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ABSTRACT

This study demonstrates a sustainable approach for converting post-consumer
polyethylene terephthalate (PET) drink cups into electrospun fibrous separators.
The recycled PET membrane exhibits a uniform bead-free nanofibrous structure
with high porosity and an interconnected network, enabling enhanced electrolyte
uptake and ion transport. Compared with Celgard 2400, it shows superior thermal
stability, retaining structural integrity up to 190 °C without shrinkage, as well as
nearly four-fold higher ionic conductivity (3.15x10* S:cm™) and lower bulk resistance.
However, the electrochemical stability of the PET separator is strongly electrolyte-
dependent: ether-based systems induce pronounced instability, while carbonate-
based electrolytes provide relatively improved, yet still limited, stability. The PET
separator operates stably with LiFePO, cathodes but shows limited compatibility
with graphite and lithium-sulfur cells due to side reactions and interfacial instability.
Overall, recycled PET is shown to be a promising eco-friendly separator material,
although further optimization of interfacial chemistry and electrolyte compatibility

ionic conductivity

is required for broader application.

1. Introduction

Lithium-ion batteries remain the dominant tech-
nology for portable electronics and electric vehicles
owing to their high energy density and long cycle life
[1, 2]. In these systems, the separator plays a critical
role by physically isolating the electrodes while en-
abling efficient ion transport [3, 4]. Commercial poly-
olefin separators, typically based on polyethylene
and polypropylene, provide acceptable mechanical
strength but suffer from low thermal stability, sig-
nificant thermal shrinkage, and poor electrolyte
wettability, which may lead to internal short circuits
and thermal runaway under abusive conditions [5-
7]. Their limited porosity also restricts electrolyte
uptake and ionic conductivity, motivating the devel-
opment of alternative separator materials with im-
proved thermal and interfacial properties [6, 7].

Simultaneously, the accumulation of plastic
waste has driven increasing interest in converting
waste streams into high-value functional materials

[8]. Polyethylene terephthalate (PET), one of the
most abundant post-consumer plastics, offers high-
er thermal stability and mechanical robustness than
conventional polyolefins, making it a promising sep-
arator candidate if suitable porosity and wettabili-
ty can be achieved [9-11]. Electrospinning provides
an effective route to fabricate highly porous fibrous
membranes with interconnected three-dimension-
al networks, high surface area, and tunable fiber
diameter, all of which are beneficial for electrolyte
retention and ion transport [12, 13]. Previous stud-
ies have shown that electrospun PET membranes,
including those derived from recycled sources, can
outperform Celgard 2400 in terms of wettability, po-
rosity, and thermal stability [14-16].

However, two key limitations remain. First, most
studies focus on PET bottles, whereas other abun-
dant waste sources, such as disposable cups, re-
main largely unexplored [15, 17]. Second, separator
evaluation is commonly limited to a single battery
chemistry, while compatibility across different lith-
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ium-based systems, particularly lithium-sulfur cells
with distinct interfacial requirements, is rarely as-
sessed [18].

Therefore, the main objective of this study was to
develop electrospun fibrous separators from recy-
cled PET cups and systematically evaluate their suit-
ability for lithium-based batteries by correlating their
structural, thermal, wettability, and electrochemical
properties with separator performance in different
battery chemistries. To achieve this objective, elec-
trospun PET separators were fabricated and char-
acterized, followed by electrochemical evaluation
in half-cell configurations with graphite anodes and
LiFePO, cathodes, as well as in lithium-sulfur cells,
enabling comparison of their behaviour under dif-
ferent electrochemical environments. By addressing
both the use of an under explored PET waste source
and its performance across multiple battery chemis-
tries, this study contributes to the development of
sustainable, waste-derived separator materials for
energy storage applications.

2. Experimental part
2.1. Material preparation

Initially, PET plastic collected from cold beverage
cups was cut into small pieces, washed sequential-
ly with ethanol and distilled water, and then dried
in a drying oven for 12 h. To dissolve the prepared
PET fragments, a mixed solvent system of trifluo-
roacetic acid (TFA) and dichloromethane (DCM) at
a 3:7 mass ratio was employed, yielding a solution
containing 15 wt.% PET. The solution was magneti-
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cally stirred at 500 rpm for 12 h to obtain suitable
viscosity and electrical conductivity for the electro-
spinning process.

