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ABSTRACT

Lithium iron phosphate is a promising cathode material for lithium-ion batteries owing
to its safety, long cycle life, and environmental compatibility, but its performance
strongly depends on the synthesis route. In this work, we report a custom-designed
ultrasonic spray pyrolysis system equipped with a six-zone programmable furnace
and a heated electrostatic precipitator for scalable and controlled LFP/C synthesis.
Compared with conventional single-zone USP setups, this apparatus enables
staged droplet-to-particle transformations, suppressing hollow morphologies and
improving precursor uniformity. LFP/C powders synthesized in the 400-600 °C
range exhibited poorly crystalline or partially amorphous structures as-sprayed,
which transformed into phase-pure olivine LiFePO, after annealing at 600 °C for
3 h under Ar. SEM revealed that spherical, submicron precursor particles (~200 nm
- 1 um) with smooth surfaces were produced directly by USP, while post-annealing
preserved the morphology but introduced coarser textures and surface porosity.
Such microstructural evolution is expected to balance tap density and Li* transport
pathways, consistent with prior studies of USP-derived LFP/C. Comparative analysis
with two-phase nozzle and flame spray pyrolysis systems shows that the combination
of gradient thermal control and electrostatic deposition in our setup improves the
quality of the resulting powders and provides a promising combination of laboratory
precision and potential scalability. These results demonstrate that the custom
USP approach is an efficient and flexible platform for producing high-quality LFP/C
cathode powders with controllable morphology and crystallinity.

1. Introduction

state reactions demand extended high-temperature
treatment; sol-gel methods involve multiple steps,

Lithium iron phosphate (LiFePO,, LFP) is one of
the most extensively studied cathode materials
for lithium-ion batteries because of its intrinsic
safety, long cycle life, environmental compatibility,
and competitive cost [1-3]. Its electrochemical
performance, however, is highly dependent on the
synthesis route, which determines the phase purity,
particle morphology, and size distribution [4, 5].

Numerous synthesis routes have been reported
for obtaining LFP, including solid-state reaction [6],
sol-gel processing [7], hydrothermal methods [8], and
sol-gel-assisted hydrothermal techniques [9]. Each
route, however, presents notable limitations: solid-

long reaction times, and inefficient solvent removal;
and hydrothermal synthesis requires excess lithium
precursors and several days of processing. Therefore,
identifying a more efficient synthesis strategy for
LFP with enhanced electrochemical performance
remains a critical challenge. In this context, ultrasonic
spray pyrolysis (USP) has emerged as a promising
alternative, offering continuous, scalable production
of fine, homogeneous particles with controllable
morphology [10].

Spray pyrolysis is a versatile route for synthesizing
LFP and related electrode materials, yet reported
systems vary widely in their atomization principles,
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reactor configuration, and collection efficiency.
Conventional laboratory setups often employ single-
or two-zone tubular furnaces, where the droplet
drying, salt decomposition, and crystallization
processes occur in rapid succession with limited
control. For example, Yang et al. [11] demonstrated
that USP at 450-650 °C followed by annealing yields
carbon-coated LFP microspheres, though precise
control of morphology required post-treatment.
Konarova and Taniguchi [12] similarly showed that
as-prepared LFP powders from USP were spherical
but partially covered with Fe,0; surface layers,
requiring sintering at 600-800 °C to obtain phase-
pure LFP/C with acceptable electrochemical capacity.
In contrast, flame spray pyrolysis systems emphasize
high-temperature, turbulent combustion, as in
Hamid et al. [13], who produced nanosized FePO,
precursors with surface areas up to 218 m*g?, later
converted to LFP/C composites with >145 mA-h-g™
capacity. Halim et al. [14] further demonstrated
that flame spray pyrolysis yields spherical but
polydisperse LFP particles, where crystallinity
strongly depended on flame temperature and post-
annealing. Other groups explored two-fluid nozzle
atomization, enabling suspension-based carbon
sources but with broader particle size distributions
and limited phase crystallization without high-
temperature calcination. More recently, hybrid
processes such as ultrasonic-assisted ball milling
plus carbothermal reduction and spray drying with
negative ion generators have been introduced to
tailor particle size and mitigate defects like Li-Fe
antisite disorder.

