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X-Ray, DTA and TGA analysis of zinc sulfide concentrates and study
of their charging for roasting in fluidized bed furnace
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Bulgaria is a major producer of zinc in Central and Eastern Europe (about 100 000 tons per year). The two zinc
metallurgical plants in KCM S.A., Plovdiv and LZC S.A., Kardjali deliver the necessary raw materials from Bulgaria
and abroad.

In this connection, 7 Bulgarian and imported zinc concentrates have been investigated with the use of chemical
analysis, X-ray phase analysis, DTA and TGA. The following phases were established: B-ZnS; nZnS.mFeS; CuFeS,;
PbS; SiO, (a-quartz). The phase B-ZnS is present in all concentrates and the other established phases are represented
differently in the studied concentrates.

The results obtained are interpreted from the standpoint of receipt by roasting of an appropriate zinc calcine on the
basis of its chemical and phase content. For this purpose a Web-based software system, developed by mathematicians
and technologists from the Paisii Hilendarski University of Plovdiv, for calculating the charges of zinc concentrates at
a fixed optimizing criterion was used. This enables appropriate mixture of materials to be processed during roasting
of concentrates in fluidized bed furnace. This promotes obtaining of zinc calcine with minimum insoluble zinc ferrite

and content of admixtures below certain technology requests.
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INTRODUCTION

The synthesis and properties of pure ZnS [1-4]
and ZnS doped with different impurities (P, Cu,
Mn, Ag, Se, Te, etc.) [5S—7] have been of interest
for many years. This is due to the use of this sulfide
in electronics, semiconductor equipment, optics, as
a pigment, etc. [8—10]. Furthermore, iron ions are
introduced into the crystal lattice of ZnS to obtain
ZnS single-phase thin films showing ferromagnet-
ism [11-13].

Zinc sulfide is essential zinc mineral in zinc ores
[14]. Its two polymorphs are B-ZnS (Sphalerite)
and o-ZnS (Wurtzite). Sphalerite is a typical hy-
drothermal mineral with cubic structure F4 3m,
and tetrahedrally coordinated zinc and sulfur atoms.
Waurtzite has hexagonal (C6,mc) symmetry, usually
stabilized by some Cd. It is a rare species.

Sphalerite is the common mineral in zinc ores.
It almost always contains iron. Varieties with more
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than 6% Fe are named marmatite. Since marmatite
has a brilliant black color like the black sphalerite,
it very often goes unrecognized.

In addition to Fe, sphalerite in high-temperature
deposits often contains Co, Cu, In, Sn and Se. Its
impurities in low-temperature deposits are mainly
Cd, Ga, Ge, Hg and TI [14]. During the flotation of
zinc ores, other mineral phases contribute Pb, SiO,,
AlO,, CaO, MgO, Ni, As, Sb, CL, F to the chemical
composition of zinc concentrates.

Currently, during the incoming control of zinc
concentrates in processing plants, about 20 compo-
nents are analyzed to determine whether a raw ma-
terial is suitable for the used technology [15].

Very often it turns out that chemical analysis
alone is not sufficient to choose the most suitable
conditions for the successive implementation of
the process chain “roasting of zinc concentrates
— calcine leaching — electrowinning of zinc”. The
main problem is the presence of increased contents
of Fe, Pb and SiO,. Iron in the zinc concentrates
can be connected as FeS,, CuFeS, or incorporated
in the crystal lattice of ZnS [16—18]. During the
oxidation of zinc concentrates in the temperature
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range 920-950 °C iron-containing sulfides oxidize
and Fe,O, is obtained. The iron (III) oxide forms
ferrites with various metal oxides (mainly ZnO, ob-
tained from the oxidation of ZnS). The formation
of ZnFe,O, [19-21] decreases the rate of leaching
of zinc and necessitates further processing of the
zinc-containing cake [22—24]. To reduce this unfa-
vorable phenomenon, complete preliminary char-
acterization of zinc concentrates is necessary.

