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Abstract: The challenges of modern society and the requirements for high-tech materials have led to a new
stage in the development of chemical synthesis methods. This stage is demanding a reliable, controllable,
and green approach to the production of necessary materials. One of the recently developed approaches for
metal oxide nanoparticles synthesis is the solvent deficient method. A cutting edge of this synthetic method
is a synthesis with increased control throughout chemical transformation resulting in optimal conditions for
materials production. As a result, oxide nanoparticles are produced fast, environmentally friendly, cost-ef-
fective, and with low energy consumption. On the other hand, a complex reaction mechanism is presenting
a challenge for reliable kinetic studies. The present review follows the recent trends in the development of
the solvent deficient method concerning the binary, ternary, and complex metal oxides. Special attention is
given to considering approaches responsible for desirable mechanisms of catalytic applications. In future
development, the reported synthesis method is expected to be employed in a high entropy oxides formation.
Due to simple preparation steps, it will be possible to automatize the reaction procedure and investigate a
large number of possible compositions which is imperative for new complex materials. Finally, precursors
heating could be transformed from conventional to microwave. Solvent-deficient method deals with pre-
cursors sensitive to microwave irradiation which could ensure rapid heating and transformation to desirable

oxide nanomaterials.
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1. INTRODUCTION

The presence of nano- and mesoscale pores in
metal oxides plays a critical role in intensifying the
chemical and physical reactivity of nanoparticles.
Such materials have potential applications in catal-
ysis, adsorption, sensors, gas purification, as well as
in solar cells [ 1-4]. During the past few decades, the
synthesis of metal oxide nanoparticles has fascinated
the interest of scientists all over the world follow-
ing the general trend of the nanotechnology market.
This development resulted in several approaches to
various environmental issues. Following the princi-
ples of green chemistry, new reactions and methods
are identified as suitable for environmental pollution

reduction [5]. These approaches are designed to be
uncomplicated, time and energy effective, and en-
vironmentally friendly. Newly designed synthesis
methods should also be carried out at lower tem-
peratures by using non-toxic solvents. According to
Stavis et al. [6], the most profitable innovations in
nanoparticle manufacturing are minimizing hetero-
geneity in processes of synthesis, stabilization, and
functionalization. Among other consequences, this
reduces the need for purification that decreases yield,
and generates waste.

The majority of current approaches to metal
oxide nanoparticle synthesis can be classified as sol-
id-state, solution-phase, and vapor-phase methods [7].
However, no synthesis technique is ideal for every
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application and there are substantial differences in re-
sulting nanomaterials characteristics [8]. On the other
hand, industrial production of metal oxide nanomate-
rials is very often limited by the demanding equipment
and procedures necessary for the synthesis.

The solvent-deficient (SD) synthesis method
(Figure 1) first reported by Woodfield and Smith et al.
[9] proved to be successful for the synthesis of a vast
range of oxide nanomaterials. These include oxides
from almost every semi-metal and transition metal
group as well as a few from the lanthanide group. In
short, the SD method includes grinding a hydrated met-
al salt (mostly a nitrate salt) with bicarbonate (mainly
NH,HCO,) for up to 30 minutes to form a precursor.
The precursor is further rinsed with water or untreated
before being annealed at rather low temperatures for
up to 3 hours. No, or limited addition of solvent is add-
ed during synthesis. The SD method is similar to the
co-precipitation method [10], with the difference that
no, or limited amount of additional solvent is added.
The resulting solvent-deficient surrounding is induc-
ing increased crystallinity and a mesoporous nature of
the products. The method is swift, requiring not many
steps and a total of 2 to 5 hours. The technique is ad-
ditionally having a limited environmental burden, by
avoiding the use of toxic solvents.

Metal-nitrate(s)-hydrate
NH4HCO;

Mixing: 20-30 min
Rinsing

Calcination: 60-180 min
250 - 550 °C

Metal-oxide nanopowder

Figure 1. General preparation scheme
for the solvent-deficient synthesis

Within this paper, we outlined the procedure
of the solvent-deficient method using our knowledge
of its mechanism. Additionally, we summarize the
range and nature of nanomaterials it has produced up
to now and drafts future perspectives on this meth-
od’s application and development.

