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Abstract. In the present work we consider the processing of dross by chlorination firing. Based on the thermodynamic
analysis of the reactions between the components of the oxide part of the cinders and calcium and ammonium
chlorides, the fundamental possibility of obtaining pure zinc oxide suitable for use as mineral additives in animal feed is
shown. As a result of thermodynamic calculations of reactions of interaction of impurity metals (Pb, Fe, etc.) with CaCl,
and NH,CI the values of Gibbs free energy and rate constants of reactions in the temperature range 973...1373 K have
been determined. It was found that under the conditions of oxidative roasting the reactions of interaction of impurity
metals (Pb, Fe, As, Sb) present in the oxide part of the dross with calcium and ammonium chlorides proceed with
the formation of their chlorides and sublime. The high Gibbs free energies of chlorination of metals with ammonium
chloride show better roasting efficiency than roasting with calcium chloride. The optimum parameters of burning
of oxidized fraction of slag have been established: T=1000°C, CaCl, consumption — 1,2-1,7 % of stoichiometrically
necessary quantity for lead chlorination, NH,Cl consumption — 1 % of weight of initial oxidized fraction. Pure zinc oxide
was obtained with the following composition, % (wt.): 70-73 Zn; 0,02-0,05 Pb; 0,5-1,2 Fe; 0,04-0,08 Cu; 0,001-0,002
Cd; 0,005-0,007 As; 0,005-0,006 Sb; 0,007-0,01 Sn.

Keywords: dross, impurity metals, chlorine firing, thermodynamics, Gibbs free energy, calcium chloride, ammonium

chloride, zinc oxide.

Introduction

The problem of metal protection against corrosion
is one of the most important technical problems all
over the world. Among the large number of known
methods of protecting steel structures from corrosion
the hot-dip galvanizing is effective, technological and
fairly cheap. Zinc coating has a good appearance and
allows increasing the service life of products by 2-3
times and reliably protects them from atmospheric
and other types of corrosion [1].

The high prices for zinc, which make up the
main part of the cost of galvanizing, require the
economical use of zinc and the disposal of its waste,
one of which is dross. The output of dross is from
0.5 to 3.5% of the mass of the passed products. Dross
in its composition is represented by zinc oxide. It
contains 30-40% of metallic zinc [2]. The complex
chemical composition of the dross makes it difficult
to further usage of it. Its main processing in practice
is about extraction of the metal part of zinc, which
due to its low quality is not commercial product

EZN and is used in the process of galvanizing products.

At the same time, the non-metallic part of the dross
remaining after the separation of zinc is accumulated
and stored at enterprises and plants, occupying large
territories, due to the significant content of lead and
other impurity metals in it and the lack of rational
processing technology on the other hand.

At present, pyrometallurgical methods of
ash processing using various reagents (acids,
alkaline methods, addition of sodium fluorides,
aluminum, etc.) are widespread in practice [3-7].
Hydrometallurgical methods have been developing
in recent years [2, 8-10].

One of the most effective methods for processing
the dross can be the preliminary separation of the
metal and oxide parts of the dross with further
separate processing of each of them [11]. The metal
part is melted in an induction furnace under a layer
of ammonium chloride and charcoal. Metallic zinc is
obtained from the metal part with the composition,
%: 95.9 Zn; 1.54 Pb; 0.9 Fe; 0.4 Cu.

The oxide part of the dross is subjected to roasting
at 800-900°C and zinc oxide is obtained, which is



used for the preparation of whitewash. At the same
time, due to the high content of lead (1.2%) and iron
(0.95%) in the dross, the quality of the produced
whitewash is low.

The disadvantages of this method include: the
difficulty of separating the metallic and non-metallic
oxide fractions; zinc oxide remains in the metal drops
of zinc, which greatly impacts the quality of the
produced zinc whitewash.

Despite the indicated disadvantages, the
approach proposed in [11] for the preliminary
separation of the metal and oxide parts of the dross
with further separate processing of each of them
seems to be quite effective. At the same time, if the
metal part can be used as a material for secondary
use in galvanizing, then the investigating the ways
to process the non-metallic, oxide part of the dross
containing such impurities as Pb, Fe, As, Sb requires
additional research.