Usually in practice various zinc raw materials
are used simultaneously — often 5—6 zinc concen-
trates having different origins and chemical, phase
and granulometric compositions. It is necessary to
conduct a preliminary assessment of the possibili-
ties for optimization of the technological process,
by calculating and using appropriate charges from
zinc-containing materials.

The aim of this study is to characterize most
completely the Bulgarian and imported zinc sulfide
concentrates by chemical, X-ray, differential ther-
mal and thermogravimetric analysis and to use the
obtained results for their optimal processing. This
can be done using the Web-based expert system for
calculating zinc concentrate charges [15, 25].

EXPERIMENTAL

Seven zinc sulfide concentrates from Bulgaria,
Turkey, Greece, Morocco and Peru are studied.

The X-ray phase analysis of the concentrates was
carried out with an apparatus “TUR-M62” (Dresden,
Germany) equipped with a computer-controlled
HZG-4 goniometer with Co-K radiation and Bragg-
Brentano geometry. Data base (Powder Diffraction
Files, Joint Committee on Powder Diffraction
Standards, Philadelphia PA, USA, 1997) was used
for the phase identification.

DTA and TGA (Q Derivatograph, Hungary) were
carried out under the following conditions: sensitiv-
ity of DTA, 0.5 mV; DTG, 1 mV; TG, 100 mg; heat-
ing rate, 10° min'; sample mass 100 mg. A ceramic
crucible was used. All the studies were performed in
air medium.

A Web-based information system for calculation
and prognosis of the chemical and phase composi-
tion of the mix proportions of concentrates is used
[15,25]. Itis built on a modular principle using serv-
er programming language PHP. Its main modules
provide opportunities for construction, management
and use of Web-based database of zinc concentrates
[15, 25] in the management control system relation-
al database MySQL.

The used Web-based information system gives
the following opportunities:

1. Input of the chemical composition of the used
(available or in the process of being contracted to
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be purchased) zinc concentrates, each of which
is allotted a name and a number. Thus the main
database of the system is created. At present there
are data entered for 67 concentrates with different
origin (Bulgarian, Turkish, etc.).

2. From the data in the main database up to 15
concentrates can be used, with which a working
database is created that serves for calculations.

3. With concentrates from the working database
the following calculations can be made:

A) In user mode calculations are made at user-
selected ratio of the concentrates in the working
database. For that purpose the percentage share of
each separate concentrate is specified, and the sys-
tem calculates the composition of the charge from
zinc concentrates of 18 components.

B) In automatic mode the system calculates
charges that meet restrictive conditions with regard
to 11 components that are selected together with ex-
perts in the field of zinc hydrometallurgy.

* In this specific case work was performed sat-
isfying the following input restrictions (in
mass %): Zn>50; S—31+ 1%; Pb<2.5; Fe <
9.0; Si0, <2.5; Sb < 0.008; As <0.12; MgO <
0.3; Ca0 < 0.5; F <0.02; Ge <30 g/t.

* Various step changes in iterations of the con-
centrates can be selected — from 1 to 15%.

* The content is calculated of each charge that
meets the restrictive conditions and is present-
ed under an appointed number.

* During oxidized roasting in a fluidized bed of
the charge made out of zinc concentrates a zinc
calcine is obtained that is extracted using solu-
tions of sulfuric acid.

* On the basis of data from literature, own stud-
ies and experience from practice coefficients
are offered with which, based on the chemi-
cal composition of the charge, calculations are
made for the prognostic chemical and phase
composition of the calcine.

* When more than one charge is obtained an op-
timization criterion is used according to which
the charges are ranked in descending or as-
cending order.

» For the optimization criterion in this study
“Zinc soluble in 7% solution of sulfuric acid”
is used.

* The aim is to select a charge with maximum
soluble zinc in a 7% solution of sulfuric acid so
that the extraction of the calcine can be carried
out at the best technical and economical indices.
All calculated charges are arranged in descend-
ing order according to this technical index.