In this context, our custom-built USP apparatus
offers several advantages over previously reported
systems. The six-zone horizontal furnace (100-800 °C,
independently programmable) allows staged heating,
enabling sequential drying, decomposition, and
crystallization of droplets, in contrast to the single
thermal environment of most tubular furnaces. This
gradient control reduces hollow particle formation
and enhances crystallinity without excessive
sintering. Furthermore, instead of conventional
cyclone or bag-filter collection, our system integrates
a heated electrostatic precipitator, which efficiently
captures fine submicron powders while minimizing
agglomeration. Combined with the use of an
ultrasonic nebulizer operating at 1.7 MHz, which
produces narrow droplet size distributions similar
to the systems of Yang et al. [11] and Konarova [12],
the apparatus ensures one-droplet-one-particle
transformation with high yield and reproducibility.
Overall, compared with flame-based systems or

simpler USP units, the multizone gradient design and
electrostatic collection distinguish this USP setup as
a hybrid between lab-scale precision and semi-pilot
scalability, offering fine control over LFP particle
morphology and phase purity.

2. Experimental part
2.1. Materials

The precursor solution was prepared by
dissolving 1.38 g lithium nitrate powder (LiNO,
99% extra pure, Thermo Scientific), 8.08 g iron
nitrate nonahydrate crystals (Fe(NO);x9H,0, Sigma-
Aldrich) and phosphoric acid 1.96 g (H;PO,, 85%
ACS reagent, Sigma-Aldrich) a stoichiometric ratio
into 100 mL of distilled water. The concentration
of Li*, Fe** and PO,> were all 0.2 mol/L. As a source
of carbon 0.68 g sucrose (C;,H,,044, 2 99.5%, Sigma-
Aldrich) in concentration 0.02 mol/L was added to
form a LiFePQ,/C.

2.2. Ultrasonic spray pyrolysis synthesis of LFP/C

Fig. 1 demonstrates a scheme of the USP unit
(made by special order by BesSaiman Group,
Almaty, Kazakhstan). The unit system consist of a
droplet generator — nebulizer, a flow rate controller,
peristaltic pump, furnace with a divided temperature
sections to 6 zone, and each of zone could be settled
separately to create a temperature gradient, which
was varied from 400 to 600 °C.

The spray pyrolysis setup consisted of an ultrasonic
nebulizer (3) supplied with precursor solution (1)
through a peristaltic pump (2) and integrated into a
heating circulation system (5). The generated aerosol
was carried into a laminar-flow reactor, consisting of
a quartz tube (7) with diameter of the tube 5 cm and
a length of 1.5 m, placed inside a horizontal tubular
furnace (8). At the outlet, the powders were collected
in a quartz electrostatic precipitator (11) equipped
with tungsten wire electrodes, a grounded plate, a
quartz collection plate, and a chamber heater. A DC
high-voltage source was applied to the tungsten wires
to facilitate particle capture.

The precursor solution was atomized at 1.7 MHz
by the ultrasonic nebulizer, producing droplets
that were transported into the reactor by Ar gas
flowing at 2 L'min™. Inside the furnace, maintained
between 400-600 °C, the droplets underwent
solvent evaporation, solute precipitation, drying,
decomposition, and annealing, ultimately forming
solid particles. A typical gradient was set as follows:
zone 1 — 400 °C, zone 2 — 450 °C, zone 3 — 500 °C,
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Fig. 1. Principle scheme of custom USP equipment.

zone 4—-550 °C, zone 5-600 °C, zone 6 — 600 °C. The
collected powders were deposited on the heated
quartz plate, which was maintained at 150 °C, while
the exhaust gases were purified by passing through
a cold trap (13) and a bubble trap (14).