2. SOLVENT-DEFICIENT PROCESS STEPS:
AN OVERVIEW OF PLAUSIBLE
MECHANISM

SD method consists of only a few different
steps. The metal nitrate hydrate and ammonium bi-
carbonate are initially ground together, forming the
mixture of metal compounds and NH,NO, as given
in Eq.1. Metal nitrates in their hydrated forms are
suitable as the precursor since chlorine may remain
as an impurity in the oxide product when metal chlo-
rides are used as the precursor. The water of crystal-
lization in the metal salts acts as a solvent, enabling
the dissociation of the reagents and release of CO,
during bicarbonate decomposition. Additionally, this
water reduces the necessary grinding time. The moles
of bicarbonate are equivalent (or close to equivalent)
to the moles of anion originating from the metal salt.
This ratio is set to ensure the complete formation of
precursor molecular structures. The grinding time
is set to 20 to 30 minutes. This period is based on
the time necessary for the complete removal of the
evolving and trapped gas.

Grinding
M(NO,) -yH,O0 +xNH,HCO, ——— > Precursor(s)

Optional rinsing Annealing

—>Rinsed precursor ———>mnano M O,
(1

During the grinding of the precursor, the
complex molecular structures are formed around
the embedded spectator molecules/ions such as
H,0, NO,’, NH,, etc. They are further forming a
template for the SD synthesis whose removal during
rinsing and annealing leads to oxide nanoparticles
with a mesoporous nature. The metal nanoparti-
cles formed after the annealing of the precursors
without the rinsing step in many cases results in
larger grains. The reason for this is the mixed met-
al hydroxide/oxy-hydroxide/carbonate/nitrate and
NH,NO, byproducts, formed during the grinding
reaction. The rinsing step is set to remove ammo-
nium nitrate, the soluble by-product formed during
grinding. Ammonium nitrate is soluble in water and
this step in certain cases ensures a small crystallite
size. The rinsing of the precursors also results in
the replacement of the NO,™ ligand and H,O by the
OH™ ions. In many precursor systems, this drasti-
cally decreases the grain and crystallite size. The
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annealing temperature for all of the previously re-
ported oxides is reasonably low, enabling preser-
vice of nanoparticles, in most cases. The annealing
time is for all the systems previously examined set
to a frame of one to three hours.

The absence of toxic solvents, energy efficien-
cy, short synthesis time, high yield, and uncomplicat-
ed setup is making the SD method applicable for the
synthesis of many different oxide materials.

3. APPLICATIONS
3.1. Binary metal oxides

Aluminum oxide is one of the most investi-
gated materials from the point of SD synthesis and
doping. Due to a simple and controllable synthesis,
low price, and nano- and mesoporosity, this material
is found to be suitable as catalyst support. Smith et
al. [11] have followed y-Al O, nanoparticles’ phase
progression in an SD environment. This simple
but amazing material is found to emerge from the
boehmite phase with temperature-related structur-
al defects. The diffusion-controlled transition from
boehmite to y-AlL O, is additionally followed by Ivas
etal. [12]. This research followed up on y-Al,O, den-
sification and crystal growth controlled by calcina-
tion temperature. The gradual transformation from
boehmite to nano-sized AL O, is followed by x-ray
diffraction analysis (Figure 2). The calculated crys-
tallite size (by Scherrer equation), and specific sur-
face area indicate the nanocrystalline nature of the
samples (Table 1).