* The system also allows the use of other optimi-
zation criteria — minimal quantity of obtained
zinc ferrite, maximum percentage of zinc in the
charge, minimal prime cost of the charge, etc.
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RESULTS AND DISCUSSION

Chemical composition

The chemical composition of the studied zinc
concentrates is presented in Table 1.

Most concentrates show high content of Pb and
Si0O,. Improper mixing of such concentrates can lead
to partial aggregation of calcine and increase of the
sulfide sulfur in it. Iron is particularly undesirable in
terms of ferrite formation. Its harmful effects may
be limited by appropriate selection of a charge, well
balanced in its chemical composition. Especially
unfavorable in terms of As and Sb are the concen-
trates with numbers 5 and 6. The strong harmful in-
fluence of these components in zinc electrowinning
from zinc sulfate solutions is well known, as well as
all the negative consequences [26].

X-ray phase analisis

Sphalerite (B-ZnS) is the main phase in sulfide
zinc concentrates. This shows that in terms of the
process of oxidative roasting the majority of zinc
will form oxide, which is favorable for the calcine
leaching.

At the same time it can be argued with some prob-
ability that in all concentrates the phase marmatite
(nZnS.mPFeS) is observed. The crystal lattice of ZnS
can include different amounts of iron [27-29]. Co-
oxidation of zinc and iron sulfide at 920-950 °C
leads to the formation of zinc ferrite that goes di-
rectly into the cake after zinc leaching. The Zn con-
tent in the cake is in the range of 15-17% the major
part of which is due to the ferrite.

The studied zinc concentrates were subjected
to X-ray analysis to determine their phase compo-
sition. The resulting X-ray diffraction patterns are
presented in Figure 1 and summarized in Table 2.

DTA and TGA study

The obtained DTA and TGA curves are com-
bined into general graphs (Figs. 2 and 3). The ob-
served exothermic effects in the temperature range
0f'450-500 °C are due to oxidation of iron and cop-
per sulfides (CuFeS,, FeS,). These effects are best
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Fig. 1. X-ray diffraction patterns of studied zinc sulfide
concentrates: Bulgaria (1, 2), Turkey (3, 4), Greece (5),
Morocco (6), Peru (7)

Table 1. Chemical composition of sulfide zinc concentrates from Bulgaria (1, 2), Turkey (3, 4),

Greece (5), Morocco (6), Peru (7)

Content (mass %)

Component
1 2 3 4 5 6 7
Zn 51.10 54.60 47.45 53.65 53.57 51.19 54.60
S 31.60 30.30 34.50 31.50 32.50 33.20 32.40
Fe 8.20 6.45 9.75 3.58 8.85 11.90 8.95
Pb 2.85 1.60 0.65 4.28 1.06 0.67 0.61
SiO, 2.25 4.30 3.30 3.58 0.95 0.66 1.75
Cu 1.96 1.02 2.06 0.63 0.27 0.68 0.38
Cd 0.29 0.28 0.23 0.25 0.30 0.10 0.09
As 0.002 0.005 0.05 0.029 1.02 0.099 0.028
Sb 0.001 0.001 0.002 0.003 0.02 0.002 0.001
Co 0.006 0.027 0.006 0.012 0.001 0.006 0.006
Ni 0.002 0.002 0.002 0.002 0.002 0.001 0.002
CaO 0.38 0.54 0.43 0.19 0.30 0.42 0.41
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Table 2. Results from X-ray phase analysis of zinc concentrates

N Phases
B 1 2 3 4 5 6 7
1 B —ZnS B —ZnS B—ZnS B—ZnS B —ZnS B —ZnS B —ZnS
2 (nZnS.mFeS)  (nZnS.mFeS) (nZnS.mFeS) (nZnS.mFeS) (nZnS.mFeS) (nZnS.mFeS) (nZnS.mFeS)
3. FeS, FeS, FeS,
4. CuFeS, CuFeS, CuFeS, CuFeS, CuFeS,
5 SiO, SiO, Si0, SiO,
(o-xBap (o-kBapi) (o-kBapi) (o-kBapi)
6 PbS PbS PbS PbS PbS
At 820 685
E 820
-«

200 400 600 800 1000 tc°C

Fig. 2. DTA curves of the studied zinc concentrates

observed and are relatively intense in concentrates
1, 2 and 3, which is an indirect confirmation that
they have separate phases of iron and copper. The
X-ray study of concentrate 5 shows the presence of
a FeS, line, but in the DTA curve 5 has no clear
exothermic effect, which indicates that the content
of pyrite in the concentrate is low.

