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In the presented work, the environmentally friendly production processes of
pure metals via reduction from the respective oxides in the atmosphere of
ultra-low oxidation potential (B, =10"°—10" atm)are offered. We propose
the formation of such an environment by injection of ethyl alcohol in the re-
actor and interaction of its vapour with oxygen. Such conditions promote
dissociation of oxides of almost any kind. Using this method, the pure, so-
called ‘metals of life’ are obtained: Cu, Fe, Ni, and Co, which are used in med-
icine as the essential nutrients. In the case of chromium conversion, this pro-
cess is completed with the synthesis of carbide phases. Production of pure Cr
is possible by using the similar methodology with the help of oxygen pump.
For identification of the reduced products, an X-ray phase analysis is used.
The purity of the converted products is characterized by spectrochemical
analysis. The experimental data are in a good conformity with the thermody-
namic calculations of optimal temperature ranges of conversion reactions
and the ratio of the initial ingredients.

Y sampomoHoBaHi#l pobOTi PO3TIAHYTO €KOJIOTIuHO 6e3IleuHi IIpoIlecu Onep-
JKaHHS YMCTHUX METAJiB IIJIAXOM IX BiJHOBJIEHHSA 3 BiIIIOBiIHUX OKCUJIIB y aT-
Moc(epi 3 YIBTPAHUBBKUM OKHCHIOBANBHUM moTeHmianoM (P, =107°—107°
aT™.). Mu IpoIoHyeMO CTBOPEHHSA TAKOI'0 CepeloBUIIA iHMKEKIII€I0 eTUI0OBOTO
CIUPTY B 3aMKHEHNII KOHTYD peaKTopa BHACILZOK B3aeMOJil mapu cuupTy 3
KucHeM. Taki yMOBU CIIPUAIOTH AUCOIIAIIT OKCHIIB Maiizke Oy Ab-AKOT0 BUIY.
ITiero meTomoI0 OfepsKaHO Tak 3BaHi «Meraau KuTtA»: Cu, Fe, Ni u Co, aki
BUKOPUCTOBYIOTHCA B MEAUIMHI AK IIOKUBHI HyTPieHTHU. ¥ BUIIaJKy KOHBepcii
OKCHUIY XPOMY IIPOIleC 3aBEPIIYEThCA CUHTE3010 KapbimHux das. Oxep:rkaHHsa
yucToro Cr MOKJIMBe 3aCTOCYBAHHAM HOAi0HOI METOMOJIOTII 3a TOTTOMOT0I0 KU-
cHeBol moMmmu. ImeHTudikaiia IpoayKTiB KOHBepcii BigOyBaeTbCs PEHTI'€HO-
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(ha30BOIO0 CTPYKTYPHOIO aHAJIiI3010, a IXHA YUCTOTA KOHTPOJIOETHCA CIEKTPO-
xXeMiuHOI0 MeTomoi0. EKcIiepuMeHTa bHi JaHi 1o6pe Y3TOAKYIOThCSI 3 TEPMO-
IVHAMIYHUMY OOUMCIIEHHAMU ONTUMAJbHUX TEMIepaTyp KOHBEpCiiHUX pea-
KIIi¥l i MOJISPHUX YaCTOK MOUYATKOBUX iHI'DEIi€HTIB.

