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ABSTRACT

Optimizing the reagent regime during the phase of coarse Pb - Zn flotation in ,,Zletovo™ mine,
Probistip is shown in this work supported by the modern investigations and the accomplishment of the
mineral flotation.

Introduction

The success in the sclective flotation concentration process as the most
important, and in industrial conditions the most common step in the flotation
concentration of typical lead- zing ores, is first of all seen, in obtaining qualitative
selective lead and zinc concentrations adequate for further metallurgical treatment
with high metal recovery in the concentrations.

In order to achieve this, it is necessary to make maximum separation of lead
minerals and zinc minerals during the phase of coarse lead flotation. If this is not
reached, there will be an increase of zinc content in the lead concentration which
has a double ncgative impact. Firstly, an increased zinc content in the lead
concentration lowers its value down, and secondly the presence of zinc in lead
concentration at the same time means its loss, because zinc from such concentration
can not be efficiently recovered.

Having all this in mind, it is clear that the process of coarse flotation of lead
minerals is the most significant segment in the whole process of sclective flotation
of lead-zinc minerals.
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The most important factors which influence the effeciency of separation of
lead minerals and zinc minerals during the phase of coarse flotation of lead among
others are: the degree of opening of mineral raw material, pH and pulp density, the
collector expenditure for zinc minerals and, by all means, the flotation time.

All this factors are more or less well examined for all deposits which are in
the process of exploitation.

The aim of this work is optimizing the reagent regime during the phase of -
coarse Pb - Zn flotation in ,,Zletovo” - mine - Probistip in fact, to determine the
optium collector and depressant expenditures.

In doing this we had in mind that it was not possible to optimize the
expenditure of these reagents in a classical way, in other words, by expenditure
change of one reagent along the constant change of another because of their mutual
influence.

1t is clear that in conditions where we have easily flotable sphalerite, and the
optimum, collecting of sphalerite will be increased. On the other hand it means that
a greater depressant expenditure will be necessary that itself may have a negative
influence on collecting of galenite surfaces.

For this reason we made the optimizing of these parameters by the use of full
factor plan, gradient of Box and Uilson method and we took the separation efficiency
for the target function because the treated parameters mutually influence it.

Full Factor Plan of Experiments for The Two Factors

Changeable factors:

x1 - collector expenditure KEX

x2 - Depressant expenditure ZnSO4 : NaCN

The target process parameter (parameter that follows the influence of the
given factors for the process) will represent the efficiency in the separation of lead
minerals and zinc minerals, digitly shown as the difference between lead recovery
and the distribution of zinc in the coarse lead concentration (I( %)Pb-R(%) Zn).

The zero regime (initial values for x1 and x2)

x1 =36 g/t X2 = 100 g/t ZnSO4 : 24 g/t NaCN

These values were taken on the basis of the average expenditure of the
mentioned factors in the last two years in ,,Zletovo” - Probistip flotation.
We accept the following variation intervals of changeable factors

Axy = gl Axz =20g/t: 4 ght

According to this, + 1 and -1 are adequate to the following values of factors:
+1 -1

x1 max = 42 g/t x1 min = 30 g/t

x2 max = 120 g/t:28 g/t x2 min = 80 g/t:20 g/t
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Our experimental plan is shown in the following table:

Table 1
Full factor plan of experiments for the two factors:
Number of assay . X1 X2
1 + (42 gh) + (120: 28 g/t)
2 ~ (30 g/t) + (120 : 28 g/t
3 + (42 ght) —(80:20g/)
4 — (30 g/) — (80:20 g/0)

The dynamics of addition of changeable factors in the assay:

KEX - in the phase of conditioning 80%

- after the fourth minute of flotation 20 % P

The combination ZnSO4 : NaCN was added during the phase of grinding

Y

Other constant conditions during separation of assay:
-fineness of opening in mineral raw material 65% - 0.074mm.
-pulp density -25%

-conditioning time = 3 min.

-pH=8.6

-flotation time = 10 min. .

All mentioned conditions agree with the conditions that prevail during the

phase of initial flotation of lecad minerals in ,,Zletovo” - Probistip flotation.

