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XAPAKTEPUCTUKU NPOLIECCOB CUHTE3A HAHOMNOPOLLKOB
HA OCHOBE KOBAIbTA XUMUKO-METANNYPrMYECKUM METOAOM

M3yyeHbl xapaKTepucTuk/ NpoLIeCCOB CMHTE3a HaHOMOPOLLKOB Ha ocHoBe kobanbTa (Co(OH),, Co304, Co) XMMMKO-METANMYypPruyeckm mMeTo-
nom. Harnonopotuok Co(OH), nonyyanu METOAOM XMMUYECKOro OCaXaeHust U3 BoaHbIX pacTBopoB HUTpaTa kobanbta Co(NO;), (10 mac. %) v wenouun
NaOH (10 mac. %) B ycnoBusix HempepbIBHOTO NepemMeLLnBaHus, KOHTpPonsa Temnepatypel T = 25°C 1 BogopoaHoro nokasatens pH = 9. Mpombisanu
CUHTe3MpoBaHHbIN ocagok Co(OH), AUCTMNNMPOBaHHON BOAOW C NMOMOLLbI0 BOPOHKM BroxHepa [0 NOMHOM OTMbIBKM MOHOB pacTBOPEHHOW COMKU C BO-
[0pOoaHbIM nokasatenem Hag ocagkom pH = 7. Hanonopowwkn CozO4 1 Co nonyveHbl TEPMUHECKUM Pa3NoXeHNeM U BOAOPOAHbIM BOCCTAHOBMNEHUEM
ruppokenaa Co(OH), B TpybyaTon neun CHOI 0,2/1250. ViccnepgoBaHune KpUCTannmyeckon CTpyKTypbl U (0a3oBOro coctaBa 06pasLoB NOPOLLKOB Bbl-
NOSHANN METOAOM PEHTreHO(ha30Boro aHanmsa. YaenbHyo NoBepxHOCTb S 06pa3LoB namepsnu Mmetogom B3T no HM3koTemnepaTypHow apcopbuum
asoTa. CpefHuii pasvep YacTtuy D paccumtany no JaHHbIM M3MepPEHUst BENMUMHDBI YAENbHON NMOBEPXHOCTU. Pa3mepHble XapakTepucTuki U Mopdhono-
VIO YacTuL, MOPOLLKOB U3y4Yanu METOAOM CKaHUPYHOLLE 3NeKTPOHHOW MUKPOCKOMNMK. YCTaHOBIEHO, YTO ONTUMaribHble TeMnepaTypbl Ansi NpoBeae-
HUSI MPOLECCOB TEPMMUYECKOTO Pa3noXeHUsl U BOJOPOAHOrO BOCCTaHOBMeHNs paBHbl 180 1 280 °C cOOTBETCTBEHHO, BPEMS BbIAEPXKKM MPOLIECCOB
npMMepHo B TeveHne 2 y. MonyyeHHble HaHovacTuubl Co(OH), n Co;04 B 0OCHOBHOM 06nafatoT uronbyaTton hopmoii, pasmMepom 0 AeCSTKOB HaHO-
MeTpoB 1 AnuHon Ao 200-300 HM. HaHouacTuusl Co rmaBHbIM 06pa3oM MMetoT cdepudeckyto dhopmy, pasmep — Takke [0 [eCATKOB HAHOMETPOB,
OHW HaxXOASTCS B CMEYEHHOM COCTOSIHUM, KaXKaas U3 HUX COeAMHEHa C HECKOMBbKUMM COCeAHMMM YacTuLaMm nepeLlerikamu.

