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OPTIMIZING ZNSO-LLSO, ELECTROLYTES
FOR STABLE AQUEOUS ZINC-ION BATTERIES

Abstract

Aqueous zinc-ion batteries (AZIBs) are considered as one of the most attractive candidates for safe, low-cost,
and environmentally benign energy storage systems. However, the widespread implementation of these systems is
still limited due to major problems with the zinc metal anode, including uncontrolled dendrite formation, hydrogen
evolution, and the low reversibility of zinc plating and stripping. These issues lead to rapid capacity fading and
shortened cycle life, highlighting the urgent need for electrolyte optimization as a simple and effective strategy to
overcome anode instability. The purpose of this work was systematically investigated the electrochemical behavior
of zinc anodes in a series of electrolytes with different ZnSO,-Li, SO, compositions, namely 2M ZnSO,, 1.5M
ZnSO, +0.5M Li,SO,, 0.5M ZnSO, + 1.5M Li,SO,, IM ZnSO, + IM Li,SO,, and 2M Li_SO,. The electrochemical
performance was evaluated using cyclic voltammetry (CV) and galvanostatic charge-discharge tests, and then
post-cycle morphological characterization was performed using scanning electron microscopy (SEM). The results
show that adding Li,SO, to the ZnSO, electrolyte significantly changes the structure of the Zn** solution, thereby
increasing the reversibility of zinc plating/stripping and suppressing dendrite formation. In particular, mixed
electrolytes exhibit sharper voltage profiles and reduced polarization compared to single-salt systems. Among the
tested formulations, the equimolar mixture of 1M ZnSO, + IM Li,SO, achieved the most balanced performance,
delivering stable cycling and a uniform zinc dendrite morphology. This study highlights electrolyte engineering as a
practical and scalable approach to stabilize zinc anodes, providing new insights into the design of high-performance
aqueous zinc batteries for future large-scale energy storage applications.
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Introduction

Electrochemical energy storage plays a pivotal role in enabling the large-scale integration of
renewable energy and supporting the transition toward carbon neutrality. Among the current energy
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storage technologies, lithium-ion batteries (LIBs) dominate the markets for portable electronics and
electric vehicles, owing to their high energy density and dependable performance.

However, their broader deployment is hindered by critical challenges, including the high cost
of lithium resources, uneven geographic distribution, and persistent safety concerns associated
with flammable organic electrolytes. Moreover, the large-scale production of LIBs imposes
significant environmental burdens, driving the pursuit of safer, more cost-effective, and sustainable
alternatives [1-2].

In this context, aqueous zinc-ion batteries (AZIBs) have attracted considerable attention
as next-generation energy storage devices. Zinc is abundant, inexpensive, and environmentally
benign, with a global annual production exceeding 13 million tons. Its favorable electrochemical
properties include a relatively low redox potential (- 0.76 V vs. SHE) and a high theoretical capacity
of 820 mAh g, making it promising for high-performance energy storage. In addition, aqueous
electrolytes are intrinsically safe and nonflammable, in sharp contrast to the volatile organic solvents
used in LIBs, which positions AZIBs as strong contenders for large-scale stationary and grid-level
applications [3—7].

Despite these advantages, the practical application of AZIBs faces several serious challenges,
the most important of which is the uncontrolled formation of zinc dendrites during repeated coating/
stripping cycles. These dendritic structures can pierce the separators, causing internal short circuits,
rapid power degradation, and low coulombic efficiency [8]. In parallel, side reactions such as
hydrogen evolution, corrosion, and passivation of the zinc surface further impair long-term cycling
stability [8, 10]. Overcoming these interfacial instabilities requires carefully engineered strategies to
ensure uniform Zn** deposition and stable electrode-electrolyte interactions.

