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The possibility of obtaining copper and copper-nickel alloys powders of various compositions
by the solution combustion synthesis (SCS) method using copper (1) oxide waste was studied. To
achieve complete reduction of metals, combustion laws in the Cu(NOz)>-CsHzOr-NHsNO3; and
CU(NO3)2-Ni{NO3z)-CeHsO~NH4NO; systems were investigated at various fuel-to-oxidizer ratio and
for different ratios of metal nitrates and ammonium nitrate in the initial mixture. It has been
established that powdered copper and copper-nickel alloys of various composition can be obtained
by solution combustion synthesis method with using copper (I) oxide waste. Optimum conditions for
obtaining powdered copper and copper-nickel alloys with 2/1 and 1/1 ratios have been determined.
Under optimal conditions, powders of copper, 2Cu-Ni and Cu-Ni alloys with particle size less than 20
microns were obtained.

Figs. 10, tables 2, references 18.

1. Introduction

In the wiring industry at production of copper wires and cables about
0.6-0.7 wt.% of copper is converted into the waste representing mainly
copper (1) oxide [1]. Therewith, on all stages of rolling for decreasing the
friction forces of moving details, as well as preventing deep oxidation of the
metal, hydrocarbon based mineral oils are used as lubricants. Utilization of
such wastes requires reliable methods for their reprocessing back into copper
[2,3]. One of the ways for utilization of the oily copper wastes is to remove
the oil with a suitable organic solvent and then reduce the oil-free waste to
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metallic copper and copper-based alloys. For this purpose, one can use both
the traditional furnace methods using carbon or hydrogen as a reducing agent
[4-6] and the method of self-propagating high-temperature synthesis (SHS)
[7,8] using a combined reducer, e.g. polystyrene [9-11].

In the work [12] copper (I) oxide waste reduction was studied after
preliminary removing the oil. It was shown that complete reduction of
copper from copper (I) oxide waste in the combustion mode is possible by
using the polystyrene (PS)+ammonium nitrate (Nt) mixture as a high caloric
additive. Recently complete reduction of copper from the oily copper waste
in the combustion mode was performed without preliminary cleaning stage,
adding only Nt to the initial mixture [13]. It was supposed that due to its
hydrocarbonic nature, the oil can serve as a combined reducer instead of
polystyrene for reduction of copper oxide [13].

Another way for utilization of the oil-free copper waste is to convert it to
copper nitrate and then reduce the copper nitrate to metallic copper by the
solution combustion synthesis (SCS) method [14]. The latter is a specific
variety of a more general SHS method [8] and employs exothermic self-
propagating reactions in reactive solutions or gels for the preparation of
nanoscale oxides, sulfides, nitrides, metals and alloys [14-17].

The reactants in these processes mainly are metal nitrates (oxidizers) and
organic compounds (fuels) [14]. The fuel should have a relatively low
decomposition temperature (<600K) and high solubility in water. Some fuels
can form complexes with metal ions, thus increasing the solubility of the
reactants in the solvent. The molecular-level mixing of the multiple metal
nitrates ensures the preparation of complex oxides and/or metal alloys with
high uniformity for the constituents.

Duration of the SCS process is in the order of minutes, and the
maximum temperature could be as high as 2000 K. Solid products of the
SCS reactions exhibit porous morphology due to the release of a large
volume of gases. The microstructure of the materials depends on the
characteristics of the solution before the reaction initiation [14]. In most
cases, the products consist of isotropic near-spherical, polyhedral, or
irregular-shaped nanoscale crystalline grains of 10-100 nm.

In this work the solution combustion synthesis method was applied for
the reduction of: a) copper from copper nitrate and b) joint reduction of
copper and nickel from corresponding nitrates to produce fine powders of
metallic copper and Cu-Ni alloys in a single step. For increasing the
exothermic effect of low caloric oxidizer + fuel reactions and performing
joint reduction of both the nitrates to metallic Cu and Ni in combustion mode
ammonium nitrate (a strong oxidizer) was applied as well. To achieve this
aim, combustion laws in the Cu(NO3),-pCsHgO7-XNH;NO3z and Cu(NO3),-
kNi(NO3),-pCsHgO7-xNH4NO3 systems were investigated at various fuel-to-
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oxidizer ratio (¢) and for different ratios of metal nitrates and ammonium
nitrate in the initial mixture.