It has a fundamental importance to study the
behavior of lead and iron, in the vision of their high
concentrations in the oxide part of the dross which
can reach 1.2 and 1%, respectively. The high content
of metal impurities in the dross hinders their further
sale and use, and leads to accumulation. The results
of well-known works on the processing of dross
do not give an unambiguous picture of removing
impurities.

In this work, based on the study of the behavior
of zinc and accompanying impurities (Pb, Fe, As, Sb)
under the conditions of chlorinated roasting of the
oxide part of the dross with calcium and ammonium
chlorides, the fundamental possibility of obtaining
pure commercial zinc oxide suitable for use as
mineral additives in animal feed is substantiated.

Research methods

A silite heating furnace was used as an
experimental equipment for melting the metal
fraction of dross. For roasting of oxide fraction of
dross — Nabertherm R50/250/12 horizontal electric
furnace with temperature controller B410 was used.
For melting — alundum crucibles and for roasting
— alundum boats (120x60x20 mm) were used as a
container for loading the feed materials. The airflow
rate during roasting of the oxide fraction of dross
with CaCl2 and NH4CI was monitored with RM-GS
004 KL4 rotameter.

Preparation of the samples for chemical analysis
was carried out as follows: 10 mg of the material was
dissolved in 65% (vol.) nitric acid and then analyzed.
Material composition was characterized using an
atomic absorption spectrophotometer equipped
with a graphite combustion chamber (Perkin
Elmer 5100). Powder X-ray diffraction (XRD) was
performed on an Ultima III diffractometer (Rigaku
Corporation, Japan) with quantitative phase analysis
accomplished using Jade_10 (MDI, Cal.) software
and the ICSD database and energy-dispersive X-ray
fluorescence spectroscopy was performed on a LEO
Supra scanning electron microscope (SEM).
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Each sample obtained after the experiments was
subjected to the elemental composition twice. The
final elemental composition was determined based
on the average value obtained from the results of two
independent measurements.

For a better understanding of the mechanism
of chlorinating roasting, a detailed thermodynamic
analysis of the interaction of dross components with
chlorinating reagents (CaCl, and NH,Cl) was carried
out.

Results and discussion

Thermodynamic analysis of the reactions of
chlorination of zinc, impurity metals and their
oxides with calcium and ammonium chlorides

The model of thermodynamic reactions of
chlorination of the components of the metal
fraction with ammonium chloride (melting) and the
oxidized fraction of dross (roasting) with calcium
and ammonium chloride is considered from the
standpoint of the above results of mineralogical
studies of the phase composition of the initial
products.

The mechanism of the chlorination process can
be described by a system of reactions typical for the
conditions of melting the metal fraction of dross
with ammonium chloride and roasting the oxidized
fraction with CaCl, and NH,CI], shown in Table 3.

The probable direction of the reactions was
estimated by the change in the thermodynamic
values of the system. Thermodynamic calculations
were conducted by calculating the Gibbs free energy
(AG®r) of reactions and establishing their dependence
on temperature.

As the standard state of zinc, impurity metals
and their oxides the pure solid metal (Me,) and
solid oxide (MeQs) is taken. For metal chlorides the
pure MeCly, is considered. For the calculations the
reference data from [12].

The results of thermodynamic calculations are
summarized in Table 1.

It was found that the course of interaction
reactions between metal oxides MeO (Me — Zn, Pb,
Fe, Cu, Ni, Cd) and CaCl, in the entire investigated
temperature range is impossible, due to the positive
values of the Gibbs free energy.

During the roasting active chlorination of metallic
zinc with calcium chloride according to reaction (1) is
expected. In the temperature range 673-1373 K, the
Gibbs free energy of reaction (1) shows a decrease
with increasing temperature: from AGg;« =-189.1 kJ/
mol to AGiazsx =-123.7 kJ/mol. Nevertheless, the high
negative values of the Gibbs free energy indicate the
possibility of the formation of gaseous zinc chloride
and solid calcium oxide in the cinder over the entire
investigated temperature range.

