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ARSTRACT

The amcnability of thrce samples of pyrite polymetallic
ore of complex composition, that had been sent from Portusal,
was investigated. The ore is characterized by fine ron-uni-
form dissemination of sulphides in pyrite.

Bulk-sclective flotation was fournd to be advantazeous
for these ores. Lead, copper and zinc concentrates were pro-
duced (samples 1 and 2 ) which proved suitable to be handled
by conventional methods of metallurgicaltreatment, the same
concerns the zinc product of the sample 3 ( zinc content 37-
~407%5) »

Recoveries of lead, copper and zinc irn corresponding con-
centrates were 30-42.6%, 50.4 - 67% and 55-69.87% respective-
ly.

In principle, the KIVZET - process can be used for treating
the semi-products obtzined according to the above flowsheet.

Bulk lead=-copper-zinc flotation concentrates can be treated
by using an oxidation-autoclave method with subsequent metals
recovery from leach productss The results obtained qualify the
corbined flowsheet to be technologically comietitive with the
bulk-selective flotation flowsheet.

Basic combined flowsheets for oret g atment have been pro-
posed.
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1. IDNTRODUCTION

The so-called cupriferous pyrite is one of the rars, but
most important minerals in Portugmal.

The Portuguese pyrite zone is located in the province
Alentejo. This is one of the largest deposits of massive py-
rites in the warld, 1its reserves exceedin; 200 mln. tons.

The deposit can be specified as a massive complex sulphide mi-
neralization since its ores contain galena, sphalerite and cop-
per minerals.

Pyrites in Portugal have been mined for many years as raw
materiels for industries using sulphur and for extraction of
non-ferrous metals from calcines. Amounts of ore minzd and
treated are very small. Preliminary investigations on pyrites,
according to the information available, conducted in 1972-73
(we don't know the country where the testwork was done), made
it possible to conclude, that these pyrites can be regarded not
only as sulphur-bearing raw material, containing sulphur, but
as a polymetallic ore as w3ll, which is especially impor*ant
taking into account a constantly increasing demand for non-ferro-
us metals inside the country. This factor may be a major impe-
tus for an increase in production of pyrites mined.

However, the characteristics of the Portugese pyrites and
their complex mineral and chemical composition made it necessa-
ry to carry out special extensive investigaticns. The pre-
sent investigation is a part of such investigations, accomplished,
within the frame of contract N 78/37 between the United Nations
Industrial Development Organization (UNIDO) and V/0 TSVETLET-
PRONEZPORT, on the subject '"Laboratory tests for determining
the amenability of three samples of massive sulphide polymetal-
lic ores to tencficiation (Portugal)".

The main objective of this investigation was to determine
probable process data and to develop an expedien’ flowsheet for
beneficiation of three pyrite-bearing ore samples.
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As specified in the contract, in the process cf conducting
these investigations, the Customer has been given two interme-
diate reports: the first one entitled "Mineral and Chemical Com-
position of Samples" was delivered in February, 1979; the secomd
one under the title "Investigations of Ore Treatment by Flotation"
was presented in September, 1979. The latter gives the results o
the investigations based on sample treatment by bulk-selective flo-

tation and by bulk flotation with subsequent selecticn of bulk lead:

—-copper-zinc concentrate. The report comprises no results on se-
lective flotation, since in the process of this research investi-
gation no expediency to continue the investigations in this direc-
tion was realized.

The present report is a final report where in separate sec-
tions are presented the results of the research investigations con—
cerned with a hydrometallurgical treatment of a bulk-lead-copper-
-zinc concentrate { ore samples 2 and 3 ) and a zinc concentrute
recovered from ore sample 3. In addition a conclusicn is drawn
on a feasibility of the "KIVZET" - process for some beneficiation
products,.

Since the results of the investigations on mineral and chemi-
cal composition and those cf the flotation tests on ore semples are
completely presented in the two above-mentioned intermediate re-
ports, in the present report these parts are set forth to such an
extent, so as to make a general evaluation of the samples amenabi-
1ity to beneficiation.

2. Mineral and chemical composition
of ore samples.

The composition of the ore samples under investigation was
specified on the basis of the study of their mineral, chemical
and phase composition ( see Tables 2.1 = 2,4), and a following
conclusions was drawn: the ore of the samples contains 81,4-88.2%
pyrite; 1t means, that, as a matter of fact, it is a pyrite poly-
metallic ore with dissemination of lead, copper, and zinc minerals.
Its characteristic feature is a fine and rather non-uniform dis-
semination of all valuable minerals in the pyrite, this




hesults of spectral nnalysis

.t o e Y T s A ¢ A e a it

. 5 Sensiti- 2 Content in samples, %
Zlenmcnts vity — —
1 2 .3
S S R L
beginning !
Silicon 0.001 tenths intezers integers
Aluminium | 0.001 tenths tenths {  tenths
agnesium 0.0003 tenths tenths {  tenths
Calcium 0.005 hundredths | hundreths hundredths
Iron 0.001 integzars integers integers
l'anganese 0.001 tenshs tenths hundredths
Nickel 0.001 thousandths |thousandths {thousandths
Cobalt 0.C01 hundredths |hundredths undredihs
Titaniun 0.001 thousandths |thousandths Ehousandth,
Yolibdenum 0.0003 thousandths |thousandths ; thousandths
Zirconium 0.C03 thousandths ithousandths | thousandths
Copper 0.001 integers tenths intepers
Lead 0.01 integers integers in%egers
Antimony 0.01 hundredths tenths hudnredths
Cilver 0.001 thovsandths {thovsandths | thousandths
Bismuth 2.C01 hundredths jthousandths | hundredths
Arsenic o 0.1 tenths tenths tenths
Zinc 0 integers integers integers
Cadmium 0.01 thouvandths' thousandths| thousandths
Tin 0.003 hundredthsz hundred+ths; hundredths
Barium | 0,03 hundredths tenths tenths
Ittrium 0.001 traces traces traces

s v,

The followinzg elements were not detected in samples:

chromium, van:dium, tungsten, hafnium, niobium, tan-

talum, barylliua, thallium, germnanium, gallium,indium,

tanthanum, strontium, lithium, phosphorus,uranium,

thorium, sczniium, cerium, rhenium.,
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Rzsults of chimical anidysis of ore
sauplos.
; Content, %
Comporents b e e e e e -
i Semple 7 Sample 2 . Sarmple >
. L | |
! i S o
j Le 2d | 122 ! 0.95 } 0.80
Copper 0.8% 0.30 ! 117
Zinc 2.86 2.68 2.08
. Sulphur 48.46 4747 1450
f Iron 40473 140,357 28.75
| Arseric 0.86 0.78 0.78
% Aluninium oxide! 0.4 0.22 0.18
; Yegnesiun o>:ide§ &£ 0.05 ~ 0.2 £ 0.05
| Calcium oxide 0.14 0.16 0.16
5 Silicon oxide 0.65 2,42 7.80
| langanese | 0.12 0.10 0.08
) Cobalt | 0.0366 | 0.012 0.043
, Titanium oxide : & 0.03 - £ 0.03 £ 0.0%
! Cadmium . 0.0066 0.009 0.0068
f Bismuth | C.022 0.0066 0,019
: Sodium oxide | 9.15 | £ 0.010 Z 0.10
; Potassium oxdide ; 0.3 ; 0.1 ' 0.3
’ Tin % £ 0.01 0.019 0.013
olibdenum | <€ 0,005 < 0.005 < 0.005
Antimony : 0.05 0.107 0.065
liercury ! 0.011 0.010 0.010
Ore contains, {
g/t
Gold E 0.85 0.82 045
Silver ? 20.9 42,7 20,04
{
t
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Teble 2.2
Results of phase cherical annlysis
for detectin; compounds of lead, copper zrd zZince.
' e
T:pes of compounds i_ ... Goentent,%
.. @3soluto _ , relative
é Samples T )
b e e e e e . s e
1 |2 | 3 1 2 E 3
P - B U i RSO Sl - ——
i 1
| | |
Lead compounds: ! !1 :
GALTFA 1,02 0.79 10,68 | 83.5 | 83.2 . 85.1
0YIDES 0.09 10.06 {0.03 7.4\ 6.3 1 3.
I i i
LEAD COUBINED ! | i ;
WITH PYRITE 0.11 . 0.10 ]0.09 ! 9.0 10.5 | 11.2
TOTAL IEAD 1.22 10.95 [0.80 1100.0 :100.0 :100.0
| 1 |
Covper comffinds: ! 3 '
‘ ; | ;
CHALCOPYRITE 0.42 0,05 20.77 48.8 ' 15,0 , 63.7
GRAY ORE .44 10,26 {0.48 1 51.2 0 85.0 3641
SZCONDARY SULPHIDES - - lo.o1 1 - - 0.8
TCTAL COPFER 0.86 0.31  '1.22 100.0 1C0.0 .100.0
| | ! '
t i q t
Zinc compmndss: : ! | ]
! ‘ :
SPEALERITE 2.57  2.39 191 1 89.9 89.2 | 93.2
S ITHSONITE .29  0.29 0.4 i 101 10.8 1 6.8
TOTAL ZIN .86 2.68  !2.05 100.0

100.0  100.0

PR




I'ineral composition and siue of mineral inclusions in ¢

Len | timemal Semlo 1 | “Saaple 2
, Content, | Size of inclusions, mm Cerient, Size of inclu
| % from ! up to |dominating i 2 e from up
! . | | |
- . - e o ’»‘;l» —_ - -?'f
" Ore minerals 99.0 ! § 5.0 :
: | ! ! |
1 Fyrite 88.2 0.004 I 9.0 t0.C4=0.1 | 8B7.4 : 0.C04 10,
? | Sphalerite 5.0 | 0.001 | 3.0 0.02-0.03 1.3 . 0.002 0.
5 , Arsenopyrite 1.7 0.004 i 01 2.01=02.02 165 j 0.003 T
4 | Chalcopyrite 1.3  lemulsion- | 0.2  0.01-0.02 O, ' emulsion- 0.9-
; ~type in- } i -type in-
f clusions | : ‘ ' clusicns
é less than ‘
!' O¢001 ' i
5 | Galena 1.3 | 0.001 041 0 (D6-0.02 1.1 0.c02 | 0.
3 i Smithsonite C.% 0.01 0.2 0.035-0.05 0.5 0.01 ’ C.
7 | Gray ore¥ 1.0 | 0.004 0.1 0.09-0.0%  C.5 0.008 | 0.
8 Bournonite 0.1 0.004 0.05 0.01-0.,02 Q.2 0.03 | =0.C
9  Boulangerite 0.1 | 0.008 0.05 | 0.01=C.03 |
10 | Anglesite solitary | 0.02 -0.03 | solitary 0.03  =0.C
? gralﬁg ; f mrains |
11 . Pyrrhotite solitary) ! | ‘ '
: grains [ z
12 . Stannite solitary[ 0.008 -0.02 : |
, grains ] ' ’
i ' . f
12 liagnetite - - - ! - 0.2 0.1 O
% Bornite - - - - | - L- SR
i : i '
I ) ; 1
| Non-metallice ! | E
minerals - 1.0 ! 4,0 ' \
! |
15 Quartz and chal- : !
Cedony Oc6 OaO" ! 006 0-05‘_001 201 O¢01 O-:
16 Sericite C.2 0.01 i C.2 0.04-0.006 1.2 0.008 O.
17 | Chlorite 0.2 0.02 . 0.2 0.03~0.05 0.3 0.01 0.
16 Feldspars solitary Lo
19 lcalcite grainsJ 0.05 0.1 0.4 0.05 0.