Electrospinning was carried out at a solution
feed rate of 1.5 mL-h* under an applied voltage of
23 kV, with a tip-to-collector distance of 150 mm.
A rotating drum collector operating at 200 rpm was
used to collect the fibers. The electrospun PET fibers
were deposited onto aluminum foil and subsequent-
ly dried under vacuum at 60 °C for 24 h to remove
residual solvents. The schematic illustration of the
process for obtaining a fibrous membrane from re-
cycled PET is shown in Fig. 1.

2.2. Material characterization

Morphological analysis was performed using
scanning electron microscopy (SEM; JEOL JSM-
IT800, Japan). ATR-FTIR spectra were acquired using
a Bruker Alpha Il ATR-FTIR spectrometer equipped
with an ATR accessory. Measurements were carried
out over the spectral range of 400-4000 cm™ at a
resolution of 2 cm™, with 24 scans accumulated for
each sample. All spectra were baseline-corrected,
and each sample was analysed in triplicate to ensure
data reliability and reproducibility.

Mechanical properties of the electrospun PET
separators were evaluated using a universal test-
ing machine (Testometric X100-1, UK). The mem-
branes were cut into uniform rectangular strips
measuring 45 mm x 10 mm. Uniaxial tensile tests
were performed at a constant crosshead speed of
50 mm-min? using appropriate grips to ensure sta-
ble clamping of the fibrous samples.

& 60 °C

Thermal treatment

As-spun
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Separator
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Coin cell assembly
(CR2032)
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Fig. 1. Schematic illustration of the electrospinning process for the fabrication of a PET fibrous membrane.
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Thermal stability of the electrospun PET separa-
tors was evaluated using a vacuum drying oven by
exposing the membranes to 120-190 °C for 15 min,
while the untreated sample at room temperature
was used as the reference.

The electrolyte uptake of the fabricated PET fi-
brous separators and the commercial Celgard 2400
separator was evaluated using a gravimetric meth-
od. Prior to the test, all separator samples were
dried at 60 °C and punched into circular discs with
a diameter of 19 mm. The dry weight of each sam-
ple (W,) was measured using an analytical balance.
The separator discs were then fully immersed in 1
M lithium hexafluorophosphate (LiPF¢) dissolved in a
mixture of ethylene carbonate (EC), diethyl carbon-
ate (DEC), and ethyl methyl carbonate (EMC) (1:1:1,
v/v/v) electrolyte and kept at room temperature
for 2 h to ensure sufficient electrolyte absorption.
After soaking, the samples were carefully removed
from the electrolyte, and the excess electrolyte on
the surface was gently removed with filter paper
without applying pressure. The wet weight (W,) was
immediately recorded. The electrolyte uptake was
calculated using the following Eq.(1):

Electrolyte uptake ((Wl — W )j %100 (1)

Swelling test (%) W,

where: W, and W, are the weights of the separator
before and after electrolyte immersion, respective-
ly. Each measurement was performed in triplicate,
and the average value was reported.

lonic conductivity of the separators was evaluat-
ed using CR2032-type coin cells assembled with the
membrane placed between two stainless-steel spac-
ers and wetted with 25 uL of electrolyte consisting of
1 M LiPFg in EC/DEC/EMC. Electrochemical imped-
ance spectroscopy (EIS) measurements were per-
formed over a frequency range from 1 x 10° Hz to
0.1 Hz with 10 points per decade and an AC pertur-
bation amplitude of 10 mV. The ionic conductivity (o,
S-cm?) was evaluated based on EIS measurements
according to the following Eq.(2):

o=L/(RxA), (2)

where: L is the thickness of the separator (cm), R is
the bulk resistance obtained from the high-frequen-
cy intercept of the Nyquist plot (Q), and A is the ef-
fective electrode-separator contact area (cm?). The
bulk resistance (R) represents the combined ohmic
resistance of the separator, impregnated with elec-
trolyte, and of the electrolyte itself.