Zinc chloride formed as a result of reaction (1)
does not interact with atmospheric oxygen according
to reaction (2), due to the positive values of Gibbs free
energy in the entire investigated temperature range
of 673-1373 K.
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Table 1 - Calculated values of the Gibbs free energy of the reactions of chlorination of zinc, impurity metals and

their oxides with calcium and ammonium chlorides

Temperature, K
No Reaction 673 = 773 873 | 973 | 1073 1173 1273 1373
AG, kJ/mol
(1) | Zn + CaCl, + 0,50, = ZnCl, + CaO -189,1 | -180,6 -172,21 -164,07 -1554 | -144,8 -1342 -123,7
(2) | ZnCl, + 0,50, = ZnO + Cl, 31,5 289 267 248 232 21,9 208 19,9
(3) | Pb+CaCl, + 0.50,, = PbCl, + CaO 67,6 745 @ -812 87,9 | 93,6  -97,2 -100,5 -103,6
(4 fer1sCaCh+0.730m=FeCht | gop 519 | 385 | 252 106 73 | 254 | 437
1.5Ca0
(5) | Cu+CaCl, + 0.50,4 = CuCl, + CaO 3,7 11,4 187 | 257 | 331 | 421 509 | 597
(6) | Ni+CaCl, +0.50,4 = NiCl, + Ca0 77 | 67,03 | -57,14 -47,32 | -36,78 -2421 -11,54 -2,96
(7) | Cd+CaCl, +0.50,4 = CdCl, + CaO | -160,51 -150,58  -142,33 -136,94 -131,1 -1235 -116 | -108,65
(8) | ZnCl,+Pb +0.50,,=PbCl, +ZnO  -162,04 -166,86 -171,3 -1754 -179,2 -182,7 -186 | -189,2
(9) | 3ZnCl,+2Fe +1.50,4=2FeCl,+3Zn0 | -414,1 -380,91 -347,16 -312,95 -277,9 -242 -205,7 -136,26
(10) | ZnCl, + Cu + 0.50,, = CuCl, + ZnO 90,7 @ -80,9  -7123  -61,73 -52,43 -43,36 -34,55 -2584
(11)  ZnCl, + Ni+0.50, = NiCl, +Zn0 | -171,42 | -159,39 -147,18  -134,81 -122,3 -109,7 -97,09 -88,53
(12) | ZnCl, + Cd+ 0.50, = CdCl, +ZnO | -254,93 | -242,93 -232,36 -224,44 -216,6 -209 -201,5 -194,23
(13) | 20+ 2NH.Cl +0.505 = ZnCl, + 249,52 | -279,21 | -309,16 -339,55 -370,3 -401,6 -433,2 -465,27
2NHs() + Hy0p)
(14) | ZnO+2NH,Cl=ZnCl+2NHyy+H,0, = -81,99 -133,48 -186,03  -239,54 -293,9 -349,1 -405  -461,67
(15) | PP+ 2NHACl +0.50y5 = PbC; + 244,03 | -300,35 | -357,33  -414,94  -473,1 -531,8 -591,1 -650,87
2NHy + H:0yp
Fe + 3NH,Cl + 0.750,, = FeCl, +
FE | e 596, 330,04 -390,68 -452,63 -51579 -579,8 -644,6 -710,4 -777,13
(17) | €4+ ZNHCl +0.50; = CuCl, + 172,7 | 214,39 -257,27 -301,28  -346,3  -392,4  -439,5 -487,51
2NHz) + H,0p)
(1g) | NI+ 2NHLCl +0.505 = NiCl, + 253,42 | -292,88  -33321 -374,36 -416,2 -458,8 -502,1 -550,21
2N Hg(g) + HZO(g)
(19) | €4+ ZNHACl +0.50, = CdCl, + 336,93 -376,42 -418,4 -463,9 | -510,5 -558,1 -606,6 -655,9
2NHz) + H,0p
(20) | PbO+2NH,Cl=PbCl, + 2NHyq+ H,0 | -157,17 | -206,56 | -259,76 -314,03 -369,2 -425 -479,6 | -534,97
(21) ;eHZ%+6NH4C'=2Fec'3+6NH3‘g’+ 24553 | -173,18 -324,18 -477,23 -632,2 -789,2 -948,1 -1108,8
2M(g)
(22) | CUO+2NH,Cl=CuCl,+2NHyy +H,0, | -78,92 | -129,27 -180,67 | -233,07 -286,4 -340,6 -395,7  -451,75
(23)  NiO+2NH,Cl=NiClL+2NHy+H,0, | -74,82 | -122,97 -171,92 | -221,62 -272 -323 -374,7  -431,15
(24) | CdO +2NH,Cl=CdCl+2NHy+ H,0,) | -144,47 -19453 -247 | -302,99 -359,9 -417,7 -476,4 -53583