(311) (a00) (6]
3000 -
d)
(311) (400) (440)
S 2000 g
O
2 120) (031)
% (120) (400) (002)
8
= (120) b)
1000 (031) (200 (002)
(400)
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30 60 90
2 Theta (°)

Figure 2. XRD of the Al,O, powders prepared by solvent
deficient method and calcined at 300 (a), 400 (b), 500 (c),
and 600 °C (d) with marked peaks of y-AL,0, (red) and
AIOOH (blue) phase. Chemical transformation is found to
be gradual and results in nano-sized powder [12]

Mesoporous y-Al O, is widely used as a sup-
port in catalytic applications due to its high surface
area, acid-base characteristics, large pore volume,
and thermal stability. To improve the thermal stabil-
ity of y-Al O,, dopants such as silica, and lanthanum
are often introduced. The usability of y-Al O, as cat-
alyst support depends on its favorable combination
of thermal, textural, structural, and chemical prop-
erties [13]. The mechanism of y-Al O, thermal sta-
bilization by dopants is still not well understood but
recently there is a new approach based on SD syn-
thesis. Smith et al. [14] investigated alumina doping

Table 1. Crystallite size, specific surface area, and phase structure of nanocrystalline boehmite
(b) and y-AlL,0, (y) annealed at various temperatures [12]

Annealing Crystallite size Specific surface area .
Sample temperature / °C / am / mlg’ Crystal structure
a 300 2.46 279.56 b+y
b 400 1.51 336.53 b+y
c 500 1.80 311.31 Y
600 1.91 245.49 Y

*(b): nanocrystalline boehmite, (y): y-AL O,

Contemporary Materials, XllI-2 (2022)

153



Sasa Zeljkovic

pages: 151-160

with the La’* to stabilize the y-phase at higher tem-
peratures. The applied one-pot SD method resulted
in a radical reduction of La-doped y-Al,O, nanopar-
ticles preparation time (3h vs. 3 days for impregna-
tion methods), and a high level of La utilization. La
is found to stabilize the y-Al O, phase by 100 °C.
The proposed mechanism includes strong La to alu-
mina interaction (La enveloping by the Al,O, lattice)
during the y-to-a transition. The SD method is here
again proved to be more environmentally benign
than the impregnation method for La-doped y-Al O,
nanoparticles preparation. Interesting effects of the
SD environment are also found in the case of Pd-
doped y-AL O, [15]. It is determined that Pd-Al,O,
catalysts synthesized by an SD method provide 20%
higher hydrogen release capability in comparison to
conventional Pd-Al O, catalysts. The chemical reac-
tion catalyzed was the dehydrogenation of four dis-
tinct N-heterocyclic composites at or below 250 °C.
The catalyst activity loss, for up to five consecutive
runs, is found negligible, which is explained by the
SD environment that successfully restricts well-dis-
persed Pd mobility within contiguous alumina parti-
cles. In another research [16] mesoporous Pd-Al,O,
catalysts synthesized by an SD method are found to
be active and selective for the dehydrogenation of
liquid organic hydrogen carriers. Within this study,
it is found that the healing of boehmite-like stack-
ing-fault defects is responsible for the existence of
smaller Pd particles with higher dispersion. This
results in better dehydrogenation capability as com-
pared to the other studied catalysts. The ALO, is
found to limit the Pd particle growth which adds to
the exceptional stability of the catalysts.

Another investigated system prepared by the
SD method is the mesoporous Cu-Al O, catalyst [17].
The reaction catalyzed by this system was hydrodeox-
ygenation of furfural to 2-methyl furan. The optimized
catalyst exhibited improved reactivity, selectivity, and
stability in furfural hydrodeoxygenation. Discovered
unique pore architecture, and also the synergistic out-
come of enhanced Cu accessibility, co-existence of
Cu’/Cu" states, and robust metal-support interaction
are found to add to the catalyst’s superior activity and
stability. The authors here concluded that the strong
metal-support interaction induced by the water scar-
city during synthesis increased the stability of the
catalyst. The altering of the calcination temperature
proved to be one of the main factors influencing the
structure and the activity of the catalyst.

The found unique SD synthesized catalyst ca-
pability could be extended to various Cu-promoted
hydrogenation and dehydrogenation reactions. The
SD method as a whole can be potentially applied to
other supported metal catalysts. In that regard, sim-
ple temperature tuning during synthesis could simply
and strongly influence the structure-activity relation-
ship. Small particle size, co-existence of different ox-
idation states, and lattice vacancies in CuO prepared
by the SD method could be interesting not only to
catalysis but also to the field of nanomagnetism [18]
where the nature of the magnetic state is still not elu-
cidated.