NOTE: %/ In samples 1 and 2 - tennantite, in

CSECTION
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Table 2.4
. ar? size of r.inzral inclusions in samples
o “‘Y T 7 WM—VSé-iﬁp].e » 2 - T Samp ~e_ 3‘~ o
- e RS - -
lCOHEE Ty Size of inclusions, mn __j Gontint, iSiZO;9?_?§3}?§i92§fjﬂﬁu_m*_
inating j ”? ‘ from  up to i dominating ’ : from‘ up to |dominating
: . ! | !
o T |
96,0 1 | 01,3 |
i |
! | ! i
Cu-0.1 0 87.4 0.004 10,0 | 0.06-0.1 = S1.4 10,002 5.,0-7.0 10.04=0.1
" ’\:—I—C\'Oi ) ’:;a; i 00002 005 j 0.02—0.0ll : Zobf CQOOZ 51 00-200 10001—0003
=002 1.5 | 0,008 i 0.2 © 0.02-0.04 | 1.5 0.004 | 0.1 io.01-0-03
)«1-0:02 ; O-? ; eIf'.u'lSiO!".-" 009_1 'O ; 00008"0004 ‘; 2.5 emulsion-l':)ol‘:"-O-5 0001—0005
~type in- i | ~-type in-—
clusions i clusions |
; | ? E
£0=0.02 44 0.002 0.2 | 0.01-0.03 @ 0.8 0.002! 0.2 10.02-C.03
+03-0.05 0.5 0.0% 0.2 | 0.03-0.C5 0.6 0.02 | 0.2  0.03-0.05
01-0.03 0.5 0.008 04 | 0.03-0.04 1.0 0.0041 0.2 10.02-0.02
€ .01-0.02 0.z 0.03 -0.04 0.3 0.002 . 0.1 0.02-C.03
{ of,lq"CoOB ( !
; solitery 0.03 ~0.04 i solitary 0.02 ! -0.03 -
grains, ] grains |
? | |
! ! F
0.2 0.1 ; 0-15 0003—0004 : - : - -
- - - - . svlitary, 0.004 ;| =0.01
i |  Tgraim”! ;
| | S
L 8.0 % 8.7 ;
; .
.05-0,1 2.1 0.01 0.25 0.05-0.1 .5 0.02! 1.0-2.0; 0.06-0.1
DU-0,06 1.2 0.008 0.25 0.02-0.,03 0.6 0.011 Ol 0.02-0.05
'r"Z‘-O-O5 0'5 0.01 001 0003-0004 003 O¢02 , 002 0003"'On05
004 0005 —0.08 ! 0'3 0.0z' i "O-OS }

samples 1 and

7

~

- tennantite, in tho sample 2 = tetrahedrits.

1

SECTION 2




dissenination veryins from 0.201-0.008 mm up to the predo-
minant size cof the followinz inclusions: for galena 0.C006=~
-0.02 mn  (sample 1) and 0.01-0.03 mn ( samples 2 and 3);

for chalcopyrite 0.01-0.03 mn (semples 1 and 3) and (.008-
-0.C4 nn (sample2); for gray ore 0.01-C.C4 mn; for sphale-
rite 0.02-0.0% mm, the latter contain'n: 4-7% of iron as an
isomorvhous admixture. It should be noted that quite often mi-
neral grains contain microinclusions of pyrite, and it was just
the presence of finest inclusions of pyrite zand sphalerite that
made it unfeasible to obtain a zinc concentrate from samp-
le 2.

The presence of finest inclusions of galena in the py-
rite is confirmed by the fact, that in the ores and beneficia-
tion products there is galenz "combined" with pyrite; this
galena w2s detected by phase chenical analysis at the size of
the ground sanple under investigation 92-9957— O.44 mm.

The presence of minerals showing a complex composition,
such as bournonite (CuFbSb, ), boulangerite (FbgSbySqq) and
gray ore (tennantite in sanples 1 and 3 and tetrahedrite in
sample 2 ) complicated, a2s it will he evident further on, the
process of minerals sel2ction, and, as o result, a corcentra-
tion of antimony within the lead and copper concentrates oc-
curreds Ores contain arsenic and mercury, the latter being con-
centrated within zinc concentrates (660-1200 g/t of nre).

Thus, in spite of the commercial contents of lead, zinc
and copper in the samples, due to the afore~mentioned features
of the ore mineral and chemical composition, the samples under
consideration are difficult for beneficiation.

3. Investigations of ore samples amenability
to beneficiation.

3.1, Conditions of testworke.

The size of the ore samples delivered was 10-100 mm.
After the general sample preparation and provision of average
samples, to study the mineral end chemical composition of the
oreg, the ore intended for flotation .estwork was subjected to




11.

Pad

grinding,; in small portiens, up to the size of -3 mm, in view
to prevent excegssive oxidation of sulphides during storages
As practice showed, an oxidation ¢f sulphides still occurred,
wnich manifested itself in a decrcaced flotation acitivity of
corper and especially lead minerals. ]

The natural pH of the pulp decrecased from 5,1 - 5,8 at the
start of the testworik to 4,4 - 4,8 at its completion, which
seemcd to be the result of increased amounts of ferrous iron
and sulvhates in the pulpe.

The grinding of the ore weighted porticns and the re-
grinding of the beneficiati on products were effected in labo-
ratory ball mills designed by the Nekhanobr Institute. Ball
charge and balls of a corresponding size were chosen for dif-
ferent stages of grindirg; thus, for the regrinding of the
beneficiation products, 3=5 mm balls were used.

The ore was ground with a solid/liquid ratio 1 : 0,5, whi-
le for the regrinding of the bereficiation products, this ratio
was 1 ¢ 1.

Rougher and scavenger operations were performed in a 3 1
flotation cell. The rest of the operations were handled by
using 1 to 0.05 1 cells. All the flotation cells were of me-
chanical type simulating industrial machines designed by the
Mekhanobr Institute. The air feed rates, controlled by flow-
meters and rotameters, amounted in all operations to 1 1 per
11 of cell per minute.

In the laboratory investigations a sédimzntation techni-
que was used for classification of materials. Then classifying'
0.01 - 0.02 mm fractions were removed.

Standard reagents used in the investigation were those
largely applied at domestic concentratiors. All reagents, ex-
cept lime and activated charbon, were added as aqueous soluti-
ons. Methylisobutylcarbinol (1IBC) was used as a frother for
all the beneficiation circuits.

The concentration of hydrogen ions was measured with a
glass electrode.




Tre tect: gimulating a continuous precess with the use
of four, Tive or ten batchzs (the latter was the case with
the lead-copper flotation ) have been run for four to five
deys. Cn2 intch wes treated for a day with all final products
recovercd. The middlings of the corrcsponding circuits re-
mained to be treated the next day. The composition of water
used in the ITlotation tests is given in Table Z.1.

TCblC 50 1.
Composition of water used in flotation
tests

Unit of mecasure-

Components nent Content
pH - 6.7
Alkelinity S e=€qe 0.22
Oxidzsbility mg02/1 5.9
Dry residue ng/1 795
Total iron ng/1 0.16
Calciunm ng/l 75
Sulphates ng/1 21.5
Chlorides mg/1 8.5
Bicarbonzates mg/1 15.0
Total hardness mE=~€GCe 0.

Z.2. Investipations with the use of bulk-
~selective flotation circuit

%.2+%e Lead=-copper rougher flotation.
It was considered expedient to grind the ore before the

flotation, so as to produce a minimum yield of + 0.044 frac-~
tion’which was done on the basis of the character of valuable




minerals dissemination in the pyrite and taking into account
the data obvalned as e result of the testwork on a probable
desintesration of mineral interlocks during the grinding pro-
CESSa

These analyses showed that in the + 0.044 mm frzetion 707
to €0 - 100% of sphalerite, chalcopyrite, gray ore and practi-
cally total galena are presented by interlocks, while a noti-
ceable desintesration of interlocked minerals could be observed
only beginning from a -0.03 + 0.019 mm fraction. Yet it was ad-
visable to minimize sulphides sliming, since the experience had
proved that increased amounts of fine slimes of valuable nine-
rals 2t the presence of pyrite not only result in a decreased
recovery of valuable components, but sharply deteriorate the pro-
cess selectivity. The tested regimes of grinding and classifi-
cation Gid not allow to avoid sulphides sliminge. Thus, when the
~0.044 pm fraction amounted to S4.77%, 91.9% and 92.5% in res-
pective samples 1,2 and 3, a yicld of a -0.010 mm fraction wes
34-39% (see diagrams in Fig. 3.1 ). A slight increase in the

~0.044+ mm fraction content was accompanied by a considerable in-
crease in the -0.010 mm fraction yield, which, as a result,would
have an adverse effect on technological results.

At a fine non-uniform dissemination of valuable minerals,
as a rule, nulti-stage grinding and flowsheets are used. How=~
ever, the tests conducted on the tested samples, ground in two-
~five stages, showed that at the optimur rate of reagent addition
for each ore sauple under laboratory conditions the ore can be
ground in two stages, since subsequent grinding stages did not
result in a somewhat appreciable increase in metals recovery,due
mainly to the above~mentioned character of disseminagtion. The
frother flotati.on products assaying a low metal content are re-
presented by pyrite comprising inclusions of lead, zinc, and cop-
per minerals of the size not exceeding 0.002-0.008 mm.,

In the rougher lead-copper flotation circuit, after a num-
ber of reagent addition patterns had been tested for depressing
sphalerite and pyritey there has boen applied such a pattern,that
ensured the most efficient effect, as compared to other patterns,
though ¢ven in this caso metal racoveries obtained were not highe.

This pattern is based on using sulphoxide Cofrpoundodin gl-

y . . . N . . e PR ol Yoo fopn RN
raline riodivm winh oubocguent oxidavior ol tho pull,y D2
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tation, and addition of zinc sulphate and cyanide into this
oxidation operation. This method of pyrite depression is un—
der the law protection in the USSR.

Sodium dithionite (Nazszoq) was used as a sulphoxide
compound and soda - as an alkali modifier. Sodium dithionite

is a technical product used in textile industry.

The required degree of oxidation, before flotation, was
controlled according to the pulp activity to oxygen, by measur-
ing the level of oxygen d em a nd the solid phase of the
pulp, in ml/g.hr.

The application of other reductznts, as wcll as the chang-
ing of soda for lime had a negative effect upon the technologi-
cal results. The pyrite and sphalerite depression in the clean-
ing operations was zchieved by adding reagents sifilar to those
fed into the rougher flotation ecircuit.

The test results of the compared reagent addition pat-
terns (as estimated on the data, obtained in the rougber lead-
—copper flotation of sample 1 ) are given in Table 3.2 The re-
sults testify the efficiency of the pattern selected as cormpared
with the other ones tested. Couparatively low lead and copper re-
coveries into a rougher lsad-copper concentrate seems to be a con-
sequence of the character of dissemination of the above sulphi-
des in the pyrite and of their considerable sliming in the grind-
ing operations. Thus, losses of lead and copper in the 0.005mm
fraction in the tailings of the lead~copper flotation are as high
as 30-40 % each; but at the sazme time a predominating amount of
lead and copper minerals, contained in +0.005 mm fractions, is
presented by inclusions in the pyrite; the size of these inclu~
sions is such that they could not be liberated by the grinding
means available.

The flowsheet and the reagent addition patterns for the
closed-circuit flotation tests were determined on the basis of
the open~circuit flotation tests. The results of the tests car—
ried out with the use of the optirum flowsheets and reagent ad-
dition patterns for each individuel ore sample are listed in Tab-
le 2.3, the flowsheets are given in Figs. 2.2 and 2.5. Due to
the unsatisfactory distribution of the middlings produced under
closed-circuit conditions in the I-st recleaning circuit for the
lead-copper concentrate of ore sample 2, these middlings were re-

noved from the process as a final product.
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Results of lead-copper flotation tests carried out
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The expediency of the avrplication of this technicue when ba-

neficilating the above samplse was governed by the minzral and
chenical composition of the product, namely: at a product si-

ze 1CC0% - 0.2 mm, free lead end copper minerals are practically
absent in it; galena, chalcepyrite and tetrechedrite are re-
presentsd by 0.002-0.08 mm inclusions in pyrite, seldom in svha-
lerite. Small amounts of bournonite and boulangerite contained
in the product are 0.002-0.CO04 mm inclusions in pyrite as well.
When conducting the tests on ore sampleé 1 and 3 the distribu-
tion of the middlings produced in the lead-copper flotation cir-
cuit under conditions of a2 continuous process was satisfactory.

%e2e2¢ 2Zinc flotation.

The presecnce of a large amount of pyrite in the ores,their
intimete association with all sulphides including sphalerite, as
well as the presence of an isomorphous iron admixture in sphalerite
made it difficult to obtzin high grade zinc concentrates.

The zinc recovery from all the ore samples did not cause ex—
treme difficulties without preliminary thickening ol the lead-
-copper Ilotation tailings. The sphalserite activaticn was car-
ried out by means of copper sulphate; the pyrite depression wvas
conducted throuph pulp aeration with lime being fed into this
operation up to pH = 11.8 - 12,0 1in the flotation process,which
corresponded to a 230 - 300z/m3 content of free calcium oxide in
the pulp, and mixing, before flotation, with small amounts of cya-
nide.

