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ABSTRACT

In this work the issue of processing of dross with preliminary separation of the metal part from the oxide one
is reviewed. Based on a comparative analysis of the results of known works it is shown that this approach can
be quite effective if a technology is developed for the separate processing of the oxide part to obtain a
commercial product. The authors of this work proposed carrying out chlorinating roasting under oxidizing
conditions with various chlorine-containing reagents as one of the effective ways of processing the oxide part
of the dross. Based on the thermodynamic analysis of the reactions of interaction between the components
of the oxide part of the dross and calcium and ammonium chlorides, the principal possibility of obtaining pure
zinc oxide, suitable for use as mineral additives in animal feed has been shown. As a result of thermodynamic
calculations of the reactions of interaction of impurity metals with calcium chloride and ammonium chloride,
the values of Gibbs free energy and reaction rate constants were determined in the temperature range 973
and 1373 K. It has been established that under the conditions of roasting the oxide part of the dross with both
calcium chloride and ammonium chloride, a high degree of sublimation of impurity metals from the dross in
the form of their chlorides into dust is achieved. It has been shown that roasting the oxide part of the dross
using ammonium chloride is more efficient than with calcium chloride.

Key words: Dross, metallic zinc, zinc oxide, roasting, thermodynamics, impurity metals, Gibbs free energy,
calcium chloride, ammonium chloride.
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Introduction dross. The output of dross is from 0.5 to 3.5% of the

mass of the passed products. Dross in its composition is

The problem of metal protection against corrosion  represented by zinc oxide. It contains 30-40% of metallic
is one of the most important technical problems allover  Zinc [2]. The complex chemical composition of the dross
the world. Among the large number of known methods ~ makes it difficult to further usage of it. Its main
of protecting steel structures from corrosion the hot-dip ~ Processing in practice is about extraction of the metal
galvanizing is effective, technological and fairly cheap. ~ Part of zinc, which due to its low quality is not
Zinc coating has a good appearance and allows commercial product and is used in the process of
increasing the service life of products by 2-3 times and ~ 8alvanizing products. At the same time, the non-metallic
reliably protects them from atmospheric and other  part of the dross remaining after the separation of zinc

types of corrosion [1].

is accumulated and stored at enterprises and plants,

The high prices for zinc, which make up the main occupying large territories, due to the significant
part of the cost of galvanizing, require the economical ~ content of lead and other impurity metals in it and the
use of zinc and the disposal of its waste, one of whichis  lack of rational processing technology on the other
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hand. Well organized work of the galvanizing section
gives an opportunity of minimizing the amount of waste
and creating own production of their processing with
the production of additional marketable products.

Currently, pyrometallurgical methods of processing
substandard zinc-containing polymetallic products are
widely used in practice. The known methods are
characterized by large material and capital costs and do
not provide a high complex extraction of zinc and other
valuable metals [3, 4, 5]. Hydrometallurgical methods
have been developing in recent years [2, 6-8].

The most common ways of processing dross are
their heating in cylindrical drums or retorts of various
designs to a temperature higher than the melting point
of zinc [9]. The disadvantage of these methods is the lack
of sealing the internal volume of the drum. The second
significant drawback is the absence of direct contact of
the walls of the heated combustion chamber with the
raw material loaded into the drum.

The patented pyrometallurgical methods of
processing of dross with the use of various reagents
(acids, alkaline methods, the addition of sodium and
aluminum fluorides, etc.) have become widespread [10-
15]. The main disadvantages of these works include: the
laboriousness of the separation of the metal fraction,
the formation of a large volume of wastewater requiring
additional purification and evaporation to obtain zinc
chloride; energy costs associated with the use of
additional equipment, an increase in the number of
workers. Organization of an additional site for
processing zinc dross; the need for additional transport
equipment to move the liquid metal into the hot-dip
galvanizing bath; additional costs for evaporation of zinc
chloride solution; the high cost of some reagents used in
the processing of dross.

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 [16]. 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 [16] 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

The study of the behavior of zinc and
accompanying  metals-impurities under the
conditions of roasting the oxide part of the dross was
carried out based on a thermodynamic analysis of
the reactions occurring between the components of
the dross and calcium chloride and ammonium
chloride.