To address these problems, researchers have explored multiple approaches. Anode surface
modification through protective coatings or three-dimensional host structures reduces local current
density and improves deposition homogeneity [9]. The design of functional separators with tailored
porosity and ion selectivity has also been reported to regulate Zn?* flux. On the cathode side,
structural optimization aims to suppress dissolution and improve cycling durability. However, among
all strategies, electrolyte engineering stands out as the most practical and scalable method. Previous
studies have shown that tailoring electrolyte composition and solvation structures can regulate Zn*
nucleation, suppress dendrite formation, and mitigate side reactions, thereby extending cycle life and
advancing AZIBs toward practical deployment [10].

Electrolyte modification strategies have recently gained significant momentum. Conventional
ZnSO,-based electrolytes provide high ionic conductivity but are prone to dendrite formation and
hydrogen evolution. To mitigate these drawbacks, foreign cations such as Li*, Na*, and Mg*" have
been introduced into ZnSO, solutions. These ions influence the structure of the electric double layer
and modify Zn?* nucleation kinetics, thereby promoting uniform deposition [11-12]. Among these
additives, Li" has received particular attention. It can homogenize current distribution across the
Zn surface, facilitate compact deposits, and stabilize interfacial chemistry. For instance, Dai et al.
demonstrated that Li-containing electrolytes form a protective solid-electrolyte interphase (SEI)
composed of Li,S O, and Li,CO,, which mitigates dendrite propagation and suppresses parasitic
hydrogen evolution [13]. Other studies have similarly reported that the incorporation of Li,SO,
improves Coulombic efficiency and extends cycling stability [14—15].

Beyond dendrite suppression, electrolyte engineering also modulates Zn*" solvation chemistry
and hydration structure. Recent reviews highlight that introducing Li* ions reshapes Zn*" solvation
shells, alters ion transport, and leads to favorable SEI compositions that stabilize electrode
surfaces [16]. These findings underscore the importance of carefully designing the Zn**/Li" ratio to
optimize both deposition morphology and interfacial chemistry.

Nevertheless, most previous reports have examined only narrow concentration ranges, leaving
a lack of systematic comparisons across different ZnSO,-Li, SO, ratios. Furthermore, the precise
mechanisms by which Li" alters Zn deposition-whether through competitive adsorption at the
electrode interface, modification of Zn*" solvation, or stabilization of SEI layers-remain under
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debate [17]. Addressing these questions requires carefully designed studies that isolate the role of
Zn**/Li" ratio on electrochemical behavior and surface morphology.

Another critical but underexplored factor is the balance between dendrite suppression and
available Zn** concentration. While dilution of Zn*" by Li SO, may stabilize morphology and reduce
side reactions, it can also lower the effective Zn?" availability, limiting charge-storage capacity. Recent
electrolyte design studies also emphasize the need to balance reversibility and capacity; in line with
this, our results show that the equimolar Zn?** /Li" ratio offers the most effective compromise between
dendrite suppression and charge storage [18].

The purpose of this work is to fill this gap by systematically investigating five electrolyte
formulations: 2M ZnSO,, 1.5M ZnSO, + 0.5M Li,SO,, 0.5M ZnSO, + 1.5M Li,SO,, IM ZnSO,
+ IM Li,SO,, and 2M Li,SO,. Using cyclic voltammetry, galvanostatic cycling, and post-cycling
scanning electron microscopy, we examine how the Zn?*/Li" ratio influences reversibility, dendrite
formation, and cycling stability.

Materials and methods

Electrolytes. Five types of aqueous electrolytes were prepared in order to evaluate the effect of
Zn**/Li" ratio on the electrochemical behavior of the cells. The electrolytes included: (i) 2M ZnSO,,
(i) I.5M ZnSO, + 0.5M Li,SO,, (iii) 0.5M ZnSO, + 1.5M Li,SO, (iv) IM ZnSO, + 1M Li,SO, and
2M Li,SO,. All salts were of analytical grade and dissolved in deionized water under constant stirring
until complete dissolution was achieved.