Recent application of the SD method is also
recorded in the paper dealing with toluene oxidation
under ozone over mesoporous MnO /y-AlL O, cat-
alyst [19]. Catalytic activity is found favorable and
the SM method is designated as an advanced method
for meso- and nano-catalysts synthesis.

A solvent deficient environment is also suc-
cessfully applied in the preparation of a mesoporous
network of amorphous 0~Ni(OH),. The SD method
provided the uniform pore size distribution, large
pore volume, and large surface area to the Ni(OH),
samples. The resulting material showed excellent
electrochemical performance [20].

The effect of the rinsing step was inspected
during SD synthesis of mesoporous Co,0, nanopar-
ticles for electrochemical energy storage. The rins-
ing step is found to provide a special effect result-
ing in the crystallite size and grain size decrement.
The good electrochemical performance of synthe-
sized cobalt oxide nanoparticles made the material
a potential candidate as electrode material in energy
storage appliances. The capacity retention for Co,O,
samples is found to be 77.8% and 82.1% for untreat-
ed and rinsed precursors, respectively [21].

Kore et al. [22] investigated the synthesis of
NiO nanoparticles using the SD approach. By chang-
ing the reagent ratio of nickel nitrate and ammonium
bicarbonate (mole ratio from 0.5 to 4) they achieved
a measurable effect on the formation of NiO nanopar-
ticles. Particle size is found to be larger for the lower
content of ammonium bicarbonate. Furthermore, the
authors noted the shift in electrochemical performance
(the specific capacitance) achieved by the reagent ratio
change. As reported, equal moles of ammonium bicar-
bonate to that of the oxidation state of a nickel nitrate
salt are found favorable for complete utilization of re-
agents and produced NiO performance as an electrode
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material for supercapacitor application. Nanoparticles
of NiO were also a point of interest for other authors.
Farook et al. [23] quite recently reported that the appli-
cation of various catalysts (Ni/CeO,, Ni/CeO,-La O,,
Ni/CeO,-ZrO,) prepared by the SD method increased
the hydrogen production yields from the steam gas-
ification of furniture waste. The authors recommend-
ed the SD method as an economical method for the
preparation of lanthanum and ceria-based catalysts,
after being compared to those commercially available
catalysts. They pointed out that the SD method opens
a new route for biohydrogen generation in real appli-
cations enabling large-scale efficient renewable ener-
gy integration.

SD method is also identified as the fastest and
simplest route to synthesizing ferrihydrite. Prepared
crystallites are determined to be 2—6 nm in diame-
ter further aggregating into mesoporous, high sur-
face area agglomerated structures that are found to
be candidates for many adsorption applications [24].
The SD synthesized ferrihydrite is already utilized
for successful arsenic removal [25] with the authors
noting that different batches produced using the SD
method yielded materials with surface areas varying
from 192 to 329 m2g!. Rinsing was also performed
during the synthesis of mesoporous Fe,O, nanopar-
ticles [26]. The performance of the unrinsed and
rinsed specimens is defined using chronopotentiom-
etry, cyclic voltammetry, and electrochemical im-
pedance spectroscopy. The results are indicating a
positive influence of rinsing on specific capacitance,
energy density, and power density. Additionally, it is
noteworthy to mention prolonged cyclic stability for
Fe,O, obtained from untreated and rinsed precursors.
Even before this research, Fe,O, was prepared by the
SD method in the form of Fe,O,/Carbon black nano-
crystals as a catalytic substrate for the phosphidation

reaction [27]. The resulting iron phosphide catalyst
is successfully utilized for the high-efficiency hy-
drogen evolution reaction. The authors also showed
that SD synthetic method is universal for many other
transition metal phosphides such as CoP/C nanocrys-
tals and Ni,P/C nanocrystals. Due to a high-yield,
low-cost and scalable strategy, the SD method is
found to open a new way to developing superior hy-
brid catalysts for the hydrogen evolution reaction.