Forthepreparationof LFP/C,thesamplesprepared
at USP unit in the range of gradient temperatures
from 400 to 600 °C, where each temperature zone
was 25cm in length. The temperature in each
zone was independently controlled to establish a
precise gradient profile. The total residence time
of the aerosol droplets within the hot zone was
approximately 3 s, calculated based on the carrier
gas flow rate and quartz tube dimensions. The
collected powders were then further annealed
at temperatures from 500 to 700 °C for 3 h in a
separate horizontal tube furnace under flowing Ar
atmosphere (200 mL-min™?).

The USP equipment used in this study was
custom-built and is shown in Fig. 2. The unit consists
of approximately 1.53-1.87 MHz ultrasonic nebulizer
supplied by a peristaltic pump, a quartz-tube
reactor (1.5 m length, 50 mm diameter) placed in
a six-zone horizontal furnace (each independently
programmable between 100 and 800 °C), and a
heated electrostatic precipitator for fine-particle
collection. Unlike conventional spray pyrolysis
systems, which typically rely on single-zone furnaces
and cyclone or bag-filter collectors, this design allows
staged thermal processing and efficient capture of
submicron powders. The multi-zone furnace provides
precise gradient heating for sequential droplet
drying, salt decomposition, and crystallization, while
the electrostatic precipitator minimizes particle loss
and agglomeration (see Fig. 2).
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Fig. 2. Photograph of custom USP equipment.
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2.3. Sample characterization

The crystalline phases were studied by X-ray
diffraction (XRD, Rigaku, Mini-flex) analysis equipped
with Cu-Ka radiation with a scan speed of 4° min™
ranging from 10° to 70°. The surface morphology
of the samples was examined by scanning electron
microscopy (SEM, ZEISS Crossbeam 540) at 8 kV.

3. Results and discussions
3.1. XRD analysis

The phase composition and crystallinity of the
LFP/C powders synthesized by USP were analyzed by
XRD (Fig. 3). The as-prepared powders (black line)
exhibit broad diffraction features with weak peak
intensities, indicating that the product obtained
directly from the USP equipment is predominantly
poorly crystallized or partially amorphous. This
result is typical of spray pyrolysis-derived powders,
where rapid solvent evaporation and precursor
decomposition limit crystal growth [11].

After post-annealing in an Ar atmosphere at
600 °C for 3 h (red line), the XRD pattern displays a
series of sharp diffraction peaks that can be indexed
to the orthorhombic olivine-type LFP phase (space
group Pnma, JCPDS No. 81-1173). The prominent
reflectionsat 26=17.0°, 25.6°,29.8°,35.5°, and 40.0°
correspond to the (101), (111), (211), (311), and
(401) planes, respectively, confirming the successful
crystallization of phase-pure LFP [12]. No additional
peaks corresponding to secondary phases such as
Fe,0,, FePO,, or Li;PO, are detected, suggesting that
the USP process combined with annealing yielded
high-purity LFP powders.

The absence of carbon-related diffraction signals
is attributed to the amorphous nature of the carbon
coating, which is generally undetectable by XRD but
is known to improve electronic conductivity [15]. The
sharpening and intensification of diffraction peaks
after annealing reflect significant enhancement of
crystallinity and grain growth, which are essential
for achieving efficient Li* diffusion in olivine LFP
[14]. Similar findings have been reported for
USP-synthesized LFP, where as-sprayed powders
require post-annealing to achieve phase purity and
electrochemical activity [11].