Electrodes. Zinc foil was used as the anode and cathode was lithium iron phosphate (LFP), which
was prepared in the form of a slurry composed of active material (LFP), conductive carbon (AB), and
polyvinylidene fluoride (PVDF) binder in a weight ratio of 8:1:1. The slurry then uniformly coated
onto graphite foil using a doctor blade technique. The electrodes were dried under vacuum at 80 °C
for 12 h.

Cell configuration. Electrochemical cells were assembled in a CR2032 coin-cell configuration. A
glass fiber separator was used to physically isolate the Zn anode from the LFP cathode.

Electrochemical measurements. Cyclic voltammetry (CV) was conducted in the voltage range
0of 0.9-2.0 V at a scan rate of 0.2 mV s to evaluate the redox processes of the LFP cathode and
the reversibility of Zn plating/stripping. Galvanostatic charge-discharge tests were performed at a
constant current density of 20 mA g'! to assess specific capacity and cycling stability.

Characterization. To examine the influence of electrolyte composition on Zn deposition, the
anode surface morphology was examined using scanning electron microscopy (SEM).

Results and discussion

The CV curves of Zn//LFP cells were recorded within a voltage window of 0.9-2.0 V at a scan
rate of 0.2 mV s (Figure 1).

In Figure 1a2M ZnSO, electrolyte, the CV profile shows broad and poorly defined redox features.
A cathodic peak appears at ~1.07 V, while the anodic process is not fully captured.

Upon partial substitution with Li,SO, (1.5M ZnSO, + 0.5M Li,SO,), the electrochemical
response improves significantly. The reduction peak lies at ~1.10-1.15 V, while the oxidation exhibits
a shoulder at =1.42 V. With repeated cycling, the anodic peak stabilizes upon cycling, indicating
reduced polarization and enhanced reversibility.

The equimolar mixture (IM ZnSO, + 1M Li,SO,) displays the sharpest and most symmetric
peaks. The reduction peak is centered at ~1.15-1.19 V, while the oxidation peak occurs at ~1.34-
1.48 V, yielding the smallest AE among all electrolytes. The strong current responses and nearly
overlapping cycles demonstrate highly reversible Zn plating/stripping [19]. This composition thus
provides the most favorable balance between Zn?>* concentration and Li".
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Figure 1 — Cyclic voltammograms of Zn//LFP cells: a) 2M ZnSO,,
b) 1.5M ZnSO, + 0.5M Li,SO,, ¢) IM ZnSO, + IM Li,SO,,
d) 0.5M ZnSO, + 1.5M Li,SO, and €) 2M Li,SO,

Further increasing the Li,SO, fraction (0.5M ZnSO, + 1.5M Li,SO,) maintains sharp and
reversible peaks at 1.12-1.16 V and = 1.34-1.40 V. However, the overall current densities are lower
than in the equimolar electrolyte, reflecting reduced Zn?" availability. This suggests a trade-off
between dendrite suppression and charge storage capability when Zn?** concentration is diluted.

In the absence of ZnSO, (2M Li,SO,), the CV curves no longer display clear Zn*'/Zn redox peaks.
Instead, broad anodic responses are observed at ~1.40-1.50 V with an additional weak shoulder.
This confirms that Li,SO, alone cannot sustain Zn plating/stripping and mainly drives parasitic side

