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ABSTRACT

In this work, large-scale laboratory experiments were carried out on high-temperature sintering
of clinker with CaCl.. New data were obtained on extracting zinc, lead and related impurities into
the targeted products of high-temperature sintering under process scaling conditions. The optimal
parameters for high-temperature sintering have been established: t =900 °C, t = 60 minutes, CaCl,
consumption is 1.3 times higher than its consumption from the stoichiometric required amount
(SRA). High-quality zinc sublimates were obtained. The maximum extraction of zinc into sublimates
was achieved - 98.2%. New data on changes in the quantitative ratios of clinker ingredients under
sintering conditions have been obtained. It has been established that zinc in the form of chloride
is concentrated in sublimations. The obtained results form the basis of the final stage of the
chlorination technology for processing lead-containing zinc dust from ferrous metallurgy and were
used in the developing of a general technology for the selective extraction of zinc and lead into
marketable products.
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Introduction

Today, accumulated dust from ferrous
metallurgy occupies huge areas and requires
disposal. Ferrous metallurgy specks of dust, in
particular zinc-containing specks of dust, are
characterized by a complex chemical and phase
composition. The need for their processing lies in the
fact that they contain valuable metals. On average,
the zinc content in dust is estimated at 8-10%. The
return of zinc-containing dust to smelting negatively
affects the technological parameters and smelting
modes: an increase in the zinc content in the
resulting smelting products and the formation of
localized deposits in the furnace. Several methods
are known, but they are not applicable due to the
multi-component composition of the dust obtained

under different melting conditions and parameters
[[11, [2], [3], [4], [5], [6], [7]]. Processing of zinc
sublimates (in the form of oxides) by fuming and
other processes leads to environmental
degradation, an example is the processing of zinc
sublimates at Kazakhmys LLP [[8], [9], [10], [11], [12],
[13], [14], [15], [16], [17], [18], [19]]. The use of a
pulverized coal mixture leads to a large yield of CO..

Based on the above, it follows that solving the
problem of complex processing of ferrous and non-
ferrous metallurgy dust is an urgent task and
requires finding new ways to process them.

In previously completed work [20], we
presented the general concept of combined
chlorination technology for the complex processing
of dust from Kazferrostal LLP (Almaty), obtained
from processing ferrous scrap into EAF. The
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technology includes the selective extraction of iron,
lead and zinc into targeted products through stage-
by-stage processing. The results of the studies
showed the fundamental possibility of developing a
technology for producing commercial products from
dust: an iron-containing product, high-quality lead
and zinc sublimates with a high recovery of lead and
zinc in them, over 98%.

At the initial stage of the technology, a magnetic
fraction (~70% Fe) is separated from dust using the
magnetic separation method, which is sent for
agglomeration before blast furnace remelting. The
non-magnetic dust fraction (46.74% Zn, 5.48% Pb) is
subjected to low-temperature chlorinating sintering
with NH.Cl with selective extraction of lead into
sublimates. The resulting zinc-rich clinker, in the
second stage, is subjected to high-temperature
sintering with CaCl, with selective extraction of zinc
from it into sublimates and the production of final
clinker with a high iron content, suitable for
producing steel.

Lead and zinc sublimates of high quality can be
used as commercial products and sent for sale, or,
after processing by known methods (smelting,
electrolysis), they can be processed to obtain pure
lead and zinc. The minimum content of impurities in
them will allow further operations to be carried out
with low material costs.

The purpose of this research is to test the
reproducibility and accuracy of the results of the
method for extracting zinc from clinker by high-
temperature sintering with calcium chloride [21]
under scaling conditions with the establishment of
optimal technological process parameters.

Materials and research methods

As the initial object, clinker was used, obtained
after low-temperature sintering of dust with NH4CI,
composition, wt.%: 49.74 Zn; 0.23 Pb; 20.08 Fe; 7.74
Si02; 18 O and others.

The conditions, experimental procedures and
methods for studying the initial and resulting
products were similar to those used in laboratory
experiments [21]. Technological experiments were
carried out with an initial sample of clinker of 500 g.
The consumption of CaCl, in the experiments was
1.0; 1.1; 1.3 and 1.5 times higher than its
stoichiometric required amount (SRA) for
chlorination of zinc oxide, which was calculated
based on the zinc content in clinker. Experiment

temperatures were 600, 700, 800, 900 and 1000 °C.
Duration — 60 minutes. Each experiment at a given
temperature and CaCl; flow rate was repeated three
times in order to be reproducible and obtain
accurate results. The average value was taken as the
final result.

