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PE3IOME

CTpykTypaTa Ha TpuchasHata nsiHa € onpefensia 3a CEMeKTMBHOCTTA Ha MPOTUYaLLMs (rioTaLMOHeH MpoLec. MacneaBaHo e BNUSIHMETO Ha MITbTHOCTTA Ha
(rOTALMOHHNS MYMN, KaKTO BbpXy MpoLeca Ha BTOPUYHO HaboraTsBaHE Ha KOHLEHTpATUTE, Taka W BbpXy CEMEKTMBHOCTTA Ha Mpoueca Ha OTAensHe Ha
MUHepanuTe OT TpudasHata nsHa C ApeHaxHuTe BoaM. TasW Bpb3ka HA BTOPUYHO HaboraTsiBaHe € M3CneABaHa kakTo B pa3pes C xuapodobHocTTa Ha
MUHepanuTe, Taka U € pasmepa Ha MUHEpaHUTE YacTULM.

KntoyoBu oymu: TpuchasHa nsiHa, TBbpAa Maca, NamernHa TEYHOCT

BBLBEAEHME

dnoTauumsTa KaTo NpoLec NpoThYaLl Ha rpaHuLaTa Ha Tpu
a3, 3a pasnuka OT peauua Apyrn TEXHOMOTUYHM NpoLecy,
MpW KOUTO OCHOBHA Pons urpae AByasHa nsiHa, ce AoMUHMpa
OT CBOWCTBATa U KOHUrypaumsaTa Ha TpudasHata naHa. Tosa
€ MsHaTa, KOSTO OCBEH Bb3AyX M BOAQ, Cbbpka OLWe W
TBBPAN 4acTWLM, 3aKPEMEHU BbpXy Bb3AYLWHUTE MEXYpU,
obpasyBawy TpudasHata nsHa. HelHu BaxHW mapameTpu,
KOMTO MMaT NPSIKO OTHOLIEHWE KbM MPOLiEca Ha Cenekums Ha
MWHepanuTe ca:

*  U3MEHEHMETO Ha CTPyKTypaTa Ha TpudasHata nsHa KaTto
LMo W dhopmaTa Ha MExypuTe B YaCTHOCT MO BUCOYMHATA Ha
NEeHHNUs CIow;

e KOMW4YECTBOTO TBBbPAA Maca 3adbpxaHo B TpudasHaTa
nsHa;

*  KONMWYECTBOTO JNlaMeNnHa TEYHOCT W  CKOpOCTTa Ha
LPEHUPAHETO 1;

*  KMHeTMKaTa Ha pa3pyllaBaHe Ha TpudasHaTa nsHa;

* V3MEHEHMETO Ha CbCTaBa Ha TBbPAaTa Maca no
BMCOYMHA B paspes.

Ot BCWUYKO ropekasaHo criefsa, Ye Mexgay napameTpute
XapakTepuaupallm TpudasHaTta nsHa U CEenekTMBHOCTTa Ha
(broTaumMoHHUSt Mpolec CbluecTByBa 3aBucumocT. OT Hesl
CnefBa M Bb3MOXHOCTTA 3a CbLLUECTBYBaHE Ha BpPb3ka Mexay
MTBTHOCTTa  Ha (DNOTAUMOHHUS Mynn M CTpyKTypaTta Ha
TpucasHaTa nsHa, KOSTO 3aBUCUMOCT B TEXHONOTMYEH acnekT
Ce pasrmexga KaTo KOMMOHEeHT OT 3aBUCMMOCTTa Ha
CENEKTMBHOCTTa Ha (roTauusta OT MIBTHOCTTA Ha
cbnoTaymoHHMs nynn.
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13NON3yBAHA METOOMKA NMPU M3CNEABAHETO

3a npoBexpaHe Ha n3cnegsaHeTo 6e M3roTBeHa cneuuanHa
MeTOfMKa, OnucaHa No-foNy, 3a KosTo Bsixa OKOMMNEKTOBaHM
HAKOW eNneMeHTU KaTo:

e CTbKneHa Tpbba ¢ BUCOUMHA 1 m W auameTbp 25 mm, B
LOMHUS Kpail Ha KOSTO € 3aKpeneH LWOTOB (UNTbp, Npes KoNTo
ce nojaBa OT KOMMPECOp Bb3OyX NOA  HansraHe.
KomnpecopbT € cHabaeH ¢ TOYeH MaHOMETHP U Pa3xopomep
3a noJaBHaus NoA HansraHe Bb3AyX;

e CTbKkneHaTa Tpbba Ce M3nonsysa kato (noTauuoHHa
Mall1Ha 33 NPeYMCTHA onepauusi, kato noTtauusTa npoTuya
Mpy NMPOMEHNMBO ChAbPXAHWUE Ha TBbpAaTa hasa B mynna.
VlamMepBa ce NMTPOBOTO TETNO HA NOAABAHNS 3a MPeYNCTBaHe
hroTaumoHeH nynm;

e [OMbIHUTENHM PeareHTu He ce nogasar;

e MOAObpXKa CE MOCTOSHHA OCTATbYyHA KOHLEHTpaLMs Ha
(brIOTALMOHHUTE peareHTH, kKato Pa3pexaaHeTo 3a NMpoMsHa
Ha MITBTHOCTTA Ha Mynna ce M3BBbPLLBA C OTQMNTPYBaHa BOAaA
OT OCHOBHa hnoTauus;