In the mentioned conditions experimental plan from Table 1 was repeated

twice, in other words, two parallel series of four assays each were made in coarse
lead mineral flotation and gave the following results:

~ First series of assays:

E — represents the efficiency of Pb separation in relation to Zn

E’ — represents the efficiency of Pb separation in relation to other minerals
E—1(%)Pb—I1(%)Zn:E =1(%)Pb—1(%)OM

Assay -1 Table 2
Prod. T(%) Po(%) Zn(%) 1B 1%)Zn ') E@%) E %)
Input 100.00 513 190 | 100.00 | 10000 | 100.00
K-Pb 13.00 | 4218 713 95.75 4875 584 47.00 | 89.91
Un. flow 87.00 0.28 1.12 425 51.25 94.16

4>
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Assay ~ 2 Table 3
Prod. T(%) Po(%) Zn(%) 1(#B)P I%zn ') B9 EB@®
Input 100.00 6.21 1.93 100.00 100.00 100.00
K-Pb 11.33 5153 512 94.00 30.09 4.14 63.91 89.86
Un. flow 88.67 0.42 1.52 6.00 69.91 95.86

Assay -3 Table 4
Prod. T(%) P (%) Zo@® 1@ KWz ) B B
Input 100.00 5.27 1.88 100.00 100.00 100.00
K-Pb 13.33 37.13 8.28 93.92 58.59 6.55 35.32 87.36
Un. flow 86.67 0.37 0.90 6.08 41.41 93.45

Assay - 4 Table 5
Prod. T(%) Pb(%) Zn%) 1P I%za 7 E@m B@)
Input 100.00 591 1.83 100.00 100.00 100.00
K-Pb 11.87 47.36 5.78 95.08 3745 4.82 57.63 20.26
Un. flow 88.13 0.33 1.30 4.92 62.55 95.18

— Second series of assays: .

E — represents the efficiency of Pb separation in relation to Zn

E' — represents the efficiency of Pb separation in relation 10 other minerals

E—I(%)Po—1(%)Zn:E = (%) Pb—1{%) OM

Assay -8 Table &
Prod. T(%) Po(%) Zn@%) 1@ Iwzn 0 B@ B @)
Input 100.00 6.38 1.85 100.00 100.00 100.00
K-Pb 13.00 46.17 722 94.00 50.68 520 43.33 83.81
Un. flow 87.00 0.44 1.05 | 6.06 49.32 94.80
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Assay - 6 Table 7
1(%) ,

Prod. T(%) Pb(%) Zn(%) 1(%)Po 1(%)Za 0 E@%) E®%)
Input 10000 | 604 172 10000] 100.00| 100.00 _
K-Pb 11.33 50.05 -4.99 9384 3291 435 60.93 89.48
Un. flow 88.67 042 1.30 6.16 67.09 95.65

Assay - 7 . Table 8
Prod. T(%) Po(%) Zn(®%) 1@P (%za {8 E@®) EBE@®)
Input 10000 | 614 ] 157 10000 | 10000 | 100.00
K-Pb 1600 | 3708| 603 9658 | 6147| 851 3511| 8807
Unflow | 8400| 025| 072| 342] 3853| owaol.

Assay - 8 Table 9
Prod. T(%) P(% Zn®%) 1B (%za X E@) B@®)
Input 10000 | 564 | 187 100.00| 10000] 100.00
K-Pb 120 | 4749 660| 9433 | 3959| 436| sa7a| 8097
Unflow | 8380 | 036] 127 se7| 6041] 9564

As you can see in the first and the second (repeated) series of assays, except
efficiency in Pb mineral separation in relation to Zn (E) minerals, which is our target
function, we also followed the efficiency in Pb mineral separation in relation to
other minerals (E'). :

It is quite clear that E' has high values in all assays which means that
changeable factors x1 and x2 by no means influence this size. This situation is quite
different when you follow the efficiency of Pb separation in relation to Zn minerals.
The value of this size varies from assay to assay very much. This points out the fact
that changeable factors x1 and x2 have a great influence on the size (E').

Bearing all this in mind, in the following pages we will make modelling of
E = f(x1, x2) dependence in the form of linear model in order to see the intensity
of influence by changeable factors on the target function and to determine the
gradient that we will follow in order to obtain its optium values.
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Experimental plan with the obtained results is shown in Table 10.