A number of collectors tested in this flotation circuit has
not shown any advantage over butyl xanthate, with the use of which
all subsequent investigations were conduw ted. The investigations
have shown an advisability to beneficiate the middlings of the
zinc flotation circuit of all ore samples in a Separate circuit
and to rcmove from the process a part of the pyrite as a cell pro-
duct ( zinc flo%tation tailings ). Highly various and, on the who-
le, low motallurpgical results wvere obtained in the zinc flotation
circuit (Table 2.4)., ''hen treating ore sanmple 2y with a zinc ro=~
covery into a zinc concentrate beins; 6%.3% ( as considered from
the oro ), there hss been produced a zinc concentrate with 51.00%5
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zinc ( tests 5%, Fig. 2.5 ). TThen carrying out the test
on ore sample 1 according to the flowsheet in fig. 3.t (test 98),
a zinc concentrate containing 50.31% zinc was produced with zim
recovery into it being 55.5%; a semiproduct was produced from
the middlings; into this semiproduct 13% of zinc was recovered
with its zinc content being 35.%4%. W“aen treating ore samp-
le 3, no zinc concentrate was produced by using all ths flowshe-
ets tested. In the test test ( test 1059, Table 3.4 ) carried
out according to the flowsheet in Fige 3.4, two zinc products
were obtained - one conteining 40.21% zinc, the other - 14.2%
zinc, with zinc recoveries into them being #9.6% and 19.55 -
respectively .

Known flotation methods, used for pyrite removal and zinc
content increase in zinc concentrates and products, have not
yielded satisfactory results in this case, that can be explained
by the presence in these products of large amounts of free 0.008-

f -0.02 mm sphalerite grains, as if "filled" with macroinclusiomns
of pyrite, and larger grains of pyrite with sphalerite inclusion ,
the size of which does not exceed 0.006-0.008 mm,

3.2.%, Lead~-copper concentrate
selection.

In the practice of selective flotation one of the difficult
tasks is lead-copper concentrate separation. In our case the task
was aggravated in that the product to be sepamted contained a
large amount of pyrite and was rather a fine materiel ( 100% -

-~ 0.030 mm fraction ), and in spite of the regrinding operation
prior to separation, the pyrite occurred not only in a free sta-
te, but also with inclusions of minerals to be separated.

As it was mentioned above, the lead minerals were represented nnt
only by galena, but also by bournonite and boulangerite, the cop-
per ones - by chalcopyrite, gray ore (tennantite and tetra-
hedrite), whose bechaviour during the separation process was not
clear. According to the chemical phase analysis, the lead-copper
concentrate contains copper in the form of &ray copper within the
range of 44-48% (samples 1 and 3) to 90% (sample 2),.

i
i

é




Table 3.5.
Results of Pb-Cu concentrate separation
tests in the open cycle
' I - — e g e et e : ' B
' Sample] Test Yield Content, % Recovery, % i Selecti- ; Remarks
% ilose. Nose Product % ’ ’ ' j vity in-
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: B L Nl B B ! Cu
{l 4 O B EAc S ST Paa2R PEGAN I i 22 2 3N .:.‘.;'JJ‘» ¥
i l ;
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In the present investigations cyanide and cyanide - free
flousheets werc used because of their agbility to provide the
highest selection rosult s at the stage of research.e In both
cases, belfore the separation process, a desorption of reagents
with activated coal was carried out, +the consumption of the
latter being 75 - 80 g/t of ore; this corresponded to a 350 —
- 400 g/t bulk concentrate. The cyanide technique provides
for a concentrate treatment before separation by cyanide and zinc
sulphate in a soda medium, at pH=9 - 9.5 for copger minerals
depression, the second technique serves for concentrate treat-
ment — by ferrous sulphate ond sodiuc culphete at pH=5.5 - 5.6,
created by sulphuric acid, to depress lead minerals. The cyanide
- free flowsheet was recuireda four separation of the lead-copper
concentrate obtained from ore sample 2, since during the tests
it was found out that in the presence of large amounts of tetra-
hedriie the separation of lead minerals from copper ones by cya-
nide was unsatisfactory. The copper minerals floated actively
into a froth product together with the lead miperals, and their
floatability increased with greater cyanide addition. It should
be ‘noted, that in our case due to the large amounts of pyrite in
the lead-copper concentrate, with the use of both reagent pat-
Yerns, out of the cell products, there have not been obtained cor-
rosponding concentrates - additional beneficiation was required
for the flotation circuit tailingse. The results of several lead-
~copper concentrate separation tests carried out in an open cir-
cuit under optimum conditions are shown in Table 3.5, the flow-
sheets and test conditions are given in Figs 3.6, The method of
lead~-copper concentrate separation in the absence of cyanide is
under the law protection in the UJSR.

3.244, Testwork concerned with production
of pyrite concentrate.

-

The tailings of the ore flotation circuit for ore samples
1 and 2 contain 50-587% of sulphur and are, as a matter of fact,
& high quality pyrite concentrate: a pyrite flotation circuit
is envisaged only for boneficiation of orc sample 3. '"ith thig
purpose in view, after the zinc flotation -etreutti ihc tailincs

of this circuit were thieckaned up to =60 % solids, repulved,




1062

Product

Pyrite
concent-—
rate

Tailings

Initial
product

Results of flotation tests with pyrite recoveored from flotution
ore cycle tailings of sample 3 with ferrnus culphate

Yield, % Content, % _ _  _ . ; » Begdféry;:%nm
" Ore | | | ! | Pob Zn Cu ; @
oro Opera= P+ Z2n . Ou S I“orejopsra- “orc :opera= ore lopcra-. ore
T | | | tion | tion Ction |
| | | | | | ;
| : ‘ | S ? |
? | : ' , _ : : ‘
| | | | | - S :
. 5 | ! ‘~ : ; : ‘ ;
61.6, 7743 0.18 = 0.15 ; 0.18 50.31] 13.41 43,3 4.7 © 55.9 9.5 | 63.8 | 5C.5
; ; i ; f | : : e
18.4 22.7 0.80 @ 0.42 | 0.3529.2 | 17.51 56.7 3.7 | as.1 54 | 360 : 1.2
, : 5 : ! : ‘ ; ' ! !
! i H . | : : ! : !
: i : : 5 : , ! | ! |
79.7 1100.0 0.32 | 0.21 | 0.22 45.52: %0.9 100.0 8.4 :100.0 14.9 11000 |
3 : ! | i ? | i , 5
: | i i i i : ; i :
: ' i i ‘ i ‘ r !
: . # { - B VUMY SISO UV U

O
tien

<

ST

-

14 100.0



~

sulphate { 7 k¥>3/t of ore ) or sul-
phiric 2cid (4 k3/t) bo reduce the pulp clkalinity. The ilo-
tazion was run et pHew? with bubyl xanthate anl a frother.

as produced a pyrite concentrate containins S5C.315 sul-
phur, the recovery of the latter from the cre beins $5.56% ( as
corsidered from the flotation - it was 85.4073 ). The data gi-
ver in Tables 2.5 and 3.7 testify that the pyrite flotation
tailings (as compared with the pyrite concentrate ) are bene-
ficiated with lead, zine and copper, and are presented by a
fin2r material, the predominant metals ccncentration occurring
within a 0.01 mm fraction. Losses (from the product) in this
fraction were: for lead -~ 85.23%, for zinc 83.5%, for copper
75“%. The mineralogical anclysis of the pyrite flotation tail-
ings showed, that alongside with pyrite, in the tailings in no-
ticeable amounts are present non-sulphide mirerals. The sulphi-
des are presented either as free fine grzins ( 0.006 to C.CC2mn
and finer ), or as emulsion-type dissemination in pyrite (lead,
copper, and zinc minerals ) and non-sulphide minorals (211 sul-
phides includinz pyrite).

The difficulty to estimate fine materials under the micro-
scope did not nmzike it possible to evaluate the character of the
minerals being lost with a sufficient degree of accuracy (frce
fine grains, mineral inclusions), but the order of the vzlues
ziven zbove are illustrative of the fact that their recovery are
a problem. Besides, into the pyrite céncentratc there hove been
mainly floated coarse free grains of pyrite and grains containing
microinclusions of valuable ninerals, the presence of which has
been traced in all the size fractions.

We suppose that 1f it 1s necessary to reduce ron-ferrous me-
tal contents in pyrite concentrates of samoples 1 and 2, a refloat-
in; of ore flotation teilings will be rcquired.

542050 Final experiments, conducted on the
basis of continuous operation.

The experinents with a view to determine probable metallur-
glical data of th:z ore samples were conducted acco ding to the com-
plete flousheet, under conditions of continvous operation, on the
basis of the data obteained in the tests with an open circuit. Tie
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nzd gro given in T %le 4485 the flowsh

The tatle shows that lead, copper and zinc concentraztes
have been produced as a result ol the ore sarples beneficiaticn

( zinc concentrate was obb:ined from samples 1 and 2 ). Leod,
coprer and zinc recoveries into reopective concuntrates totall-
ed 30-4..6% lead ( lcad contoent in the con

corncentrate boing 4C.5-
=5Ce8% )y, SCe4 = 67% copper ( coover con
n

rr

rate being 16-24% ), and 5.5 - €C.8 % zinc{Znconbtent of the con-

nt in the ccncent-

2

centrate beinz 50.31-51.83%). The zine concentrate could not
be produced from scmole %, the recason for it beiny specified ear-
lier (Section 7.2.2). Two zinc products have been produced: a
rich one containinc 40.3% zinec, with a 4¢.55 zinc recovery,and
a poor one¢, precduced when processing the middlings of the zinc
flotation in a sepsrate circuit, this last one contzining 14.2%
zinc with a 19.5% zinc recovery.

It is necessary to take into consideration, that certain
difficultics heve been encountered at the final stage of the ex-
periments, because of the ore oxidation which had a negative ef-
fect on the final metallurjicnlresults, especially in the case of
sampie 5, namely: the copnar content in the copper concentrate
was lower, and the zinc content in the lead concentrate -~ higher
than the Vilats, obtzined in the course of conducting the in-
vestigations.

The following products (except the zinc products of semp-
Je 3 ) arc of interest owing to high metal recoveries into them:
the zinc product contzining 25, C4% zinc, produced from the midd-
lings of the zinc flotation clircuit for orc sample 1 with a zinc
recovery 1%.25¢4 the copper flotation tailings; the final products
of the lead-copper flotation circuit for ore samples 1 and 3; thex
products contain 3.9 - 6.5% lead, S.4%3 - G.44)5 zinc and 2.36 -
- 4.31% copper, a cumulative metal r:covery into themr bein-
23.9 =~ 45.%%; the lecad-copper middlings and the tailings of the
lead flotation circuit of sample 2, a cunulative mctal recovery
into them being £0.8%,

The final beneliciation products were analysed for silica,
for accomnanyinrg and precious netals and for detrimental impuri-
ties (T2bles %.9 and 2.10),




Content and distribution o metals acco:v
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of pyrite cycle szmple
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| J ‘ : T

' Pb Zn Cu S | ore \product ore product ‘6fé§

. | |

]
|
[ SR
l
!
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atlon - metals according to rroduct sizes
rite c¢rcle szmple 3 flotation

ntrate Pyrite flotation tailings
on Distrivutigp, % O Yielq,% ‘%u ____ Content, %
et ore productT ore produét orefTﬁr‘dd{lct; ore product Pb Zn Cu S . ore wmx
| | | ! )
- — e . . R ___t‘,..___._,.__‘-,, b — . .-
i ' ; l
| o o
! | a
10,26 2.0 0.64! 0.49 | 0.5 0.3
‘ e . i . i . o) 11068
0.67 34 1320 93.9 | 4.7 6.8 117 6.5 0.38) 0.22 | 0.5 0.2
- : | ' |
0.35 7.4 11,161 12.2 | 4.3, 6.3 ! i
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: E : 1 |
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‘ | | ! e} £
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Table 3.7
ite {lcotation tailings
Contwél:;;;ﬁ% Distribution , % i
T T T 7, P R T T . s
b 1 Tb zn Cu
. Zn Cu S ore product ore product ore product ore product
| | |
‘ i ! | , i
c.66L 0. L5c . 0.3 1.6 0.08, 2.3 0.18 3.k
o 0.49 1 025 41,68 ., | 0.tk
| ' | { ‘ ,
¥ 1 ; ‘ |
| i | | | |
J i . | :
| | '; | | |
C'js’i 0.20 0.18: ,13060 0.6 3.5 i 0015 5.5 : 0020 3-7 0.4 304
| ; i ‘
O.[".’]; 0.22 0.195 14.m ; 1.0 505 i 0021 5.7 i 0031 508 0-6 502
( } :
0,97 0.50 | 0.38 36.00 | W9 8543 | 3.09 83.5 | 4.06 75.1 10.2  86.3
l ! ‘} ' ; | ‘ i
o.go; 0.42 | 0.35 29,20 ! 17.5  100.0 ; 2.70 100.0 . 5.4 100.0 11.8 V1OO.O
i : i : i
: ' l
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Results of final tests on ore samples, conducted on ore
samples on the basis of continuous operatvion.