B mpezoxeHHOIl paboTe pacCMOTPEHBI SKOJIOTUUYECKH Ge30IacHbIe IPOIeCCh
HOJY4eHNS YHCTHIX METAJJIOB IyTéM MX BOCCTAHOBJIEHUS U3 COOTBETCTBYIO-
IIIIX OKCHAOB B aTMoc(depe C yIbTPAHHUBKUM OKHCJIUTEIHHBIM IIOTE€HIIATIOM
( B, =107°—107* arm.). MBI mpejIaraem cosfiaHue TAKON CPEIbI HHIKEK el
STHMJIOBOTO CIIHPTA B BaMKHYTHIH KOHTYD peaKkTopa B pe3yIbTaTe B3anMOZEii-
CTBUSA HAPOB CIUPTA C KUCIOpoHoM. TaKue YCI0BUA CIOCOOCTBYIOT JUCCOITA-
IIAU OKCHZOB IIOYTH JI000T0 BUAA. DTHUM METOLOM IIOJyUeHbI TAK HashbIBaeMble
«MeTaJLIbl Ku3Hu»: Cu, Fe, Ni u Co, nmpumMeHseMble B MeJUIINHE KaK IIHTa-
TeJbHbIe HYTPUEHTHI. B cilyuae KOHBEPCHH OKCHa XpOMa IPOIeCC 3aBeplia-
eTca CUHTe30M KapOouaHbIx das. Iloryuenne uncroro Cr BO3MOMKHO IIpUMeEHe-
HHeM II0J06HO# MeTOZOJOTHH C ITOMOIIBI0O KUCIOPOLHOTO Hacoca. MneHTudu-
KaIlid IPOAYKTOB KOHBEPCUM IIPOMCXOIHUT PEHTTeHO(DA3OBBIM CTPYKTYPHBIM
aHAJIM30M, a HUX UHCTOTA KOHTPOJIMPYETCHA CIEKTPOXMMHUYECKUM METOLOM.
DKCIIepIMeHTaIbHBIE JaHHbIe HAXOAATCA B XOPOIIEM COTJIACHU C TePMOAMHA-
MHUYeCKUMM BBIYMCICHUAMY ONTHMAILHBIX TEMIEPaTyp KOHBEPCHOHHBIX pe-
aKIUil ¥ MOJIAPHBIX JOJIeil HaYaJIbHBIX NHI'PEANEHTOB.
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1. INTRODUCTION

In contrast to the classical methods of metallurgical and chemical pro-
cessing of ores connected with significant energy consumption and eco-
logical stress, we would like to recommend a different, energy-saving
and environmentally friendly technology affording production of pure
‘metals of life’ adopted in pharmaceutical industry [1]. These biologi-
cally active metals of life take up position side by side in the fourth pe-
riod of the Periodic Table of elements: ?*Cr, *Mn, %*Fe, **Co, 22Ni, ?*Cu,
307Zn. Content of most of them is negligible in the body, but absence of
these elements leads to ailments. As a basis for the offered technology
of pure metals, production from the corresponding oxides is the princi-
pal possibility of creating gas environments with ultra-low partial pres-
sure of oxygen in the closed volume of a reactor [2]. The accessibility
level of rarefaction of oxygen (up to =107 atm) is significantly lower
than dissociation tension of the oxides of any considered metals.

2. EXPERIMENTAL

Since the purity of converted products is altered depending on purity
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of initial materials (in our case, oxides), the basic oxide powders of the
analytical purity (>99.9%) is used. An installation for the creation
and maintenance of partial pressure of oxygen (F, ) within the re-
quired range of 107*~1072 atm had been designed by the authors and
described recently in [3]. The dynamics of the abrupt decrease of F, in
the closed contour is a function of the reactor temperature and practl-
cally is in progress up to the depressurization temperature of the reac-
tor material. The optimal consumption of the ethyl alcohol is 0.2 mg
per 1 litre of a closed atmosphere and its heating to 800°C provides fall
of P, to 1072 atm. Increase of operating temperatures up to 1500°C
stipufates achievement of fine and deep rarefaction of oxygen,
=102 atm. In such conditions, dissociation of practically each oxide
becomes possible. At the same time, duration of the exposure process
at fixed temperature does not influence the level of F, , and the most
possible rarity is achieved at given instant. X-ray phase analysis of the
converted oxides was performed using the HZG-4 diffractometer for
X-ray powder diffraction analysis. Diffraction patterns are obtained
using the CuK, X-rays (A=1.542 A). The complete thermodynamic
analysis of the reductive processes for these oxides is performed using
the ASTRA-4 software.

3. RESULTS AND DISCUSSION

A computer simulation of thermodynamic processes at general atmos-
pheric pressure in the temperature range 1000—2000 K was performed
in the case of Cr,0;. During the simulation, the mole correlation of the
converted oxides and the reducing gas was chosen based on the follow-
ing reaction:

Cr;035q) + 4.5C,H;0H o).

Among the probable condensed (cd) components, the following were
considered: H,0, C, Cr, Cr,05, CrO,, CrO;, Cr;C,, Cr,C;, and Cr,;C,. Be-
cause of plenty of gaseous connections of C—H-O system, only some of
them were specified: Cr, CrO,, Cr,05, CrN, and CrOH. The basic results
of complete thermodynamic analysis are presented in the diagram.
Concerning chromium conversion, it should be noted that we have not
found any information on the complete thermodynamic analysis of
Cr,0; interaction with the ethyl alcohol.