2.3. Electrochemical investigations

The assembly was carried out in an Ar-sealed
glove box (MBRAUN LABMaster Pro, Germany) un-
der a high-purity argon atmosphere with <0.1 ppm
H,0 and <0.1 ppm O, to avoid moisture and oxygen
contamination. The dried fibrous PET membrane
was used as a separator.

Electrodes were prepared using a conventional
slurry-casting method. PVDF was first dissolved in
N-methyl-2-pyrrolidone (NMP), followed by the addi-
tion of active material and acetylene black (AB). The
mixtures were homogenized using a Thinky mixer at
1200 rpm for 30 min to obtain uniform slurries. The
slurries were coated onto appropriate current collec-
tors and dried under vacuum at 60 °C for 24 h. After
drying, electrodes were punched into circular disks
(14 mm for graphite and LiFePO, (LFP), 15 mm for
sulfur electrodes) prior to cell assembly.

Electrochemical testing was performed using
galvanostatic charge-discharge cycling with a multi-
channel battery testing system (Neware Co., Shen-
zhen, China).

2.3.1. Sulfur cathode

The sulfur composite cathode was prepared via
a two-step ball-milling process. First, a composite of
Sulfur and Ketjenblack (60:40 wt.%) was obtained by
wet ball milling (1 g powder, 5 mL ethanol, 40 g of 1
mm balls) at 800 rpm for 4 h, followed by drying at
60 °C overnight. Subsequently, 0.8 g of the compos-
ite and 0.1 g AB were ball-milled for 1 h at 500 rpm.
The resulting powder was incorporated into a PVDF/
NMP solution and homogenised to form a slurry,
which was cast onto carbon-coated aluminium foil.

The electrolyte was prepared by dissolving 1 M
lithium bis(trifluoromethanesulfonyl)imide (LiTFSI)
in a binary solvent of 1,3-dioxolane (DOL) and di-
methoxyethane (DME) (1:1, v/v), with 0.1 M lithi-
um nitrate (LiINO;) added as a stabilising additive.
Electrochemical testing was conducted within the
potential range of 1.6-2.8 V vs Li/Li* at 0.1 C (1C =
1675 mA-g1l).

2.3.2. Graphite anode

The graphite anode slurry was prepared using a
mass ratio of 8:1:1 for graphite, AB, and PVDF, re-
spectively, and cast onto copper foil.

The electrolyte consisted of 1 M LiPF, dissolved in
a mixture of EC, Dimethyl carbonate (DMC), and DEC
(1:1:1 by vol.) was employed. Electrochemical mea-
surements were conducted within a potential win-
dow of 0.01-3.0 V vs Li/Li* at 0.1 C (1C = 370 mA-g).
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2.3.3. Lithium iron phosphate (LiFePO,) cathode

The LFP cathode slurry was prepared following
the same procedure and composition (8:1:1 weight
ratio of LFP, AB, and PVDF) and cast onto aluminum
foil.

A commercial electrolyte of 1 M LiPF¢ in a mix-
ture of EC, DEC, and EMC (1:1:1 by vol.) was used as
the bare electrolyte. Electrochemical measurements
were conducted within a potential range of 2.5-
3.65 Vvs Li/Li* at 0.1C (1C = 160 mA-g?).

3. Results and discussion

The microstructural features of the electrospun
PET membrane are illustrated in Fig. 2. The top-
view SEM image (Fig. 2a) reveals a uniform, bead-
free fibrous morphology with randomly oriented
fibers, forming an interconnected porous network
favourable for electrolyte transport. The cross-sec-
tional image (Fig. 2b) shows a membrane thickness
of approximately 25 um, which is comparable to
that of commercial battery separators and suitable
for coin-cell assembly. Elemental mapping images
(Fig. 2c and 2d) confirm the homogeneous distribu-
tion of constituent elements throughout the mem-
brane, indicating structural uniformity across the
entire thickness. Such morphological characteristics
are beneficial for achieving a balance between me-
chanical integrity and high ionic permeability. On

r

10 pm

the other hand, commercial Celgard 2400 exhibits
completely different morphology with narrow pore
size (Fig. 2¢,f).