The probable direction of the reactions was
estimated from the change in the thermodynamic
values of the system. Calculations of thermodynamic
analysis were carried out taking into account the
dependence of the Gibbs free energy of reactions on
temperature. The change in Gibbs free energy (AG2;)
was calculated by the formula: in (1).

AGer = AHEr — AS x T (1)

where, AH?;, AS2; — standard values of enthalpy
(J) and entropy (J/T) of the system,

T —temperature, K.

During calculating the Gibbs energy (AG2;) of the
reactions the standard state of metals and
compounds present in dross, as well as quartz, iron
oxide and chlorinating reagents (CaCl,, NH4CI) is
taken as their solid state. For gaseous compounds




Complex Use of Mineral Resources. Volume 3, Issue 318, 2021

ISSN-L 2616-6445, ISSN 2224-5243

obtained as a result of reactions, gases are taken as
the standard state.

The calculations used reference data from [17]
and the NIST-JANAF Thermo chemical Tables
website (http://kinetics.nist.gov/janaf).
Thermodynamic calculations were carried out using
a special program developed by the authors of the
work. The change in the reaction equilibrium
constant (Kp) depending on temperature was
determined based on the expression: in equation

(2).
AG% = - RT InKp =-19.155xT IgKp  (2)

where, R — universal gas constant (R = 8.31
J/K-mol).

Results and discussion

The main purpose of oxidative roasting is the
deep sublimation of impurities in the form of
chlorides into dust to obtain pure zinc oxide in the
condensed phase (cinder). This will give an
opportunity already at the initial stage of joint
processing of the oxide part of the dross with
chlorine-containing reagents, to obtain dust
concentrated with lead chloride, which is sent for
the further processing to extract lead by known
methods, and to isolate pure zinc oxide into a
commercial product suitable for use as a mineral
additive in animal feed [18].

The study of the behavior of zinc and
accompanying metals, as well as their compounds
under the conditions of roasting the oxide part of
the dross, was carried out using calcium chloride and
ammonium chloride.

Thermodynamic analysis of the reactions of
interaction between the components of the oxide
part of dross and calcium chloride in an oxidizing
atmosphere.

In the oxidative roasting of the oxide part of the
dross together with CaCl,, the general chemistry of
the process is described by a system of reactions in
equation (3) - (8).

Zn0 (5 + CaCly 5) = ZnCly 5 + CaO ), (3)
Zn0 (s) + CaC|z(5) = ZnC|2(g) + Ca0o (s), (4)
Zn (s) + O.SOz(g) =7n0 (s) (5)

Zn ) + CaCl; § + 0.50; g = ZnCl; g +Cal (),
(6)

Zn () + CaCly 5) + SiO; (5) + 0,50, (g) = ZNCl; (g) + CaSiOs(),

(7)

ZnCl; (g) + 0.502 () = ZnO 5) + Cly (g). (8)

The temperature dependence of the calculated
values of the Gibbs free energy and rate constants of
reactions (3) - (8) is shown in Figure 1.

.
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Figure 1 - Dependence of Gibbs free energy (A) and
rate constants of reactions (2) - (8) on temperature (B)

It can be seen that the occurrence of reactions
(3) and (4) between zinc oxide and CaCl, in the entire
investigated temperature range is not possible, due
to the positive values of the Gibbs free energy.

The presence of metallic zinc in the oxide part of
the dross makes it necessary to conduct a
thermodynamic analysis of its behavior during
roasting. As can be seen in Figure 1, under the
conditions of an oxidizing roasting atmosphere,
metallic zinc can undergo active oxidation according
to reaction (5) with the formation of solid zinc oxide.
This is confirmed by the high value of the Gibbs free
energy at a roasting temperature of 1373 K, which is
AGi373¢=-209.36 kJ/mol. It is necessary to note that
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the values of the Gibbs free energy of reaction (3) in
the temperature range 973 and 1373 K practically
coincide with the values of the Gibbs free energy of
reaction (7).