The number of sublimations was determined by
the difference between the initial sample and the
resulting clinker, taking into account the content of
lead, zinc and iron in them. The degree of extraction
of zinc and lead into sublimates was determined by
the formula:

__ (g1xm1) — (g2Xm?2)

EMe (g1xm1)

(1)

where: g1 — a mass fraction of the element in the
original clinker;

m; — mass of the initial clinker sample, 500 g;

g, - a mass fraction of the element in the
clinker after sintering;

m; - a mass of clinker after sintering.

Based on the results of experiments, the
material balance and extraction of zinc and lead into
sintering products were calculated with a
comparative analysis of the data.

Results and discussion

The established values of A H>0 kl/mol for the
reaction of zinc oxide with CaCl, show that the
chlorination process is endothermic and the
efficiency of the ongoing reactions during high-
temperature sintering of clinker is closely related to
temperature.

To check the effectiveness of extraction of Zn
and Pb from clinker, the mixture (clinker + given
CaCl; flow rate) in an amount of 500 g was subjected
to sintering at a temperature of 600-1000 °C for 60
minutes at an airflow rate of 100 ml/min.

The study of the influence of temperature on the
dynamics of changes in the content of Zn and Pb in
the sintering products was carried out at a constant
sintering time of 60 minutes and consumption of
CaCl; 1.3 times higher than its stoichiometric
required amount (SRA) for the reduction of zinc
compounds to chloride. The choice of parameters is
determined by the need to conduct a comparative
assessment of the results for reproducibility and
accuracy with laboratory experiments.

The effect of temperature on the content of zinc
and lead in sublimates and clinker is shown in Fig. 1.
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Fig. 1 - Dependence of Zn and Pb content
in sublimates (a) and clinker (b) on temperature

As can be seen in Fig. 1 (a), under high-
temperature sintering conditions, the main
contribution to the formation of sublimates is made
by zinc chloride. The Zn content in sublimates
changes greatly with increasing temperature: an
increase in temperature from 600 to 1000 °C
increases the zinc content in sublimates from ~35 to
~41%. At high temperatures of 800 °C and above, the
lead content in sublimates is minimal and varies
slightly within low limits from 0.003 to 0.002%. The
fact seems quite natural, since in the considered
temperature range 600-1000 °C, the Zn content in
clinker shows a sharp decrease from 1.43 to 0.92%.
At the same time, as can be seen in Fig. 1 (b), the
nature of the curve of the change in lead content
practically does not change and shows a stable value
at the level of 0.26%.

SEM images of clinkers obtained after
chlorination sintering at a temperature of 700, 800,
900 and 1000 °C are presented in Fig. 2.

Fig.2 - SEM images of samples (clinker) chlorinated at
different temperatures: 700 °C, 800 °C, 900 °C, 1000 °C

In the range of 700-900 °C, with increasing
temperature, calcined clinker gradually begins to
sinter and undergoes phase transitions. At elevated
temperatures due to a decrease in the porosity of
the material, kinetic conditions chlorination
reactions are hindered: CaCl, particles are not
completely in contact with zinc and lead
compounds. At temperatures above 1000 °C, clinker
begins to melt (Fig. 2), and at higher temperatures
(above 1200 °C) it passes into the liquid phase, which
seriously reduces the extraction of zinc and lead into
sublimates. Consequently, an increase in the
sintering temperature, although it provides high
productivity, significantly increases the material
costs of the process: the consumption of
chlorinating agent increases (CaCl,), and the quality
of the resulting sublimates decreases. Based on the
obtained results and taking into account the
established patterns of the influence of temperature
on the quality of the resulting sublimates, as well as
taking into account the cost of calcium chloride and
energy consumption, a temperature of 900 °C was
taken as the optimal temperature for the sintering
process.

In the process of high-temperature chlorinating
sintering of clinker, the distribution of Zn and Pb
between products is significantly affected by the
consumption of CaCl, - as an active chlorinating
reagent, providing effective selective chlorination of
zinc with low energy consumption and minimal
environmental pollution.

The physicochemical essence of the process of
high-temperature sintering of clinker with CaCl, can
be interpreted as a direct and indirect mechanism of
metal chlorination [22].