Figure 3 presents the ATR-FTIR spectra of the
original PET plastic and the electrospun PET fi-
brous membrane obtained after recycling waste
plastic. Both spectra exhibit the characteristic ab-
sorption bands of PET, including the strong ester
carbonyl stretching vibration at approximately 1715-
1720 cm™, C-0-C stretching vibrations in the range
of 1100-1300 cm™, and aromatic ring-related bands
at lower wavenumbers [19]. Based on the close spec-
tral similarity, it is suggested that the dissolution and
electrospinning processes did not cause significant
chemical degradation or structural alteration of the
PET backbone.

Mechanical properties are critical for separator
safety, durability, and resistance to internal short
circuits. Tensile testing of the commercial Celgard
2400 and electrospun PET separators was performed
to determine the peak force, peak stress, and elon-
gation at peak (Table 1). The commercial separator
exhibited approximately 1.5 times higher peak force
and nearly three times higher peak stress than the
PET fibrous membrane, which can be attributed to
its dense oriented-fibrillar structure and more effi-
cient stress distribution, as reported in previous ten-
sile studies [20, 21]. In contrast, the porous fibrous
architecture of the recycled PET separator, together
with limited inter-fiber bonding, reduces its effec-

Celgard 2400

10 pm

Fig. 2. SEM images and SEM-EDS results of PET fibrous separator: (a) Surface SEM image of the electrospun PET nanofibers;
(b) cross-sectional SEM image showing membrane thickness; (c-d) elemental mapping images demonstrating homogeneous
distribution within the fibrous membrane. SEM micrographs of the Celgard 2400 separator recorded at different magnifi-

cations: (e) 10,000x%, and (f) 40,000x.
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Fig. 3. FT-IR spectra of pristine PET feedstock and electro-
spun recycled PET fibrous separator.

tive load-bearing capability [22, 23]. However, the
PET-derived separator showed substantially greater
elongation at peak, indicating a more ductile me-
chanical response, whereas Celgard 2400 failed at
considerably lower deformation.

Table 1. Tensile properties of separators

Samble Force @ Stress @ Elong @
P Peak (N)  Peak (MPa) Peak (mm)
Celgard 2400 3.74 18.70 1.59
PET fibrous 2.59 6.47 21.63
separator

Figures 4 and 5 compare the thermal dimensional
and chemical stability of the electrospun PET mem-
brane with the commercial Celgard 2400 separator.
As shown in Fig. 4, Celgard 2400 undergoes severe
thermal deformation above 150 °C, reaching near-
ly 80% shrinkage at 170 °C, which is consistent with
the low softening and melting temperatures of poly-
olefin separators and may lead to shutdown failure
and internal short circuits [24]. In contrast, the PET
fibrous membrane retains its shape across the entire
tested temperature range, with shrinkage remaining
below ~15% even at 190 °C, reflecting the superior
thermal tolerance of its interconnected fibrous net-
work.

This behavior is further supported by FTIR analy-
sis (Fig. 5). The characteristic polyprolpylene bands
of Celgard 2400 at ~2950-2840 cm™ and ~1450-1375
cm™® remain largely unchanged after heating, indi-
cating that its thermal instability arises mainly from
physical shrinkage rather than chemical degrada-
tion [25, 26]. Similarly, the PET separator preserves
its characteristic ester-related bands, including the

C=0 stretching peak and C—0O-C vibrations, with no
noticeable spectral changes after thermal treatment
[10, 27]. The preserved chemical structure togeth-
er with the low dimensional shrinkage highlights

150 °C 170 °C 190 °C

RT 120°C

Celgard 2400

170 °C 190 °C

PET fibrous
separator

Fig. 4. Comparison of thermal shrinkage behaviour of the
electrospun PET fibrous separator and commercial Celgard
2400 after exposure to different temperatures.
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Fig. 5. FT-IR spectra of Celgard 2400 (a) and electrospun

PET (b) separators after thermal treatment at different
temperatures.
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the suitability of the recycled PET-derived fibrous
membrane for safer battery operation under elevat-
ed-temperature conditions.