During roasting the active chlorination of
metallic zinc with calcium chloride according to
reaction (6) should be expected. Large negative
values of Gibbs free energy, varying with increasing
temperature (from 973 to 1373 K) and constituting
AGg73 K = -165.07 kJ/moI and AG1373 K = -123.79
kJ/mol, indicate the possibility of the formation of
gaseous chloride zinc and solid calcium oxide in the
cinder. Reaction (6) is enhanced in the presence of
quartz and is described by reaction (7). The Gibbs
free energies of reaction (7) at 973 and 1373 K,
which are AGQ73K = -247.5 kJ/moI and AG1373K = -
208.92 kJ/mol indicate the possibility of the
formation of gaseous zinc chloride and solid
wollastonite obtained in as a result of the binding of
free calcium oxide by silica.

Gaseous zinc chloride released as a result of
reactions (6) and (7), interacting with atmospheric
oxygen according to reaction (8), forms solid zinc
oxide, which is concentrated in the cinder. Despite
the decrease in Gibbs free energy values with
increasing temperature from AGg73¢ = —197.5 kJ/mol
to AGiszk = —128.6 kJ/mol, its high values show a
high probability of a reaction towards the formation
of solid zinc oxide with the release of gaseous
chlorine.

Thus, it can be assumed that under conditions of
joint roasting of the oxide part of the 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
means an increase of the content of zinc oxide in the
final product, on the other hand, an increase of the
quality of the resulting zinc oxide.

The mechanism of the behavior of lead and its
oxide during the roasting of the oxide part of the
dross with CaCl, can be represented by a system of
reactions in equation (9) - (13).

Pb () + 0.50; g = PbO ), (9)

Pb ) + CaCl; 5y + 0.50; (g = PbCl, g + CaO ),
(10)

Pb (5 + CaCly (5)+ SiO3 (s) + 0.50; (g) = PbCl; (g) + CaSiOsxs),

(11)

PbO (5) + CaCl; (s = PbCl; (g + CaO ), (12)

PbO (5) + CaCl; (5 + SiO; (5) = PbCl; () +

CaSiOs (). (13)

The calculated values of the Gibbs free energy
and the rate constant of reactions in equation (9) -

(13) in the temperature range 973 and 1373 K are
presented in Figure 2.
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Figure 2 - Dependence of Gibbs free energy (A)
and rate constants of reactions (9) - (13) on
temperature (B)

At the roasting temperature (1373 K) all
reactions are characterized by negative values of the
Gibbs free energy, and reactions (10) - (13) with
increasing temperature show insignificant increase
in the values of the Gibbs free energy. Reaction (9) is
undesirable due to the formation of solid lead oxide,
which being concentrated in the cinder, degrades
the quality of zinc oxide. However, at a roasting
temperature of 1373 K solid lead oxide formed
according to reaction (9) interacting with CaCl,
according to reaction (12) can promote the
formation of gaseous PbCls. In this case, the value of
the Gibbs free energy at a temperature of 1373 K is

— 74 ——
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AGis73¢ = =15.07 kl/mol. In the presence of quartz,
this reaction is activated, as confirmed by an
increase in the Gibbs free energy, the value of which
at a temperature of 1373 K is AGis7sk = —101.95
kJ/mol.

The course of reactions (10) - (13) favors the
deep sublimation of lead in the form of its gaseous
chloride which will have a significant effect on the
quality of zinc oxide. The presence of free quartz
enhances the effect of lead sublimation from the
dross by reaction (9) with the formation of gaseous
PbCl; and CaSiOs. The obtained results show that in
the process of roasting the oxide part of the dross
jointly with CaCl, favorable conditions are achieved
for the deep sublimation of lead in the form of its
gaseous chloride.

From a practical point of view, this means the
possibility of obtaining pure zinc oxide, which does
not contain lead, under the conditions of
chlorinating roasting of the oxide part of the dross
with calcium chloride.

100
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Figure 3 - Dependence of Gibbs free energy (A)
and rate constants of reactions 14), (15) on
temperature (B)

The behavior of iron under conditions of
chlorinating roasting can be represented by the
course of reactions in equation (14) and (15).

Fe (s + 1.5 CaCly(s) + 0.75 O3 (g = FeCls g +1.5 CaO (),
(14)

Fe (s) + 1.5 CaCl, (s) t+ 0.75 0O, g T SiO; (s) = FeC|3(g) +
1.5CaSiO03s). (15)

The probability of reaction (14) is unlikely, due
to the positive value of the Gibbs free energy at the
roasting temperature, which is AGisz;sx = 43.73
kJ/mol (Figure 3).