* 32 BCEKW OMWT KOHUEHTpaTa ce fobusa upes noTaums
Ha MefHa pyada no cxemara Ha durypa 1;

e CTbkreHaTa Tpbba B ropHWs Cu Kpaii e rpagyupaHa npes
5 mm, KbAeTO CbOTBETHWS MEHEH Cron Ce OTHens upes
OTCUGOHMPaHE.

Ca(OH), aopH9 | pyna

|CMMJ1aHe 10 65 % -0,08 rnml

Dowfroth 250-30 g/t | H306yTnnos kst - 60 g/t

OcHoBHa ¢uroraums- 15 min|

KonueHnTpar 3a OTagbK

CKCIICpHMCHTa

Queypa 1. Cxema Ha onumume 3a nofyyasaHe Ha
KonekmuseH MedeH KOHUeHmpam
EKCNEPVMEHTANHA YACT

lMpoBefeHn ca Tpu cepum onuTu. MMbpBaTta cepust onuTH
“Malle 3a 3afaqa [4a NpOBEpPW Bpb3kaTa Mexay BUCOYMHATa
Ha MEHHUS CNOA W CbAbPXKAHWETO Ha TBBPAO MO Terno B
nynna. lNonyyeHuTe pesyntat ca AageHn Ha durypa 2. Te
nokaseat, Ye 3aBuUCUMOCTTa Mexay gebenvHaTta Ha NeHHUS
CMOi W CbIbPXaAHMETO Ha TBBbPAO N3MEPEHO B MPOLIEHTU HE €
NpaBONPONOPLMOHANHO, a Ma EKCNIOHEHLMarneH xapakTep.
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Queypa 2. 3agucumocm Ha debenuHama Ha neHHUs ¢rol om
npoueHma mebpdo b8 hrIoMayUOHHUS Nysn

BrtopaTa cepust onuTW W3cnegBa 3aBMCMMOCTTA MeXay
CbAbpKaHMETO Ha TBbPAO B nNynna W npoMsHata B
CbAbpPXaHNETO Ha Med NO BWCOYMHA Ha NEeHHUA CIoi.
CnoeBete 6sxa cHemaHn ¢ pebermHa 5 mm  upes
oTcudoHupare. Ha aHanus ce gasawe cbopHata npoba ot 10
onuta. MonyyeHuTe pesyntaTti ca gageHn Ha gurypu ot 3 go
5.

Upes Tpetata cepusi onuth 6 NpocnefeHa kKMHeTUKaTa Ha
CBMBaHe Ha TpupasHata nNsHa B  3aBUCMMOCT  OT
CbObPXaHWeTO Ha TBbpAa Maca BbB (PrOTALMOHHMS Mynm.
[MonyyeHuTe pesynTaTti ca JageHu Ha dourypu 6 m 7.
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Queypa 3. N3meHeHue Ha cbObpx)aHUemo Ha Med no
8UCOYUHa Ha neHHus crol, npu mebpdo 8 nynna 10 u 15%.
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Queypa 4. VameHeHue Ha CbObP)aHUEMO Ha Med NO BUCOYUHA Ha
neHHus cod, npu cbAbpxaHue Ha mebpdo 8 nynna 22 u 30%.
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Queypa 5. V3meHeHue Ha cbObpxaHUemo Ha Med no 8UCOYUHa Ha
neHHus crol, npu cuAbpxaHue Ha mebpdo 8 nynna 40 u 50%.
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Queypa 6. KuHemuka Ha ceusaHe Ha NneHHUME croese npu
10, 15 u 20% mebpda ¢hasa 86 hrIoMayUOHHUS nyn
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Queypa 7. KuHeMamuka Ha cgusaHe Ha NeHHUMe crioege npu
30, 40 u 50% mewbpda ha3za 6be hIOMaYUOHHUS Nynn

OBCBHXIOAHE HA PESYNTATUTE U 3AKNIOYEHME

PESyJ'ITaTVITe nony4eHn npu npoBeneHoTo uscnenBaHe
nokasaxa cnegHoTo:

1. TNmbTHOCTTa Ha (ONOTALMOHHUS MyMn BAUSie OCHOBHO BbPXY
npoLeca Ha BTOPUYHOTO HaboraTsiBaHe Ha KOHLEHTpaTuTe B
MEHHWUS CROM.