Table 10
Assay number X0 X1 x2 E1 Ez Ear. Er. ~ AE
1 + + + 47.0 43.3 45.1 442 0.9
2 4 - + 639 609 624 63.3 —0.9
3 + + — 353 35.1 352 36.1 —0.9
4 + — — 57.6 54.7 56.1 55.2 0.9

The experimentation plan was repeated twice. :

The results of the separation efficiency of Pb in relation to Zn minerals arc
shown in columns E1 and E2. The model was estimated for medium values of Esr
as follows:

bo = 1/4 . (45.1 + 62.4 + 35.2 + 56.1) = 49.70
bi=1/4.(45.1-62.4 4+ 352-56.1)=-9.55
by = 1/4.(45.1 + 62.4-352-56.1) = 4.05

According to this, the mathematical model of the process of coarse lead

flotation expressed through the separation efficiency of Pb and Zn minerals and - :

‘depending upon the factors xi (expenditure KEX) and x2 (expenditure *
ZnS01/NaCN), in conditional units is the following (polynome of first degree):

E =49.70-9.55 x1 + 4.05 x2

According to Kohren's, Studen's, Student's and Fisher's criterion we made
analysis of model and found as follows:

—coefficicnts bo, b1 and bz are considered as important and

-the model is appropriate.

This means that observed process is described correctly by the polynome of
first degree and the difference which appears between the experimental and mathi-
matical results is fortuitous.

Analysis of the Obtained Results

On the basis of the experimental results and the obtanied mathematical model
we may come to the following conclusion:

~The efficiency of the process of coarse lead flotation, expressed through the
efficiency of the separation of lead and zinc minerals, in relation to the factors x1
(collector expenditure KEX) and x2 depressant expenditure ZnSO4/NaCN) in
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conditional units, can successfully be modelled mathematically by the polynome of
first degree:

E=4970-955%1 + 4.05x2

- Both analysed factors (collector expenditure KEX and depressant expendi-
ture ZnSO4/NaCN) exert an influence on the separation efficiency of Pb and Zn
minerals during the coarse flotation phase of lead. Here, the influence of collector
expenditure factor is nearly twice as great compared to the depressant expenditure.
This is supported by the coefficient values ahead of the mentioned factors in the
mathematical model. In fact, the absolute coefficient value by which relates the
collector expenditure is 9.55, while the absolute value of coefficient bzwhich relates
to the depressant expenditure is 4.05.

- Our former conclusion can also be seen in the results of four assays from
the two parallel series. In the first and the assay of both series (assays 1 and 3 and
assays 5 and 7), where the collector expenditure is constant #nd maximum (42 g/t)
and the depressant expenditure variable, the decrease of deprgssant expenditure
increases the loss of zinc in the basic lead concentration by tens of percentage units:

from 48.75 % (assay 1) to 58.59% (assay 3) or from 50.68 % (assay ) to
61.47 % (assay 7). On the other hand, in the first and the second assay in both series
(assay 1 and 2 and assay 5 and 6), where the depressant expenditure is constant and
maximum, the decrease in collector expenditure decreases the distribution of zinc
in the coarse lead concentration by twenty percentage units: from 48.75 % (assay
1) to 30.10 % (assay 2) or 50.68 % (assay 5) to 32.91 % (assay 6). A more explicit
relation about the influence of collector or depressant expenditure change is obtained
if we observe the second and the fourth (assays 2 and 4 and assays 6 and 8) in the
same way in both series. In every assay the lead recovery in basic concentration is
very high. All this proves that collector expenditure has twice as greater influence
on the efficiency of Pb and Zn mineral separation than the depressant expenditure.

- In order to achieve optimum efficiency in Pb and Zn mineral during the
coarse lead flotation a further decrease of collector expenditure is needed, and at
the same time a further increase of depressant expenditure.

In this process it is necessary to decrease the collector expenditure from assay
to assay by twice as great speed than the increase of depressant expenditure,

DETERMINATION OF OPTIMUM COLLECTOR EXPENDITURE (KEX) AND DEPRESSANT
(ZnSO4/NaCN)

On the basis of the analysed mathematical model we made another series of
four assays. Basides the constant conditions that were equal to those from the first
and the second series, in this assay the collector expenditure was decreased from
assay to assay and the depressant expenditure was increased.
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Collector expenditure KEX and the depressant ZnSO4/NaCN in individual
assays was the following:

Assay expenditure expenditure

number KEX ZnSO4/NaCN
1 24 ght 130 g/t: 30 g/t
2 18 git 140 g/t: 32 ght
3 15 g/t 150 g/t: 33 gh
4 12 gt 150 g/t: 34 ght

It is clear that the rate of expenditure decrease KEX in relation to the speed
of expenditure increase ZnSO4/NaCN from assay to assay was twice as greater.