The ability to remove iron from the dross is
sharply intensified in the presence of quartz,
according to reaction (15). The Gibbs free energy of
reaction (15) at the roasting temperature increases
sharply and is AGiszsx = —588.22 kJ/mol, which is
seen on Figure 3. The high value of the Gibbs energy
indicates the possibility of deep sublimation of iron
in the form of its chloride.

Considering that insignificant amounts of
arsenic and antimony may be present in the dross
their behavior during roasting was analyzed. The
possibility of removing arsenic and antimony from
the oxide part of the dross under the conditions of
chlorinating roasting can be represented by the
reactions in equation (16) and (17).

2As s) + 3CaCly s) + 1.50, (8 = 2AsCls g t+ CaO(s),
(16)
ZSb(S) + 3CaC|z(s) + 1.502(g) = 25bC|3 @ * CaO(s),
(17)

In contrast to iron, reactions (16), (17) are
characterized by high values of the Gibbs free energy
in the entire investigated temperature range (Figure
4). Under the conditions of the roasting process
(1373 K), the Gibbs free energy values for reactions
(16) and (17) are: AG1373K =-105.0 kJ/moI and AG1373|(
= —157.3 kJ/mol, respectively, which indicates the
deep sublimation of arsenic and antimony from
dross in the form of their trivalent chlorides.

When analyzing the behavior of impurity metals
under roasting conditions, it is necessary to take into
account the possibility of interaction of gaseous zinc
chloride formed by reaction (8) with impurity metals
by reactions in equation (18) - (21).

ZnCly g + Pb () + 0.50; (g) = ZnO (5) + PbCl; (g),
(18)
3ZnCl; (g) + 2Fe () + 1.50; (g) = 3Zn0 (5 + 2FeCls

(), (19)
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3ZnCl; (g + 2As (5) + 1.50; (g = 3Zn0 (5) + 2AsCl; (g),
(20)

3ZnCl; gt 2Sb s+ 1.502 (5 =3Zn0 5 + +
2SbCl3 g). (21)
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Figure 4 - Dependence of Gibbs free energy (A)
and rate constants of reactions (16), (17) on
temperature (B)

The established higher values of the Gibbs free
energy and rate constants of reactions (18) - (21) and
their growth with increasing temperature (Figure 5)
indicate their priority over reaction (8) and reactions
(9) - (17), which describe the direct chlorination of
metal impurities with calcium chloride. The course
of reactions (18) - (21) promotes deep sublimation
of impurity metals and an increase in the quality of
zinc oxide.

Thermodynamic analysis of the reactions of
interaction between the components of the oxide
part of dross and ammonium chloride in an oxidizing
atmosphere.

The chemistry of the process of roasting the
oxide part of dross with ammonium chloride in an
oxidizing atmosphere can be represented by a
system of the following reactions in equation (22) -
(28).
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Zn (5) + 2NH4Cl (5 + 0.50, (8 = ZnCl, @ * 2NH3 g +
H20 (g, (22)
Zn0O (s) + 2NH4C| (s) = ZnClz i ha 2N Hg(g) + +
H20 (g), (23)
Pb s) + 2N HaCl (s) +0.50; g = PbCl, @t +
2NHs (g + H20 (g, (24)
PbO (5)+2NH4C| (s) = PbClz(g)+2NH3(g)+ +
H20 () (25)

Fe + 3NH4Cl + 0.750; ) = FeCls g + 3NH3 (g +
+ 1.5H,0 (8), (26)

As (s) + 3NH4Cl (5) + 0.750; (g) = AsCl3 () + +
3NHs3 (g + 1.5H,0 (g), (27)

Sb 55 + 3NH4Cl ) + 0.750; (g = ShCly (4 +
+ 3NHj3 g + 1.5H,0 (g). (28)

The temperature dependence of the calculated
values of the Gibbs free energy and rate constants of
reactions (23) - (28), shown in Figure 6, shows a high
probability of their occurrence.
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The course of reactions (8) and (18) - (21)
compensate for the growth of gaseous zinc chloride
formed by reactions (22), (23) and contribute,
together with reactions (24) - (28), to obtain high
purity zinc oxide due to deep sublimation of metal
impurities into dust.
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Figure 6 - Gibbs free energy dependence (A)
and rate constants of reactions (22) - (28) on
temperature (B)

The values of Gibbs free energy and rate
constants of reactions (18) - (28) in the entire
investigated temperature range are much higher
than the values established for roasting the oxide

part of dross together with CaCl, and show an
increase with increasing temperature. The obtained
results indicate the preference and better efficiency
of the chlorinated roasting of the oxide part of the
dross with ammonium chloride than with calcium
chloride.