The mechanism of direct chlorination can be
represented by the reaction:
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CaCl,+ MeO = 2Ca0 + MeCl,, (2)

where solid calcium chloride reacts directly with the
metal oxide to form the corresponding chloride.

The indirect mechanism of metal chlorination is
usually represented as a stepwise one: first, the
decomposition reaction of solid CaCl,(s) occurs due
to oxygen to its oxide with the formation of gaseous
chlorine (Cly(g)). The chlorine then reacts with the
metal oxide and reduces it to the corresponding
chloride. The general mechanism is described by the
occurrence of reactions:

2C8C|2(5) + Oz(g) =2Ca0 + 2C|2(g), (3)
ZMEO(S) + 2C|2(g) = ZMEC|2(g) + Oz(g). (4)

The physicochemical patterns that occur during
the sintering of clinker with CaCl; can be interpreted
by the mechanism of direct chlorination, wherein
the ZnO-Fe,0s-CaCl, system, at temperatures above
the melting point of CaCl, (>700 °C), calcium chloride
with zinc oxide reacts directly according to reaction
(1) to form gaseous ZnCl,.

The effect of CaCl, consumption on the zinc
content in sintering products, set at an optimal
temperature of 900 °C, is shown in Fig. 3.
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Fig.3 - Dynamics of changes in the content of Zn and Pb
in sublimates (a) and clinker (b) depending on the
consumption of CaClz: t =900 °C, T =60 minutes.

As can be seen in Fig. 3, the Zn content in the
sintering products strongly depends on the CaCl,
consumption. Interesting results were obtained in
experiments conducted without the addition of
CaCly. When simply heating the clinker at 900 °C for
60 minutes, the residual content of Zn and Pb in the
resulting clinker, although insignificant, showed a
decrease from the initial 50.46% and 0.24% to
49.78% and 0.21%, respectively. This phenomenon
is explained by the fact that at high temperatures,
zinc and lead compounds present in clinker in the
form of solid chlorides, having high vapor pressure,
partially begin to sublime.

With an increase in the consumption of CaCl,
from 1.1 to 1.3 times higher than its consumption
from the SRA, the zinc content in the sublimates
increases from ~40 to ~50% (Fig. 3 (a)). With a
maximum zinc content in sublimates, the lead
content in them is minimal and amounts to ~0.002%.

An increase in the consumption of CaCl;
increases its contact with the oxides of Zn and Pb
and promotes the intensification of the chlorination
process, accelerating the speed and completeness of
the reactions. However, it has been established that
with an increase in the consumption of CaCl, (above
its SRA = 1.3), the zinc content in the sublimates
slows down. This is explained by the fact that when
the consumption of calcium chloride is equal to SRA
= 1.3, the processes of formation of zinc chloride and
its sublimation are almost completed. This is
evidenced by the established minimum contents of
Zn, and Pb in clinker, equal to 0.92% and 0.23%,
respectively, at a consumption of CaCl, = 1.5 SRA
(Fig. 3 (b)). It follows that the optimal conditions for
high-temperature chlorinating sintering, ensuring
high extraction of zinc into sublimates, are achieved
at consumption of CaCl, not exceeding its
stoichiometric required amount by 1.3 times for the
reduction of zinc from its oxide.

The dynamics of the extraction of lead and zinc
into sublimates depending on the consumption of
CaCl,is shown in Fig. 4.

Figure 4 shows that with a consumption of CaCl,
1.5 times higher than its consumption from the SRA
for the reduction of zinc oxide to its chloride, a high
extraction of Zn into sublimates is achieved, equal to
98.4%, with a minimum extraction of lead into
sublimates - 2,6%. At the same time, a large excess
of CaCly in the process increases the extraction of
volatile lead chlorides and impurities into
sublimates, which will significantly reduce the
quality of the resulting zinc sublimates. Based on
this, and also taking into account the increase in
material costs, it is advisable to take the optimal
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consumption of calcium chloride in the work as 1.3
times higher than the consumption from the SRA
required to reduce zinc oxide to volatile zinc
chloride.
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Fig.4 - Dependence of extraction of zinc (a) and lead (b)
to sublimates from CaCl2 consumption:
t =900 °C, T =60 minutes

Thus, the obtained results completely confirm
the previously established patterns of behaviour of
zinc and lead obtained in laboratory conditions.
Optimal process parameters corresponding to t
=900 °C, process time - 60 minutes and CaCl,
consumption 1.3 times higher than its consumption
from SRA for the recovery of zinc from its oxide
provide a high recovery of zinc into sublimates of
more than 98%.