In Fact, in the first and the second assay KEX expenditure was decreased by
0.5.x1 value, while the ZnS0Q4/NaCN expenditure was increased by 0.5.x2. In the
third and the fourth assay Kex expenditure was decreased by 0.5. x1 value, while
ZnS04/NaCN expenditure was increased by 0.25. x2. In this way we go along
previously determined gradient towards the optimum region.

- Third series of assays:
E — represents the efficiency of Pb separation in relation to Zn
E' — represents the efficiency of Pb separation in relation to other minerals
E—I1(%)Pb—1(%)Zn:E =1(%)Pb—I(%)OM

Assay -9 Table 11
Prod. T%) Po(%) Zn®%) 1@ W%z D) E@®) E®%)
Tnput 10000 | 582| 171] 10000 | 10000 | 100.00
K-Pb 11.67 47.40 5.08 94.99 34.58 4.85 60.42 90.15
Unflow | 8833| 033] 127] s01| esa2| 9515

Assay - 10 Table 12
Prod. T@) Po(®%) Zn@) 1@ 1@z D) E® E®)
Input 10000 | 578 164| 10000 | 10000 | 10000
K-Pb 1213 4514 | 397| oae8| 2934| se0| e534| 8008
Unflow | 8787| 03s| 132] 53| 7066 | 9440
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Assay - 11 Table 13
1(%) o

Prod. T(%) Pb(%) Zn(%) 1(%)Pb 1(%)Zn ) E@) E®%
Input 10000 | 578 | 171 10000 | 10000 | 100.00
K-Pb 1233 | 4445 | 42| 84| 2972| 57| 6s12| 8907
Unflow | 8767 034! 137] s16| 7028| 9422

Assay - 12 . Table 14
Prod. T(%) Pb(%) Zn(%) 1(%)Pb 1%)Zn | g@ E(%) FE (%)
Tnput 10000 | 490 | 168 | 10000 10000 100.00
K-Pb 1100 4085 | 441| o9165| 2891| 55| 6274| 8611
Un. flow 89.00 0.46 1.34 835 7109 | 9%46 |-

[
LY

Analising the results from the third series of assays it is clear that in the second
assay we have a signifacant increase of separation efficiency of Pb and Zn minerals
in coarse lead flotation in relation to the first assay. In the third assay the value is
closely equal to the second, while in the fourth assay it significantly decreases.

This means that between the second and the third assay we obtain maxinmum
value in the separation efficiency of Pb and Zn minerals. After that, during the fourth
assay, there is a decline because of the significant decrease in lead recovery in coarse
Pb concentration, although zinc recovery in the same product decreases further on.
This shows that collector concentration in the pulp in the fourth assay was below
the minimum necessary in order to achieve collecting of all mineral grains of lead
bearers.

Bearing this in mind we may come to the conclusion that the optium KEX
collector expenditure in the coarse Pb flotation is 18 g/t, and the optium expenditure
of ZnS04/NaCN depressant is 140 g/t : 32 g/t.

CONCLUSION

Considering the completed laboratory examinations and the obtained mathe-
matical model for coarse lead mineral flotation expressed by the efficiency of Pb
and Zn minera! separation (E = 49.70 - 9.55x1 + 4.05x2) it follows that:

- Collector expenditure (KEX) has almost twice as great an influence on the
efficiency of lead and zinc mineral separation than the depressant expenditure for
zin¢ minerals (ZnSO4/NaCN).
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This leads to the fact that even a small increase in collector expenditure in the
pulp above the optium causes collecting of zinc mineral surfaces (sphalerite). This
is supported by the modern investigations according to which for the mineral
flotation, in this case it is galenite, a small or ,,practical” xanthate concentration is
necessary because its surplus remains in the pulp and may cause undesirable effect
during the selective flotation process;

- Optimum collector expenditure (KEX) in the coarse lead mineral flotation
of Pb - Zn ore from ,Zletovo” mine - Probistip is about 18 g/t. The collector
expenditure has been checked in process conditions of the plant flotation and the
obtained results point out the significant improvement in lead mineral and zinc
mineral separation during the phase of coarse lead mineral flotation;

- Optium depressant expenditure (ZnSO4/NaCN) of zinc minerals (sphaleri-
te), during the process of coarse lead mineral flotation from the same raw material
is about 140 g/t : 32 g/t.
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PE3UME