KnioyeBble crnoBa: HaHOMOPOLLOK, HaHoYacTuLbl, kobaneT, okeung kobanbTa (I1, I11), rmapokcna kobanbTa, XMMUKO-METannypruiyeckuin Me-
TOA, XMMUYECKOEe OCaXaeHNe, TepMUYecKkoe pasnoXeHne, BOAOPOAHOE BOCCTaHOBMEHWE, yaernbHas MOBEPXHOCTb.
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CHARACTERISTICS OF SYNTHESIZING PROCESSES
OF COBALT-BASED NANOPOWDERS BY CHEMICAL-METALLURGY METHOD

In this work, the characteristics of synthesizing processes of cobalt-based nanopowders (Co(OH),, Co3;0,, Co) by chemical-metallurgy
method were studied. Co(OH), nanopowder was synthesized by chemical precipitation from aqueous solutions of cobalt nitrate Co(NO3), (10 wt.
%) and alkali NaOH (10 wt. %) under conditions of continuous stirring, temperature control T=25°C and pH=9. The synthesized Co(OH), precipi-
tate was washed with distilled water using a Buchner funnel until the dissolved salt ions with a pH value were completely washed out over the pre-
cipitate was 7. Co3;04 and Co nanopowders were obtained by thermal decomposition and hydrogen reduction of Co(OH), hydroxide, respectively,
in a tubular furnace “SNOL 0.2/1250". The study of the crystal structure and phase composition of the powder samples was carried out by the
method of XRD phase analysis. The specific surface area of the powder samples was determined using the BET method with adsorption of nitro-
gen in low temperature. The average particle size D was calculated from the measurement of the specific surface area. The size characteristics
and morphology of the powder particles were studied by scanning electron microscopy. It has been established that the optimal temperatures for
thermal decomposition and reduction processes are 180 and 280°C respectively, the holding time of the processes is about two hours. The ob-
tained nanoparticles Co(OH), and Co;0, mainly have an acicular shape, with a diameter up to a few tens of nm and the length up to 200-300 nm.
Co nanoparticles mainly have a spherical shape, the size of which is also up until several tens of nm. They are in a sintered state, each of them is
connected to several neighboring particles by isthmuses.

Keywords: nanopowder, nanoparticles, cobalt, cobalt (I, Ill) oxide, cobalt hydroxide, chemical-metallurgy method, chemical precipitation,
thermal decomposition, hydrogen reduction, specific surface area.
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Introduction

At present, materials based on cobalt, in particu-
lar, nanomaterials, have found increasingly widespread
practical applications in various fields of science,
technology and industry. About 80 % of Co is con-
sumed to obtain superhard, high-temperature, tool and
wear-resistant alloys, which are used in mechanical
engineering, especially in aviation and space technolo-
gy, rocketry, electrical and nuclear industries [1-15].
Furthermore, Cobalt (II, III) oxide Co;04 has found
application as a catalyst in organic synthesis; as part of
electrodes for organizing the electrolysis process in in-
dustrial plants and batteries; additive in the production
of heat-resistant alloys; production of varnishes,
paints, building enamels; adsorbent for hydrocyanic
acid for filtering installations; in glass and ceramic
production, etc. [16-18]. Of particular scientific and
practical interest is the production and application of
Co-based nanopowders (NP) with desired properties,
which primarily are determined by the morphology
and dispersion of particles [9, 10]. The production of
NP (Co(OH),, Co;0;4 and Co) is carried out in various
ways, most of which are characterized by a number of
disadvantages, such as reduced productivity, high en-
ergy consumption [19].

However, the chemical-metallurgy method,
which includes the stages of chemical precipitation of
oxygen-containing metal compounds, followed by
thermal decomposition and hydrogen reduction, is a
highly efficient method for saving energy, enhancing
the possibility of utilizing industrial waste as raw ma-
terials and the ability to regulate the dimensional char-
acteristics of metal nanoparticles (NPs) in the course
of their receipt [20].

A big disadvantage of the chemical-metallurgy
method for producing NP is low productivity due to a
low rate of thermal decomposition and hydrogen re-
duction processes under low temperatures. During the
processes, an excessive increase in the temperature is
not recommended, because this leads to an intensive
occurrence of aggregation and sintering of NPs as well
as to the formation of particles with a size outside the
nanometer range [21].

Therefore, the study of the physical characteris-
tics of the processes for synthesizing of NP based on
cobalt via chemical-metallurgy method to establish the
optimal time-temperature parameters while guarantee-
ing the necessary properties of the products obtained is
a scientific and practical task.

The aim of this work is to determine the main pa-
rameters of the processes of NP synthesis (Co(OH),,
Co304 and Co) by chemical-metallurgy method to es-
tablish the optimal modes of the processes, as well as
to study the properties of the products obtained.