Adiabatic combustion temperature (T,4) calculations often preceded
direct temperature measurements. These calculations were based on a priori
assumptions about the compositions of the products. The shortcoming of this
approach is that the equilibrium products for a specific system is unknown
and largely depend on the reaction temperatures.

Determination of optimal conditions of the process was based on the
results of preliminary thermodynamic calculations for the system under
study.

2. Materials and methods

Copper waste with 95% particle size less than 1.0 mm, nitric acid with
density of 1.35 g/cm®, nickel nitrate hexahydrate, Ni(NO3),-6H,O (Pure
grade, Russia), citric acid, CsHgO7-H,O (Pure grade, Russia), and granulated
porous ammonium nitrate with granule size less than 3 mm (mark B, high
grade, GOST 2-85, Russia) were used as the initial reagents.

In this work copper oily waste of wiring industry was used after
removing the oil, which according to the XRD analysis represents mainly
copper (1) oxide with small amount of metallic copper (Fig. 1). The content
of mineral oil (a mixture of various unsaturated and saturated aliphatic and
aromatic hydrocarbons, hereinafter C,Hy,) in the copper waste, determined
by the mass loss after diethyl ether treatment amounted to 5-10%.
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Fig. 1. XRD pattern of the inital copper (I) oxide waste.
In combustion experiments solutions were prepared from the following

initial mixtures: Cu(NOg3), + (%@)C6H807 + XNH4NO;3;, 2Cu(NO3), +

Nl(NO3)2 + (]3_2(P)C6H807 + xNH4NO3; and ZCU(N03)2 + 2N|(N03)2 +
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(% 9)CsHsO7 + XNHsNOs. In the case of ¢ = 1 (stoichiometric ratio), the

metal nitrate supplies the oxygen required for complete combustion of the
fuel, whereas the <1 or ¢>1 represent fuel-lean or fuel-rich systems,
respectively. Main variables in the combustion experiments were x (moles,

) . . .10 30 40
ammonium nitrate), and moles, citric acid, —¢@, —o¢ and — o,
) ¢ ( 5% =° T

respectively, fuel or reducing agent) values. The saturated solution of copper
nitrate necessary for preparation of the general or joint solutions was
prepared by dissolving oil-free copper waste in nitric acid. In the first set of
experiments, the reactants with different ¢ ratios were dissolved in deionized
water and mixed using a magnetic stirrer. The solutions were then heated on
a hot plate to initiate and study the reactions in self-propagating or volume
combustion mode. The solutions were preheated to the boiling point of the
solvent. The evaporation of water takes a long time and produced a gel-type
substance. After evaporation of the solvent, combustion was initiated mainly
in the entire volume of the gel.

The maximal combustion temperature, T¢max), and temperature profiles
T(t) were measured by two C-type tungsten-rhenium thermocouples with 0.2
mm in diameter, covered with a thin layer of boron nitride. The
thermocouples were placed into the sample with depth of 5 mm from the
bottom, and 15-20 mm distance from each other. The standard error of
measurement for T, was £20°C. The output signals of thermocouples were
transformed by a multichannel acquisition system and recorded by a
computer with frequency up to 1 kHz. After cooling the reaction products
were extracted from the reactor and crushed into powder. Final products
were examined by XRD analysis with monochromatic CuK, radiation,
wavelength 1.54056 A (diffractometer DRON-3.0, Burevestnik, Russia)
operated at 25 kV and 10 mA. To identify the products from the XRD
spectra, the data were processed using the JCPDS database. The
microstructure of powders was examined and EDS analyses were performed
by the scanning electron microscope Prisma E.