3.2. SEM analysis

The morphology of the LFP/C powders
synthesized by USP was examined by SEM, and the
representative micrographs are shown in Fig. 4.
Prior to sintering (Fig. 4 a, b), the powders consist of
loose agglomerates of nearly spherical particles with
a relatively narrow size distribution. The particle
diameters fall predominantly in the submicron
range (~200 nm to 1 um). High-magnification images
reveal that the spheres possess smooth and dense
surfaces, without noticeable porosity or fractures,
confirming that the USP process promoted a one-
droplet-to-one-particle  transformation, vyielding
highly uniform LFP microspheres. These observations
are consistent with earlier studies, which also
demonstrated that USP provides nanostructured,
spherical, and non-agglomerated LFP particles, in
contrast to the irregular morphologies obtained by
solid-state routes [11, 16, 17].

After sintering (Fig. 4 ¢, d), the spherical
morphology is largely preserved; however,
the particles display coarser surfaces and the
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Fig. 3. XRD results of LFP/C samples before and after sintering.
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Fig. 4. SEM images of LFP/C nanoparticles (a, b) before and (c, d) after sintering.

development of pores and cavities across their
structure. This morphological evolution is attributed
to gas release and structural reorganization during
thermal treatment. Similar findings have been
reported for USP-derived LFP powders, where post-
annealing enhances crystallinity but often results
in particle densification accompanied by surface
roughening or pore formation [12, 18].

Such morphological evolution has direct
implications for electrochemical behavior. While the
initialdense spherical structure contributes positively
to tap density and short Li* diffusion pathways,
the formation of surface pores after sintering may
increase the electrode/electrolyte contact area,
facilitating faster Li* transport but at the expense
of volumetric energy density. Previous reports
emphasize that the electrochemical performance of
USP-derived LFP/C composites strongly depends on
the balance between densification and controlled
porosity introduced during heat treatment [19].

3.3. Comparative features of spray pyrolysis
systems for LFP/C

As summarized in Table 1, our custom-built USP
system differs significantly from conventional spray
pyrolysis configurations reported in the literature.
Early USP setups such as those of Yang et al. [11]
and Konarova and Taniguchi [12] typically employed
single-zone tubular furnaces operating at 400-
650 °C, where the drying, decomposition, and

crystallization steps occurred simultaneously. While
these systems produced spherical LFP particles,
the as-sprayed powders were often amorphous or
surface-contaminated (e.g., Fe,0; layers), and post-
annealing was essential to obtain phase-pure olivine
LFP. In our work, LFP powders were also synthesized
in the 400-600 °C range and subsequently annealed
to enhance crystallinity and phase purity. However,
the key distinction of our setup is the six-zone
furnace (100-800 °C), which enables precise staging
of thermal transformations during droplet-to-
particle conversion. This gradient control leads to
denser and more uniform precursor particles prior
to annealing, reducing the likelihood of hollow
or fractured morphologies and ensuring greater
reproducibility in particle size and shape compared
with single-zone systems.

Two-fluid nozzle spray pyrolysis reactors, such
as those described by Nakamura et al. [20], are
more flexible toward suspensions and insoluble
carbon sources but often yield broader particle
size distributions and require higher calcination
temperatures (2750 °C) to crystallize the olivine
phase. Flame spray pyrolysis systems, demonstrated
by Hamid et al. [13] and Halim et al. [14], are
advantageous for scalability and production of
nanosized, high-surface-area FePQO,, yet they rely
on turbulent flame environments, have limited
morphology control, and generally require
subsequent solid-state reactions with lithium salts
to form LFP.
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Table 1. Comparative features of spray pyrolysis systems for LFP/C

Feature

Conventional USP,
[11,12]

Two-fluid nozzle SP,
[20]

Flame spray
pyrolysis, [13, 14]

Our USP system
(this work)