In the other concentrates, well-expressed exo-
thermic effects, corresponding to the oxidation of
the shown copper and iron sulfides were not ob-
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Fig. 3. TGA curves of the studied zinc concentrates

served. The shown weak endothermic effects at
670-700 °C are due to dissociation of the obtained
in small quantities FeSO, and CuSO,. The most in-
tensive exothermic effect is the one caused by the
intensive oxidation of ZnS at 750820 °C.

The differences observed in the zinc solubility
from calcines, obtained under different conditions
of roasting can be explained using the terminology
introduced by us: “primary” ZnFe,O,, obtained by
oxidation of marmatite and “secondary” ZnFe,O,,
formed as a result of solid state interaction of
ZnO (from oxidation of B-ZnS) and Fe,O, (by
oxidation of FeS,). Roasting conditions influence
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Table 3. Results from the calculation of zinc concentrate charges and chemical and phase composition of the

best charge and prognostic calcine

Charge composition from concentrate N and % of it

Conc.1 Conc.2 Conc.3 Conc.4 Conc.5 Conc.6 Conc.7
20 10 5 20 5 20 20
Calculated chemical composition of charge, mass %
Zn S Fe SiO, Pb Cu Cd As Sb
52.61 32.12 8.36 2.29 1.93 0.95 0.20 0.086 0.003
Co Ni CaO MgO AlLO, Cl F Ge Tl
0.011 0.002 0.37 0.20 0.34 0.008 0.009 8 g/t 7 g/t
Prognostic chemical composition of zinc calcine, mass %
Zn S Fe Si02 Pb Cu Cd As Sb
60.47 2.95 9.61 2.63 222 1.09 0.23 0.098 0.003
Co Ni CaO MgO Al203 Cl F Ge Tl
0.012 0.002 0.43 0.23 0.39 0.009 0.011 9 g/t 8 g/t
Prognostic phase composition of zinc calcine, mass %
Zn (oxide + silicate) 52.34 7n 50 2.72
Zn (ferrite) 4.80 Fe (ferrite) 9.41
Zn (sulphate) 2.72 Fe (oxide + silicate) 0.19
Zn (sulphide) 0.60 Pb (sulphate) 1.77
Zny o, 55.06 Pb (sulphide) 0.44

mainly the formation of “secondary” ZnFe,O,,
while being a negligible factor in the formation
of “primary” ZnFe,O,.

Calculation of charges

The abovementioned Web-based expert system
[15, 25] was used for calculating the optimal charg-
es of the studied zinc concentrates. The Bulgarian 2
and Peruvian 7 concentrates were considered to be
the principal ones in the charge calculation, based
on available and contractual quantities of zinc con-
centrates for a long time period.

Best charge was obtained at the ratio of con-
centrates given in Table 3. Zinc, dissolved in 7%
H,SO, solution (Zn as oxide, sulphate and silicate)
makes up 91.06% of the total zinc in it. This is a
very high percentage and the indexes of neutral and
acid leaching will be very high if the technological
parameters are obeyed.

The calculated charges of zinc concentrates
that meet the specified requirements are 36. They
have zinc, soluble in 7% solution of sulfuric acid,
in the range 90.40-91.06%. This allows to vary
the choice of charge depending on the quantities of
concentrates.

The results show that the use of the Web-based
expert system gives very good results concerning
composition of the charge and quality of the ob-

tained calcine. The system also allows optimization
on economic criteria, when the concentrate prices
are known.

CONCLUSIONS

1. X-ray, differential thermal and thermogravi-
metric analysis of 7 Bulgarian and imported zinc
sulphide concentrate are made.