2.1. Thermodynamic calculations

Calculations of adiabatic temperatures (T,4) and composition of the
equilibrium  products for the Cu(NO3),-yCsHgO;-XxNH4NO3z-nH,0,
2CU(NO3)2-Ni(NO3)2-YC5H807-XNH4NO3-nH20 and ZCU(N03)2-2N|(N03)2 -
yCeHgO7-XNH4NO3-nH,O systems, where y:Eq), @(p and 4—0(p were

15 15 15

performed by “ISMAN-THERMO” software [18]. To determine the
equilibrium state, this program searches for the minimum of the Gibbs free
energy accounting for the contributions of all initial, possible intermediate
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and final reactants. THERMO software contains a database that includes
heat capacities (and their temperature dependencies) for possible gaseous
and condensed phase products. For revealing the effect of ¢ ratio (changed
in the range from 0.25 to 7.5) at different values of the ammonium nitrate (x)
and water (n) the following reactions were considered:

CU(N03)2 + (%(P)C5H807 + XNHsNO3 + nH,0 —

60 80
Cu+ (1+x)N2+ (— @)CO, + (n+x/2+— ¢) H,0 (1)

15 30
ZCU(N03)2 + NI(N03)2 + (%@)C6H807 + XNH4sNO3 + nH,O —
2Cu + Ni + (2+X)N, + (%@)COZ ¥ (n+x/2+% ©)H,0 (2)
2CU(N03)2 + 2N|(NO3)2 + (% (p)C6H807 + XNH4N03 + nHzo —

2Cu + 2Ni + (4+x)N, + (% ¢)CO, + (n+x/2+%(p)H20 3)

The calculations were performed for constant ambient pressure (P=1
atm). The calculated T,q and molar quantities of major gases and condensed
products (Cu, Ni, Cu,0O, CuO, NiO and C) were plotted as a function of ¢ for
different values of parameters n and x (n=0+20 and x=0+4 moles,
respectively). The calculations did not exclude the formation of other
possible gaseous products, such as CO, NO, H,, O,, CH; and NH3;). The
calculation results include the optimal intervals of variation of the studied
parameters for the complete reduction of copper and nickel by the amount of
a reducing agent (fuel) and a strong oxidizer.

3. Results and discussion

3.1. SCS in the Cu(NO3),— (%¢)CGH807— XNH;NO3; — nH,0 system

3.1.1. Thermodynamic consideration
The results of thermodynamic calculations for the Cu(NOs3),-

(%@)CBH807'nH20 system demonstrate (Fig. 2) that with increasing the

parameter ¢ within the interval of 0.25<p<1.0 the adiabatic combustion
temperature increases from 760 up to 1915°C, and then in the range of
1.0<<3.15 decreases to 590°C at n=0. For n=4 the adiabatic combustion
temperature in the same intervals of the parameter ¢ increases from 80 up to
1310°C and then decreases to 510°C. Difference in values (Fig. 2) of Ty is
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due to the different phase composition of the both gaseous (CO, CH, and
NH;) and condensed (Cu,O and C) products. In both cases maximum T,q is
observed at @=1. At that complete reduction of copper for n = 0 is observed
at the same value of ¢ (p=1) and in the case of n = 4 at ¢ = 1.125. The
growth of T, is conditioned by increase of the share of the exothermic
reaction in the overall process. The amount of reducer (¢) affects also on the
phase composition of the products. It is expressed by a change in the
amounts and ratios of the formed individual substances in different states of
aggregation.
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Fig. 2. Calculated combustion temperature (Tag) Vs o ratio for the Cu(NO3)2 - 9CeHsgO7 - nH20 -
xNHsNO3 system depending on x and n values. The plot includes also experimental data for
maximum temperature (data points) for SCS, x=0.

The main condensed products are Cu, Cu,O, CuO and, in some cases,
carbon was also formed. Similar thermodynamic calculations were

performed for the Cu(NO3); - (%@)CGHSQ -XNH;NO3 - nH,0 system too.

Note that the introduction of a strong oxidizer into the initial mixture affects
both the adiabatic temperature and the phase composition of the products.
Based on the calculation results optimum areas from thermodynamic point of
view for the complete reduction of copper were obtained in the ranges of
variation of g=1+2.5 and x=0.5+1.0 mole, respectively.