! Yield, %

P roducts ! Content, % | _Recobery, %
ore O%iii—i b Zn cu | Pb B Zn ‘ Cu
. i . ore: opera- ore, opera= “ore[opcra—
§ ! { i tion. . tion | tion:
‘ ! : X ; { i
1 1 - : - i - I — . R e ,»_~..._,...-.Q'.___._-- ? - e
3 . 4 | 5 | & ' 7 8 9 } 10 11 7 12 15!} 14
e . i B L L i - o '
T AN S S R
Pb-concentrate 1 0.7 } 9.8 50.8 ?2.10i 3.56 30.0! 46.91 0.5 ¢ 4.8 | 2.9i 3.7
. ; ) i ! ‘ | .
Cu~concentrate P 2.2 1 31.0 55.865;2.05;24.005 10.9% 17.C° 1.7 ' 16.2 {61.1; 28.4
Cu-flotation ? f { ﬁ | 5 : : | '
tailings 4.2 15942  6.50 | 5.43 ] 2.86 | 23,1 3641] 8.3 | 7940 | 13.9| 17.9
! i ; ! i f £ : :
FPb-Cu concentrate 7.1 100.0 10.67 '4.05| 9.47 | 64,0 : 100.0'10.5 1100.0 i 77.9{100.0
Zn-concentrate | 3.0 C.51 504311 0428 | 1.3 55,5 | 0.9
.é ‘ ‘ ’ ’ f ! ‘! H i
17iddlings flotation | i % | ! i ? ; % *
Zn—-concentrate i 1.0 } 50.75 55.94§ 2.54 0.7 ¢ !15.2 | ' 2.9k
Zn-flotation ; } | ‘ | } | i ‘ !
taillngs 11304 l i0045 320251 0039 502 i {11.0 2 i 6001
‘ ! n ' % '-; ' ' |
{ : i I j
Ore Too.o 1.18 12.72 . 0.86 1100.0 | 100.0 i 100.0 |
: % | : |
| I o | o
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Pb-concentrate
Cu-concentrate
Pb-flotation
tailings
Pb-Cu-concentrate
Fb-Cu middlings
Zn—-concensrate
in-flotation

L tailings

Tailings
Ore

Pb-concentrate

i ou-~concentrate

Cu-flotation
tailings
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616
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5 | 6

!

|
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| 5.07 1 4,84
3464 0,20
51.88  0.26

: 1.56% 0.16
. 0.32.0.086
2.68° 0.29

3,02, #4.28
 5.50 15.71
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.20, 1.74
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0.15 0.18
0.42 0.55
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e activ.c-~rbonr - 12¢/¢ M
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. mixing mixing 3 min. f
butyl xanth-¢gfx  0.5min, " L LA )/ scavensor
| 1IBC ~2g¢ ’ * flot,Smin.
cleaning 8min. )
. Cu-flot-tion 10min.
| mixing 0.5min . Zn-flotation
F butLl xanth-,&‘[/n tailings
‘ - ’ I-s5t roﬂ ,arwnr -
Cu~- e
“w—%u-flot.smin. r omin.
| ' Zn~concentrate of &
! niddlins flot. ’ S E CI | 0 N 2
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cleanin: flntation 5 nin,
PR mivine 3 min, ]
j Cal -/5_00/&
: mixing % min. ‘ tailings




vy

W

19}

A5 Szen frow Tubles 2.9 and 2010 oand commarins their da-

te with vlose given in Table 2.8, it follows, that the teil-
ings of the zinc flotation circult for all ore samples are si-

milar to those of the ore flotalion circuit, as to their sul-
phur and iron content, and may become a supplementary source of
pyrite vroduction. 75-827 of arsenic (as related to its con- '
tent in the ore ) roxzirned in the pyrite-bearin: tailings of
the orc flotation circuit. The lcad concentrates of all the samp-
les contiin 1.32-2.75 % antirony; 4% of antimony is contained
in the copper concentrate produced from ore sample 2. The cop-
per concentrate contains silver os rmuch as 2370 g/t, its re-
covery being 40.2% (the copper recovery into the concentrate was
50.4%). Silver is contained in all lead concentrates, in amounts
of 700 = 777 g/t. In no products there was gold concentration
of practical value, since 75-85% of gold remained in the tzil-
ings of the ore flotation circuite. It is possible to sssume that
in this case 0ld igassociated with pyrite. With mercury content
in the ore being 0.070 - 0.011 %, its amounts in the zinc con-
centrates reached 0.066-0.12005.

To evaluate the resuvlts from the standpoint of the ore mi-
reral and chenical composition we have studied the composition
of some final benefliciation products, by makin~ use of dispersion,
mineralogical, x=razy difiraction, phase-chemical and chemical aznn-
lyses.

The data obtained make it poszsible to conclude:

-~ Most metzl losses in the tailings of the ore flotation
circuit are concentrated in a 0.010 mm fraction and make up 12.6-
~20% lead, G+ = 10.9% zinc, end 6.0-11.5% copper (as relat:d
to their content in the ore )eo Tr.oush this fraction vas not do-
tected with a microscope, cne can otill assume, that it is the si-
ze of ninerals in this fraction, that creates difficultics for th:
flotation process znd desintegration of intergrowths, thaet moy
occur in this fraction. The fact, that the values of metal con-
tent in all the other fractions are close to each other testifies
about the presence of fine dissemination of the sulphides; this
assumption was corroborate. by a mineralogical analysis which show-
ed that lead, copper end .inc mineral inclusions (integrowths )
are prevalling in the pyrite, the size of inclusions and frce

grains being 0.004 - 0.0C2 mme A characteristic feature, eosye-
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1

cially ZTor the t:ilings ol ore szupls -, is the vrescones of
sphalerite (irpregnated wilh finest inclisions of pyritejani in-
clusions of sulphides, mnustly pyrite, ia She non-sulphide i-

o

arals. The observed individual inclu:ions of anclesite and cmili-
sonite in the pyrite boaving the size of C.0046=C.005 mm conteln,
in their turn, microinclusions of pyrite. "he results of the pha-
se chemical analysis confirm, in their turn, the data obteined

by the minecralogical annlysis relative to the forms of the ne-
tals lost in the tailings and show a close connection existing
between the lead mincrals and the »yrite, this being evidenced

by the fact that the tailings of all the samples show the pro-
sence of 3.1 % to 7.7% lead associated with pyrite. 5.7% to
155 of copper ( from the ore copper content ) is lost in the
form of gray ore in the tailings of the orz flotation circuvit;
the final products of the lead-copper concantrate separation are

-80-85% pyrite occurring, normally, as free grains, while the lead

and copper minerals in more or less equal amounts occur as 0.0C1-
-0.002 mm inclusions in the pyrite and as free grains whose si-
ze doesn't exceed O0.C04 mm; +the same is the size of free spha-
lerite grains; pyrite is a prevailing mineral in the teailings of
the zinc flotation circuit ( 90-92% of the product),it occurs
mostly as free grains, while lead minerzls (galena and,rarely,
anglesite), copper mincrals (chalcopyrite and gray ore). and
smithsonite are encountered exclusively in the Torm of inclusiomns
and microinclusions in the pyritej; free grains of sphzalerite in
the product prevail over its intergrowths. It is at the expense
of the sphalerite that the zinc is lost in this product; more thon
a half of copper and zinc minerals in the lead concentrate occur
es intergrowths with pyrite, rarely, with galena and sphalerite.
Tree grains of minerals are often overground end have a size of
0.002-0.006 mm. A high centent of antimony in the lead concent-
rate of all the samples is caused by the presence of 107 to 15%
of bonrnenite containin:; about 25% of antimony; a characteristic
feature of the copper concentrates is the presence of sphalerite
occurring as free grains, often overground, the size of intoer-
growths of sphalerite with pyrite encountered is 0.006-0.CC8 mm,
while the lead minperals in the product prevail as intergrowths
witk oth3» mincrals, the size of their inclusions not exceeding
0.0C4=0.,006 mm.
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snd racovery of metall impurities

nto benaficiation products

Yleld Contents, 5%
- 3 ; /o -
Froducws Sul- .. Arge- Cod-  Dio- Anti- Co= .o o
phur nic mium nuth mony balt cury  ci
ox:
Lead concentrate C.7?7 271.34 1519 Q.44 0.0075 0.33 1.32 0.009 O.OﬂEEXX/
Copper concentrate 2e2 22.25 2049 0.40 0.004 0.047  0.068 0.011 0.C155
Covper flotatlon
Leald—-copper con-
centrate 71 38,56 33,8 0.%9 (.010 0.067 0.1838 0.C226
Zine concentrate Z.0 3%2.00 13.29 0.40 0.009 .00 0.037 0.00BE\O-OSG
Zirc concentrate of
widdlings flotation 1.0 Z34.35  27.26 Q.48 0.072 0.018 0.035 0.016
Zinc flotation
Tullinzs 755 50.00 42.52 0.380 C.002 2.018 0.046 C.0328
Ore 100.0 48.40 40.7% (0.80 0.C066  (C.C27 0.057 Q.0366 C.11
Lead cconcentrate 10 20.89 17.15 0.52 0.011 C.ouu 1.48 0.C05 Q.C027 .1
Toooer concentrate 0.¢ 30.77 20.72 0.74 0.016 C.C21 4,0 0.C055 0,059 (.74}
Lzed flotetion
sz lincs 1.9 44,60 39,00 0.68 C.C12 .020 C.040 ©.079 Tez(
Zead-copper con-
centrate 78 28.08  31.29 0.64 0.012 0.031 1.3538 0.042 C.o
Lcai—-copper nidd-
lings 7.9 47 .54 42.44 Q.01 0.CCS 2.0074 0.085  0.011 Te7
Zinc concentrate 590 32.60 12.40 0.40 0.125 20026 0.0%1 C.0C5 0.120 C.=Z
2.nuc flotation Lo
teilinzs 5.5 4G.00 41,50 0.73 C.002 Q.OO65 0.020 0.C12 Zel
Toiling 792 47,86 42.00 0.75 0.004 2.0055 0.055 C.011 e
Co. 10000 4704‘6 14'0057 Ol72 O.QC9 e ./Obo C.’lO? O 0/12 O.UI Ze
Lozd concentrate 0.6 2243 11.S0 0.28 0.006 Le022 2.75 0.0055 0.0155 0.1
Cenper concentrate 4,7 25.19 20,72 Q.34 0.011 BRI 012 0.021 0.062 C.:
Co;‘,L rlotztion ,
tallings 271 45,006 40,95 0.71 C.0C3 7,017 0.045 0.063 Te3l
Lecd-copper con- ]
cunirove (7014' 37.13 32.10 0044 010097 3‘.085 00515 OOOB C '-
Zinc product 2e5 25.09 28,84 (.52 0.071 5.016 0.043 0.020 0.076 C.-
Z2inc concentrate of
12@;111 5 Ilotatlon 208 40 5 /3.2\3 0092 00023 C.011 00026 C.0t1 2eG
71nc ‘lotatlon :
voilings 76 45,47 LO.CO C.83 C.004  0.01% 0.059 C.C58 0.5
Yyrive concentrate 95146 50,431 Lbo2z C.63 traces  L.01 0’033 C.CHO  0.043 5.9
“eilings e 29020 25.1% 1.16 0.0176  L.0Z1 0,086 0.045
0 1C0.0 G4e5 23,07 0492 0.0002  5.019 0.065  0.041 0,010 3.7
1 { A by
Lote:  x/  Uh f o banelic iinchs o L f




rouv ol metall impurities Table 3.9 &3,

LI LICOUCTS
CRecovery,m
SLo- Anti- Co- Yer- Sili_r Sul;“ j;“ Cade B Camrt A 7 Silicium
Sutn mony talt O 1 on Arse~ Ced- Bis- Anti- Co- .a
cury cium  phur nic mium muth wony balt cxde
oxide
0.23 1.32 0.009 0.0155° x/ 0.3 0.3 0.4 0.8 8.7 16.2 0.2
2.047  0.068 0.011 C.C155 1.5 4.6 1.1 1.3 3.8 2.6 0.7
".025  0.065 0.031 4.0 4.0 3.7 8.9 5.5 4.8 2.5
70537 0.188 0.0226 5.8 5.9 .5.2 11.0 18.0 23.6 4ot
27?1 0.037 0.0083 0.066 2.0 1.0 1.5 45.0 0.8 1.9 0.7
L2130 0.035 0.016 0.7 0.7 0.6 10.9 0.6 0.6 Colt
53 0.055 0.044 | 13.6 13.6 17.1 10.2 29.3 13.0 16 1
L3050 0.046  0.038 77.9 78.8 75.6 22.9 51.3 60.9 78 ot
L1270 0.057 0.0366 0.11 100.0 100.0 1030 100.0 100.0 1C0.0  100.0
S0k 1,48 0,005 0.027 0.15 0.6 0.4 0.7 1.2 6.7 13.8 0.4 0.06
L0221 4.0 0.0055 0.059 0.15 0.7 0.7 0.9 1.6 2.9 33.6 Cott 0.06
L0310 1.2568  0.042 0.97 3.1 2.9 3.4 S 13,2 48,1 13.3 1.56
LCL7% 0.085 0.0 1.00 7.9 8.3 6.7 7.9 8.9 6.3 7 02 3,32
..725 0.031 0.005 0.120 0.20 2.4 1.2 2.0 50.2 1.4 1.0 1.5 0.30
255 0.080  0.012 3.0 5.7 5.6 5.5 1.2 5.5 4,1 5¢5 6.5
055 0.055  0.011 2.64 80.9 82.0 82.4 35.3 66.0 40.5 72.5 87,38
W65 04107 0.012 0.010 2.33  100.0 1030 1.0 100.0 100.0100.0 100.0 100.00
TZ2 2.95  0.0055 0.0155 0.18 0e3 0.3 0.2 0.5 (.7 25.6 0o 0.04%
4 0.2 0.021 0.008 0.30 3.7 3.7 2.2 7.6 3.3 8.6 2.4 0.17
47 0.045 0.068 1.60 2.2 2.2 2.0 2.5 27.6 1.5 2.5 C.41
5 04313 0.033 0.66 6.2 6.2 4ok 10.6 31.6 35.7 6.0 0.59
16 0.048 0.020 0.076 0.88 2.0 1.8 1.8 26.2 2.0 0.7 142 0,126
11 0.026 0.041 2.0 2.6 2.4 3.5 11.6 1.5 14 2.8 0.67
\/Iz 09059 00058 OOSO 7'8 8.0 8.6 405 4-9 700 1007 0046
<1 0,083 0.C40 0.043 3.93  69.6 70.0 53.0 -  31.5 3t 9.6 29.10
210,086 0.045 31457 11.8 1.6 28.7 47.1  28.5 240 16.7 68.92
4G 04065 0.041 0,010 3.29  100.0 170.0100.0100.C 10

