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Antoaneta BOTEVA *

PRACTICE OF APPLYING FLOCCULATION
'IN MINERAL PROCESSING

The cases of selective flocculation applied for processing of
ores in Bulgaria are described and  the obtained results. The
reasonss  for limited application of the selective flocculation
method in Bulgaria is given and some cons:.derauons for future
development of the method are expressed. !

A harmful action of slimes in flotation ‘is. very well ' known.
Particularly hard to Laﬁkle, in this respect, are gangue slimes smaller
.than 10 wm. In 1ndust,rial. conditions, usually a diminishing quality of
the concentrate is noted when the degree of grinding is increased. When
the ore contains fine intargrvowt.h of ore minerals with the rock mass, to
clean the concentrates, they have to be regrogﬁd finely. Fine regrinding :
‘leads to formation of gangue slimes and further contamination of the
concentrates.  The orjaly soluij.on for ‘this case 1‘s to ‘use a proper
fog-'thorﬁ. that is the t‘rot.her,producingv a relatively dry and easily
decompositing froth. Most af‘t,eh. such frct.hgrs_ a;ro alcohol ~type frother.

Currently the following methods are applyj.(ed f:or 'decreasirng the .
harmful effects of slime particles in the flot.auan

as Adding of non—polar oils; y ;

b Proliminary flocculation and flot.auon ot‘ slimes-

¢/ Introduction of a colloctor 1n the grinding circuxt cyc1e~ =

d/ Separate treatment of slims and sands
At present, the following facts aro woll. oist.ablished*

1. For a wide range of minerals,’ t.ypes of flotatlon machinos. and
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"classes of reagents, a maximum recovery are obtained for particles
having from 10 to 100 um. When the size is below 10 um, the recovery
gradualy decreases. .

e As a rule, slimes float at a lower speed than do particles of an
average size. A detailed examinat.ion has shown, that every fraction
of particles contains some quickly and some slowly floating grains.
The negative effect is connected with the poor flotation of fines of
hard- to float particles. ) ' )

3. The reasons for the necessity of desliming, in flotation with
cationic collectors -are known.

4. The separate flotation fraction of slimes and sands does not always
improve the technological index. '

8. Slimes usually accumulate in middlings such as the concentrate of
cleaners. The introduction in these operations of the material with
normal flotation sizes, in many respects, improves recovery. A
typical example is the introduction of the coarse bulk concentrate
to the circuit of reflotation ot" the waste material from the first
cleaner, in flotation with an open cycle scheme. Our »experiments
carried out in thi's manner, showed ver); goéd results.

The use of an emulsion of non-polar oil, to recover the main
mineral and to reduce the losses in the final tailings has, for a very
long time been used as a teéhnological procedure. In this way, the
recovery of all sulphide minerals can be increased. Our experience shows
that the addition of kercsene emulsion to the Na.aco3 aqueocus solution in
the grinding circuit enhances the recovery of molybdenium slimes. The
addition of emulsion of neutral oil Cemulsified in an aqueous solution
of xanthogenate and sodium carbonated for lead flotation during
processing of lead and zinc ore and under a scheme of direct separation,
is also beneficial; It was shown by means of the electron microscopic
analysis of lead concentrate cbtained in the presence and absence of oil
emulsion, that the sur!‘a'ce of the galena grains is enveloped by an
insoluble in inorganic slovent film havig a thickness of more than
0.5um. Also. aggregation C(flocculation) of particles of the size below
1-2 pym around the particles of a size of above 10 um has been observed,
what is a typical phenomenon after the use of ‘Lhe oil emulsion

The sphalerite grains in the zinc concentrate differ in the degree
of coverage with reagents, depending upon the grain size composition.
Grains of a size below § um are usually clean, where as, the 1irger
grains are covered with spotlike, situated. defuse, or hard layers
[Boteva, 1985]. The recovery of zinc in zinc concentrates is enhanced
due to the liberation of galena - sphalerite middiingsA

The formatien of solid-oil aggregates improves the filtration
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properities of mineral suspensions. As a results of ths.vthe noisture

content in the concentrates is considerably lowered; in the lead

concentrate on the average by 1.5 percent, and in the zinc con'centraté
by 0.8 percent. " .

As a result of one year long practice at the Oustrem factory in
Bulgaria with neutral oil as an addz.tional reagent - collector,. the
extraction of the lead ! i in the lead concentrate was increased by 0.8
‘Percent, the coctent of le’ad in the lead concentrate - by 2.8 percent,
the extraction of zinc in the zinc concentrate - by S.2 percent, and the
content of zinc in te zinc concentrate by - 1.7 percent CBoteva 188%5).