Atomizer type

Ultrasonic nebulizer
(1.7 MHz), simpler dosing

Two-fluid nozzle (gas-
liquid jet), suitable for
suspensions

Dual alumina tubes,

Reactor Typically single-zone tube  sequential heating
design furnace (400-650 °C) zones (300 °C drying,
500 °C pyrolysis)
. . Two heating sections,
onrol  sones imited gradient  ™ed temps (300 and
' g 500 °C)
Collection Cyclone or simple bag filter Bag filter
method y P g g
. Spherical, but often require §pher|cal t.o irregular;
Particle S incorporation of
post-annealing; Fe,0;
morphology surface impurities possible carbon powders, but
P P broad size distribution
As-sprayed amorphous, As-spra.ygd !ow
. R . crystallinity;
Crystallinity crystallization requires lcinati o
annealing at ~650 °C calcination at 750 °C
needed for olivine LFP
. . Direct addition of
Carbon Organic additives (e.g. AB or CNT powders;

incorporation

sucrose), carbon coating;
uneven distribution

difficult to integrate
uniformly

Can handle
Simple, low-cost, proven suspensions with
Advantages for lab-scale studies insoluble carbon
sources
Limited morphology Larger, less uniform
Limitations control; prone to hollow particles; difficult
spheres crystallization
Moderate (requires post- Modera'te (carbon
Overall . control improved,
. treatment, losses during .
efficiency collection less

collection)

efficient)

High-velocity air-
blast atomizer into
turbulent flame

Open flame
reactor, turbulent
combustion zone

Flame temperature
>1000°C,
uncontrolled
gradients

Downstream filter
plates

Nano-sized FePO,
or LFP; highly
porous; needs post-
processing

As-prepared FePO,
amorphous; requires
solid-state post-
reaction with Li.COs

Glucose or organics
during solid-state
step: carbon matrix

Scalable, industrially
relevant, produces
nanosized high
surface area
powders

High energy input;
requires post-solid-
state reaction

Moderate-low
(scalable, but poor
collection and
reproducibility)

Ultrasonic nebulizer
(1.7 MHz) with
peristaltic pump

Quartz tube, 1.5 m
length, 50 mm diameter

Six independent zones,

100-800 °C, gradient
heating

Heated electrostatic
precipitator with
tungsten electrodes

Spherical, submicron

(200 nm-1 um), dense
or porous depending
on gradient; reduced
hollow particles

Poorly crystalline as-
sprayed; phase-pure
LFP after annealing at
600 °C

Organic precursors:
amorphous carbon
coating; uniform after
annealing

Precise droplet-to-
particle transformation;
gradient control; high
fine-powder recovery;
morphology tunability

More complex
hardware; requires
optimization of zone
temps/flow

High (fine-particle
yield, reproducibility,
controllable
morphology)

A further distinction of our system is the use of a
heatedelectrostaticprecipitatorforpowdercollection.
While conventional USP and two-fluid nozzle systems
rely on cyclones or bag filters, our design enables
efficient capture of submicron powders while
suppressing condensate-induced agglomeration.
Combined with ultrasonic atomization at 1.7 MHz,
which provides a narrow droplet distribution and near
one-droplet—one-particle transformation, this design
ensures high precursor quality and minimizes powder
loss. In addition, as the aerosol passes sequentially

through the six independently controlled furnace
zones, the flow experiences a staged thermal profile:
initial solvent evaporation and droplet shrinkage
occur in the lower-temperature zones, followed by
salt decomposition and organic burnout in the mid-
range zones, and finally crystallization and particle
densification in the higher-temperature zones. This
gradual thermal evolution reduces local turbulence,
suppresses hollow particle formation, and ensures
more uniform solidification compared with single-
zone systems. Taken together, the integration of
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multizone gradient heating, electrostatic collection,
and controlled annealing distinguishes our USP setup
as a hybrid between laboratory-scale precision and
semi-pilot-scale flexibility, offering both improved
morphology control in the as-sprayed state and
enhanced reproducibility of the final annealed LFP/C
powders compared to conventional spray pyrolysis
systems.