To evaluate long-term operational integrity, the
dimensional stability and electrolyte uptake of the
electrospun PET membrane were examined and
compared with those of the commercial Celgard
2400 separator used for LiPF¢ in EC/DEC/EMC. As
expected, the electrospun PET separator exhibited a
high electrolyte uptake of approximately 347-382%
(average around 350%), attributed to efficient capil-
lary filling within its interconnected porous network
rather than to bulk polymer swelling. In contrast, the
commercial Celgard 2400 separator exhibited a low-
er electrolyte uptake of 57.5-67.5% due to its denser
microporous architecture. Despite these differences
in electrolyte retention, the PET membrane exhibit-
ed dimensional stability comparable to that of the
commercial separator, maintaining its structural in-
tegrity without significant expansion under standard
battery operating conditions.

The EIS spectra of the electrospun PET separa-
tor and Celgard 2400 with 1 M LiPF¢ in EC/DEC/EMC
electrolyte and stainless-steel are shown in Fig. 6a.
Both spectra display a typical Nyquist profile, fea-
turing a depressed semicircle at high-to-medium
frequencies that corresponds to charge-transfer
resistance. However, the electrospun PET fibrous
separator exhibits significantly lower bulk resistance
and a smaller semicircle diameter than the cell with
the commercial Celgard 2400 separator. As for the
absence of a low-frequency Warburg-diffusion im-
pedance tail, it may be attributed to the use of stain-
less-steel blocking electrodes [28] and to a focus on
evaluating the separator’s ionic conductivity rather

than electrochemical reaction kinetics. Note that
a)
100 1 —o—PET fibrous separator
—a—Celgard 2400
80
—_
g 60 4 . . . .
> 1 M LiPF; in EC/DEC/EMC
‘N Stainless-steel
404
20 4 - O
o oy
NI NV A
0 20 40 60 80 100
7' (Q)

this bulk resistance (R) represents the combined
ohmic resistance of the separator impregnated with
electrolyte and the electrolyte itself. The combined
ohmic resistance of the separator impregnated with
electrolyte and the electrolyte itself.

Accordingly, its ionic conductivity reached
3.15x10° S:cm?, nearly four times higher than that
of Celgard 2400 (8.41x10°S-cm™). This enhancement
is attributed to the highly porous interconnected
nanofibrous structure, which improves electrolyte
uptake and facilitates continuous lithium-ion trans-
port pathways, thereby reducing cell polarization
and supporting better rate performance [14, 22].

Figure 6b shows Nyquist plots of half-cells of dif-
ferent chemistries using different separators. PET
fibrous separator exhibits a different impedance
response from the Celgard 2400 reference across
all studied systems (graphite, LFP, and lithium-sul-
fur cells). The observed differences in the spectra
reflect variations in interfacial resistance and ion
transport behaviour associated with the separator
structure.

The galvanostatic charge-discharge performance
of both separators was evaluated under identical
testing conditions to assess the compatibility of the
recycled PET membrane with different electrode
chemistries, using the well-established Celgard 2400
separator as the reference due to its proven com-
patibility across various battery systems, as shown
in Fig. 7.

In sulfur half-cells, as shown in Fig. 7a, b, both
membranes exhibited the characteristic two-step
voltage profile associated with sulfur redox reac-
tions. However, compared with Celgard 2400, the
PET separator showed less distinct plateaus, faster

voltage decay, and shifted charging behaviour.
b) 2 Celgard 2400 - graphite
250 1 - PET separator - graphite
- Celgard 2400 - LFP
= PET separator - LFP
2009 . celgard 2400 - Li-S
- PET separator - Li-S
G 150+
N
100 4
50 -

100 150 200 250

7' Q

0 50

Fig. 6. The Nyquist plots with 1 M LiPF in EC/DEC/EMC electrolyte and stainless-steel (a), and Nyquist plots of half-cells using

different separators (b).
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Fig. 7. Charge-discharge curves of half-cells using electrospun PET fibrous membrane and Celgard 2400: (a) half-cells with
sulfur cathode; (b) zoomed-in view of the potential profiles shown in (a); (c) half-cells with graphite anode; (d) half-cells with

LFP cathode.