Preliminary flocculation and subsequent flotation of slimes also
finds application in our practice. Most often, polyethyleneoxide or
polyacrylamideﬁa_re feed into the grinding circuit or bulk flotation.
According to Vakleev (1976), the existing flocculants do not provide the
necessary selectivity with regard to the sulphidé ot" nonferrous metals,
regardiess of the fact that investigations under ‘iyndust.rial conditions
[Tiurinkova et al., 1875], suggest that in the :;olloctivn flotation of
copper‘ - molybdenium ores, polyethyleneoxide should be used  in
combination with butyl sxanthogenate. The increase of .a tohnologglcél
recovery under the regime with regard to copper was 5.0 pertcent. In the
Kodzhoran flotation factory  in the USSR, by = adding 100 . g/t
polyethyleneoxide and 5.0 g/t butyl xantogenate to the grinding circuit,
the recovery of molybdenum waé increased by 2.0 perc'ont.‘and copper by,
2.5 percent. The conditions for selectivity of the concentrate have been
improved [Tiurinkova aﬁd Hachatryan, 18741].

Separate flotation of slimes and sands 'is practiced  in Lhe
flotation of minerals for a long time. However, it has not yet found a
wide application in our country. The main reason for this is the
difficulties encountered in the construction and reconstruction for the
mounting of the necessary equipment. It is applied in two variants;'
fractional agitation of slimes and sands and and a collective flotation
or separate flotation. These processes are at present introduced in‘tq ‘
one of the largest factory of the USSR - Dzezkazgansk factory.

The role of the size of particles on their interaction with
flotation reagents is a question widely discuséed in many moncgraphs of.
fiotation. When the flotation pulp .i.s agitated with reagent#.
unfavorable conditions are created for | hydrophoblzation both for large
and fine particles. Accordind to Glembotskx‘ et a].‘. €1968>, the pulp is
divxdod into sands and ‘slimes fractions. for example by means of
hydrocyclon. The whole collector. or .it.s greater part, is put into the
sand fraction of the pulp. A rapid and effective hxdrophobizatibn-gf the.
) coarse particles takes place. Subsequently, the sand and slime fractions
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are mixed together and a bulk floiation takes place.  According to
Glembotski et al.C 1968), such a scheme of the process considerably
diminishes the expenditurg of the reagent in improwving the indexés of
flotation. Thus, under industrial conditi‘ons, a lead f’ac{;ory in Central
Asia 'processingi'sulphide oxide ore (2. ’7" percent Pb in the form of
cerussite, plumtl:ojarosit.e‘ galena, slimes ofll iren hydrooxides, limonite,
tarited has succesed in decreasing the expenditure of NaaS by 185
percent, with an increased content of lead in the concentrate from 25.6
to 38 percent and recovery from 70.1 to 82.7 percen_t,.. In industrial
conditions, accor;ding to Strelnikov et al. (18760, the possibility of
improving the technological indexes in the processing of cooper - oxide"
ore is trough the fractiocnal flotation of slimes and sands. Under the
new technology the recovery of the copper - oxide is increased by 0.5
percent, and of cobalt -'by 3.13. According to Glembotski and Zakim
188>, 1.t is most expedient to per?t‘orm the fractional preparation, in a .
fractional class 100 - 150 um. The boundary bet.ween' the sand and the
slime parts is determined by to the maximum size and the distribution .of
the minerals, in the three main granulometric groups of pol ydi spersed
product : _namely, large grains, (requiring the quatest desitsr of
reagent coverage), medium and slime grains (Crequiring . seletive
flocculation and a great concentration of the collectorl. Our experience
with the separate flotation of ore pulp, allows us to make the following
conclusions regarding the prospects of this methed :

1. It is necessary to avoid a fractional flotation of sliimes and
sand fractions. The main reason 'is that for a  selective
flét.at.ion of slimes particles, strongly dilutpd pulp is needed,
which unnecessarily lengthens the flotation front. The slimes
have a low velocity ‘of flotation and a great overconsumption of
reagents. :

2. The division of the pulp into slimes and sands must lead to the
separation of a real slime fraction, for example below 15 um.
Ot.herwisq-tho goall will not be attained. )

3. The sand fraction is agitated according to the general rule of
pulp conditioriing. Before agitating the slime fraction, iit.s
density being brought at least to the normal flotation density -
above 30 percent.