2. The relationship between the phase composi-
tion and type of the obtained DTA and TG curves
is shown, highlighting the influence of FeS, and
CuFeS, phases on the mass change of samples and
allowing the opportunity to establish the presence
of these phases in concentrates on the basis of the
TG curves obtained.

3. Calculations based on the Web-based informa-
tion system allow optimization of the composition
of zinc concentrate charges. From all studied con-
centrates a charge is recommended in which zinc,
soluble in 7% H,SO, solution constitutes 91.06% of
the total zinc in accordance with 11 restrictive con-
ditions for obtaining high quality calcine in terms of
its hydrometallurgical processing.
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PEHTTEHO®A30B, DTA U TG AHAJIN3 HA CYJIOUIHN
LIMHKOBU KOHIIEHTPATHU U U3CJIEABAHE TSIXHOTO ITHP)KEHE
B IIEIL] C KUTISII CJION

b. C. bosnos, A. b. IleaTrexoB

ITnosouscku ynusepcumem ,, llaucuii Xunenoapcku *, kameopa ,, Xumuuna mexnonozaus ",
va. ,,L{ap Acen* Ne 24, [Inogous, bvicapusa

Ioctpnuna ua 20 mapr, 2012 r.; npuera Ha 17 anpui, 2012 1.
(Pesrome)

Boarapus e ocHOBeH mpom3BoauTen Ha NWHK B [lenTpanna n Mzrouna Espomna (oxoro 100 000 ToHA TOAMIITHO).
IBara nuakoBu 3aBoga B KIIM AJl, ITnosaue nu OLIK EOO/, Kbpmxamu 10CTaBAT HEOOXOOUMHUTE CYPOBUHHU OT
Boarapus n uyxOuHa.

B Ttasm Bpb3ka, 7 OBArapCcKd M BHOCHM LIMHKOBH KOHIIGHTpATH OsiXa M3CIEIBAaHM C M3IOJ3BAaHE HAa XUMMYCH,
pertreHogasos a"anmus, JITA u TTA. B Tax ca ycranoBenu cnennure dasu: B-ZnS; nZnS.mFeS; CuFeS,; PbS; SiO,
(o-xBapir). @azata -ZnS mpuCHCTBa BFB BCHUKH KOHIIEHTPATH, a APyTruTe (ha3u ca mMpeACTaBEeHH B Pa3INdHA CTEIICH
B U3CJIC/IBAHUTE KOHLIEHTPATH.

[omydenure pe3ynraTu ca MHTEPHIPETHPAHU OT TJIEHA TOYKA Ha MOJTydaBaHE HAa MOAXOMISIIA IIMHKOBA yrapka
MIPH TBPKEHETO CHITIACHO HEIHUA XUMIYEH U (a30B ChCTaB. 3a Ta3M Iiell € ninon3Bana Web-0a3upaHa mporpaMHa
cucTeMa, pa3paboTeHa OT MaTeMaTHIM U TEXHOJO03U OT [ImoBIMBCKUS YHUBEpCHUTET ,,[lamcnii XuneHnapcku' 3a u3-
YHCIIABAaHE Ha MIMXTH OT IIMHKOBU KOHIICHTPATH TIPH U3IO0JI3BAHE HA ONpPEeIeH ONTUMHU3Hpan] kpurepuil. Tosa mo3-
BOJISIBA 10 BPEME HA ITBPXKEHETO HA KOHIIEHTPATUTE B TEI C KUITALI CIIOH Aa ce MpepaboTBaT MOIXOIAIIH 110 ChCTaB
muxTy. ToBa JONpHHACH 3a IOJTy4aBaHE Ha IIMHKOBA yrapka ¢ MUHHMAIIHO KOJIMYECTBO HEPA3TBOPUM LIMHKOB (eput
U ChABbPKAHNE HA IPUMECHH KOMIIOHEHTH CHIVIACHO ONPENENICHN TeXHOJIOTUYHYU N3NCKBAHUSI.

23