0.0 100.0 100.0  100.0

cotscbs were noboanclyead for | S E [: T ' 0 N 7




=2 Shetme ZRu0s 2071 2404w 0I5 C.TSE Cl037 40 he
Tel ST s Z2e20 (5% .00 L2537 00133 Q.C226 5.8 5.°
Z.0 52.00 12.2% 0.0 0.00% ¢.0071 C.037 0Q.C083 0.066 2.0 1.0
1.0 Sie35 2720 Q.48 0.072 Da213 C.035 0.070 0.7 C.7
1304 4%.00  %1.50 1.02 0.005 2.053  0.055 0.044 136 13,60 770
75,5 20.00 42.52 (.30 C.0C2 ~.018 0 C.046  0.038 779 78.C V.l
1C0 0 4Celo 2Ca.7% (.80 0Q.CC6B Cel27 C.057 0.0366 0.11 100.0 10OL
1¢0 20.39 17715 0.52 C.CH1 C.0ud 1.48 0,005 ¢.C27 0.15 Ceb Cois
1.€ 44,60 9.00 (0.68 C(C.C12 TW03 C.040 0.079 1.80 1.8 1.¢C
Zeh 33.08 31.29 0.64 (.02 C.0317 1.2568 0.042 0.97 3.1 2.°€
Te L7,24 42,44 Q.01 0.0CS LWCC74 0.085 0.011 1.00 7.9 8.2
0 22.60 12.40 Q.40 0.125 2.0C26 Q.031 C.005 0.120 C.20 2.4 1.7
e S 45400 41.50 0.73 C.002 065 0.030 0.C12 5.0 5.7 oG
e 2 49,85 42.00 0.75 C.004 2.C055 0.055 0011 2.04 80.9 82.¢
10C.0 47 o 40 40.57 0.72 0.CCY 2000 (C.107 0.012 0.010 2.383 100.0 10G.C
Qe0 22.43 11S0 0.28 0.0C6 2.C22 275 0.0055 0.0155 0.18 Qe3 0.7
4.7 25.19 Z0.72 C.34 Q.01 TL04 0.12 0.021 0.002 0.30 2e7 2.7
2e71 45,00 40,95 0.71 C.0C3 2.047  0.C45 0.063 1.60 2.2 2.7
7.‘} 37013 3...10 0044 OcOOQ? A-'\’,\35 0-313 00055 '3066 602 6o2
Ze5 %25.0S 28.34 C.52 0.071 Z.016 0.018 0.020 0.076 0.83 2.0 1.¢
2e3 40.85 22.28 0.92 0.023 C«011 0.026 C.061 2.0 2.0 2.4
7.0 45,41 J.CO C.833 C.0C4 2012 C.059 C.C58 0.50 7¢8 8.0 .-
<166 50431 £4.25 C.63 traces .01 0,033 C.C40 0.048 3.03 69.6 70.C 7.
1C0.0 4u,5 22.S7 0.73 0.0068 5.019 0.085 0.041 0.010 8.29 100.0 17¢C.

: iclutinn jroducts w2 not analysed for
Lote: =x/ The beneficlutisn jroducts were nov analy

siliciunm nxide coitent because af a low gilicium

5 c o
oxide content in the ore carple 1 (0,65 % ).

xx/ Only ore and concentrates were anolysed for mer-
A 8 23l
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Table 32,

Gold and silver ccntent and recovery

in beneficiation products

10

Yield, Cgﬁféht;mé/t“ﬁecovefy; %-
Products % Y S
gold silver | gold allVGr
|
Lead concentrate 0.7 1.9 1 977.0 1.5 ' 19.9
Copper concentrate | 2.2 0.43! 183.0 1.1, 4.7
Copper flotation :
tailings C4.2 1.0 2.8 4.8 5.2
Zinc concentrate . 3.0 0.34 1 58.0 1.2 . 6.4
Zinc concentrate of | ?
middlings flotation 1.0 1.0 | 52.0 { 1.2 é 1.9
Zinc flotation i ; f
teilings i 13.4 0.95 18.8 1 14.6 ! 9,2
Tailings i 7545 0.87 15.4 75.6 7 42.7
Ore ?i1oo.o 0.87 { 27.3 §00.0 . 100.¢
Lead concentrate : 1.0 0.6 | 729.0 0.7 16.8
Copper concentrate ; 0.9 0.6 2370.0 | 0.6 , 49.2
|
Lead flotation ‘ : ;
tailings ; 3.8 i 0.77 1 13.0 1.8 | 0.7
Lead-copper midd- | i | ;
lings 7.9 0.85 ! 15.0 | 8.1 | 2.7
Zinc concentrate 3.6 0.30 . 41.0 1.3 | 3.4
Zing flotation ? 3
tailings | 5.5 0.85 .3 | 5.7 1.8
Tailings | 79.2 . 0.85: 13.8 181.8 | 25.4
Ore 100.0 ‘ 0.82 | 43.24 7100.0 1oo.o
Lead concentrate 0.6 | 0.5 1702.0 i 0.7 | 20.1
Copper concentrate 4,7 0.33 1131,0 ’ 3.5 | 29.4
Copper flotation
tailings 2.1 0.52 | 10.1 Q 2.4 | 1.0
Zinc product 2.5 : 0.29 50.0 1.6 6.0
Zinc concentrave pf | ! x
middlings flotetion | 2.6 ; 0.41 380 1 3.3 51
Zzinc flotation tailimgs?7.6 i 0.25 1 12.5 | 4.2 4.5
Tailings 797  0.48 | 8,9 i84.3 | 33.9
Ore I100.o 0.45 | 20,94 1 0.0

0.0 %O




Tetrehedrite is a major copper mineral in the copper con-
centrate of sample 2, the content of antimony in this mineral
reaching 297%; high concentration of silver in this product can
be explained by the presence of this mineral in the zmount of
2370 g/t; the lead and copper concentrates contain pyrits most-
ly as free grains, except when it contains inclusions of other
sulphides. 1In the ziuc concentrates of samples 1 and 2
only o half of the pyrite is represented by grains, free from
intergrowths, the rest of the pyrite - by intergrowths with spha-
lerite of 0.012 mm size, sonmetimes it forms microinclusions in
sphalerite. The zinc products of sample 3 have been considered
above.

Summarizing the data obtained in investigating the mineral
and chernical composition of the beneficiation products, it fol-
lows that the process of regrinding the benefidation products up
to 90-95% - 0.03 mm provides, in the first instance, for py-
rite liberation; high metal losses in the tailings of the ore flo
tation circuit ¢nd in the tailings of the other Torresponding flo-
tation circuits are caused mainly by unfeasibility of liberation
of such fine mineral inclusions in the pyrite by grinding means
available, yet preventing the sulphides from sliming.

The flotation flowsheets applied did not allow to recover
the slimed sulphidese. All this accounts for high mutual metal
losses in different concentrates.

3.3« Bulk flotation flowsheet
investigations.

In accordance with the program of the testwork, bulk fln-
tation flowsheet investigations on ore samples were carried out.

When beneficiating ores with such a high pyrite content and
a fine dissemination of valuable minerals as is our caseffggggggn
ing to a flowsheet providing for lead, copper and zinc mineralsy
to obtain & bulk concentrate, it is unlikely to hope for high

results as to a recovery of metals and a grade of concentrates.

o ._Dnly the question of partisl depression of pyrite ¢&FW b consi-

dered.




On the basis of the mineral and chemical composition da-
ta an?l the results of th2z tests, ore sazples were ground, be-
fore the bulk flotation, up to the size, chosen for the lead-
~copper flotation (Saction Z.201).

Pyrite depression in the rougher flotation cycle was car-
ried out by zdding lime during the aer»tion procedure. To  pre-
vent a depressing action of calcium ions on the surface of gale-
na, xanthate and a frother were added in the grinding cycle ,but
even in this case, it was possible to carry out bulk flotation
with pH not higher, than &.0 - 8.5, as with rising pH galena
depression was observed. As at the accepted pH value zinc was
not sufficiently reccvered into a bulk concentrate ( only 75-533),
to increase the floatability of sphalerite, copper sulphate was
added to the bulk flotation tailings, and the sphalerite was sub-
Jected to reflotation. Amyl xanthate was used as a collector
in the ore flotation circuit.

The results cf the bulk flotation investigations, carried
out in two directions, are given belowe.

The first one provides for obtaining and subsequent flota-
tion separation of the bulk lead-copper-zinc concentrate into
corresponding selective concentrates; the other one provides
for obtaining only a bulk concentrate with the highest possible
content of lead, zinc and copper for conducting research investi-
gations in order to find a hydrometallurgical method of their se~
parztion into monometallic productse. The flowsheet anu conditions
for obtaining the rough lead-copper-zinc concentrate are the sa-
ne for both directions.

The conditions for the lead-copper~zinc concentrate sepzra-
tion, as well as those for the lead-copper concentrate separation,
viere defined on the basis of the ivestigations conducted accord-
in~ to the flowsheet with the use of the bulk-selective flotation.
In figures 3.10-3412 are given the flowshcets and conditions of
the tests, Dbased on a continuous process principle, following the
firsc direction; the bencficiation results for every ore samplec
are listed in Table 2.11. According to the data, of all the ore
samples thcre have been produced: lead concentrates with a low
lead content ( 23.% - #1.8 % ) and a 29,2=27.2% recovery into
the concentrate; copper concentrates with 15.5 - 22.05% copoer




Sample

Results of tests carried out under continuous process

Table 3.11

conditions on ore samples according to a flowsheet of collective flotation
followed by a bulk concentrate selection

Product

‘Lead corcentrate
Copper concentrate

"Copper flotation
tailings

:Lead—copper concent—
rate

Zinc concentrate
‘Tailings of zinc flo-
tation 1

Teilings of zinc flo-
tation 2

Teilings of zire flo-

tation 3

.Total zinec flotation
teilings

Tailings
|ore

Yield,
foed

V&

4.3
2ot

18.6

5o

0.90
0040

Content, %

Lead ! Copper

:
a
|

1.16

\n

2.00

©15.50

0.71

5.20

C.2!