The yield of products at optimal parameters
after sintering was, % of the weight of the charge
(clinker + CaCl; ): clinker - 43%; sublimates — 50%,
others.

High-quality zinc sublimates were obtained,
wt.%: 47.39 Zn; 0.005 Pb; 51.77 Cl, others.
Composition of the final clinker, wt.%: 22.53 Fe; 4.1
Si; 44 Ca; 18.26 Cl; 7.21 O; 0.26 Pb; 1.0 Zn, others.
Extraction of zinc into sublimates — 98.2%.

The obtained data are in good agreement with
laboratory experiments [21], which show the high
reproducibility of the process under scaling

conditions and the accuracy (more than 98%) of the
results obtained.

The establishment of quantitative relationships
between Zn, Pb, Fe and associated impurities in the
final clinker has a great practical importance. To
carry out the calculations, the contents of all
possible impurities were established within the
lower limits of their detection in the clinker obtained
after sintering. Based on the results, the clinker
ingredients (kg/t) were determined and their ratios
were calculated, which are presented in Fig. 5.
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Fig.5 - Ingredients of clinker obtained after
high-temperature sintering: t =900 °C, T =60 minutes

It is easy to see that the amount of basic
ingredients (Zn, Ca, Fe, Si) of clinker undergoes
significant changes after sintering: the amount of Zn
in clinker sharply decreases from 480 kg to ~10 kg,
while the contents of Fe and Si remain almost at the
same level. A significant increase in the amount of
calcium in clinker from 30 kg to 400 kg is explained
by the introduction of an additional amount of
calcium chloride into the process as a chlorinating
reagent. From the general spectrum of detected
impurities, a decrease in the content of lead and
titanium from their base content in the original
clinker was established by 1.2 and 2.3% abs.,
respectively. The remaining impurities are almost
completely concentrated in clinker. The obtained
results show that the sublimates in the process are
mainly represented by zinc chloride vapors with a
minimal content of lead, titanium and tin chlorides.
With further processing of the resulting zinc
sublimates, their presence will not require a
significant increase in costs.

Conclusions

It has been established that the minimum zinc
content in clinker of 1.01% is achieved at a
temperature of 900 °C. A high zinc content in
sublimates of 47.42% was achieved at a
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consumption of CaCl; 1.3 times higher than its SRA
for the reduction of zinc oxide.

The optimal parameters for high-temperature
sintering have been established: t =900 °C, t =60
minutes, CaCl, consumptionis 1.3 times higher than
its consumption from the SRA. High-quality zinc
sublimates were obtained, wt.%: 47.39 Zn; 0.005 Pb;
51.77 Cl, others. The maximum extraction of zinc
into sublimates was achieved - 98.2%.

New data were obtained on changes in the
guantitative ratios of clinker ingredients under
sintering conditions. It has been established that the
most important ingredient (Zn) of clinker, due to the
high volatility of its chloride, is concentrated in
sublimates during the sintering process. Minor loss
of volatile impurities is characterized by lead,
titanium and tin chlorides. The remaining impurities
are concentrated in clinker in the form of oxides and
chlorides.

The obtained results were used in the
construction of a common technology for the
selective extraction of zinc and lead from ferrous
metallurgy dust.
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Kapa meTannyprus waHblH Kanbuuii xnopugimeH bipre KyiiexkeHTeKkTeyAaiH
KeHeuTinreH sepTxaHanbik Taxipnbenepi

Nocmyxamegos H.K., KoitwmHa .M., 2XKongacb6aii E.E., Ap#biH A.9., 2Nuesa 10.B6.