4, Conclusion

A custom-built USP system was successfully
developed and applied to the synthesis of LFP/C
powders. The apparatus integrates a six-zone
programmable furnace (100-800 °C) with a heated
electrostatic precipitator, enabling precise thermal
staging and efficient submicron particle collection.
Structural analysis confirmed that while as-sprayed
powders synthesized at 400-600 °C were poorly
crystalline, post-annealing at 600 °C produced phase-
pure olivine LFP. SEM observations revealed uniform
spherical particles before sintering, with surface
porosity and coarsening introduced after annealing.
These findings indicate that staged gradient heating
enhances precursor uniformity and reduces defect-
prone morphologies compared with conventional
single-zone USP systems. Furthermore, comparative
evaluation against two-fluid nozzle and flame spray
pyrolysis setups demonstrates that the present USP
system combines the fine control of laboratory-scale
equipment with the potential scalability of pilot
systems. Overall, this work establishes custom USP
as a versatile and efficient route for tailoring LFP/C
powders with improved reproducibility, controlled
morphology, and potential for high-performance
cathode applications.
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CneuunannsMpoBaHHaA YCTaHOBKa Y/AbTPA3BYKOBOro Chpei-nupoamnsa pas macwrtabupyemoro cuHTesa
KaToaHbix matepuanos LiFePO,

B. Bonobyesa?, . LLlanabaes?, 3. Hyprasuesa?, ®. CynraHos?, b. TaTtbikaes?, A. MeHT6aeBa®"

!National Laboratory Astana, Hasapbaes YHuBepcuteT, yi. KabaHbait 6atbipa, 53, AcTaHa, KasaxcTaH
2Kadeapa XMmMUYECKOlM TEXHONOTMU U MaTepuanoBeaeHms, LLIKona nHKeHepHbIX U UMbpPOoBbIX HayK, Hazapbaes YHuBep-
cuTeT, yn. KabaHbali 6atbipa, 53, AcTaHa, KasaxcraH