Thus, it can be argued that under conditions of
joint roasting of the oxide fraction of dross with CaCl,
in an oxidizing atmosphere, favorable conditions are
created for the conversion of metallic zinc into oxide.
From a practical point of view, this will lead to an
increase in the content of zinc oxide, and, as a result,
improve the quality of the final product (ZnO).

For the melting of the metal fraction, the use of
calcium chloride does not seem to be effective, due
to the favorable conditions being created for the
conversion of metallic zinc into its oxide. This will
have a significant effect on reducing the quality of the

BEEIA resulting metal zinc ingot.

The interaction of impurity metals with CaCl,is
described by a group of reactions (3)-(7). At the tem-
perature of melting (673 K) and roasting (1373 K), all
reactions, except for reaction (5), are characterized by
negative values of Gibbs free energy. High negative
values of AG®; are typical for reactions (3), (6) and
(7), which indicates a deep sublimation of lead, nickel
and cadmium, both during the melting of the metal
fraction and during the roasting of the oxidized
fraction.

Under roasting conditions, the possibility
of the interaction of impurity metals with zinc
chloride formed by reaction (1) is not excluded. The



mechanism of interaction of impurity metals with
ZnCl, is described by the course of reactions (8)-(12).
The results of thermodynamic calculations show
large negative values of the Gibbs free energy of
reactions (8)-(12).

The high probability of reactions (8)-(12) indicates
their priority over reactions (2), (3)-(7), which
describe the direct chlorination of impurity metals
with calcium chloride. The course of reactions (8)-(12)
creates favorable conditions for the deep sublimation
of impurity metals in the form of their chlorides,
which significantly affects the improvement of the
quality of the resulting zinc oxide.

The mechanism of roasting of oxide fraction of
dross with ammonium chloride (Table 1) is described
by a group of reactions (13)-(24). Large negative
values of the Gibbs free energy of reactions (13)-
(24) show a high probability of their occurrence and
contribute to the production of purer zinc oxide due
to the deep sublimation of impurity metals in the
form of their chlorides. The values of the Gibbs free
energy of reactions (13)-(24) are much higher than the
values of AG°r for reactions (3)-(7) (Table 1).

The obtained results indicate the preference and
higher efficiency of melting the metal fraction of
dross with ammonium chloride than with calcium
chloride. The choice and justification of one or
another chlorinating reagent for each specific process
(melting, roasting) should be determined on the basis
of the results of experimental tests to study the effect
of their consumption on the sublimation depth of
impurity metals from both the metal fraction of the
dross and the oxidized fraction.

8§ —>
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Firing of oxidized dross fraction using CaCl,
and NH,Cl

The essence of the experiments was as follows.
Preliminary ash was crushed in a ball mill. The milled
material of the initial dross was subjected to the sieve
analysis with separation of the coarse metal fraction
(0.7+1.0 mm) and the fine oxidized fraction (100
mesh). The coarse fraction, consisting of metallic zinc,
was sent for smelting under a layer of flux (NH4CI) by
the known methods for obtaining pure zinc ingots.
The fine non-metallic oxidized fraction was sent for
chlorination firing.