0.28
0.18

0.86

N S

Zecovery, 5

!
|
i

LA
o M

O

7848

C.7

8.7

" 11.6
100.0

e

Fire3.10
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2 Lead concentrate 0.9 | 36.84 i 4,04
; Copper concentrate Ce0 E 8.75 } 7610
; Zinc concentrate 3.4 | 2.00 14.9.00
: Tailings of zinc ; §
flotation 1 16.2  ; 0.81 ! 1.64
Teilings of zinc : ! §
flotation 2 { 5¢3 1.25 | 2.25
Tailings of zinc j [ ;
flotation 3 4.0 . C.35 | 1.35
{ " !
Total zinc flota- ! : X
tion tailings 3945 i 0680 | 1.63
Tailings 59.6 | 0.39 | 0.30
. f i
Cre {100.0 | 0.82 | 2,49
3 Lead concentrate 0.7 . 332.20 | 4.15
| :
Copper concentrate | 3.2 P 2.20  2.29
Copper flotation f : g
tailings 8.2 ©1.41 1§ 5.05
Lead-copper con- | ; i
centrate | 12.8 ¢ 2.60 | 4.31
Zinc congﬁ;trate F243 i 0.55 40,31
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zing conconirates with 45,728 - 4C%

ar . a recevary > ;
zime ( samples 1 and 2 ), and 2 zine recovery into thoem $3.0 -

- 5.9 % from ore sanmple 3 a zinc product with 40.27 zinc and a
recovery S0.4% wes obteined,

As a whole, one may conclude that the results as to the lead
content z2nd its recovery into the concentrate  are siznificantly
lover in comparison with those obtained with the use cof the bulk-
-sc¢lective flotation flowshecet. As to the results obtzined for the
otlter two concentrates, they differ to a lesser decres, but %o ob-
tain a zinc concentrate of the indicated grade, the pyrite was re-
movad from the process in several steps ( Fiz. 3.10 - 2.12 ), as
int> the separation process is fed an unrecleaned lead-copper~zine
concentrate.

As to the second direction, zccording to the Customer's wish
the tests were carried out only on ore semples 2 and 3. Pyrite de-
pression in recleaning operations was achicved by sodium dithionite
and cyanide addition in en alkaline (sodz) medium at pH = 8.5
In the tests, carried out accordins to the flowsheet of Fige 3.713
under continuous process conditions, bulk concentrates were
obtained: with 8.13 % lead, 3%% zinc and 3.3 % copper for ore
szmple 25 with 4.27% lead, 15.10% zinc and 10.05% copper for ore
sample Z. l'2tal recovery figures are shown in Table 3.12. Accon-
panyinz metals content in the bulk concentrates is evidenced from
Table 3.13. .

Table %.17.

Accompanyirg metals content in bulk

concentrates
Content in concentrates, ¢
Components Sample 2 Senple 3
Sulphur 36684 40,006
Iron 19.25 30,45
' Arscnic 0.66 0.63
Bismuth 0.0125 0.033
Antimony 1.02 C.20
ercury 0.095 0.023
Silicon dioxride 1.15 1,15
Cilver,«/t 037,73 5.




Zoie Dvaluasion of the cride of cemi-prolucts
as possible feed for “KIVZET"- process.

Apart from lead, copper and zinc concentrates produced by
bulk-selective flotation and suitable for treatment by conventional
metallurgical methods, there have been obtained semi-products (most-
ly these arc cell products of the lead-copper separation - FigseZ.?=-
-3.9), with cunulative mectal recoveries #5¢3 %, 40.8% and 43.4% for
samples 1.2 ard 3 respectively ( mectals recovered inso zinc pro-
ducts containing 3540 % zinc are out o¢f consideration

The charact:ristics of the semi-products are scen from Tab-
le .14,

The semi-produzts are rich in sulphur and iron snd rather poor
in valuable metals.

The grade of these intermediate products as a feed for thz
YKIVZET" - process was cvaluated by exmerts of the VIITITSVATINT
on the basis of tle assays delivered. The results of an approximate
estination of possible variants of XKIVZET-smelting testify the fecasi-
bility of the KIVZST- technicue for treating the semi-products with
a high svlphur recovery into geoses and comparatively low metal reco-
véries into 2 copper-lead matte and sublimabtion nroducts. Lead-con-
per product trentment (pos. 4, Teble 2.14) is feasible only with
sulphur recovered into gases, since at the indicated compesition of
the product practically all the metals will be lost with slags.

The most exredient variant is treatment of a mixture of semi-products,
conposed on the basis of calculations, taking into account their yields
in bencficiation processes ( with the exception of lead-copper midd-
lings ).By using such a treatment, it is possible to produce: a lead-
-copper uatte containing 1C% copoer anl 15% lead, oxidized sublima-
tion products containin 63% zinc end 7% lead znd gases containing
65~807% disulphide. Iypothetical metal and sulphur recoveries into
products of YIVZET - smelting from a semi~-product mixture are given
in Table 2.15. Acoompenyin: metals ( cadmium, bismuth, etec. ) may
be recovered into oxidized zinc sublimation prodw ts, as well as in-

to hlister copper and lead-laden dust when convertine copper-lead mat-—
Les
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L0Z0 0,040 0.079 2-3  0.77  13.0 4.8 4,2 446 1.8 1.8 1.8 2.6 8.5 - 0.7 12.5 1.8 0.7
LCOZ 0.085.0.011 1.0 io.as 1540 10.9 10,3 5.5 7.9 8.3 6.7 7.9 :8.9 6.3 . 7.2 8.1 2.7
; | ‘ ,
| : : 2

| :

L0171 0,026 0,081 2,0 0.41 38,0 2.4 19,5 4.1 2.6 . 2.4 3.5116 1.5 11 2.8 35 &0

' t

i
]
; i
i

! ! i :
i : i

i : |

1

o
02 0,046 0.048 2,17 0.72 26475
: J \ i
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wents are not cited because of their low content in oree
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Table %.15

Hypothetical netal and sulphur recoveries
into KIVZIT-suielting praducts from a
mixture of semi-products

Recovery,® lead zingc } copper sulphur
into: matte 72.5 | 4.4 87.0 8.0
sublimation !
products 15.4 i 61.0 Po- -
slag 12.0 |z 10.0 -
gases - g - ! 89.0
i

3.5, Conclusions.

, As a result of the investigations carried out in view to de-
ternine ore samples amenability to beneficiation, it was stated the

followings

1) The bulk-selective flowshect envisaging simultaneous flo-
tation of lead and copper minerals with depression of pyrite and
sphalerite, subsequent activation of sphalerite and separation of
lead-copper concentrate provided for higher metallurgical data as
compared with the bulk flotation flcwsheet for lead, copper, and zinc
minerals with pyrite depression and their subsequent separation into
selective concentrates, though in both cases the results obtained we-

re not highoe

2) Selective concentrates can be treated by using conventional
metallurgical processes. As to the zinc product of sample 3, duc to
a low zinc content in it ( 407%), it was studied zdditionally
with o view to determine a feasibility of its treatment by o hydro-

metallurgicel tachniqua,




2) Due to a complicatsd naturs of the ore mineral and che-—
iical composition, besides selestive concentrates there have been
produced semi-products wiith a 40-457% netal recovery into them.
wost ox them, as is the ovinion of experts, may be treated by
using the KIVZil-process (Section 2.4 , Teble 3.15);

4) To conduct pionzser irnvestizations on hydrometallurgical
treatment of the beneficiation products of samples 2 and 3, there
bave been produced bulk concentrates contrining 4 -8% lead, 15-327
zinc, and 5-10) copper, with respective metal recoveries 51.8-
~6075, 7U4-80% and 70.8-80.7%.

4, Pionger investigetions on hydrometallursical
treatment of beneficiation products.

The following products have becen investigated:

- a zinc product, produced cs a result of bencficiation
of ore sample 3%;

- a bulk concentrate, rccovered as a result of beneficia-
tion of ore sample 2;

and

- a bulk concentrate, produced as a result of beneficiation
of ore sample 3.

To carry out the zbove-mentioned investigations, the products
have been produced in tests under continuous process conditions ac—
cording to the flowshests, represented in figse 3.9 and 3.13 -
(Section 3.3 ). The weight of each product was 0.5 = 1.5 ke
The composition of bulk concentrates of ore samples 2 and % is
seen from Tables %.12 and %.13 (Section 3.3).

Since the zinc product, used for the purpose of the present
investigations, has been produced from thc ore, that had been
stored for rather a long period of time, the proportion of main
constituents in it differs from that in products, obtained earlier.
(See Section 3.2.5, Table %.8).




4.1 Zinc product treatment
tests

The zinc product contained: 37.42% 2Zn, 1.75% Cu,C.76% Pb,
25.04% Fe, and 374 S. .

Due to the fact, that the content of the main constituent in
the product under research approached the lowest limit of greades
for concentrates, treated in zinc plants, a conventional techno~
logy has been tested for its treatment. This technology provides
for preliminary oxidation roasting of initial product with sub-
sequent two-stage calcine leaching in sulphuric acid solutcionse.
Zinc is extracted from the solution, after purification of the
latter from admixtures, by electrolyses.

At first, the sample under research was tested to precise
roasting conditions. With this aim in view, several weighted sanp-
les were roasted in a muffle at 650°C for different periods of time,
and then the calcine was analysed for total sulphur, as well as for
sulphur in sulphide and sulphate forms.

On the basis of the results obtained (Table 4.1) it was
found out, that after a 4-hour roasting the sulphur content in
the calcine is reduced to 5¢€%. It is worth noting, that ma jor
anounts of sulphur turn out to be in the sulphate form. A propob-
tion of sulphide sulphur does not exceed 0.7%. Calcine yield as
produced from the initial product, is about 93%.

Table 4.1,
Results of zinc product
roasting
Durability Sulphur content in calcine, %
of roasting in sulphate in sulphide total sulpkur
at 650°C,hr form form
' 2 4,3 3.54 7.84
3 6.47 0.43 6.9
4 5¢5 0.1 5.6




{n tie bagis of “he resultsobsained, in the tests thzat
followed, the zinc p oduct, before leaching, was roasted dur-
ing &4 kours at 65C°C.

¥ith a view to ac just the leaching conditiouns, the calcins
wes precessed in a so.ution, containing 130 g/1 sulphur (this
concentration is close to that used in practice) at differznt
solid-licuid ratios. The temperature of the leach slurry wes
maintained at 60-80°C, the durability being & hours.

Th2 test results wire evaluated for metzl content in leach
insoluble residues.

The solutions werc analysed for iron, because the latter
is governing the efficiency of subsequent hydrolytic purifica-
tion of the electroly.ic solution before zinc is recovered out
of ite. It is known that at iron content in a solution teing
wore than 6-7 g/l , its purification up to 0.03 g/l (this va-
lue is permissible in electrolysis ) becomes quite 2 problenm
due to precipitation ¢f voluminious iron compounds ( that ere
difficult for filtering )} out of the solution. The results of the-

' se tests are shown in Tsble 4.2,

Table 4. e

Results of tests on calcine leaching

. o : | o .' II‘OD- ’ RGCOVGIV ll:lto
Test Solid- Yield Content in R : e
Nos -licuid nom-so-  insoluble 93”:025_ solution,?
. ratio - luble residue,%‘%iopo /1!
, Tesidue, U R I L
A Zn Cu Zn Cu Fe
5 115 | 28.0 108 2.3 5.8 92.5 65.7 Le2
69 16 . 21.0 11.25 2.2 1 15,1 (9.1 76,0 37.0
! i
70 117 0 16.3 10,48 1,94 20,0 ,95.8 83.2 45.0
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Cn the basis ol the results obtsined, it followed, that
the most acceptasble is calcine processing in a sulphuric apid
solution with a solid-licuid ration being 1 : 5. Under these
conditions about 92.5% Zn is extracted into the solution a2t :
a relatively low degree of iron transition into ite.

An increase of solvent consumption had a ninor effect on
the growth of zinc recovery into a Solution, but to a great ex-
tent makes an iron solubili:y higher, thus preventing purificz-—
tion of the solution before zinc precipitation from it occurs.

The next tests have been carried out cn the basis of con-
tinuous operation according to a flowsheet, comprising a two-
-stage calcine leaching, solution purification from coprer, zinc
electrolysis, addition of sulphuric acid into the spent electrec-
lyte and recirculation of the latter into the head of the pro-
cess (flowsheet in Fige. 4.1).

The calcine was introduced into the neutral leach stage,
where it was trecated by a solutiorn from the oxidizing stage with
67-72 g/l sulphvrié acid. Pyrolusite in the proportion equzl-

ing about 10 % of the calcine weight was also charged into this
stage. And during the process of neutral leaching, simultaneous-
1y with a partial zinc dissolution, oxidizin: of ferrous iron and
its precipitation Ifrom the solution occurrede It was made possible
because by the moment, when the neutral leaching was finished, shich
had been carried out for one hour, the solution turned out to have
been completely neutralized. Its pH approached 4.5-5.0.

Upon completion of the neutral lecaching the leach slurry
was filtered without any difficulties, since the residue of me-~
Jor iron sulphates was mixed with granular material, whic. in it~
self represented a part of the calcine, that had not been decorn~
posed durirg the neutral step of leaching. '

The mother liquor, purified frecm iron by the above-indicated
technique, was directed into the process of purification from cop-
per, and the insoluble residue =~ sent for ecid leaching. The lat-
ter proces: was performed in a solution, containing sulphuric acid
approximately as much as 120 g/l. The acid leaching continued for
3 hr.
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The pedld leachong was conductad ot a2 solid-licuid retio
in the slurry 1 ¢ 5. The slurry termpersbturz was maintained ot
o0=--0°C.