For graphite half-cells in Fig. 7c, the commercial
separator delivered a stable lithium intercalation
plateau with a specific capacity of 300-350 mAh-g?,
consistent with the expected behaviour of graphite.
In contrast, the PET separator exhibited pronounced
voltage fluctuations and a large charge-discharge
hysteresis.

In the case of the LFP cathode in Fig. 7d, both sep-
arators displayed the characteristic flat plateau at
~3.4-3.5 V, corresponding to the Fe?*/Fe3 redox re-
action. While Celgard 2400 showed a more defined
plateau and lower polarization, the PET separator
also operated stably, with only a slight increase in
overpotential. This agrees with its lower internal re-
sistance and the absence of significant side reactions
in the corresponding voltage window, confirming
that the recycled PET membrane can effectively per-
form the separator function under these conditions.
Nevertheless, further optimization of thickness,
morphology, and interfacial properties is required
to improve compatibility with a wider range of elec-
trode chemistries.

4. Conclusions

This work demonstrated that plastic waste can
be upcycled into useful components for energy stor-
age applications by producing electrospun fibrous
separators from recovered PET waste derived from
disposable cups. Compared with the commercial
Celgard 2400 separator, the produced membranes
exhibit a highly porous, interconnected nanofibrous
structure that enhances electrolyte uptake and ion
transport, resulting in significantly higher ionic con-
ductivity. Unlike polyolefin-based separators, which
undergo severe shrinkage, PET-based separators ex-
hibit exceptional thermal resilience, retaining struc-
tural integrity at temperatures up to 190 °C. These
characteristics suggest that PET-based separators
might enhance battery safety at high temperatures.
Electrochemical analyses indicate that the perfor-
mance of the PET separator is strongly governed
by electrolyte composition: carbonate-based sys-
tems provide comparatively more stable operation,
whereas ether-based electrolytes, including lithi-
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um-sulfur systems, exhibit pronounced instability.
Additionally, interfacial side reactions continue to
limit compatibility with graphite anodes. However,
despite these drawbacks, the PET separator’s core
functionality is confirmed by its consistent perfor-
mance with LiFePO, cathodes. The findings indicate
that if fibrous structure, surface chemistry, and elec-
trolyte compatibility are further optimized, recycled
PET-derived separators could offer a viable and sus-
tainable alternative to traditional materials.
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dNneKTpoOXMMMUYECKan CTabuAbHOCTb BOJIOKHUCTbIX cenapaTopoB M3 nepepaboTaHHbIX CTaKaHOB U3
nonnatuneHtTepedTanarta B IMTUEBbIX aKKyMynaTopax

. Apkawesa'?, A. benribaesa'?’, A. Yoau'?, 3. Hyprasuesa?, A. MykaHosa'?, A. Hypneiicosa'?

"MHCTUTYT akkymynaTopos, nNp. KabaHbai 6aTbipa, 53, AcTaHa, KaszaxctaH
2Institute of New Materials and Energy Technologies, np. KabaH6ait 6aTtbipa, 53, ActaHa, KasaxcTaH
3EBpPa3snICKMIA HaUMOHaNbHbIN yHUBepcuTeT umM. J1.H. T'ymunesa, yn. KaxbimyKaHa, 13, AcTaHa, KasaxctaH