ONNTMMUPAILE HA PEATEHCHUOT PEXVIM BO ©®A3ATA HA
T'PYBA Pb-Zn ®JIOTAIIUJA BO PYJHUKOT
»3JIETOBO” - ITPOBHMIUTHMIIT

To10meor Baaroj, Kperes Bopue
Pynapcko-reoioluky gaxyater lrun

EduxacHocTa Ha [1POLIecOT Ha ceNleKTUBHA (HII0TauHCcka KOHIEHTpay-
ja, KaKko Haj3Ha4ajHa 1, BO UHAYCTPHUCKH YCJIOBY, HajlIPHCYTHa NOCTANka 3a
BaJIOpHM3allKja Ha THIMYHUTE OJIOBHO-IIMHKOBU PY/IH, Ce Orjelca npes ce, BO
noOuBaHETO HA KBATUTETHHU CeJIEKTUBHH KOHUEHTPATH Ha OJIOBO M LIUHK
NOrOJHY 3a HaTaMOILIHA MeTaJypllika npepaboTka, co BUCOKO HCKOPHCTYBa-
e Ha METAJIMTE BO THE KOHUEHTPATH. 3a [1a Ce NOCTUIHg, 0Ba, HEONIXOIHO €,
roKpaj IpyroTo 1a ce M3BPIIY MakCHMalHa cenapauuja (pqsmaojyname) Ha
ONIOBHHMTE M LMHKOBHUTE MUHepaH BO da3aTa Ha rpy0ba v onosHa daoTaluHja.
AKXO 0Ba He ce HaINpaBH, ke [0jae J0 3roJIeMyBamke Ha CONPXKHHATA HAa HHUHK
BO OJIOBHMOT KOHIIEHTpAT, IUTO ke Mpelu3BUKa ABOEH HeraTUBeH edexT.
IpEBoO, 3roJieMeHaTa COOPKHHa Ha IHHK BO OJIOBHUOT KOHIEHTPAT ja HaMa-
JyBa HeropaTa BpeAHOCT M, BTOPO, NPHUCYCTBOTO HA IIHHK BO OJIOBHHOT KOH-
LEHTPAT NMPETCTaByBa UCTOBPEMEHO U Heropa 3ary6a, 6uaejky HMHKOT on
BaKBUOT KOHIEHTPAT He Moxe edrkacHO f1a ce HckopucTH. IMajku ro ceToo-
Ba NpeNBMII, jACHO € JeKa IpouecoT Ha rpybo ¢aoTupame Ha OJI0BOTO
NpeTcTaByBa Haj3Ha4aeH CErMEHT BO LIEOKYIIHHOT MTPOLIEC Ha CEJIEKTHEHO
droTHpake HA TUNWYHHTE OJIOBHO- UMHKOBH PYIH.

Bo pamkute Ha 0BOj TPy, CO IIOMOLI Ha NMOJH (GAKTOPCKH NJaH Ha
eKcriepuMeHTH Ha proTHpabe (TpanMeHTHa MeToaa Ha Boks y Uilson), M3Bp-
ILIEHO € MaTeMaTH4YKO MOJENHpathe, CO MOJIMHOM OJ1 IIPB pel, Ha 3aBUCHOCTA
Ha epHKacHOCTa Ha cenapanujara (pa3[lBOjyBaHheT0) Ha ONIOBHHUTE M HUHKO-
BUTE MHHEpPAH Ol NOTpoLLyBaikaTa Ha KoJjiekTop KEX # morpoiysaikara
Ha IeNpUMATOp 3a LMHKOBHTE MUHepanu ZnSO4/NaCN. Bpa ocHOBa Ha 10-
BHeHUOT MaTeMaTH4KM MOZeJ, CO JA0JaTHA CepHja Ha OMUTH, U3BPIIEHO €
ONTHMUpame Ha MOTpOIlypavkaTa Ha konektop KEX u nmenpumartop (3a
UHMHKOBUTe MHHepaiii) ZnS04/NaCN. Ha oBoj HaYuH onpejesieHH ce ONTH-
MallHUTe KOJIM9MHU Of1 OBHE peareHcH ITo Tpeba na ce nogasaat Bo Gasara
Ha rpy6o dnoTuparbe Ha Pb-Zn-mMuHepanuTe, 33 Ja C€ IIOCTUIHE HHBHO
MAKCUMaIIHO Pa3[BojyBarse, OMHOCHO na ce nodue rpy6 onoBeH KOHHEHTPAT
€0 WITO MoMasa conp:KHHAa Ha IIHHK BO Hero.
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