3.1.2. Experimental results
The temperature-time profiles recorded during the experiments at

combustion of Cu(NO3), — (%@)C5H307 + XNH;NOj3 mixtures are shown in

fig. 3. These curves provide accurate information on both: the ignition and
maximum combustion temperature, as well as heating and cooling rates. The
14



shape of the temperature-time curves is typical for volume combustion
processes. After evaporation of the solvent, combustion was initiated in the
entire volume of gel, and temperature rapidly rises from the ignition point,
Tig, to the maximum value Tmax followed by the sharp cooling stage.
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Fig. 3. Typical temperature—time curves at SCS of Cu(NOg3), + ¢CsHsO7 (a) and Cu(NO3), +
@CeHgO7 + XNH4NO3 (b) mixtures, ¢=1.35, x=0.5.

In fig. 4 the results of combustion experiments for the Cu(NOs), —

(%@)CGHBQ system are demonstrated. As may be seen, for ¢ > 1 (fuel-rich

mixtures) the maximum combustion temperature increases in the range from
¢ =1to ¢ = 1.65 (670-920°C) and then for ¢ > 1.65 T¢max decreases (down
to 640°C). As a result, for ¢ > 2.25, there is no ignition, only isolated point
flashes are observed. A similar picture is also observed at ¢ < 0.75 (fuel-lean
mixtures), which is associated with the partial reduction of copper.

According to XRD analysis results (Fig. 4b) a single-phase product
(copper powder) was obtained only in the narrow range of citric acid
content (¢ = 1.35-1.43). For the mixtures in which citric acid is taken in a
smaller (¢ < 1.35) or larger (¢ > 1.43) amount, partial reduction is observed:
the product contains also copper oxides: Cu,O and CuO. These results are in
disagreement with the results of thermodynamic calculations presented in
fig. 2. Such disagreement could be related to the fact that the combustion of
solutions containing citric acid proceeds vigorously, accompanied with
significant heat loss because of rapid removal of large amount of gaseous
products from the reaction zone, as a result of which they do not participate
in the establishment of equilibrium.
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Fig. 4. Maximum combustion temperature (T¢max) and mass 10SS (AMey,. and AMeor) VS. ¢ for
the Cu(NOs3), + pCsHgO7 mixtures (a) and XRD patterns of combustion products for SCS of the
Cu(NOs3), + pCsHgO7 mixtures at different values of the parameter o (b).

Further studies were carried out in the direction of expanding the range
of variation of the parameter ¢ for the complete reduction of copper.

The addition of different amounts of a strong oxidizer (Nt) to the initial
mixture influences on the values of T¢max) and Am, and phase composition of
final products. Thus, according to XRD analysis results, complete reduction
of copper at addition of x=0.5 moles Nt takes place in the range of 1.5 <
¢ <1.65. Note that with an increase of the parameter ¢ in the range from
1.125 to 2, the combustion temperature does not change significantly (810-
860°C). Introduction of a strong oxidizer for fuel-rich mixtures at ¢=1.72
does not ensure complete reduction of copper: the products contain CuO,
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Cu,0 and Cu with varying component ratios. However, with an increase in
the amount of a strong oxidizer, an expansion of the ignition region is also
observed: e.g. at x=4 moles the ignition region for the value of parameter ¢
ratio expands from 2.25 to 4.5.

Based on the results obtained, it can be concluded that the optimal range
by the parameter ¢ for the complete reduction of copper is 1.5 < ¢ < 1.65 at
x=0.5 mole of Nt. However, the use of citric acid as a fuel does not provide
the necessary conditions for obtaining nanoscale copper powder with
separated particles. During combustion, an increase in the particle size and
the formation of copper agglomerated powder with a particle size less than
20 um is observed.

3.2. SCS in the 2CU(N03)2—kNi(NO3)2—(pC5Hgo7—XNH4NO3—nHzo
system. Combustion of this system was studied in a wide range of changing
the parameters ¢ (0.5 < @< 7.5) and X (0 <x < 1) at 2 various ratios of metal
nitrates (k = 1 & 2). The choice of these compositions is due to the need to
obtain Cu-Ni alloys with a ratio of metals: 2:1 and 1:1. For each case the
effect of the fuel (citric acid) content and strong oxidizer (Nt) on the
combustion laws, phase and chemical composition of the combustion
products were studied. Determination of optimal conditions of the process
was based on the results of preliminary thermodynamic analysis for the
above-mentioned systems.