As well known, chromium possesses such a high chemical sensitivity
to oxygen that it oxidizes at 1000°C even in the condition of space
evacuation, where P, =10""at [5]. Therefore, high temperature, ul-
tra-low partial pressure of oxygen, and the increased consumption of
the reducing agent are required for conversion of Cr,0; (see reaction).

Preliminary thermodynamic analysis of alcohol dissociation showed
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that below 400 K gaseous methane, water vapour, and condensed car-
bon precipitate, while at 450 K a partial dissociation of the methane
takes place, and the content of the condensed carbon increases and ex-
ceeds that of the condensed carbon available in the system.

Since carbon exists among the possible condensed components, it is
highly probable to suppose that convenient conditions are created for
effective conversion of the oxides to pure metals or their carbide phas-
es. Figure 1 shows the results of the analysis only in the temperature
range 1000—-2000 K because dissociation of chromium oxide does not
take place below 1300 K. In the Cr,0, conversion process above 1350 K,
condensed chromium carbide Cr;C, occurs, amounts to 30% of the
mass, and remains unchanged up to 2000 K. The abrupt decrease of the
condensed carbon content (from =20% to =0%) indicates at its inten-
sive consumption during the synthesis of Cr;C, and is optimal for ter-
mination of the process.

In order to check the thermodynamic calculations, some relevant
results on NiO, CoO, CuO, and Fe,0; conversions are shown in Table 1
as good examples of conversion of oxides of other metals of life [3].
However, the conversion process of chromium oxide completes via syn-
thesis of carbide phases instead of precipitation of metal substrate.
The matter is that in the case of ethyl alcohol injection, the presence of
free carbon in the reaction zone causes the carbidization of conversed
chromium.

As should be noted here, the constructed installation for conversion
of oxides allows creating a gaseous environment in two different ways:
1—using an oxygen pump [2], or 2—uvia injection of ethyl alcohol in
the closed contour of the reactor [5]. In spite of the nearly, the same
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Fig. 1. Temperature dependence of the components concentration in the sys-
tem: 1—Cr,0,, 2—C, 3—Cr,C,, 4—CO0O, 5—H,0.
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TABLE 1. Parameters of metal complete reduction from their oxides by alco-
hol injection method.

Temperature, |Partial pressure Duration, min
°C Fp,» atm 1 | 5 | 10 ] 15 [ 20 | 60
700 107% Fe, O, CoO
800 10722 NiO CuO
900 1072 NiO CuO
1000 1072 NiO CoO

TABLE 2. Parameters of metal complete reduction from their oxides by oxy-
gen pump method.

Temperature, |Partial pressure Duration, h
°C F,atm |05 ]10]15]25]380]50]55
800 10720 Cu,O
900 107 Fe,0,
1000 1072 Cu,0
1100 107 Fe,0, NiO NiO
1200 102 Fe,0, CoO
1300 1072 Cr,0,
1400 1077 Cr,0,

evacuation rate of oxygen in the reactor, the deoxidizing abilities of
these methods are completely different (see Tables 1 and 2). As it is
clear from the Tables, the conversion process accelerates when the at-
mosphere in the reactor is formed via injection of alcohols (Table 1).
However, production of pure chromium is possible, if super-deep evac-
uation is achieved using oxygen pump (Table 2).

Taking into account the results shown in tables and the X-ray data,
the obtained results on the complete thermodynamic analysis of chro-
mium oxide conversion lead to the conclusion that the injection of
ethyl alcohol is an efficient method for the formation of Cu, Ni, Co,
and Fe condensates, while in the case of chromium oxide, the end prod-
uct of conversion is its carbide—Cr;C,, instead of pure metal (see
Fig. 2).

4. SUMMARY

For the first time, it has been carried out a multicomponent thermody-
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Fig. 2. XRD patterns of samples reduced at 1300°C.

namic simulation of chromium conversion process using ethyl alcohol.
It is determined that the highest output of conversion products corre-
spond to the temperature range 1350-1600 K. The molar ratio of
chromium and ethyl alcohol is 1:4.5.

During conversion of the active carbide-forming metals oxides, the
synthesis of carbide phases takes place simultaneously with their re-
duction. Production of such pure metal as chromium is possible using
the oxygen pump.
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