Materials and methods of research

Co(OH), hydroxide was obtained by chemical
precipitation from aqueous solutions of cobalt nitrate
Co(NO3); (10 wt. %) and alkali NaOH (10 wt. %) un-
der conditions of continuous stirring, temperature con-
trol 7= 25 °C and acidity pH = 9. The reaction of pre-
cipitation of Co(OH), hydroxide is represented
as follows:

Co(NO3), + 2NaOH = Co(OH),| + 2NaNOs. (1)

The acidity of the pH of the solution mixture was
recorded using a pH meter with an accuracy of +0.03.
The synthesized Co(OH), precipitate was washed with
distilled water using a Buchner funnel. Complete puri-
fication of the precipitate from nitrate salt ions was
achieved when the pH value of the precipitate was 7.
After that, the resulting precipitate was dried at 40 °C
for two days.

The dried Co(OH), was ground in a “Fritsch
Pulverisette 2 mortar mill, the obtained Co(OH), NP
was used for further research.

To select the temperature conditions for carrying
out the processes of thermal decomposition and hy-
drogen reduction, the Co (OH), NP was investigated
by the thermogravimetric (TG) method on a “SDT
Q600” device (USA) with a linear heating mode at a
rate of 5 °C/min in the temperature range 25-700 °C in
air atmosphere (for thermal decomposition). The re-
duction process is carried out in the temperature range
25-500 °C and in a hydrogen atmosphere.

The phase composition and structure of the sam-
ples were investigated by XRD phase analysis on a
“Difrey 401” diffractometer (Russia).

The specific surface area (S) of the samples was
determined by the BET method with adsorption of ni-
trogen in low temperature, on a “NOVA 1200¢” ana-
lyzer (USA). The average particle size of powders D
(m) was calculated by the formula:

D=—,

s @

where p is the density of the material, kg/m’.

The shape and size of NPs of the samples were
observed by a scanning electron microscope (SEM)
TESCAN VEGA 3B (Czech Republic).

Results and discussion

The XRD and SEM results for the initial sample
of Co(OH), NP are shown in Fig. 1.

The result of XRD analysis (See Fig. 1, @) re-
vealed that the sample under study is single-phase,
containing only the hydroxide phase Co(OH), and has
a crystal structure. Analysis of the SEM image (See
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Fig. 1, b) showed that Co(OH), NPs are mainly acicu-
lar, with a length up to 300 nm, and they tend to form
large aggregates of a spherical shape. The specific sur-
face area of Co(OH), NP is 31.7 m%/g; accordingly, the
average NPs size D is 53 nm.

In Fig. 2 shows the TG curves obtained in the
course of thermal decomposition and hydrogen reduc-
tion of Co(OH), NP.

According to the TG studies, it can be seen that
the process of thermal decomposition of a Co(OH),
NP sample consists of three stages (See Fig. 2, a). In
accordance with the calculations, in the first stage, the
adsorbed water is removed in the temperature range
25-150 °C, the second and third stages are associated
with the elimination of structural water by reaction (3).

The presence of two peaks (I, III) of the elimina-
tion of structural water, which are recorded on the TG
curve (See Fig. 2, a), can be explained by the fact that
in all cases the particles have closed pores. As the
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temperature rises, pores are opened, and structural wa-
ter is removed from them. In the temperature range
150-200 °C, the process of thermal decomposition
takes place with a maximum specific rate of 11.5-10™
kg/s at 180 °C.
6Co(OH), + O, — 2Co050,4 + 6H,0. 3)
The TG curves of the hydrogen reduction pro-
cess for the Co(OH), NP sample (See Fig. 2, b) shows
that the process proceeds in two stages. At the first
stage, in the temperature range 160-265 °C, the pro-
cess of removing structural water takes place and in
the second stage, with the temperature ranging from
265 to 310 °C, the process of metallization to Co pro-
ceeds.
While the reaction (4) takes place, the maximum

specific rate is achieved at a temperature 280 °C with a
value of 20.6-10° kg/s.