The in-depth analysis of the SD method is per-
formed following CeO, synthesis [28]. The reaction
mechanism and kinetics of CeO, synthesis using the
SDM are found to be marked by the four observed
stages. The best description of the first three reac-
tion stages is done by the N order reaction model,
while the last stage was best explained by the nucle-
ation and growth model. The suggested mechanism
indicates a complex synthesis with several alongside
reactions, out setting even at room temperature. This
first SD method mechanism and kinetics study did
not cover the influence of the kinetic parameters
on the particle size. CeO, was also interesting for
doping purposes. Gadolinium-doped cerium oxide
(GDC) synthesized using the SD method is investi-
gated for its sinterability and electrical properties us-
ing the powder and cold sintering process [29]. The
low-temperature processing within the SD method
is found not to cause significant phase segregation
along grain boundaries. As a result, there is an in-
crease in grain boundary conductivity that is consis-
tent with the grain boundary microstructure. Apart
from the above, it is noteworthy to mention the syn-
thesis of nanocrystalline Co,O, and Mn,O, by SDM
for thermodynamic studies [30].

The recent development is also made in La,O,
[31] and N-ion doped ZnO [32] synthesis. Especial-
ly interesting is the latest one. Notably, in this case,

Figure 3. Photography of N-ion doped ZnO calcined at (from left to right) 300, 400, 500, and 600 °C
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nitrogen doping was provided from the ammonium
nitrate already present within the precursor mixture.
During ammonium nitrate thermal decomposition,
an unfavorable thermal exothermic effect is con-
firmed to enforce nanoparticle agglomeration, but
also nitrogen incorporation into ZnO. This is also
visually confirmed (Figure 3) with the note that the
orange color of ZnO is coming from the incorporated
nitrogen, and its intensity is quantitative dependent.
Produced N-ion doped ZnO is found to possess supe-
rior photocatalytic activity towards methylene blue
degradation (Figure 4).
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Figure 4. Photocatalytic activity (R%) of N-ion doped
Zn0O samples on methylene blue degradation [32]

3.2. Ternary and complex metal oxides

Ternary metal oxide nanostructures are found
to be of fundamental scientific interest with a broad
range of technological applications [33] and produc-
tion in a variety of sizes and shapes. Though, their
production needs to be favorable from the point of
environmentally friendly protocols and exactly de-
scribed regarding the growth mechanisms involved.
They are found to be superior over the counterpart
binary metal oxides for many chemical [34] and en-
ergy-related applications [35]. SD method proved to
be reliable for ternary metal oxides production. So
far, synthesized nanostructures included spinel fer-
rite MgFe, O, individual nanospheres. Doping with
Mg induced the existence of two kinds of defects
in the spinel ferrite: vacancy defect and local defect
clusters. As a result, increased concentration of sur-
face hydroxyl group enhanced materials adsorption
ability for As(V) [36].

The ternary NiFe,O, nanoparticles were also
synthesized by the modified SD method. The modi-
fication included a change in the ratio of metal salts
to bicarbonate. The ratio was slightly shifted towards
NH,HCO, (1:3) to ensure the complete formation of
mixed metal hydroxide/oxy-hydroxide/carbonate.
The dried precursor powder was calcined for two
hours at 350 °C and used for further characterization
and electrochemical nitrite detection experiments
[37]. The resulting spherical nanoparticles with indi-
vidual sizes of 10 to 30 nm were highly agglomerated
as seen by FE-SEM. The high specific surface area
(168.04 m?g™"), large pore size, and volume revealed
the mesoporous nature of spinel NiFe,O, nanopar-
ticles suitable for electrochemical nitrile detection.

A distinctive structural, magnetic, and optical
properties of potential BiFeO, photocatalyst addi-
tionally stated the value of rapid SD synthesis. The
formation of well-crystallized BiFeO, nanocrystal-
lites started at a temperature of 450 °C. After cal-
cination at 600 °C for one hour, the crystallite size
is found to be 31.4 £ 5.0 nm with primary particles
measuring around 200 nm. Magnetic analysis of the
BiFeO, samples showed the ordinary behavior of an
antiferromagnetic material. The direct optical band
gap was calculated to be 1.85 and 2.25 eV based on
absorbance and reflectance measurements, respec-
tively [38].