2. BTopuuHOTO HaboraTsiBaHe Ha KOHLEHTpaTUTe € NPUYMHEHO
OT pasnuuusTa B XuapodobHOCTTa Ha MUHEPANHUTE YacTULK
yyactByBawm B TaX. [pu KoanucueHUusTa Ha Bb3ayLIHWTE
Mexypu B MEHHWUS CIoi ApEHaXHWUTE BOAM OTHACAT CbeC cebe
CU MO-XUOPOMIHATE YacTuLM, KOUTO He  ycnsBaT Ja
obpasyBaT TpucazeH NEpUMETBP Ha YMOKPsSHE cnef
koarmcuupaHe Ha mexypute. ToBa ycnsiBaT ga peanuaupart
Camo JOCTaTb4HO XMAPOGobHUTE YacTuLM.

penopbyaHa 3a nybnukysaHe om
kamedpa “MuHepanHu mexHonoauu ", MT®
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3. BropnyHoTO HaboraTsiBaHe € MO-CUIHO U3pa3eHo Mpu
roTaummn ¢ No-HUcka MITLTHOCT Ha mynna. pu nosuwasaHe
Ha MITbTHOCTTa, CTeneHTa Ha HaboraTABaHe Hamanssa. Hai-
BEPOSITHO MPWYMHA 3a TOBa € NO-BMCOKAaTa CTeneH Ha
3ambfiBaHe Ha rpaHuuaTta Boga-Bb3gyx ¢ noTmpani Yactuum
owe B npoueca Ha dnotauus. Tasu KOHKypeHUmMs cneq
onpefeneHa NIbTHOCT Ha (roTaLUMOHHUS Mynn no3Bonssa
crioTaumaTa camo Ha [OCTaTbYHO XWAPOOBHW MUHEparTHN
4acTuLK, OT KOETO Crefsa, Ye CEMneKkTUBHOCTTa Ha npoLeca ce
noByLLaBa.

4.Mo-6bp30TO  paspyllaBaHe Ha MNfHaTa Mnpu  HUckata
MITLTHOCT Ha Mynna Hai-BEPOSITHO € CBbP3aHO C MO-HUCKaTa
CTeNeH Ha MuHepanu3auws.  CbrmacHo TeopusitTa Ha
PebuHoep, MUHepamnHuTe 4actuum npu TpudhasHata NsiHa s
crabunumampar.

5.MpakTukata 3a BoAeHe Ha roTauusTa B NPEYUCTHUTE
onepauuM npyu HUCKa NITBTHOCT Ha (HNOTALMOHHMS nynn e
norpewHa. ®noTaUMOHHUAT  PPOHT  Mpw npeyncTHUTE
onepauum Tpsbea ga ce M34McnsBa npu NITbTHOCT 3aBiceLya
OT MBTHOCTTA Ha KOHLEHTpaTa B OCHOBHA dhroTauus npw
MWHUManeH pasxod Ha TpaHCnopTHa Boja. 3a uenta e
NPENOPBYNTENHO KackafHOTO pasronaraHe Ha NpeyYncTHUTE
onepawym, He3aBUCUMO OT TUMa Ha (HIOTALMOHHUTE MALLMHN.
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INTERRELATION BETWEEN THE CONSTITUTION OF THE THREE-PHASE FROTH AND
THE DENSITY OF THE FLOTATION PULP
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ABSTRACT
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The constitution of the three-phase froth is decisive for the selectivity of the running flotation process. The influence of the density of the flotation pulp is investigated
as on the process of secondary enrichment of the concentrate also on the selectivity of the process of precipitation of the minerals form the three-phase troth with the
drainage waters. This connection of secondary enrichment is investigated as contrary to the hydrophobicity of the minerals and thus with the size of the mineral

particles. Key words: three-phase froth, solid mass, lamella liquid.

INTRODUCTION

The flotation like a process running at the boundary of three
phases in contrast to a number of other technological
processes at which a fundamental role plays the two-phase
froth, prevails over the properties and configuration of the three-
phase froth. This is the froth that except some air and water
contains a further solid particles, stabilized over the air bubbles
and forming the three-phase froth. Its important parameters
have a direct relation to the process of selection of the minerals
and they are:

< modification of the constitution of the three-phase froth as
a whole and the form of the bubbles in particular on the height
of the froth layer;

e the quantity of solid mass arrested in the three-phase froth;
e the quantity of some lamella liquid and the velocity of its
drainage;

e kinetics of breaking of the three-phase froth;

e the modification of the composition of the solid mass on
height in section.