" The agitation of slime fraction is effected under these conditions
'in‘ i.anks with increased periferial velocity. The expenditure of the
’c.olloctor and ‘the emulsion of non - pclar reagent depends upon ' the
character of the tmineral and the ;:usporscr of the slime gargue
fract;ijons. In an experiment carried cut by us, the combination of Nazcoa
with sodium silicate, or Na,CO,, NaCl and hexametaphosphate were
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appropriate. The emulsion o©of non - polar reagent must be finely

'dispersed.‘the use of the dispersants is not réﬁommended, because they

the surf;ce of the non - polar oil drops hydrophilic. The time of

agitation is of Lhe'order of 120 seconds.It is'only after this when the
slime and sand fractions are mixed again agitated, depending upcn
proper ties of the raw material. Also, the constriction caracteristics

of the propellers tank afe ihportaﬁt. It is necessary to secure a

’ ﬁaximum periferial velociiy. Cutting propellers are unsuitable. Best

suited are the propellers in the form of a perforatgd disc. ’

] The selective flocullation with'polymers of high molecular Qéight

is of practical interest. The main requiements of this process by our

experience are: )
as The necessity of a good dispersion,  of at least one of the
) components participating in the slime mixture;

b/ The selective adsorption of the polymer - a very essential fact,
for improving the selectivity of the flotation with selective
inhibition of the absorption of the flocculants on one of the
minerals. The adsorption of the flocculant can be inhibited by
electrostatic repulsion, preliminary adsorption of other
substances, and the removal oE the free hydroxide radicals from
the surface of the quartz through “aging” or through alka;iné
.processing. At present, the process must be considered more as

selective dispersion than selective flocculation. It  is

preferable to use polymersiwhich be adsorbed selectively on a
given mineral, rather than the polymers whose action depends
upon selective inhibition. ]

Selective flocculat_ion in the pulp can be realized in the

following ways:

The first possibility is the desliming prior to flotation. This
process has been realized in 1975 [Rosas and Poling, 19751.

Other authors have established that carboxymethyl cellulose
floccul_ates the rock mass at pH 11.5 but dose not hinder the flotation
of chromite. "

Of substantial interest, is the selective flocculation of rock -
forming minerals in the dressing of sulphide ores of non =- ferrous
metals. The best results aré obtained with neutral polyacrylamides. used
in conjuction with suitable selection of depressors.

The selection of reagents for the selective flocculation is always of
paramount significance.

According to Bogdanov et al. (18802 , a drastic decrease of losses of
iron minerals with slimes can be achieved by the use of selective

flocculation. It includes dispersion of the pulp, selective flocculat%on
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4ot the ferrous minerals, sedimentation in the ferm of flocs and
deslilming in which in the overflow the fine particles of the rock mass
are throughly separated. As depressor, in the introduction of  the ‘
process, water glass, Na-polyphoSphate, and ligninsulphate were used. As
flocculant starch was used flocculation takes place at pH 11,

In conclusions, it may be said that the selective flocculation of
minerals in all variants has found limited appiica'.ion The reasons for
this must be lookod for. first of all, in the poor study of the process
which makes it dif!‘icult to control in practico. In view of the necessity
of dressing and ever greater ore deposits containig different kinds of
minerals with slime sizes, it should be expected that the coming years
will " bring a rapid development of the thecry and practice of this

progress..
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STRESZCZENIE

" Botewa A.,1988. Wykorzystanie selektywne flokul aCJl przy wzbogacani.u
rud. F'.'L zykochemiczne Problemy Mineralurgii .20; 107-1 13.

Przenanlizowano rézne zastosowania selektywnej flokulacji przy -
wzbogacaniu rud w Butgarii. Dokonaho pordwnan wynikéw tego procesu
uzyskiwanych w  Butgarii i w ‘'‘dwiecie. Przedyskutowano - przyczyny
niewielkiego rozpowszechnienia technologii selektywnej flokulacji i
wskazano niektére kierunki rozwoju zastosowahh tej metedy

A.BoreBa, I988. IlpaxTHEA 7CHOMBL3OBAHWA CEJSKTWBHOK (UIOKYIAIM™ mpW 0Co-
Ta;meRud DOJeSHHX FCKONAGMHX. PYSMKO-XWMEIECKHe BONDOCH odoramem. ,
203 107-113.

PaccMoTpeRH ciayday OPUMEHEHHA CeJeKTWBHOA (NMIOKYJAAIME Ip“ olorame- '
HUH NOJIOSHHX HCKONaeMux B borapmm. [IpDOBelIeHO CPABHEHWS NOJYYEHHHX pe- -
3yABTATOB y HAC ¥ B MWD IO MCIOJH3CBAHAD CEJeKTWBHOL (UIOKYJAILME IpH
OCOTAmSHAY DyI HBETHHX MaTa/LIoB, (IeJaH aHAJW3 OPYYMH OTPayMdeHHOr'0
PacOpOCTPaHEHMA ¥ HAC ¥ B MUDe W BHCKA3aHH aeRo'ropue COO0DaReHNI. O oy-
IymeN PasBETEM MeTOIA. L
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