cycled via' va:lved line 331 to the weight= diseriniz
nating classifiér 3071 "By.a su1table adjustment
of the dilution obtamed by means of the wash:
water 1ntroduced via line 321, as well as the rate
of cycling of ‘materidl through 11ne 331, the bath’
in the weight- dlscnmmatmg classmer =301 is ad-
justed 'to the de51red dénsity, to eﬁect the desn'ed
prehmmary separatioh “of light “gdngue. ffom’
heavy ore values, all without tle Anitroduction of
any extraneous or foréign matérial into any ‘part’
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of the system—other of course than diluting
water via line 311.

By way of summary, it will be observed that
the three ore dressing systems that have been
described are characterized by the common fea-
ture that they permit the ore dressing operations
to take place without requiring the addition into
the system of weighting or separating agents that
are extraneous or foreign to the ore and which
ultimately must be removed from the benefici-
ated ore before final treatment. Thus the
weight-discriminating classifiers 161, 20f and 301
of Figures 1, 2 and 3, respectively, are supplied
with a suspension of gravity-inducing constitu-

ents that are derived from the ore itself intro- !

duced to the respective classifiers via lines (31,
231 and 331, respectively. Furthermore, the de-
sired dilution in the size-diseriminating classifiers
105, 205 and 305 is brought about by the intro-
duction of wash water obtained during the wash-
ing operation and performed upon the gangue
material that overflows from the weight-dis-
criminating classifiers i61, 201 and 3981, respec-
tively, this wash water being introduced in part
at least into the baths of the size-discriminating
classifiers via lines (21, 221 and 321, respectively.
Moreover, the ore dressing system shown in
Pigure 3 illustrates more specifically additional
features of control whereby 2 suitable adjust-
ment of the valve 319 in the line 3171 to which
the diluting water for waghing the gangue is in-
troduced into the system, either alone or in con-
junction with a suitable adjustment of the valve
333 in the line 331 through which is cycled the
gravity-inducing constituents to the bath of the
weight-discriminating classifier, provides very
close control over all parts of the ore dressing
system, .
It will be appreciated of course that the opti-
mum rates of supply of wash water to the system
and of return of density-inducing constituents
from the bath of the size-discriminating classifier
to the bath of the weight-discriminating classi-
fier will depend in any given instance upon the
nature of the particular ore that is undergoing
treatment. Those skilled in the art will be
readily enabled to arrive at these optimum values
in any such given instance with the aid-of the
description of the invention set forth herein.

When ireating some massive ores, material 3

from the coarse ore separated from gangue in the
weight-discriminating classifier 101, 20! or 30t
respectively «(Fig. 1, 2 or 3 respectively), in line
123, 223 or 323 respectively may be removed as &

finished product as shown in the drawings with 5:

the dashed lines 123, 223a or 323a respectively.
In this case said material is not supplied to the
grinding mill and the closed circuit grinding
system will only work with the fine part of the
raw crushed ore which has overflowed from the
weight-discriminating classifier 101, 281 or 301
respectively and, via line {1i, 211 or 3il respec-
tively and line 121, 221 and 321 respectively, past
the screens and been introduced inte the closed
circuit grinding system. In this case the raw
crushed ore is divided into one coarse finished
ore, one rejected gangue and one intermediate
part which after grinding in the mill 103, 203 or
303 respectively is removed for further recovery
treatment via lines 129, 229 or 329 respectively.

This application is a continuation-in-part of
my copending application Serial No. 676,220, filed
June 12, 1946, now abandoned.

While various specific examples of preferred

methods embodying the present invention have
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been described above, it will be apparent that
many changes and modifications may be made in
the procedure herein described without departing
from the spirit of the invention. It is therefore
to be understood that the particular procedures
set forth above are intended to be illustrative only
and are not intended to limit the scope of the
invention as defined in the following claims.

Iclaim:

1. The process of beneficiating ores by sepa-
rating them into fractions respectively richer in
valuable and in waste constituents of the ore,
which comprises supplying the raw crushed ore
to a bath containing a dense suspension flowing
through the bath, the density of the suspension
and its rate of flow being controlled to maintain
the density intermediate the densities of the con-
stituents of the ore; removing from said bath a
lighter fraction of the ore as finished product;
supplying to a closed circuit grinding system the
more dense fraction of the ore, said closed cir-
cuit grinding system including a grinding zone
and a classification zone having predominantly
size-discriminating capabilities for yielding one
fraction of an overflowed suspension of finer
solids and another fraction enriched in larger
and heavier solids; recycling said fraction of
larger solids to said grinding zone and recovering
the fraction of finer solids for further treatment;
and recycling to said bath containing the dense
suspension a portion of the finer material cir-
culating from the classification zone of the closed
circuit. grinding system and containing as pre-
dominant constituents the said finer enriched
fraction, the aforesaid dense suspension flowing
through the said bath containing the dense sus-
pension for separating by gravity the coarse ma-
terial of the ore initially supplied into two frac-
tions of substantially different specific gravities,
the density-inducing constituents of the said
dense suspension being derived exclusively from
the ore undergoing treatment; the lighter frac-
tion from the bath containing said dense suspen-
sion being subjected to screening, and the result-
ing finer ore particles.being supplied to the bath
of said classification zone having predominantly
size-discriminating capabilities.

2. The process of beneficiating ores by sep-
arating them into fractions respectively richer
in valuable and in waste constituents of the ore,
which comprises supplying the raw crushed ore
to a. bath containing a dense suspension flowing
through the bath, the density of the suspension
and its rate.of flow being controlled to maintain
the density intermediate the densities of the con-
stituents of the ore; removing from said bath a
lighter fraction of the ore as finished product;
supplying to a closed circuit grinding system the
more dense fraction of the ore, said closed cir-
cuit grinding system including a grinding zone
and a classification zone having predominantly
size-discriminating capabilities for yielding one
fraction of an overflowed suspension of finer
solids and another fraction enriched in larger
and -heavier solids; recycling said fraction of
larger solids to said grinding zone and recover-
ing the fraction of finer solids for further treat-
ment; and recycling to said bath containing the
dense suspension a portion of the finer material
circulating from the classification zone of the
closed circuit grinding system and containing
as predominant counstituents the said finer en-
riched fraction, the aforesaid dense suspension
flowing through the said bath containing the
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dense suspension for separating by gravity the
coarse material of the ore initially supplied into
two fractions of substantially different specific
gravities, the density-inducing constituents of
the said dense suspension being derived exclu-
sively from the ore undergoing treatment; the
bath of the size-discriminating classification
zone being supplied with wash water derived by
washing the lighter fraction of the waste con-
stituents at a rate such as to dilute said bath
to a value such as to effect separation as be-
tween fine and coarse ore values having a prede-
termined size. ’
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