Conclusions

1. Based on the thermodynamic analysis of the
reactions of interaction between the components of
the oxide part of the dross and various chlorine-
containing reagents the possibility of obtaining pure
zinc oxide has been shown. The results of
thermodynamic calculations of Gibbs free energy
and rate constants of chlorination reactions of
metallic zinc and metal impurities with calcium and
ammonium chlorides in the temperature range 973
and 1373 K are presented.

2. 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.

3. It is shown that the use of calcium chloride,
even it is safer than the usage of ammonium
chloride, the best technical and economic indicators
of roasting, ensuring the production of pure zinc
oxide, should be expected in the chlorination of
dross with ammonium chloride.
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Kyiinaidi xnopnan Kyigipy npoueci KesiHae MbIpbILWTbIH, }K9He Kocna-
meTangappabliH TapanybliH 3epTrey

KowwuHa .M., ongac6aii E.E., KypmaHceiitoB M.B., Taxkues E.B. ApfbiH A.D.

Camb6aes yHugepcumemi, Aamamsi, KazakcmaH

TYAIHAEME

KymbicTa anablH ana metangplk 6eniriHeH okcuaTi 6eniriH 6enin KyWiHAHI KaliTa eHaey maceneci
KapacTblpaFaH. benrini XymbiCTapAbiH HITUNKENEPIH CanbICTbipMasbl TanAay HerisiHae, erep Tayapbik,
eHIMAj any ywiH oKkenaTi 6enirin 6enexk eHAey TEXHONOMMACHI ¥Kacanca, byn Tacin ete TMimai 6onybl
MYMKIH eKeHAir KepceTinreH. by }KyMbICTbIH, aBTOpPAapbl KYWiHAiHIH, OKcUATI 6eniriH eHaeyAiH TMimaj
a4icTepiHiH Bipi peTiHAe TOTbIKTbIPY KafaalblHAA 9P TYPAi X210p/bl peareHTTepMeH xopnan Kynaipyai

Makana kengi: 05 mameip 2021 ycbiHaabl. KyHiHAiHIH, oKkcuaTi 6eniriHiH, KOMMNOHEHTTEepPi MeH KanbLUMi MeH aMMOHWIA Xaopuai
CapantamagaH eTTi: 21 maycbim 2021 apacbiHAafFbl  ©3apa  JpeKeTTecy  peakumAanapblH  TEPMOAMHAMUKANbIK — Tangay  HerisiHge
Kabblnganabl: 06 mameiz 2021 JKaHyapaapablH, *KeMiHe MUHEPaNabl KOCnanap peTiHAe NakanaHyFfa Kapamabl Tasa MblpbILll OKCUAIH

anyaplH, NPUHLMNWANAbI MYMKIHAIT KepceTinreH. MeTann KocnanapbiHbiH, KaibLUMii xnopuai meH
aMMOHWIA  XNOPUAIMEH 9pEKeTTecy peakuuanapbiHblH, TEPMOAUHAMMKANbIK — ecenTeynepiHiH
HaTMXKeciHAe TMB6CTIH, epKiH SHepruacbiHbIH, MaHi XXaHe 973.-1373 K TemnepaTtypasnblk apanbiKTafbl
peakuMANap KblNAaMAbIFbIHbIH, KOHCTaHTaNapbl aHblkTanabl. KyhiHAiHIH okcnaTi 6enirii Kanbuui
XN0pUAIMEH Ae, aMMOHUI XNopuaiMeH ae bipre Kynaipy *KafaanblHAA KOoCna-meTanaapapl KyniHaiaeH
0N1apablH, XNopuAaTepi TypiHAe WaHFa algayablH KoFapbl AIpeXKeciHe KON XeTKIi3iNeTiHi aHbIKTanabl.
AMMOHUI XNOpUAJH KONZaHa OTbIpbIn, KYWiHAIHIH OKcuAaTi 6eniriH Kynaipy Kanbuuit xnopugiHe
KapafaHAa TMIMAj eKeHAiri KepceTinreH.