1Cam6aes yHusepcumemi, Aamamel, Kazakcmax
26.A. BalikoHblpos ambiHOarbI He3KasFaH yHusepcumemi, XeskasraH, Kazakcmax

TYWIHAEME

3epTXaHanbIK,

Makana kengi: 6 maycoim 2024
CapantamagaH eTri: 30 mayceim 2024
KabbingaHabl: 16 Keipkyliek 2024

Hymbicta knnHKepai CaCl-meH Kofapbl TemMnepaTtypaga KymeeHTeKTey GoWblHLWA ipineHreH-
ToXipnbenep  Kyprisingi.
TemnepaTtypanbl KyWesKeHTeKTeyAiH, MaKcaTTbl eHiMAepiHe MbIpbIll, KOpFacbiH aHe inecne
Kocnanapgpl 6enin any 6oMblHWA KaHa gepekTep anbiHAbl. ofapbl TemnepaTypasbl
KYMeXKeHTeKTeyAiH, OHTalbl napameTpsepi aHblkTangpl: t=900 °C, =60 MuHyT, CaCly WhbIfbIHbI
CKM-HeH 1,3 ece Ken. }ofapbl canasbl Mbipbll BO3roHAAPbl a/biHAbI. BO3roHaapfa MbipbIWTbIH,
MaKkcumanabl 6eniHyi Kon ketkisingi - 98,2 %.
MHrpeAMeHTTepPIHIH, CaHAbIK apaKkaTblHACTapbl Typasbl aHa MajimeTTep anbiHAbl. Bo3roHaa
MbIPbIWTBIH,  XA0pUA,  TypiHAe 6GonaTbiHAbIFbI
MeTanNypruaaarbl KOpFacbiHbl 6ap MbIpbILL WaHbIH BHAEYAIH X10pay TEXHONOTUACBIHbIH, COHFbI
CaTbICbIHbIH, HEri3iH Kypaiabl aHe UMHK NeH KopfacbiHAbl Tayap/blK eHimre ipikten anyablH,
JKaNMbl TEXHONOTUACLIH KypyAa KoAAaHblNaTbiH 601aabl.

Mpouecti macwrabray KafganblHAA  KOFapbl

KyiexkeHTeKTey KafaanbiHAA KAUHKep

aHblKTanabl. ANbIHFAH HITMXKenep Kapa

TyiiiH ce30ep: WwaH, KOpPFacbiH, MblpbiL, 66nin any, XNopAbl KyHAipy.
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YKpYynNHeHHO-1a60paTopHbie ONbiTbl CMEKAHUA NblIM YEPHOI MeTannyprum
COBMECTHO C XJIOPMAOM KanbLuus
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AHHOTALMUA

B paboTe npoBeaeHbl YKpYNHEHHO-N1abopaTopHbIE OMNbITbl MO BbICOKOTEMMNEPATYPHOMY CNEKAHUIO
KNMHKepa ¢ CaCl,. MonyyeHbl HOBblE AaHHbIE MO U3BAEYEHWIO LMHKA, CBUHLLA U COMYTCTBYHOLLMX
npumeceii B  LeNeBble  MPOAYKTbl  BbICOKOTEMNEPATYPHOrO  CMeKaHus B YCI0BUAX
Noctynuna: 6 uioks 2024 macwTtabrpoBaHua npouecca. YCTaHOB/AEHbI ONTUMA/IbHbIE NapameTpbl BbICOKOTEMNEPATYPHOro
PeueHsuposaHue: 30 utoHa 2024 cnekaHua: t=900 °C, 1=60 muHyT, pacxos CaCl. 8 1,3 pasa npesblwatowwuii ero pacxos, ot CHK.
MpwvHATa B neyatb: 16 ceHmaAbpsa 2024 MonyyeHbl UMHKOBble BO3rOHbl BbICOKOrO KayectBa. [JOCTUrHYTO MaKCMManbHOE WU3BNeYeHue
LUMHKA B BO3rOHbl — 98,2 %. YCTaHOB/EHbl KO/IMYECTBEHHbIE COOTHOLUEHWUA WHIPEAUEHTOB
KAVHKepa B YCNOBUAX CMeKaHMA. YCTaHOBAEHO, YTO UMHK B BMAe X/10puAaa B BO3roHax.
MonyyeHHble pe3ynbTaTbl COCTaBAAOT OCHOBY 3aK/OUMTENIbHOW CTaAWuM  XNopupyloLLen
TEXHONOTMM NepepaboTkn CBUHELCOAEPIKALLEN LMHKOBOW MbIAN YEPHON MeTannyprum u byayt
MCNONb30BaHbl MPWU MOCTPOEHUMN OBLLEN TEXHONOMUU AN CENEKTUBHOMO W3BNEYEHUA LMHKA U
CBMHLLA B TOBapHble NPOAYKTbI.

Kntoyesbie €a108a: Mbifib, UMHK, CBUHEL, U3BJIEYEHNE, XNOPUPYIOLLEE CMEKAHMUE.
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