AHHOTALMA

Nutnin-keneso-docoart (LiFePO,) ABnAeTcA NepcneKTUBHbIM KaTOAHbIM MATepPUasoOM ANA NUTUN-UOHHBIX aK-
Kymynatopos bnarogaps csoelt 6€30MacHOCTU, ANNTENIbHOMY CPOKY CAYXObl U 3KONOrMYECKO COBMECTUMOCTH,
O/ZLHAKO ero 3KCMnyaTaLMOHHbIe XapaKTEPUCTUKMN B 3HAUMTENbHOWN CTENEHM 3aBUCAT OT MeToda CMHTe3a. B gaHHOM
CTaTbe NpeAcTaB/eHa crneumanbHO pa3paboTaHHasA yCTaHOBKa Y/NbTPA3BYKOBOroO CNpen-NnMpoamn3a, OCHaleHHan
LIEeCTU3OHHOW NPOrpaMMUPYEMOl NeYblo U NOAO0rPeBaeMbIM 31EKTPOCTAaTUYECKMM OCaAUTeNneM, NpeHa3HaYeH-
HaA A8 macwTabupyemoro u KoHTpoampyemoro cuHtesa LiFePO,/C. B oTanumMe OT TpaanLMOHHbIX ycTaHoBOK YCII
C O4HO30HHbLIMW NeYamu, faHHoe obopyaoBaHMe obecneynBaeT NoatTanHoe NpeobpasoBaHMe «KANAA-4aCTULAY,
nogasnaeTt obpasoBaHMe NoAbIX MOPPONOTUIA N NOBbIWAET O4HOPOAHOCTb NPeKypcopoB. MonyyeHHble B Anana-
30He 400-600 °C nopolwku LiFePO,/C obnagann cnabo KpUCTanaMYeCcKol MAM HaCTUHHO aMOPdHOWN CTPYKTYpPOM
B MCXOA4HOM (as-sprayed) cocTofiHMM, KOTOpas NpeobpasosbiBanacb B $pas3oumcTbiit onnBMHOBLIN LiFePO, nocne
oTkura npu 600 °C B TeyeHue 3 4 B aTmocdepe aproHa. Mo gaHHbIM CIM yCTaHOB/IEHO, YTO HEMOCPEACTBEHHO
metogom YCI dopmupytotca chepmnyeckne cybMmUKPOHHbIE NMPEKYPCOPHbIE YacTuubl (~200 HM-1 MKM) € r1agKom
MOBEPXHOCTbIO, TOTAA Kak Mocse oTKura Mopdosorna coxpaHaeTca, HO noAsaAtoTcA bonee rpybble TEKCTYpbI U
NMOPUCTOCTb NOBEPXHOCTU. Takaa MMKPOCTPYKTYpHaa 3Bonouma obecneunsaet 6anaHc mexay HacbiMHOW NAOT-
HOCTbIO M MyTAMM TpaHcnopTa Li*, 4To cooTBeTCTBYeT AaHHbIM Npeablaywmnx nccnegosaHnin YCMN-nponsBoaHbIX
LiFePO,/C. CpaBHUTENbHbIN aHaNINU3 C CUCTEMAMM Ha OCHOBE ABYyXbasHOro conaa U NaameHHOro crnpen-nnpoinsa
MOKa3blBaET, YTO COYETAHWNE TPALUEHTHOTO TEPMUYECKOTO KOHTPOJIA U 3/IEKTPOCTAaTUYECKOrO OCaXKAEeHMA B HalLel
YCTQHOBKe CNocobCTBYET NMOBbILLEHMIO KayecTBa NOJlyYaeMbiX MOPOLUKOB U obecrneymnBaeT NepcnekTMBHOE coYeTa-
HWe NabopaToPHOMN TOYHOCTU U NOTEHLMANbHON MacwTabupyemocTu. MonyyeHHble pesynbTaTbl 4EMOHCTPUPYIOT,
yTo paspaboTaHHbIK noaxon YCI sBnaetcs addPpeKTUBHOM U TMBKOM nnaTdopmMoi AN NONYYEHUA BbICOKOKaye-
CTBEHHbIX KaTogHbIX nopowkos LiFePO,/C ¢ KOHTpoAnpyemoit MOPPONOTUEN U KPUCTANNYHOCTbIO.

Kniouesble cnoBa: kenesopocdat nutua (LiFePO,), KaTogHble maTepuasnbl, yNbTPa3BYKOBOM CNpen-nuponns, we-
CTU30HHas Neyb, KOHTPOIb MOPGONOTUN, TUTU-UOHHbIE aKKYMYAATOPbI.

LiFePO, KaTtoaTbl MaTepuangapbiH ayKbiMAbl CMHTe34eyre apHa/ifaH apHaiibl yAbTPaablObICTbIK Chnpeii-
NUPOINU3 KOHAbIPFbICDI

B. Bonobyesa?, X. LLanabaes?, 3. Hyprasuesa?, ®. CyntaHos?, b. TaTtbikaes?, A. MeHT6aeBa®"

!National Laboratory Astana, Hasapbaes yHuBepcuteTi, KabaHbali 6aTbip 4., 53, AcTaHa, KasakcTaH
IXMMUANBIK MHKEHEPUA KaHe maTepuantaHy Kadeapachl, MHxKeHepAik )aHe undpablK Folnbimaap mekTebi,, Hasapbaes
yHuBepcuTteTti, KabaHbai 6atbip 4., 53, ActaHa, KasakcTaH