Co(OH), + H, — Co + 2H,0. @)

b

Fig. 1. XRD pattern (a) and SEM image (b) of the initial sample of Co(OH), NP
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Fig. 2. TG curves of thermal decomposition (a) and hydrogen reduction (b) of Co(OH), NP:
1 — mass change, 2 — rate of mass change
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Analysis of the TG data makes it possible to
choose the optimal temperatures which correspond to
the values of the maximum specific rate in both ther-
mal decomposition and hydrogen reduction of
Co(OH), NP. These temperatures are 180 and 280 °C
for the synthesis of Co;04 and Co NP, respectively.
The processes of thermal decomposition and hydrogen
reduction of a-FeOOH NP at optimal temperatures 180
and 280 °C, respectively were carried out in a tube
furnace “SNOL 0.2/1250”, the holding time was 2
hours. In this case, the chemical reactions were indi-
cated by the formulas (3) and (4).

In Fig. 3 presents the results of XRD for the
products of thermal decomposition and reduction of
Co(OH), NP.

The XRD analysis of the thermal decomposition
product (See Fig. 3, a) shows that the sample contains
only the crystalline Co;0, phase, no other phases were
found; the resulting product is NP of pure Co;04;
thermal decomposition of Co(OH), NP at 180 °C was
complete after 2 hours of exposure.

The result of the XRD analysis of the reduction
product (See Fig. 3, b) reveals that the sample under
study is single-phase, consisting only of Co NP parti-
cles with an HCP crystal lattice; the exposure time for
the hydrogen reduction process was also 2 hours.

In Fig. 4 presents the results of SEM images of
the obtained products of thermal decomposition and
reduction of Co(OH), NPs.

Fig. 4, a, it can be seen that Co;0, NPs mainly
consist of elongated ovoid and acicular aggregates
with dimensions of tens of nm in diameter and up to
200 nm in length.

Analysis of the SEM image of the sample of the
reduction product (See Fig. 4, b) shows that Co NPs
are mainly spherical in shape with a nanometer size
(on the order of tens of nm). In this case, the obtained
Co NPs are in a sintered state; each of them is con-
nected to several neighboring particles by isthmuses.

The result of measuring S and calculating the av-
erage particle size D of the obtained powder samples
are given in the Table.
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Fig. 3. XRD pattern of the thermal decomposition (a) and hydrogen reduction (b) products of Co(OH), NP

Fig. 4. SEM images of Co;0, (a) and Co (b) NP
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The result of measuring S and D of particles
of powder samples

Nanopowder

No. Method for obtaining |S, m*/g| D, nm
samples
1 Co(OH), | Chemical precipitation | 31.7 53
2 Co50,4 Thermal decomposition| 28.2 47
at 180 °C
3 Co Hydrogen reduction at | 11.8 58
280 °C

The result of measuring the specific surface area
confirms that the processes of sintering and aggrega-
tion of the formed NPs during thermal decomposition
and hydrogen reduction lead to a decrease in the spe-
cific surface area of the obtained products (Co;04 and
Co NP) compared to the initial sample of Co(OH), NP.
The calculation of the average particle size of powders
D according to the S data by formula (2) shows that all
the NP obtained have a nanometer size (less than one
hundred nm), the results of this are in good agreement
with the result of the study of the size of the samples
(Co(OH),, Co;04 and Co NP) by the SEM method.

Conclusion

The characteristics of synthesizing processes of
cobalt-based nanopowders by chemical-metallurgy
method were studied and series of nanopowders
(Co(OH),, Co30,4 and Co) were obtained. Based on the
analysis of TG data, it was found that the optimal
temperatures for carrying out the processes of thermal
decomposition and reduction are 180 and 280 °C,
respectively. The products obtained represent NP of pure
Co030, and Co upon reduction after 2 hours of exposure.

The size and shape of the starting material and the
samples obtained are investigated. It has been shown that
Co(OH), NPs have an acicular shape, the length of which
is up to 300 nm, and they tend to form large aggregates of
a spherical shape. Co;04 NPs mainly consist of elongated
ovoid and acicular aggregates with a size of about a few
tens of nm in diameter and up to 200 nm in length.
Co NPs are mainly spherical with a nanometer size (on
the order of tens of nm), they are in a sintered state, each
of them is connected with several neighboring particles
by isthmuses.
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