3.2.1. SCS in the 2CU(NO3)2—Ni(N03)2—(%(p)CGH807—XNH4N03—
nH,O system. The temperature-time profiles recorded during the
experiments at combustion of 2Cu(NO3), + Ni(NO3), + (%Q)C6H807 +

XNH4NO3z; mixtures are shown in fig. 5. As can be seen, the shape of the
curves, as in the case of the previous system (Fig. 3), is typical for volume
combustion processes.
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Fig. 5. Typical temperature—time curves at SCS of 2Cu(NO3), + Ni(NO3), + pCsHsO7 (a) and
2Cu(NO3); + Ni(NO3); + pCsHgO7 + XNH4NO3 (b) mixtures, ¢=1.95, x=1.

The results of combustion experiments for the 2Cu(NOj3),-Ni(NO3),-
@CsHgO7 and 2Cu(NOg3),-Ni(NO3),-pCeHgO7-xNH;NO3  systems  are
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presented in table 1. Note that in the systems under study the lower
concentration limit of combustion is observed at ¢=0.75. The results of
Table 1 show that with increasing the parameter ¢ and introduction a strong
oxidizer into the initial mixture affects both the maximum combustion
temperature and phase composition of the products.

Table 1

Maximum combustion temperature (T¢max) and phase composition
of the combustion products for different values of parameters ¢ and x
for the 2Cu(NOg3), + Ni(NO3), + CsHgO7 + XNH4NO3 mixtures

¢ (CeHgO7), | X (NH4NO3), | Temax), Phase composition of
mole mole °Cc combustion products
1.35 0 580 CuO, NiO, Cu, Cu,0
1.95 0 870 Cu-Ni, NiO
1.95 1 860 Cu, NiO, Cu,0, CuO, Ni
2.55 0 730 Cu-Ni, CuO, NiO
2.55 1 850 Cu-Ni

3 1 750 Cu-Ni, CuO, NiO, Cu,0, Cu

As can be seen from table 1, according to the XRD analysis results,
complete joint reduction of copper and nickel takes place only at ¢=1.95
(stoichiometric ratio, Temax=870°C) for x=0 (Fig. 6a) and ¢=2.55 (fuel-reach
mixture, Temax=870°C) for x=1 (Fig. 6b). In other cases, the product also
contains various amounts of metal

1-Cu, 2-Ni,3-N0O,4-C0,5-Cu0,6-Cu-N a

p=3 st Ny P
=158
I Y W |, A .
1.3.6
P=2.25 14,6
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[
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w Jq—————)L ) A _gu

20 30 40 S0 1] 70 a0
20, degree
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Fig. 6. XRD patterns of the combustion products for SCS of the 2Cu(NO3), + Ni(NOgs), +
¢CsHgO7 (a) and 2Cu(NOs3), + Ni(NO3),+ pCesHgO7 + XNH4NO;3 (b) mixtures for different values
of the parameter ¢, at x=1 oxides: Cu,O, CuO and NiO. In the case of smaller amounts of
citric acid (¢<1.95), the oxides are not completely reduced, and in the case of larger amounts
(p<1.95), the combustion temperature decreases.

Note that the use of citric acid as a fuel does not provide necessary
conditions for obtaining nanoscale copper-nickel alloy powder with molar
ratio of 2/1 (32 wt.% of Ni). During the combustion process, an increase in
particle size is observed and the formation of Cu-Ni alloy powder with a
particle size less than 20 um.

The chemical homogeneity of the 2Cu-Ni alloy was examined by EDS
analysis to determine the spatial distribution of metals in the sample. These
examinations demonstrate reasonable uniformity of metals along the sample.