Teole 4.3 illustratos the results of two tests, conduct-

o

ed unier conditions of o two-stage caleing lzaching.
The results cobtained show, +that with tho use of the two-

. -

~stege leaching Jlowsicet, from the crlcinz into a solution
are extracted ¢C-923 zinc and 62.8 - 7.1 & copper.

The yield ol the cakes is 24-2775, <rese latter conbtain
15-10 75 zinc and Z.2-2.4% copper.

These cakes, as fto thoir composition, are nearly similar
te those, that arc procduced by treatir: conventional zinc con-
cenvrates. Such cakes are subjected to the Velz-process aimed
at zdditional recovery of metal from then.

As to the solutions, obtained after filtering of the neut-
ral leach cakes, they turned out to be purified from iron aud
rzguired, before electrolysis, only purification from copper.

This operation was carried out by treating the solutions
with granular zinc for 1 hr at 40°C. Zinc consumption was zbout
1.5% as recards the weisht of the initial calcine.

1
Y

B!

[ed]

cement copper residue contezined ?1—86% cCoppeT.
, ou [

-]
=

ne eclectrolysis of zine was carried in a vat, mezde of ple-
#izlese The anodes were cast of lead, the cathode was made of
et aluminiun.

As an elactrolyte servad a solution obtained after necutral
czlcine leaching and edditionally purilied from copper. It con-
tzined zinc in the region of 110 g/1l.

The elactric density on the cathode was equal approvima-
tely to 700 A/me. The voltage on the vet was 3.8-4.0 V. The
electrolyte temperature was m-intained in the range of 70-40°
by way of cooling +the vat walls with cold water.

Under these conditions, on the cathode was precipitated
a dense zinc residue, which i1s easily separoted from a mabrix.

The current efficiency was 99-91%, and the spent electrolyte
contained zinc ( 29-41 /1 )  and sulphuric acid ( 105-110g/1) .
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Results of two-stage zinc product calcine
leaching tests

neutral

acid

neutral

Solution

fed
produced

fed
produced

fed
produced

fed

produced

e

Table 4.3

Content in solution, g/l i

acid

133.0
72.0

72.0
pH=4 [ 5

123.0
69.0

69.0
pH:q' L] 8

sulrhur..

!

. gigfd & ... 8olution, %
zinc lcopper| iron 1 % i zinc | copper E zinc | copper
| | I
P R, ‘%ﬁ { i - i . T
40.0! - - | | ,|
73.01 1.5 6.1 | | : l
! ! | ] :
73.0 1.5 601 i ! !
1M4.2] 2.2 | 0.03] 28.0 10.2 2.3 1 93.0 62.8
i
40.0 :
7.5 | 1.6 7.2
i
74.51 1.6 7.2 | '
} i
110.6 | 2.36| 0.03 | 24.1 W9 2.4 | 90.6 | 67.1

Contgnt in cake,

Recovery into

0L9

e et mamm oW
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4.2, ZRosults of treating the bulk concentrate,
obtained in beneficiztion of sample ?

This product was subjected to preliminary roastin: un-
der corditions similar to those practiced for the zinc product
of sazple 3, 1i.e. the process of roasting continued for 4 hours
at 650°C.
The czlcine obtained had 4-55 sulphur, its bulk beinsg re-
presented by sulphate compounds. Sulphide sulphur content did
not exceed 0.1 - 0.2 %.

The phase analysis of the calcine for zinc showed, that
70% of the latter was represented by sulohate and oxide and 30—
- by ferrite.

Tarxins into consideration a high amcunt of ferrite in the
calcire, calcine leaching tests were carried out in sulvhuric acig
of different concentration with a constant solid-licuid ratio of
the slurry 1 : 7,5 « The leaching process continued for 4 hours. |
The slurry temperzture was 60-80°C. i

The results of these tests, listed in Table 4.4, showed,
that the leaching of the calcine, obtained from the bulk con-~
centrate of sample 2, was less effective, than that, vhich had
been conducted on the zinc product, produced from sample 3.

To obtvain hish results it was necessary to apply sulphuric acid
solutions of higher concentration, capable to decompose ferri-
tes. FYovever, the main disadvantage of the process lied in the
fact that under conditions of a more complete transition of zinc
into a solution, an intensive solubilization of iron took place.
The content of zinc in the solution reached 12-25 g/l, that is
considerably higher than it is permissible.

Vith an objective to increase the sclectivity of the process,
an oxidizing - autoclave technique was tested to treat the product.
In conformity with this technique sulphide polymetallic beneficia-
tion products are treated with sulphuric acid solutions in an auto-

. clave at zn elevated tomperature, with the use of pressurized oxy-
gen or compressed air to oxidize sulphides.




In this oprarat.on, =zinc sulphide is conversed into a2
1

12 tulphate acroriing to the Tollowing reaction:
- o] ol
ns 4+ HZSO4 + 5 O2 — Zn 80, + H0 + 2

accozprmied by an 1:iolation of elemental sulphur.

It is knowm, that under conditions, providing for a hizh
degree of sphaleritc decomposition, primary coppsr sulphides
end pyrite recact bu- relatively little. As to leed sulphide,
it forms a sulphote of this metal.

The tests were conducted in an autoclave of 1 1 capacity,
made of titanium.

Into the autocliave were charged a weighted portion of the
concentrate and a solution, containing sulphuric azcid (1205/1)
and zinec (#0 g/1). The solid-~liquid ratio in the slurry was
1 ¢ S,

The zmount of the sulphuric acid charsed was 115% with
respect to a stoichiometric quentity, taking inte account the
zinc content in the waighted portion.

The contents of the autoclave were heated for 4 hours at a
temperature about 105°C, During this period of tine pressuriz-
ed o:iygen at 4 atn. was fed into the autoclave. During this
leachin; »rocess the slurry was vigorously mixed with z turbire
stirrer at 2600 r.p.m.

LTter the indicated lapse of time the autoclave was cooled,
the oxygen rcleased and the slurry in the autoclave - subject—
ed to heating up to 150°C, the slurry being retained at this
tanperature for an hour. It is comnmon knowledge, that as a
result ol slurry heating up to a temperature hicher than that
of sulphur melting, the latter envelops grains of underdecompo-
sed sulphides and forms granules of 4#-10 mn size, ezsily se-
pzrated from the rest part of the insoluble residue by scraeen-
ing.

This operation made it possible, after the filtration
of the autoclave slurry, to seperate the cakes thus produced
into two oarts, from which one part happencd to be lead~banc-
ficiated %o such an extent, that it could be defined as a lead-
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. Tasts !Sulphuric acid ! Acid
Y= e ! sclution con- consump=-
. centration,g/l | tion,%
of esti-
; mated
L) 100 110
<0 129 165
7o i 3C0 380

Yield
of
insoluble
rgsidue,

70

53.0
40.0
20.0

Table 4.! .
Leaching results of calcine obtained after roasting
of sample 2 bulk concentrate.

%

Content in insoluble residue,

zinc

copper jiron

2.46
2,44
033

32.81
3046
12.8

|

e e # e e
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lead

14.9
20.8
29.5

|
|

Iron
concent-
ration
in solu-
tion,g/1

6.0
122
257

!
!
|

Recovery into solution,’

Zinc; copper iron
!
|
;
5 r
75.8 1 69.3 | 18.0
82.5% .6 | 42,9
99,3 8,3 8655
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—-concentrate.
In Tablzs 4.5 and 4.6 are listed che recults ¢ one of
the testse.
Table 4.5,
Results of the autoclave leacl <tests,
concucted on the bulk concentrzte,obtained ,
as & r2sult of sample 2 beneficiation
e e e - o . L
Total . Conten: in insolubée | Content in " Recovery into
yield | s . : p
% in- residue, % | solution, solution, %
soluble N 6/1 R e e e e
residue, Sulphu- i
% Zn Cu Pb ric acid. Fe Zn i Cu Fe
- oTTTTTTTTTYTTTT T ; ‘ - '"*
| . |
. i
€2.3 2.16 40,7 12.2! pH=1.2 1.3k 95.30 26.5 4.6
Table 4,6
Results of screcning the insoluble residue,
obtained after the autoclave leaching of the
bulk concentrate, produced as a result of
sample 2 beneficiation.
Products Yield Content, % ( Recovery, %
of insoluble from e - S
residue , inso- ; 1
screening | luble Zn ~ Cu Pb Zn | Cu Pb
| resi- 1 \ 1
| due,% ‘, : ] |
—-———— e % i e it e 1Y Sprann s —"—*—"-—--’-wngn .l “ ;il -
Oversize 71.8 - 2,45 © 5,22, 2.8 81.0 ' 92.5 ' 16.5
Undersize | 28.2 ' 1.42 ° 1.13  Z6.1 19.0 7.5 @ 83.5
Initial | | | '. :
prOduUt . 100.0 216 4007 12.2 100.0 100.0 100.,0
1 |




Or the basis of the ctove-inlicaved rosults it was poo-

@

sible to cenclude, that the autoclave vrocess is efficctiv
enoush for treating the bulk corncertrate.

Its &svolicati on provides for a hish dezree of zinc re-
covery into a solution (more than 95%). At the same tine it
turns out toc be feasablo to extract lead from an insoluble
leach residue into a lead concentrzte with zinc recovery tein:
83.5% as regards the initial product. Alongside with zinc,
26.5% Cu and about 5% Fe as regards these metals content in
‘ the initial product are transferred into the solution.
| A comparatively low Fe-content in an autoclave solution
' (1.84 g/1) facilitotes the solution purifying ( before ex-
tracting zinc out of it ) that is hishly inportant for process
steps that follow. Of interest are the results o +the x-ray
analysis of the products obtained by screerninz the insoluble
leach residue.

These results show, that with pyrite being dominated, in
the granular part of the product ere present elomental sulphur,
chalcopyrite, a cmall amount of gray copper ore, anglecite and
negligible sphalerise.

As to the undersize preoduct, its major phases are zngle-
site and plumbojarosite /Pb’:‘e6 (504)4 (OH)2/ ( 70% Pb  are
represented by anglesite and 20% Pb - by plumbojorosite).

In this product there wers smiall emeounts of pyrite and sphale-
rite, in still less amounts were galena and chalcopyrite.

The undersize product of the insoluble residue was sub-
jected to processing in a 25% - solution of sodium chloride
for 1 an hour, at 100°C. After that t2c insnluble residue was
filtered out, in which plumbojarosite as the major phase was
detectead by way of X-ray analysis. The anglesite was comp-
lotely transferred into the solution according to the reaction

PbSO4 + NaClL -~ PbCL2 + Noaso4

Since plumbojarosite was zbsent in the initizl concentrate,
it is possible to conclude that the finely ground rplumbojroro-
site ( - 1 mx ), detected in the cakes of the autoclave leach-
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inc, is a newly formed conpound, that is obtained as a re-
sult of interaction of lead compounds with Fe-sulfate, that

are c>ntained in the autoclave solution. s a result of tlis
interactiorn, iron precipitvation from the soluvion s:ewms to oc-
cur, and its content decrezses up to the indicated value.

To brinz the content of this admixture up to 0.02-0.03 g/1,
a hydrolytic technicue of purifying solutions from iron in the
autoclave has been appliede The solution was neutralized by 1li-
me up to pH = 4.5 and trcated in an autoclave for an hour at
140°C and 4 atm oxygen pressure. During the process a pre-
cipitate was formed, that contzined 6.48% Zn and 2.83% Cu.

The yie1ld of the precipitate was 2.3%% as regerds the weighted
portion of the initial concentrate; 0.55 Zn and 1.8% Cu, as
regards the initial content, have been extracted into it. The
solution was then directed for copper cerentztion that was ac-
complished by its treating with granular zinc, as described ear-
lier,

To speed up the processes, zinc was introduced in excess.
Zinc precipitation out of the solution, that had been purified
from admixtures was performed by electrolysise.

Electrolytic zinc precipitation was carried out at current
density beinz 700 A /m2. This was accommehnied by a formation of
a dense zinc residue, that is easily separated from a matrix,at
current efficiency ~ 95%.

In the spent electrolyte there has been left about 40 g/l
zine and 50 g/1 sulphuric acid.

4,3, Tests on processing bulk concentrate
obtained in beneficiation of
sample J.

The results of the tests according with the flowsheet, in-
cluding preliminary concentrate roasting and subsequent calcine
leaching in sulphuric acid solutions of various concentration,
indicated that this flowsheet duec to the lack of process selecti~
vity, 1is also unfit for sample 2 bulk concentrate treatment.




As shown in Table 4.7, a large cuantity of copper anc
iron simultaneously transfers into a sulphuric acid solution
under conditions providins for high zinec recovery fron cal-
cinee.