Scheme of the installation to research the effect
of the consumption of chlorinating reagents (CaCl,,
NH,CI) and temperature on the production of
commercial zinc oxide, suitable for use as mineral
additives in feed for animals and birds, is shown in
figure.

The oxide fraction of the dross after hot-dip
galvanizing was mixed with a given rate of calcium
chloride, ammonium chloride in wvarious mass
ratios. The mixture was held in an aluminum oxide
crucible inside the furnace, which was heated, and
then held at a given temperature in a stream of air,
which was fed at a rate of 100 ml/min. Exhaust gases
from the furnace were absorbed in a gas absorption
vessel. After settling and cooling in the air flow, the
crucible was removed from the furnace and broken.
The end product (cinder) was weighed and analyzed
according to the methods described above.

The initial product (oxidized fraction) contained
15% metallic zinc and 0.8% lead. In all experiments,
the weight of the initial product was constant and was

6 5
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1 — Nabertherm R50/250/12 electric furnace with temperature controller B410; 2 — quartz reactor;
3 — alundum boat with sample; 4 — air cylinder; 5 — valve; 6 — rotameter RM-GS 004 KL4;
7 — thermocouple PP-1; 8 — secondary device KSP-4; 9 — a vessel for absorbing gases

Laboratory setup scheme
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100 g. The roasting charge was a mixture consisting
of the initial product (dross), chlorine-containing
reagents (CaCl,, NH,Cl) and quartz flux (S5i0,). The
firing temperature was 750-1150°C. Firing duration
in all experiments was constant at 60 min.

The results of the experiments are presented in
Table 2.

The best results were achieved at a firing tempe-
rature of 1000°C. Optimal consumption of reagents:
CaCl, - 1,2-1,7% of stoichiometrically necessary
quantity for lead chlorination; NH,CI consumption —
1% of weight of initial zinc oxide fraction. Composition
of pure zinc oxide, obtained after chlorination firing
of oxide fraction, is following, % (wt.): 70-73 Zn; 0,02-
0,05 Pb; 0,5-1,2 Fe; 0,04-0,08 Cu; 0,001-0,002 Cd; 0,005-
0,007 As; 0,005-0,006 Sb; 0,007-0,01 Sn (experiments
No7-12). The obtained product is suitable for use as a
mineral additive in the feed of domestic animals and
birds.

Conclusions

A new method of obtaining pure metallic zinc
and zinc oxide from hot dip galvanizing dross by
chlorination of previously separated oxidized and
non-metallic fractions is presented. The results of
thermodynamic calculations show that the use of
CaCl, and NH,CI as chlorinating reagents allows to
obtain commodity metal zinc and pure zinc oxide by

deep reduction of impurity metals.

The results on the influence of CaCl, and NH,CI
consumption on the degree of sublimation of
impurity metals in the firing conditions in the tem-
perature range of 750-1000°C have been obtained. It
is established that the use of CaCl, as a chlorinating
reagent provides deep purification of the initial
material from Pb, Fe, Cu, Ni, Cd. At the same time the
maximum reduction of iron content is not possible.
It is shown that the use of NH4Cl as a chlorinating
reagent, although it provides deep removal of
metal impurities, the reduction of lead content is
not achieved: the lead content in the slag remains at
0.12%.

The best solution seems to be the simultaneous
use of CaCl, and NH,CI. The optimum firing parame-
ters have been established: T=1000°C, duration — 60
min, air flow rate — 0,1 I/min. By that, pure zinc oxide
of composition, % (wt.): 70-73 Zn; 0,02-0,05 Pb; 0,5-1,2
Fe; 0,04-0,08 Cu; 0,001-0,002 Cd; 0,005-0,007 As; 0,005-
0,006 Sb; 0,007-0,01 Sn was received.