Tyiiin ce3dep: KyiiHAj, MeTanablK MbIpbIl, MbIPbIW OKCUA, KYWAipY, TepMOAMHAMMKa, Kocna-
meTangap, M66CTiH epKiH 3HEePrUAChl,KanbLyi XA0pUAI, aMMOHMUIA X10pUA|.
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NcchepoBaHue noBeaeHUA UMHKA U CONYTCTBYIOLWMX METaNN0B-NPUMecei B
npouecce xaopupyouiero o63kura usrapm
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AHHOTALMUA

B HacToAwei paboTe paccmaTpuBaetcA BONPOC nepepaboTKM u3rapu € NPefBapUTE/IbHbIM

pasfeneHvem MeTaNAMYecKolM 4YacT OT OKCMAHOW. Ha OCHOBaHWM CPaBHUTENLHOTO aHasiu3a

pe3yNbTaToB M3BECTHbIX PAabOT NOKA3aHO, YTO AAHHbIN NOAX04 MOXKET 6biTb BNOHE 3GPEKTUBHBIM B

TOM cniyyae, ecnu byaet paspaboraHa TEXHONOMMA pPasfesibHOM nepepaboTKM OKCMAHOM 4YacTu C
Noctynuna: 05 mas 2021 noslydeHMeM TOBApHOMO NPoAyKTa. ABTOPbI HacToAWEelN paboTbl B KayecTse 04HOro U3 3GPEKTUBHbIX
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PeueHsupoBaHue: 21 utona 2021 nyTei nepepaboTKM OKCUAHOM YacTW M3rapu NpeanaraloT NpPoBefAeHME XNOPUPYIOLLEro o6Kura B

MpuHAaTa B Nneyatb: 06 aseycma 2021 OKUC/IUTENIbHBIX  YCNOBMAX  PA3/IMYHbIMK  X/JI0pCOAEPXKaWMMM  peareHTamn. Ha  ocHOBaHWM

TEPMOAMHAMMUYECKOTO aHaNN3a peakuuit B3aMMOAENCTBUA MEXAY KOMMNOHEHTaMMU OKCUAHOMW YacTu
M3rapu v x10puaammn KanbLMAa U aMMOHMA MOKasaHa MPUHLMNNANBHAA BO3MOXHOCTb MOAyYeHUA
YUCTOrO OKCMAQA LIMHKA, NPUrOAHOrO ANA UCNOMb30BAaHUA B KaYecTBe MUHEPaNbHbIX J06aBOK B KOPM
JKMBOTHbIX. B pesynbTaTe TepMOAMHAMMYECKMX PacyeToB peakuuii B3aMMOAEWCTBMA MeTasoB-
npumecei ¢ X10PUAOM KanbLmA U XNOPUAOM aMMOHUA onpeaeneHbl 3Ha4YeHUA cBO6OAHON aHeprum
'b6ca 1 KOHCTAHT CKOPOCTM peakuuii B TemnepaTypHom MHTepsane 973-1373 K. YcTaHoB/IEHO, YTO B
yCNnoBuAx 06XKMra OKCUAHOW YaCTU MU3rapu COBMECTHO KaK C X/I0PUAOM KanbLMA, Tak U X10pUa0oM
aMMOHMA [OCTUTAEeTCA BbICOKAA CTENEHb BO3rOHKUM METANNOB-NPUMECEN U3 M3rapu B BUAE WX
XN0pPUA0B B MNblib. MOKa3aHO, YTO OBGXKWUI OKCMAHOW YacTM M3rapu C MUCMONb30BaHWEM XNopuaa
ammoHua 6onee apdeKTUBEH, YEM C XIOPUAOM KaNbLUA.

Kniouesbie cnosa: N3rapb, METANNNYECKUIA LIMHK, OKCUA, LIUHKA, 0BXKUT, TEPMOAMHAMMUKA, MeTan bl-
npumecu, csobosHan sHeprua Mmb6ca, xnopua, KanbLua, X10pUL, aMMOHUA.
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