The most complex metal synthesized so far
by SD method is Ba Sr, .Co, Fe O,  (BSCF) [28].
Nanocrystalline material was formed after one-hour
long heating at 1000 °C. The evolution of the per-
ovskite phase is followed by XRD from room tem-
perature up to 1000 °C. The produced BSCF phase
was composed of nanocrystals measuring from 20
to 25 nm (XRD analysis data) while agglomerates
measured around 300 nm (SEM analysis data). This
research witnessed that the SD method offers simple,
rapid, and energy-efficient synthesis of complex ox-
ides such as BSCF.

4. FUTURE PERSPECTIVES

In the past years, SD synthesis has become an
interesting area of research worldwide because of its
advantages and the quality of the materials produced.
The traditionally employed physical and chemical
synthesis methods usually consume a huge amount
of time and energy and are very often harmful to the
environment. Additionally, researchers are requiring
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oxide materials with nano- and mesoscale pores, cru-
cial for applications in emerging fields such as catal-
ysis, adsorption, sensors, gas purification, as well as
in solar cells. Since the first report of the SD method,
a lot of research has been carried out, with a variety
of oxide nanoparticles developed. However, there is
still a need for improvement. Control over the accu-
rate mechanisms for the SD fabrication of nanomate-
rials is required. The first steps are done in the paper
dealing with the synthesis of CeO, [39], with much
additional work to be done. Almost every oxide ma-
terial synthesized by the SD method is marked by the
unique precursor mechanism and kinetics. The work
required is complex but could result in even better
control over the size and morphology of the synthe-
sized nanoparticles. Additional efforts must also be
made in the direction of SD synthesis implementa-
tion at the industrial level.

Further possible application of the SD meth-
od is in the field of high entropy oxides [40] - a new
class of ceramics known as entropy stabilized oxides
or high entropy oxides (HEOs). These multicom-
ponent oxides have created a new opportunity for
material design and discovery. The higher entropy
materials are a relatively new concept in material
science where a large number of elements (by previ-
ous standards) are combined in almost equimolar ra-
tios. These materials are called High Entropy Alloys
(HEA) and are currently the hot topic of research and
investigations. The possibility of stabilizing one sin-
gle-phase region due to the high entropy of mixing
has fascinated the research community as a whole.
The first application of HEAs was in structural ma-
terials. Due to their exceptional mechanical prop-
erties, the HEAs have been investigated since the
early 2000s. In recent years, the field has expanded
in studies of electronic, ionic, magnetic, and super-
conducting properties. Quite a few different classes
of HEOs have also been investigated and showed
promising results [41,42,43]. Now different materi-
als including oxides have been stabilized using high
entropy of mixing by numerous elements. The SD
method could be used for the synthesis and further
modification of these materials.

Finally, precursors heating could be trans-
formed from conventional to microwave. SD method
deals with ammonium bicarbonate and metal nitrates
sensitive to microwave irradiation which could en-
sure rapid heating and transformation to more de-

sirable oxide nanomaterials. There is of course the
question of process control and adjustment, which
should be addressed in future research.

5. CONCLUSIONS

The SD method was originally developed for
the synthesis of monometallic oxides and hydroxides.
The method is found to be economical, fast, and en-
vironmentally friendly, producing valuable nanopar-
ticles. The large surface area and mesoporous nature
of products opened the application of produced ma-
terials in several emerging scientific fields. After the
first report, additional research is done concerning
the introduction of several different dopants in the
oxides structures. It is confirmed that water scarcity
during synthesis adds to the stability of the doped
systems. This is found especially important for the
catalytic systems. Simple temperature tuning during
catalyst synthesis is found to strongly influence the
structure-activity relationship.