3.2.2. SCS in the ZCU(Nog)Q'ZNi(Nog)Q'(@(P)C5H807'XNH4NO3'
15

nH,O system
3.2.2.1. Thermodynamic consideration
The results of thermodynamic calculations for the 2Cu(NOs), —

2Ni(NO3), — (% ¢)CsHgO7 system demonstrate (Fig. 7) that with increasing

the parameter ¢ within the interval of 0.5 < ¢ < 3.45 the adiabatic
combustion temperature increases from 30 up to 1895°C and then in the
range 3.45<@<7.5 decreases to 885°C at n=0. For n=10 the adiabatic
combustion temperature in the same intervals of the parameter ¢ increases
from 30 up to 1520°C and then decreases to 685°C. Difference in the values
(Fig. 7) of Ty is due to the different phase composition of the gaseous (CO,
CH, and NH3;) and condensed (Cu,0O, CuO and NiO) products. In two cases,
for n = 0 and n =10 moles, maximum values of T,4 and complete joint
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reduction of both metals are observed at the value of the parameter o:
¢=3.45 and @=4.25, respectively.

The introduction of a strong oxidizer into the initial mixture affects both
the adiabatic temperature and the phase composition of the products. Note
that maximum value of T, and complete co-reduction of metals are
observed at different values of the parameter ¢, namely at 4.5 < ¢ < 7.5 for
x=1.
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Fig. 7. Calculated combustion temperature (Tag) VS ¢ ratio for the 2Cu(NOg3)2 - 2Ni(NO3); -
¢CeHsO7 - nH,0O system depending on n values. The plot includes also experimental data for
maximum temperature (data points) for SCS.

Based on the thermodynamic calculation results, it can be concluded that
the optimal ranges of variation by the parameter ¢ and x for the complete
joint reduction of both metals are ¢=4.25+7.5 and x=0 +1.0 mole,
respectively.

3.2.2.2. Experimental results

The results of temperature measurements demonstrate (Fig. 8) that
combustion temperature is significantly higher in the presence of ammonium
nitrate (Fig. 8b).
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Fig. 8. Typical temperature—time curves at SCS of the 2Cu(NOg3), + 2Ni(NO3), + ¢CeHsO7 (a)
and 2Cu(NOg)2 + 2Ni(NO3), + 9CeHsO7 + XNH4NO3 (b) mixtures, ¢=3, x=1.
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The measured values of the maximum combustion temperature (T ¢max))
and XRD analysis results of the combustion products are presented in Table
2 and fig. 9.
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Fig. 9. XRD patterns of the combustion products for SCS of the 2Cu(NQOg3), + 2Ni(NO3), +
@CeHgO7 (a) and 2Cu(NOg3)2 + 2Ni(NO3),+ @CeHsO7 + xNH4NO3 (b) mixtures for different
values of the parameter ¢. x=1.
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Table 2
The maximum combustion temperature (Tmax) and phase composition

of the combustion products for different values of the parameters ¢ and
x for the 2CU(N03)2 + 2N|(NO3)2 + (pC6H807 + XNH;NO; mixtures

D [XOHN0) [ e i
1.95 0 760 Cu, NiO, Cu,0, CuO
1.95 1 660 Cu, NiO, Cu,0, CuO

3 0 700 Cu-Ni

3 1 970 Cu-Ni
3.45 0 580 Cu-Ni, NiO
3.45 1 950 Cu-Ni, Cu, NiO

For the 2CU(NO3)2 — 2N|(N03)2 — (pC6H807 and ZCU(N03)2 — ZNI(N03)2
— @CsHgO7 — XxNH4NO; systems, the lower concentration limit of combustion
is observed at a higher value of the parameter ¢ than in the Cu(NO3), —
(pC5H807 — XNH4NO; and ZCU(N03)2 —NI(NOg)g - (pC6H807 — XNHsNO;
systems, at ¢ =1.35.

From the presented diffraction patterns (Fig. 9a, b) for these systems, it
can be seen that in both the cases: x=0 and x=1, a single-phase combustion
product is obtained for the same value of the parameter ¢: ¢ = 3 (the optimal
amount of fuel), representing a monophase Cu-Ni alloy with 48 wt.%
content of Ni.