reactions.
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Figure 2 — Charge-discharge profiles of Zn//LFP cells in different
electrolytes between 0.9-1.4 V
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To validate the CV results, the cycling performance of Zn//LFP cells was further examined
under repeated galvanostatic charge-discharge (Figure 2 and 3). The charge—discharge curves show
clear differences across electrolytes. Pure ZnSO, exhibits large polarization and low capacity, while
partial Li,SO, substitution improves reversibility and sharpens voltage plateaus. The equimolar
IM ZnSO, + IM Li,SO, delivers the highest and most stable capacity with minimal hysteresis. In
contrast, Li,SO, alone provides steep sloping curves with very low storage, confirming the absence
of reversible Zn* electrochemistry and indicating that the observed capacity mainly originates from
side reactions rather than effective charge storage. In terms of cycling performance, the 2M ZnSO,
electrolyte exhibits, the capacity rapidly declines from ~40 mAh g to around 10 mAh g' within 15
cycles. A similar rapid fading is observed in the 2M Li,SO, electrolyte, which delivers <10 mAh g
after only a few cycles. By contrast, the mixed ZnSO,-Li2SO, electrolytes exhibit markedly better
cycling stability. Both the 1.5M ZnSO,+ 0.5M Li,SO, and 0.5M ZnSO,+ 1.5M Li,SO, compositions
stabilize around 85-95 mAh g! after initial activation, retaining most of their capacity over 30 cycles.

The best performance is achieved with the equimolar 1M ZnSO,+ IM Li,SO, electrolyte,
which maintains ~165-169 mAh g' [20] over 20 cycles with minimal fading, confirming highly
reversible Zn plating/stripping and excellent interfacial stability. These results strongly corroborate
the CV findings: while single-salt electrolytes suffer from poor reversibility and rapid capacity decay,
mixed Zn-Li electrolytes, especially the equimolar formulation, ensure stable and reversible cycling
behavior.
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Figure 3 — Cycling performance of Zn//LFP cells in different electrolytes

In addition to capacity retention, the coulombic efficiency (CE) of the cells was evaluated to
assess the reversibility of the electrochemical processes (Figure 3). The mixed ZnSO, — Li,SO,
electrolytes exhibit consistently high CE values close to ~98—100% throughout cycling, indicating
highly reversible Zn plating/stripping behavior.

In particular, the equimolar IM ZnSO, + IM Li,SO, electrolyte demonstrates the most stable CE
(~99 — 100%), confirming minimal parasitic reactions and enhanced interfacial stability. In contrast,
the 2M ZnSO, electrolyte shows slightly lower CE values, which can be attributed to side reactions
such as hydrogen evolution and dendrite formation.

These results further confirm that electrolyte optimization with Li,SO, effectively improves both
reversibility and cycling stability of aqueous Zn-ion batteries.

Further, the surface morphologies of Zn anodes after 30 cycles in different electrolytes were
examined by SEM (Figure 4). In the 2M ZnSO, electrolyte (Figure 4a), the surface is covered with
large, irregular dendritic structures with lengths exceeding 1 pm (1.3—1.6 pm), indicating severe Zn
dendrite growth and uncontrolled deposition. Such morphology explains the rapid capacity decay
observed during cycling [16].
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In the 1.5M ZnSO, + 0.5M Li_ SO, electrolyte (Figure 4b), the dendritic features are partially
suppressed, but the surface still exhibits scattered plate-like deposits and roughness, reflecting
incomplete stabilization. A more uniform morphology is obtained in the 1M ZnSO, + 1M Li,SO,
electrolyte (Figure 4c), where the Zn surface is smoother and dendritic protrusions are largely absent.
This confirms that the equimolar mixture promotes homogeneous Zn nucleation and growth.For the
0.5M ZnSO, + 1.5M Li,SO, electrolyte (Figure 4d), the Zn deposits are finer and less aggregated
compared to pure ZnSO,, though scattered needle-like features are still visible. The reduced Zn*
concentration leads to thinner deposits, which may limit capacity despite improved stability. Finally,
in the 2M Li,SO, electrolyte (Figure 3¢), the surface is dominated by irregular flakes and byproducts,
lacking well-defined Zn deposits. This correlates with the poor electrochemical performance observed.

Taken together, the SEM results confirm that Li,SO,-modified electrolytes suppress dendrite
formation and promote smoother Zn deposition, with the 1:1 ZnSO,-Li,SO, mixture producing the
most uniform surface morphology, in line with electrochemical data.