AHHOTALUMA

B paHHOM uccnefoBaHUM MpPeasioKeH 3KONOrnYeckn 3POEeKTUBHBbIN NOAXOA, K MCMNOJIb30OBAHMUIO OTXOA0B
nonuatuneHtepedtanata (M3T), NOAyYEHHbIX U3 MCMNOSb30BAHHbIX OLHOPA30BbIX CTAKAHOB, A/1A WU3rOTOB/EHUSA
cenapaTopHbIX MembpaH MeToAOM 3NEKTPOCNUHHUHIA. MonyyeHHble MembpaHbl XapaKTepu3yTca 04HOPOAHOWN
6e3nedeKTHON HAHOBOMIOKHUCTOW CTPYKTYPOM, BbICOKOM MOPUCTOCTbIO M B3aMMOCBA3AHHOM apXUMTEKTYpPOM, YTO
obecneunBaeT 3pPEeKTUBHOE MOT/OWEHNE INEKTPOAUTA U ObICTPbIM TpaHCNOPT MoOHOB. MepepaboTaHHas M3T-
MmembpaHa npoAemMoHCTpMpoBana bonee BbICOKYIO TEPMUYECKYIO CTaBUIBHOCTb MO CPAaBHEHUIO C KOMMEPYECKMM
Celgard 2400: cTpyKTypHaa LLEeNOCTHOCTb CoxpaHsnack 6e3 ycagku snaotb Ao 190 °C. Kpome TOoro, no AaHHbIM
3NEKTPOXMMMUYECKON MMMNELaHCHOM CNEeKTPOCKOMWU €ee WMOHHaA MPOBOAMMOCTb Oblla NpUMMEpPHO B 4eTbipe
pa3a Bbiwe (3,15x10? Cm-cm?), a o6bemHOe CONpOTMBAEHME CYLLECTBEHHO HUKe. O4HaKO 3/1eKTPOXMMUYECKas
ctabunbHocTb M3T-cenapaTopa CyWeCcTBEHHO 3aBUCUT OT TUMA 3NEKTPONMTA: 3OUPHblIE CUCTEMbI BbI3bIBAOT
BblpaXKEHHY0 HecTabuabHOCTb, TOrga Kak KapboHaTHble 31eKTpoauTbl obecrneumBatoT OTHOCUTENbHO 6Oonee
BbICOKYIO, HO BCE K€ OrpaHuW4YeHHyl CcTabuabHocTb. B pesynbrate, 3T-cenapatop NPOAEMOHCTPUPOBAN
CTabunbHylo paboTy B nosyanemeHTax ¢ kKatogom LiFePO,, ogHaKo ero npumMeHeHue B cUcTeMax C rpaduTOBbIM
aHOAOM U INTUIA-CEPHBIMU aKKYMYNATOPAaMM OKa3as0Cb OFrpPaHUYeHO 13-3a MexdasHon HecTabunbHoCTH. B uenom
pe3ynbTaTbl NOATBEPKAAIOT, UTO NepepaboTaHHbIn MIT ABNAETCA NEePCNeKTUBHLIM U 3KONOrMYeckn 6esonacHbIM
MaTepuanom gas CO34aHUA CenapaTopHbIX MeMbpaH C BbICOKON TEPMMUUYECKON CTabUNbHOCTbIO U 3PPEKTUBHbBIM
WMOHHbIM TPAHCNOPTOM. BmecTe ¢ Tem N4 ero WMpPOKOro NpUMeHeHUA B COBPEMEHHbIX aKKYMYNATOPHbIX CUCTEMAX
Heobxoauma ganbHenwan onTUMMU3aLma mexGasHoM XMMUN U COBMECTUMOCTM C 3/IEKTPOUTAMMU.

KnioueBble cnoBa: cenapatop MOJIYYEHHbIN 3NEKTPOCMNUHHUHIOM, nepepaboTaHHbln 3T, AUTUA-UOHHbIE
aKKYMYIATOPbI, INTUA-CEPHbBIE aKKYMYIATOPbI, TEPMUYECKAs CTabUIbHOCTb, MOHHAA MPOBOAUMOCTb
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Kaiita eHgenreH nonnatuneHtepedranar ctakaHAapbiHAH aNblHfaH Ta/WbIKTbl cENapaTopaapAbliH, AUTUN
HerisiHAeri akkymynaTopaapaafbl 3/1€KTPOXUMUANIK TYPAKTbINbIFbI

. Apkawesa'?, A. benribaesa'?’, A. Yonau'?, 3. Hyprasuesa?, A. MykaHosa'?, A. Hypneiicosa'?