From everything said above in follows that between the
parameters characterizing the three-phase froth and the
selectivity of the froth process exists a relationship. From this
relationship follows the possibility for an existance of a relation
between the density of the flotation pulp and the constitution of
the three-phase froth. Such relationship in a technological
aspect examines like a component of the relationship of the
selectivity of the flotation from the density of the flotation pulp.

TECHNIQUE USED IN THE INVESTIGATION

A special technique is prepared for a realization of the
investigation described below. Some elements were completed
for it like these:

e a glass pipe of height 1 m and diameter 25 mm. In the
lower end of this pipe is fixed shot filter which feeds some air
under pressure from a compressor. The compressor is supplied
of a precise manometer and a flowmeter for the air under
pressure;

e the glass pipe uses like a flotation machine for a cleaning
operation while the flotation runs at a variable content of the
solid phase in the pulp. The litre weight of the flotation pulp
measures when is fed for cleaning;

e additional reagents do not feed;

» aconstant residence concentration of the flotation reagents
holds up while the dilution for a change of the density of the
pulp accomplishes with some filtrational water from rougher
flotation;

« the concentrate for each experiment extracts by means of
flotation of copper ore in the scheme of the figure 1;

e the glass pipe in the upper end is graduated in 5 mm
where the correspondent froth layer extracts by means of
siphoning.

Ca(OH), to pH 9 ore

| Grinding to 65% - 0,08 mm

0

Rougher flotation - 15 min

Dowfroth 250-30 g/t Isobutilene xanthate 60 g/t

Concenrate for the Tailing
experiment

Figure 1. Flowsheet of the experiments for receiving of
collective copper concentrate

EXPERIMENTAL PART

Three series of experiments are carried out. The first serie of
experiments had for a purpose to check the relation between
the height of the froth layer and the content of solid by weight in
the pulp. Received results are given in figure 2. They show that
the relationship between the thickness of the froth layer and the
content of solid measured in percents, is not proportional and
has exponential character.
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Figure 2. Relationship of the thickness of the froth layer from
the percent solid in the flotation pulp

The second serie of experiments investigates the relationship
between the content of solid in the pulp and the change of the
content of copper by height of the froth layer. The layers were
taken down with a thickness 5 mm by means of siphoning. Sum
probe of 10 experiments was given for an analyses. The
received results are given in figure from 3 to 5.

The kinetics of the shrinkage of the three-phase froth in a
relationship of the content of a solid mass in the flotation pulp
was followed by means of the third serie. The received results
are given in figures 6 and 7.

28 - —&— 10% solid
26 - —m— 15% solid
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Figure 3. Modification of the content of copper by height of the
froth layer at content of solid in pulp 10 and 15%
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Figure 4. Modification of the content of copper by height of
the froth layer at content of solid in pulp 22 and 30%
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Figure 5. Modification of the content of copper by height of
the froth layer at content of solid in pulp 40 and 50%
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Figure 6. Kinetics of shrinkage of the froth layers at 10, 15 and
20% solid phase in the flotation pulp
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Figure 7. Kinetics of shrinkage of the froth layers at 30, 40 and
50% solid phase in the flotation pulp
DISCUSSION OF RESULTS AND CONCLUSION

The results received from the conducted investigation show
the following:

1. The density of the flotation pulp influences thoroughly on the
process of the secondary enrichment of the concentrates in the
froth layer.

2. The secondary enrichment of the concentrates is caused
from the differences in the hydrophobicity of the mineral
particles participating in them. The drainage waters at the
coalescence of the air bubbles in the froth layer carry away with
themselves more hydrophilic particles which do not succeed in
forming an three-phase perimeter of watering after the
coalescence of the bubbles. This succeed to realize only
sufficiently hydrophobic particles.



3. The secondary enrichment is more strongly expressed at
flotations with lower density of the pulp. The degree of the
enrichment decreases when the density increases. The most
probably reason is higher degree of filling of the boundary
water-air with flotation particles still in the process of flotation.
This competition after a definite density of the flotation pulp
allows the flotation only to sufficiently hydrophobic mineral
particles therefore the selectivity of the process increases.

4. The faster breaking of the froth at the low density of the pulp
most probably is connected with lower degree of mineralization.
According to the Rebbinder’s theory, the mineral particles in the
three-phase froth mineralizes it.

5. The practice in leading of the flotation into cleaning
operations at low density of the flotation pulp is wrong. The
flotation front of the cleaning operations has to calculates at a
density that depends on the density of the concentrate in
rougher flotation at a minimum expense of some transport
water. It is advisable for that purpose the cascade arrangement
of the cleaning operations independently on the type of the
flotation machnes.
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