The technology has the following advantages:

Processing is carried out in parallel to the main
technological chain of the factory production with
the elimination of tense modes in it when changing
the composition of raw materials;

1. The technology allows separate processing

Table 2 — Results of experiments on the processing of the oxide fraction of dross

No Quantity zf :‘g:)e:: tc: an: lfg??:::é;:z::;:; Firing ten:pera- The content of Me, % by weight.
Oxidized fraction, g CacCl, NH,CI ture, °C Zn Pb
1 100 0 0 1000 14 0,75
2 100 0 0,5 1000 12 0,77
3 100 0 1,0 1000 6 0,8
4 100 0 2,0 1000 5 0,8
5 100 0 3,0 1000 0,79
6 100 1,1 0,4 1000 0,1 0,08
7 100 1,2 0,5 1000 0,05 0,02
8 100 1,3 0,7 1000 0,05 0,02
9 100 1,4 1,0 1000 0,05 0,02
10 100 1,5 1,5 1000 0,05 0,02
11 100 1,6 1,5 1000 0,05 0,02
12 100 1,7 1,5 1000 0,05 0,02
13 100 1,8 1,6 1000 0,06 0,03
14 100 1,4 1,0 750 0,2 0,8
15 100 1,4 1,0 800 0,1 0,4
16 100 1,4 1,0 1100 0,05 0,01%)
17 100 1,4 1,0 1100 0,05 0,01*)
18 100 1,4 1,0 1150 0,2 0,5%*)
*) — the material began to sinter; **) — the material is sintering.
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of metallic and non-metallic part of slag after their | extraction of valuable components (zinc, zinc oxide,

preliminary separation with obtaining metallic zinc | lead) in the target products is ensured.

ingot and zinc oxide powder of high quality. 3. Simplicity, reliability, environmental safety and
2. The complexity of slag processing with high | durability of the equipment design.

Intellectual property is protected by a Republic of Kazakhstan patent: «Method of hot dip galvanizing dross processing»
/I Patent Republic of Kazakhstan No. 34231, Bulletin No. 11 of 20.03.2020. Authors: Dosmukhamedov N.K., Kaplan
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AHOamna. byn xymeicma KyUiHOIHI xnopaan Kyldipy apKblasl eHOey maceneci KapacmeolpolaraH. KyliiHOiHIH momoelKKaH
6eniz2iHiH KoMnoHeHMmepimeH Kanbyuli MeH aMMOHUL Xa10pudi apacsiHOGFLI 63apa dapeKemmecy peakyusanapbiH mep-
MOOUHAMUKA/IbIK Mas0aybl HeziziHOe #aHyapnapobiH ¥emiHe MUuHepasobl Kocrnaanap pemiHoe natidanaHyra xapam-
Obl Ma3a MbIpbl MOMbIFbIH any0blH Hezi3z2i MymKiHOiei kepcemineeH. 973...1373 K memnepamypansiK apasasbikma
Kocra memanoapobiH (Pb, Fe waHe m.6.) CaCl, »caHe NH,Cl e3apa apekemmecy peakyusanapbiHbiH mepmMoOUHAMUKA-
71bIK ecenmeynepiHiH HomuxceciHoe epkiH [U66C 3Hep2UACbIHbIH MAHI #aHe PeaKkyuanap Hbla0amMoblFbiHbIH KOHCMAH-
manapsl aHbiKkmManobl. TomelIKmeblpslin Kyldipy mardalibiHOa KyUiHOiHIH mombikmol beniziHOe 6onameiH Kocna me-
manodapodsiH (Pb, Fe, As, Sb) kanbyuti MeH aMMOHUL XA0puUdMepiMeH apekemmecy Peakyuanapsl Xypy HamuxeciHoe
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0/1ap0bIH Xn0pudmMepiHiH Kaabimmacysl ¥aHe yulysl aHblIKkmandel. Memandapdsl ammoHul xaopudimeH Xa0paayoblH
epkiH [ubbc aHepauscbl MaHi Kaabyuli xaopudimeH Kylidipyee KaparaHOA #OFApbl #aHe muimoi ekeHOiz2iH Kepcemmi.
KyUiHOiHiIH momelKkmbl ppakyusceiH KyldipydiH oHmalinsl napamemparepi 6enzineHdi: T=1000°C, KopracbiHObI Xa0pAay
YWIH OHbIH cmexuomempusabiK Kaxcemmi meawepiHeH CaCl, weirbiHbl — 1,2-1,7%, 6acmanKsl momosiKmsl (ppaKyu-
AHbIH canmareiHaH NH,Cl wbiFbiHbl — 1%. Keneci Kypamoarel masa melpbild momelifbl aabiHObI, % (macca.): 70-73 Zn;
0,02-0,05 Pb; 0,5-1,2 Fe; 0,04-0,08 Cu; 0,001-0,002 Cd,; 0,005-0,007 As; 0,005-0,006 Sb; 0,007-0,01 Sn.