!Institute of Batteries, KabaHbali 6aTblp gaH., 53, AcTaHa, KasakcTtaH
’Institute of New Materials and Energy Technologies, KabaHbali 6aTtbip AaH,, 53, ActaHa, KasakcTaH
3/1.H. Tymunes at. Eypasua yATTbIK yHMUBEpPCUTETI, KaxbIMyKaH K., 13, AcTaHa, KasakcTaH

AHOATNA

Byn 3epTTeyae KONAAHbICTAH WbIKKAH Bip PeTTiK CyCblH CTaKaHAapblHaH ajblHFaH noanatuneHtTepedTanat (M3T)
Ka4blKTapblH 31EKTPOCMMHHWUHT aPKbl/Ibl CENapaTop membpaHanapbiH AavibiHAaYyAa KONLAHYAbIH OKONOTUABIK TUIMAI
Tacini KepceTingi. AnbiHFaH MembpaHanap 6ipKesKi TyMiHCI3 HAHOTANLWbIKTbI KYPbIbIMbIMEH, KOFapbl KeyeKTinirimeH
YKoHe e3apa balnaHbICKaH apXUTEKTYPaACbIMEH CUNATTabIMN, 3NEKTPONNUTTIH, TUIMAI CiHYIH XXaHe NOHAAPAbIH, XKblAgaM
TacbIMangaHyblH KamTamacbi3 eTTi. Kaita eHgenred NI3T membpaHacbl KommepumsanbliK Celgard 2400 cenapatopbiMeH
CANbICTbIPFAHAA KOFapbl KblAY/bIK TypaKTbiblK KepceTTi: 190 °C-ka peliH wery baiikanmal, KypblabiMAbIK
TYTacCTbiFbl caKTanabl. COHbIMEH KaTap, OHbIH, MOHAbIK OTKI3riWTiri wamameH TepT ece *Kofapbl (3,15x107 Cm-cm?),
an Kenemgik Kegeprici atapabikTali TomeH 6onabl. Ananga MIT cenapaTopblHbIH, 3IEKTPOXUMUASBIK TYPAKTbI/bIFbI
3/IEKTPONINT TypiHE KaTTbl Tayengi: adup HerisiHaeri Kylhenep alKkblH TypaKkCbI3AblKKa aKeneai, an KapboHaT
HerisiHAeri 31eKTpoNnUTTEP CaNbICTbIPManbl TYPAE ¥KaKcapTblfaH, 6ipak ani ge wekTeyni TYPaKTblAbIKTbl KAMTaMachi3
eteai. Hatuxkecinae MIT cenapaTtopsbl LiFePO, KaToabl 6ap KapTbinak anemeHTTepAe TYPaKTbl XKYMbIC icTeai, ananaa
rpaduT aHoATapPbl MEH NNTUIN-KYKIPT KynenepiHge nHTepdencTik TYPaKCbi3AblK CangapbiHaH KONAAHbINYbI LWEeKTey i
6onapbl. Kannbl, KanTa eHaenreH MIT KoFapbl *KbINYAbIK TYPAKTbIIbIK NEH TUIMAI MOH TacbiManaay KacuettepiHe ue,
3KONOTUANBIK Kayincis kaHe 6onallafbl 30p cenapaTop maTepuansl peTiHae KepceTingi. [lereHMeH OHbl 3aMaHaym
aKKYMYNATOP KyWhenepiHae KeHiHeH KonAaHy YWiH UHTePdENCTIK XMMUAHDI KIHE INEKTPONUTNEH YUAeCIMAINIKTI
oflaH 9pi OHTaMNaHAbIPY KaxKeT.

TyWiH ce3pep: 3NeKTPOCNUHHMHT apKbl/ibl aNblHFaH cenapaTtop, KavTta eHaenreH M3T, AMTUIR-UOHAbBI AKKyMynaTopaap,
NIUTUIA-KYKIPTTIi aKKyMynaTopaap, TEPMUANABIK TYPAKTbIbIK, MOHAbIK 6TKI3FiLUTIK