Based on the results of EDS analyses for the Cu-Ni product (Fig. 10),
significantly high chemical homogeneity and uniform distribution of metals
in the Cu-Ni alloy powder were observed.

Thus, it has been established that powdered copper and copper-nickel
alloys of various compositions can be obtained by the solution combustion
synthesis method with using copper (I) oxide waste. It is shown that phase
composition of the combustion products can be controlled by changing the
amounts of citric acid and ammonium nitrate in the initial mixture. The
optimal conditions for obtaining powdered copper and copper-nickel alloys
with ratios 2/1 and 1/1 have been determined. Under optimal conditions,
powders of copper, 2Cu-Ni and Cu-Ni alloys with particle size less than 20
microns were obtained.

22



M1 L2P (I) OLUM-USPL FUPALLELD JELUUTUUNFUL M LD
G4 MNP ULR-LPUGL NUUUNFLAUEOLP PACPLELP LUU BLRLUUNY,

N W UONUOF-D, 4 dL UM EMES3UTL b L UL UeNY3UL

FJU.IiI Cllllrul&nLll{lllé:gillTF[l l[lﬂz[lilbp uuuuiuulnl_ Cilulpllll{nan[JJnLiIa: Ublnlllllilbpﬁ l.lllj'llﬂll'
Cu(NO3)-CsHgO7NH4NO3 I Cu(NO3)s-Ni(NO3)-CeHsO7NHNOg {uidudpmpgbiprd”
ifuinkypp-opufupfish (©) b dbmuglibipl n widnipncdp Sfpnpunnbbpf wwppbp Qupophpad-

Fw:zwlz_anﬂJLufl: 0uil.n[ufwl Ll[mJlfl.uililbanlf uuuugl[b[ Eu 20 J[rl[pnflﬁg %n@p Lfl.uufl[rllilbpﬁ
sz[ulnl{ uillil&[t It 2Cu-Ni n. Cu-Ni Cme&nquw&@ﬂbpﬁ 1{1n2/11117[1.'

MEPEPABOTKA OTXOJ0B OKCHUJIA MEJIM (I) B IOPOILLIKH MEJH
U MEJJHO-HUKEJIEBBIX CILIABOB METO/IOM CI'P

A. A. MATMYJIU'?, B. B. BAPJAIIETSH u JI. C. ABOBSIH?
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HccrnenoBana BO3MOXHOCTh TMOJYYCHHS ITOPOINKOB MEOW W MEIHO-HHUKEIEBBIX
CIUTAaBOB PAa3JIMIHOTO COCTaBa METOJOM CHHTe3a ropeHmeM pactBopoB (CI'P) c
HCIOJIb30BaHUEM 0TX010B okcua Meau (1). i JOCTHKEHHS ITOJTHOTO BOCCTAHOBJICHHUS
METAJIOB KCCIIE0BaHbl 3akoHOMepHocTH ropeHuss B cuctemax CU(NO3),-CsHgO7-
NH4NO; u Cu(NO3),-Ni(NO3),-CeHgO;-NH4NO; nipu pa3inuuHbIX COOTHOIICHUSAX TOT-
JUBOOKUCIUTENh, HUTPATOB METAIDIOB M AMMOHHUS B UCXOJHOW CMeCH. YCTaHOBIICHO,
YTO TOPOIIKK MEIH W METHO-HHUKEIEBBIX CIDIABOB PA3IMYHOTO COCTaBa MOTYT OBITh
MOJYYCHBI METO/IOM CHHTE3a TOPCHHS PACTBOPOB C HCIIOJNIB30BAaHHEM OTXOIOB OKCHIA
Memu (I). OnpenenceHbl ONTHUMANBHBIE YCIOBUS MOMYYCHUS MTOPOIIKOB METU M MEIHO-
HUKEJEBBIX CIUIaBOB ¢ cooTHomeHueM 2/1 u 1/1 w3 HuTpatoB wMeramioB. B
ONTHMAJIBHBIX YCIOBHSAX OBUTH MOJydYeHbI moporiku meau, ciuiaBoB 2Cu-Ni u Cu-Ni
cocraBa ¢ pa3MepoM vacTuil Meree 20 mrm.
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