Kinm ce30ep: KyliiHOi, Kocna memandap, xaopnaan Kylidipy, mepmoOuHaMUKa, epKiH [ub6c sHepauAcesl, Kanbyull xnopu-
0i, ammoHul xnopudi, MeIpbI MOMbIFb.
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AHHOMayus. B Hacmosaweli pabome paccmampusaemcsa 80npoc nepepabomyu us2apu nymem xsaopupyrowezo ob-
yuea. Ha ocHosaHUU mepmMOoOUHAMUYEeCKo20 aHaAU3a peakyuli ezaumoodelicmaus merdy KOMMNOHeHMAamMuU OKCUOHOU
yacmu us2apu u xaA0pudamu Kaasyus u AMMOHUSA MOKA3AHA MPUHYUNUAAbHAS 803MOXHOCMb MOAYHYEeHUS YUCMOR20 OK-
cuda YuHKa, npu2o0HO020 071 UCMOb308AHUA 8 KOYECM8e MUHepPAsbHbix 006aB80K 8 KOPM HUBOMHbIX. B pe3ynema-
me mepmMoOUHaMUYeCKUX pacdemos peakyuli 83aumodelicmeus memannos-ripumeceli (Pb, Fe u dp.) ¢ CaCl, u NH,CI
onpedesneHsbl 3HaYeHUA ca0b600Hol sHepauu [U66Ca u KOHCMAHM CKOPOCMU peakyuli 8 memnepamypHoOM UHmMepsase
973...1373 K. YcmaHo8s1eHo, Ymo 8 YC/108UAX OKUCAUMENbHO20 00X U2a MPOMeKarom peakyuu esaumodelicmaus npu-
mecHbIx memansnoe (Pb, Fe, As, Sb), npucymcmeayrouwux 8 OKCUOHOU Yacmu u32apu, ¢ XA0pudaMU Kaabyus u aMmMo-
HuA ¢ 0bpazosaHuem Ux xn0pudos u yaemy4yusaHuem. Boicokue 3HayeHusa ceobo0Holi sHepauu [ub6ca xnopuposaHusa
Memarisnos XaA0pudoM AMMOHUSA MOKA3bI8AOM ayYWyo ahheKmusHoCcmb 0bxcu2a, Yem 0bxcu2 ¢ XA0pUGOM KanbUus.
YcmaHosneHbl onmumassHble napamempsl 0b6xcu2a okucaeHHol ¢pakyuu uszeapu: T=1000°C, pacxod CaCl,—1,2-1,7%
om cmexuomempu4ecku Heobxo0umMo20 e20 Kosuvyecmaa 0414 XA0puUpos8aHUs csuHya, pacxod NH,Cl — 1% om seca uc-
Xxo0Hol oKucneHHol ppakyuu. MoayyeH yucmelli OKcud UUHKa cnedyrouse2o cocmasa, % (macc.): 70-73 Zn; 0,02-0,05 Pb;
0,5-1,2 Fe; 0,04-0,08 Cu; 0,001-0,002 Cd; 0,005-0,007 As; 0,005-0,006 Sh; 0,007-0,01 Sn.

Knroueavle cnoea: usz2aps, Memassnsi-npumecu, xaopupyrouuli obxcue, mepmoduHamuka, ceobo0Hasa sHepaua Mub6ca,
X10pUO KasbUUS, X10pUO AMMOHUSA, OKCUO UUHKQ.
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