Figure 4 — SEM images of Zn anodes after cycling: a) 2M ZnSO,,
b) 1.5M ZnSO, + 0.5M Li,SO,, ¢) IM ZnSO, + IM Li,SO,,
d) 0.5M ZnSO, + 1.5M Li,SO, and €) 2M Li,SO,

To further understand the origin of the improved electrochemical performance, the possible
mechanisms are discussed below. The improved electrochemical performance in Li,SO, -containing
electrolytes can be attributed to two possible mechanisms. First, Li* ions modify the Zn?** solvation
structure, reducing the number of free water molecules in the Zn?* solvation shell. This suppresses
parasitic hydrogen evolution and promotes more uniform Zn deposition. Second, Li* may contribute
to the formation of a more stable solid-electrolyte interphase (SEI), composed of inorganic species
such as L1,CO, and L1,SO, — derived compounds, which protects the Zn surface and inhibits dendrite
growth. Although direct evidence of SEI formation was not obtained in this study, the improved
cycling stability and smoother morphology observed by SEM indirectly support this hypothesis.

The obtained results are consistent with recent advances in aqueous zinc-ion batteries, which
highlight the critical role of electrolyte engineering in improving Zn anode stability and electrochemical
performance. Previous studies have shown that tailoring the Zn?* solvation structure, cycling
stability [21] and introducing Li" — based additives can effectively suppress parasitic reactions,
enhance Coulombic efficiency, and mitigate dendrite growth [22]. In most reported systems, modified
electrolytes typically achieve capacities in the range of 90-150 mAh g' depending on electrolyte
composition [23]. In contrast, the equimolar ZnSO,~Li,SO, electrolyte (IM + 1M) investigated in
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this work delivers a higher specific capacity of ~165-169 mAh g, along with improved cycling
stability and more uniform Zn deposition morphology.

These findings indicate that precise control of the Zn**/Li* ratio plays a decisive role in optimizing
ion solvation structure and interfacial processes, leading to superior electrochemical performance
compared to previously reported electrolyte systems.

Conclusion

In this research, the electrochemical behavior of Zn//LFP cells was investigated in different
aqueous electrolytes. The results show that mixed ZnSO,~Li,SO, electrolytes significantly enhance
Zn*" plating/stripping reversibility and cycling stability compared to single-salt systems. Among the
tested formulations, the 1M ZnSO, + 1M Li,SO, electrolyte exhibited the best overall performance,
delivering the highest capacity, excellent retention, and uniform Zn morphology. Overall, our results
demonstrate that electrolyte engineering with Zn-Li co-salts is a viable route to achieving stable
aqueous Zn-ion batteries, as evidenced by the IM ZnSO, + IM Li,SO, system delivering ~165-169
mAh g with excellent retention.
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"Hazap0aeB Yausepcuteti, MHxeHepus xoHe U(PIIBIK FRUTBIMIAP MEKTEOI,
XUMMSITBIK KOHE MaTepuaiap HHKeHEePHCH JernapTaMenTi, Actana K., Kazakcran
“National Laboratory Astana, HazapbaeB YuuBepcureri, Actana K., Kazakcran
3KaHa marepuaniap )KoHe IHEPreTUKAIBIK TEXHOJIOTUsIAP HHCTUTYTHI,
Hazap6aeB YuuBepcureTi, Actana K., Kazakcran