Iron content in the solution reaches dozens of grams per
littre, which makes extraction of a high grade zirc product
from it practically impossible.

Owing to all this, tests for pressure leachinz of this
rroduct were conductede.

Leaching was carried out under conditions analosous to
those accepted during the treatment of sample 2 bulk concentra-
te.

Leaching temperature wags  105-110°C, duration - 4 hours.
Durins the whole period of tieatment, oxygen from an oxysen con-~
tainer was fed to an autoclave under 4 atm pressure. Total pres-
sure in the autoclave was mainbained at the level of 5.2 =5.5
atm. ©Golids content in the slurry was 20 %. At the beginning
of the operction, the solution fed to the autoclave contained
about 40 g/1 Zn and verious quantities of sulphuric acid, in
accordance with its desired surplus, in comparison with its stoi-
chiometric quantity, necessary for zinc sulphate forration.

The results of these tests are given in Table 4.,3.

The results obtained indicated, that the effect ©f sulphuric
acid gosage on the results of metal lecaching in an oxidizing-
~autoclave process was essential, as visible dissolving of cop-
per and iron takes place simultancously with that of zinc.

However, a zinc dissolving rate is apparently hizher.
Therefore, with a comparatively small solvent surplus, trans-—
ferring of most of the metal into a solution is observed. hen
the surplus is noticeebly increased, the process selsctiv ity is
disturbed . Thus, at sulphuric acid surplus being 150% rela-
tive Yo its stoichiometric qu-ntity, 89.1 % Zn, 3%2% Cu and on-
ly 10.8% Fe were rccovered into the solution. Howewer, when a
sulphuric acid surplus was 275%, with a 107% increase in zinc re-—
covery, copper recovery increased by 27.7 %, and iron recovery -
- by 505,




Results of sulphuric acid leaching
of calcine obtairned after sample 3 concentrate

Table 4.7

roasting
(Test conditions: concentrate roasting for 4 hours at 650°C;
leaching for 4 hours at 60-80°C;
at a so0lid-liquid ratio 1 : 5 ).
: Content in insoluble I Recovery igto
Test Noe. Sulphuric Yield of . o Iron solution,?
acid, insoluble residue, % I content, ’ o
content, residue, ] - t ; /1 R T P
g/1 % Zn cu |l P» | me | Zn ! Cu . Te
v i 1 | }
R : i I . ' .
— : L [ S S, e e e — b [P SO
! : | | 1 |
- .
i ! f
‘ i : ; 1
75 300 L 31.5 0.25: 0.221 4.7 27.1 40,2 99.5 ! 99.35 71.2
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Table 4.8
Results of pressure leaching tests on bulk concentrate
obteined from sample 3.
. Sulphuric  Combent in imsoluble T e i ony 7
NOSe . 1 ° Iron Recovery into solution, %
acid ‘Y;gld residue, % content
dosage "inso- . , - ' .
, 05 ‘Tuble 2n cu | Pb solution Zn  °  Cu Pe
g/kg ; residue, . ‘ , ‘
as re= ' % ’ : i &8/1
gards ! : - ;
stoichiop-
metric f
quantity §
42 225 100 | 92.8 | 6.40  8.99  4.90 a2 8040 21.6 2.0
C1 240 @ 150 f 80.7 | 2.04 . Q.06 , 5.6 3 e : 89.1 - 32.0 - 10.8
Lo | . ! : ’ '
t i ; ! : ; !
°7 600 275 1 43.3 0426 0 1101 10.6 ; 3h44 99.2 55.3 - 61.0

gers



This, it was  found cut, that cn oiddizin. - su.oclave
proces: can a2lso be used for sanple 3 bulk concentrate treat-
mente It is only necessary Yo adjust carefully the condivions

of autocleve leackin; ard, in porticular, to specify a s

phuric zcid dosage.

In our vests, with sulpnuric acid consumntion 1507 of
the amount required for bindinz zinc into a sulphat2, iron
proportion in the autoclave solution was 6.1 g/l, wnich allow-
ed to obtain a solution, purified from iron (iron contant
was 0.0%25 g/l ), as a result of its neubtralization by line up
o pH~>%4.0 and subsequent treztment in an autoclave at 140°C
and 4 atm oxygen pressure.

The solulion purification from ccprner was carried out by
copper cementation with grenulsted zinec. After cementation cop-
per traces remained in the solubion, snd the cement residue con-
tained 84% metal. A cement residus yield made up 4.37% of the
concentrate.

Zinc was precipitcted from the solution purirfied from iron
and copper by electrolysise. The electrolytic precipitation of
zinec was carried out from a solution, containins 83%.2 /1 zinc.
The elzctrolysis wes conducted under conditions, similar to
those described in the previous g€:ction, 1i.e. at curront don-
sity 700 A/m2 and voltage 3.5 - 2.8 V, with a dense motal
residue being deposited on the cathode at current -Tliciency
9t.6%. The spent electrolyte contained 29.2 g/1 zinc and 20.7:71

a
HZ“OQ-

As to the incoluble resiiuss after bulk concentrate leach-
ing, they werc kepo durin; an hour in a 20% - sodium chloride
solution containin: 20 /1 muriztic a2cid, in ordcr to reccovar
leads  BSolids to licuid ratio was 1 ¢ 1, slurry tempercture -
100°Ce The results of this test are shown in Table 4.9,

Lezd was precipitated from the solution by haating the
latter up to 60°C with soda sslutlon added to r.zch plic2 7,
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Insoluble re- Content in insolible Lead
si 7ield .
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¥ ) ‘ t : - into
! . i
lead zinc copper so%utlon,
80.8 1.2 242 2.9 80,7

Apparsntly, a residue with metel content 43.7% consisting
of a lead carbonate and hydrate mixture was precipitated. The
mother liguor contained traces of lead. In the flotation tests
conducted with 2 view to incrcase copper content in the insolub-
le residues vwhich remained after lead leachins, an attempt to ri-
se its content kizher than 127% was not successiul, apparently,dwe
to intinste wsscciaton of copper mirerals with pyrite.

4,4, Conclusionse.

On ths basis of the research investigations it was found out,
that, in pirnciple, there is a feasibility to treat the three pro-
ducts, produced as a resultv of beneficiaticn of the ore samples
tested, with thz use of hydromctallursical processcs.

As final products there have been produced: c¢athodic zinc,
lead as sulphate and carbonate, and cooper in the cement form :nd

2s a 10 5 - concentrate.

Cathodic zinc was procipitated out »f the zince product, that
had been treesved by the standerd tocinololy, with rzcovery, on the
ore basis, teiny £475. It is worth notins, that therc is 2 pocsi-
bility to increase zine recovery by way of retreating cakes (pro-
duced in zinc concontrate leaching) by ewisting nethods,.




chinz of bulk concentrates, obtained in the pro-
cess of benaficiating samples 2 and 2, was carried out by
N means of an oxidizing - autoclave technicue. About 7% 2Zn
(as considsred from the ore content ) was extracted from the
bulk corcentrete of sample 2 into cathodic zinc.

Besideg, out of this product there has been produced a
lead concentrate with 36.0% 1lead and a 5075 recovery (on the
ore basis).

As to covover, ong can expect to obtain a 16% copper con-
centrate with recovery being about 50% (on the ore basis),
by way of flotation of the insoluble residues, produced in
leachin:; the product,.

About 20-227% ccpper in the form of a cement precipitate
is deposited out of an autoclave solution.

Treatment of product 3 provides for recovery ( on the

“ore basis) about 6u4% zinc into cathodic metal, #1% lead into
a mixture of carbonate and hydrate of this metal with a lead con-
tent 43.7%, about 55% copper into a 10%-concentrate and nearly
26% copver as a cement precipitate.

5. GERERAL CONCLUSICNS

Three scrples of polymetallic pyrite ore of complex com-
position from Portugal have been studied.

In spite of the commercial contert of .cad, copper and
zinc,the ore of these samples is amenable to beneficiation
but with difficulty. This can be explained by very fine and
non-uniform dissemination of all valuable minerals in the pyri-
te, the content of which is 81-88% and by the presence of a
variety of lead and copper minerals of complex composition, ac-
companied by an isomorphic iron admixture in sphalerite.

During the studies, oxidation of the stored ore was ob-

B ——.5crved, thalt resulted in a decrecase of flolrtion ectivity of

chalcopyrite, and especially galena.
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te In case of fliotation for the purpose of obtaining se-
lective concentrztes, it is ressonable to ccncentrate the ore
sanples scearding to a tulk-selective flotation flowshaet pro- ’

viding for successive cecoveries of a lead-copper concentrate

A
<

(and its subsequent soypambtion into lzad and cepper concenbtra-
tes) as vwell as of zin: amd pybite concentrates from the ore.
In This connection, 1lead, copper and zinc corcentrates were
obtained (the lattzr onzs are roduced from samples 1 and 2).
A zinc product with zirc contant 40.3% and recovery 49.5% was
obtzined from ore samplz 3 (Fig. 3.7 = 3.9).

The correspondinz concentrates contain 40.3 - 50.8% lead,
16-247% copper, and 50.,31-51.27% zinc. Recoveries into the con-
centrates ars as follows: 20-42.6% lead into a lead concent-
rate, 50.4-67% copper irto a copper concentrate, and 55.5 -5%.80
zinc into a zinc concentrste. The concentrates are suitsble for
usual methods of metallurgical treatment.

2o The teiling of the ore flotation circuit containing

45,5 = 5075 sulphur at recovery 77.9 - 31.4 % is a pyrite con-
centrate that can be used ir sulphuric acid production.

5. According to the devel:oped technolory, apart from the
concentrates, there were obtained some semiproducts,into which,
at low metal conteont ( 2-67), 40-45% motals vere recovered (to-
tal for each sample ).

According to the estimate of VRIITZVEDLET specialists,
there is, 1in principle, 2 possibility vo trecat mixtures of the-
se products by the "HIVZET" - process with a high recovery of
sulphur (38%5) into gases and a comparabively low netal recove-
ry into a cooper-lead matte ( 82% cooper and 72.5% lead) and
sublimntes ( 61% zinc).

Thvi, there can be obbtained: copper-lecad matte with cop=-
per content 10%, 1lead contant 157%; oxidized sublimates with
zinc content 63% and lead content 7%; gases containing sulphu-
rous annydride- 65-807%,
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4, The research investigations of hydrometallurgical
treacnent of the bensficiation prodw ts showed that:

a) In principle, thers is a poscibility of treatin: the
zinc product obtained from ore sample 2, according to conven—
tional technolosy for zinc concentrates treatmant,

WYvidently, similar conclusion would be Jjustified with
respect o the zinc concentrate of the middlings flotacion, con-
taining 35.94% zinc, obuained from ore sample 1 (Table 3.8).

b) The combined ore treatment flowsheet it competitive
with a flotation one. The flowsheet includes: obtaining of 1
bulk concentrate by flotation ( Fig. 3.13), 1its leachinz in
an oxidizing - autoclave process with subsecuent extraction cf
metals from leaching prodw ts. In this case, there can be re-

covered: zinc into cathodic zinpe - 64-79%; lead in the form
of sulphszte, carbonate, or lead concentrate = 41-50%; copper
in the form of a 10-16% concentrate - 50-55%, and about 265

copper in the foim of cemant copper.

5« The above indicated bulk concentrztes obtained as a
result of samples 2 and 3 processing conteining 4~-8% lead,15-
-3%2% zinc, 3-10%% covper with recoverics 51.8-G0% lead, 74-36%
zinc and 70.8-80.6% copper carnnot be cffectively treated by
the "EIVZST"~ process.

6. The principel ccmbined flowsheets for processing the
ore sauples tested arc showa in Figg. 5.1 and 5.2.

7. The conditions, practiced for pyrite and sphllerite
depression, as well as those applied for a non-cyanide separa=-
tion of the lead-copper concentrate are protected by a licenc-
ine law in the USSR.

8. In spite of low metal recoveries, tne data obtained arec,
as a whole, satisfactory tnkinz into consideration a complex na-
ture of mineral and cherical composition of the ores.
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6. Recommendations for using the laboratory
testwork results 1

Based on the date resulted from the investigation of three
samples of pyrite polyme-tallic ore, the following should be
recommended:

1. Carry-out the feasibility study of both process flow-
sheets given in Figs 5.1 and 5.2 , with a view to determine the
optimum one for dressing Portugal pyrites.

2. Discuss with the UKRIDO and Portuguwse party the possi-
bility of conducting a pilot-plant flotation testwork based on
a selected process flowsheet.

3. Carry-out, using specialized methods and in confor-
mity with an adopted process flowsheet, a scaled-up laboratory
testwork on refining the products and semi-produw ts recovered
during the pilot-plant ore dressing.

4, Determine the subsequent work resulting from the data
of testwork envisaged in items 2 and 3.