Other valuable tools for modification of re-
sulting nanoparticles are water rinsing, and reactants
(metal nitrate to ammonium bicarbonate) ratio shift-
ing. The rinsing is found to have a positive effect on
various nanoparticle characteristics, while the ratio
of the reagents influenced nanoparticle size.

There are also notable steps in determining the
exact mechanism and kinetics of SD synthesis. To-
gether with known reaction parameters, this should
provide full control over the whole process and final
material characteristics.

Additionally, the SD method proved to be a
powerful tool for mixed metal oxides synthesis. This
is found very useful due to these materials’ superi-
or characteristics. The resulting improved micro-
structure is found to be of interest in many materials
whose favorable characteristics previously reached a
limit.
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HPEIVIEJL PA3BOJA CUHTE3E CA HEJOCTATKOM PACTBAPAYA

Caxerak: M3a30BH caBpeMEHOT APYILITBA M 3aXTjeBU 32 BUCOKOTEXHOJIOLIKMM MaTepHujaiuMa JOBEIH
Cy /10 HOBE eTare y pa3Bojy MeToa Xxemujcke cuarese. OBa (asa Tpaku 1oys/iaH, KOHTPOJIMCAH U €KO-
JIOIIKK MPUXBATJbUB TPUCTYI NPOU3BOIBU HEOIXOIHUX MaTepHjaia. JenHa oIl HeJaBHO pa3BHjeHUX
TEXHHMKa 332 CHHTEe3y HaHOYECTHIla METaJHMUX OKCHJa je€ METO/a ca HEJIOCTAaTKOM pacTBapauda. Hajma-
JKHH]ja TIPEHOCT OBE METOE CHHTE3¢ j¢ MOIYHOCT KOHTPOJIC XeMHjCKe TpaHChopMalije Koja pe3yiTu-
pa ONTHMAaHUM YCJIOBHMA 3a NPOM3BO/bY MarepHjaia. Kao pesyarar Tora, OKCHHE HAaHOYECTHUIIE Ce
MIPOU3BoIe OP30, EKOIOMIKH MPUXBATIFUBO, je(PTUHO, B Ca MaJIOM MOTpouImHoM eHepruje. C apyre cTpa-
HE, CIIOKEHH PEaKIMOHN MEXaHHW3aM IpeacTaB/ba U3a30B 3a MOy3laHe KnHeTH4Ke cryauje. OBaj mpe-
IJIe/l IIPaTH HeaBHE TPEHIOBE Y Pa3BOjy METOE ca HEAOCTATKOM pacTBapaya a Be3aHO 3a HCTPaKHBaba
OMHapHUX, TEPHAPHUX M KOMIUIEKCHUX METaIHUX okcupa. [loceOHa makma nmocBehieHa je pa3Marpamy
CHHTE3€ OKCHJIa 33 KaTaIMTHUKe puMjeHe. Y Oymayhem pas3Bojy, odekyje ce na he ce HaBeneHa MeTona
CHHTE3¢ KOPUCTHTH Y NPUIIPEMH BUCOKO SHTPOIMjCKHX OKCcHaa. 300r jeJHOCTaBHE MpHIIpeMe, Takolhe
je moryhe ayTomMaTi30BaTH MOCTYIaK HEOIIXOHHUX OIepalifja 1 HCTPKUTH BEIMKH Opoj MOoryhux Kom-
MO3HIIKja [ITO je MMIIEPaTHB 3a HOBE CIIOKeHe MaTepujane. Ha kpajy, 3arpujaBame npekypcopa MOXe ce
pamuTn y MuUKpoTtasiacHuM nehuMa. MeToa ca HeJJOCTaTKOM pacTBapaya KOPUCTH ITPEKYPCOpe OCETIbH-
BE Ha MHUKPOTAJIACHO 3pavCH¢ KOju OM MOIIIM OCUTypaTH Op30 3arpujaBame U TPaHCHOPMAIH]Y Y I0-
JKEJbHE OKCHIHE HaHOMaTepHjalie.

K.rl,que pnjetm: CHUHTE3a Ca HEAOCTATKOM pacTBapaya, HAHOYECTUIIC, OKCUIU METaJIa.
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