AHOATNA

Nnutuia Temip docdatbl (LiFePO,) AUTUIA-MOHABI aKKyMyaaTop/iap ywiH 6onalarbl 30p KaToATbl matepuan 6o-
Nibin Tabblnagpbl, cebebi on Kayincis, y3ak UMKALI KbI3MET eTefi KoHe 3KONOrMANbIK TypFblaaH ynnecimai. [ereH-
MEH, OHbIH, }XyMbIC CMNAaTTamasapbl CUHTE3 AiCiHe Tikenen Tayenai. by ymoicta 6i3 antbl alimakTbl (100-800 °C)
YKeKe 6acKapblaaTbliH MELNEeH KaHe KbI34blIPblAaTbiH 3N1EKTPOCTAaTUKAbIK TYHAbIPFbILLMNEH XabablKTaFaH apHabl
KobanaHfaH yNbTPaablObICTbIK CIPEN-NMPOAN3 KOHAbIPFBICHIH YCbIHaMbI3. [acTypi 6ip aimakTbl YCI KOHABIPFbI-
NlapbIMeH CaNbICTbipFaHaa, OyN KypblnfFbl «Tamubl-66/1WeK» TYPAEHYiH Ke3eH-Ke3eHiMeH iCKe acblpagbl, KybICTbl
MopdONOrnAHbIH, TY3iNyiH a3aliTagbl *KoHe NpeKypcop benweKkTepiHib, 6ipTeKTiniriH apTTbipagbl. 400-600 °C auna-
na3oHblHAA anbiHFaH LiFePO,/C yHTakTapbl 6acTankpl (WallblpaTbiNfaH) Kyinae a/1ci3 KpUcTanabl Hemece KapTblaai
amopdTbl KypblbiMFa Me 6ongbl, on aproH atmocdepacbiHaa 600 °C TemnepaTypaaa 3 ¢ 6oMbl KyWAaipyaeH KeniH
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¢dasanbiK Tasza onnBuH LiFePO,-Ke aitHanapl. COM 3epTTeynepi kepcetkeHaen, YCI apKbiabl Tikenen anbiHfFaH 6acTa-
NKbl BeneKkTep chepuKkanbliK, cybmmkpoHabl (~200 HM-1 MKM) »KaHe Teric beTKeini 6oabin TabblNaabl, an KeniHri
KynaipyaeH KeniH mopdonorua caktanfaHbimeH, 6eTKel KypblabiMbl ipineHin, KybicTap nanga 6onabl. MyHaam mu-
KPOCTPYKTYpasblK e3repictep Tblfbi3ablK NeH Li* MOHAQpbIHbIH, TacbiMan XoaA4apbl apacbiHAa TEHrepim KaabinTa-
cTbipaabl, 6yn 6ypbiHfbl YCIT apKbinbl anbiHFaH LiFePO,/C aepektepimeH calikec Kenegi. Eki ¢pasanbl cantama sKaHe
YKa/IbIH LWaLLbIPATKbIL MUPOJIN3 KyWeepiMeH caiblCTbipMasbl Tangay 6i3fiH KOHAbIPFbIMbI3Aafbl TPAANEHT TEPMU-
ANbIK 6aKblNAy MEH 3N1EKTPOCTAaTUKAbIK TYHAbIPY YANECIMi aNblHFAH YHTAKTapAblH CanacbiH aKCcapTaTbliHbIH KaHe
3epTXaHanblK A314iK NeH aneyeTTi MacwTabTayablH, NepcneKkTUBTI KOMOUHAUMACLIH KaMTaMacbli3 eTeTiHiH Kepce-
Teai. byn HaTUXKenep apHambl KacanfaH YCI agiciHiH, mopdonornacel MeH KpUCTanabiK KypblabiMbl 6aKblNaHATbIH
»ofapbl cananbl LiFePO,/C KaToATbl YHTaKTapblH anyfa TMiMAi api ukemai nnatdopma ekeHiH aanengenai.

TyiiH ce3pep: antuii Temip docdatbl (LiFePO,), KaToaTbl MaTepuangap, yAbTPaablObICTbIK CNPen-NnMpoams, antol
aimaKkTbl new, mopdonoruaHbl 6akblaay, MMTUA-MOHAbI AKKYMYASTOPAAP.