TY¥PAKTbI CYJIbI MbIPBIII-UOH/JIBIK AKKYMVYJIATOPJTAP
YIIIH ZNSO, - LLSO, JIEKTPOJIUTTEPTH OHTAUJIAH ABIPY

AnjiaTtna

Cynbl MBIpBITII-HOHAB! Oatapesinap (AZIBs) kayirnci3, ap3aH yKoHE dKOJIOTHSUIIBIK Ta3a SHEPTHs caKTay JKyie-
JepiHiH OoJamIarsl 30p TyprepiHin 0ipi O0IbIT caHaIagbl. ANaiiia, MBIPBIII AHOIBIHBIH TYPAKCHI3IBIFBI, COHBIH I H/E
0aKplIayCh3 JCHAPHUTTIK OCY, CyTEriHIH 06iHYi )KOHE MBIPBIILITHIH KaUTHIMCBI3 KAaNTaIy/IIBIFAPbLTY MPOLIECTEpI
OJIapJIblH ayKbIMJIbl KOJIIaHBUTYbIHA Kelepri KenTipei. by Mocenenep ChIBIMIIBUIBIKTBIH T€3 TOMEH/ICYIHE KOHE
KBI3MET €Ty Mep3iMiHiH KbICKapybIHa okesesl. OcblFaH 0aiIaHbICThI AIEKTPOIUTTI OHTAMIAH/BIPY aHOATHI TYPaK-
TaHJIBIPYABIH KaparaibiM api THIMAI TOCLTI PeTiH/e epeKiie MaHTe ne. JKyMBICTBIH MaKcaThl — opTYPill Kypam/Iarsl
ZnS04-Li,SO, anexrpomutrepiia (2 M ZnSO,4, 1.5 M ZnSO4 + 0.5 M Li;SOy4, 0.5 M ZnSO4 + 1.5 M Li,S04, 1
M ZnSO,4 + 1 M Li,SO, xone 2 M Li,SO,4) MBIPBIII aHOABIHA dCEPiH JKYHETi Type 3epTTey. DMeKTPOXUMHUSIBIK
cunarramaiap HUKIaik BojasTaMmmerpus (CV), rainbBaHOCTATHKAJIBIK 3apsii-pa3psijl ChIHAKTAPhl apKbLIbI 3€PTTEI,
aJl UUKIICY/IeH KeHiH aHoj OeTiHiH MOP(OIOrHsCHl CKaHepieylli MNEKTPOHABIK MUKpockonus (COM) anicimeH
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tanpanasl. Hotwxkenep ZnSO, anexrpomutine Li;SO4 Ty3biH eHrizy Zn** HOHIapbIHbIH CONbBATALUSIBIK OPTACHIH
©3TePTETiHIH KOPCETTi, COHBIH apKAChIHIa MBIPBIIITHIH KA THIMIBLUIBIFBI aPTHII, TEHAPUTTEPIIH TY3UTyi OoceHaei.
Ocipece, apanac IEKTPOIUTTep Oip KOMIOHEHTTI XYHeJIepMeH CalbICThIPFaHIa TOMEH MOJSPHU3AIUSIHBI KOHE
afKbIHBIpaK KepHEY KUCBHIKTapbiH KopceTTi. OnapapiH iminge 1 M ZnSO,4 + 1 M Li;SO,4 TeHMOISpITBl KypaMbl €H
OHTAMJIBI HATIIKEIIEPTe KOJI JKETKI3/1i: TYPaKThl IIUKJIEY, TOMEH HHTepdeHCTiK Kenepri xaHe OipTeKTi, IeHIPUTCI3
Mopdostorust. Ocbliaidia, IEeKTPOIUTTIK HHXEHEPHST MBIPBILI aHOATAPBbIH TYPaKTaHABIPYABIH THIMII 9/1ici OOJIBII
TaObIIa bl JKOHE OoJamiaKTa Cyiabl MBIPBIII-MOHIBI Oarapesuiapabl ipi KeleMJli SHeprusl cakray MaKcaThIHa
JAMBITYFa )KaHA MYMKIHIIKTEp aIlajIbl.

Tyiiin ce3aep: CyJIbl MBIPBIII-HOH/Ib AKKYMYJISITOPBI, ZN aHOJI, JIEKTPOJINT, IUKIJIK BOJIBTAMMETPHSL, ICH/IPUT.
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!JlenapTaMeHT XUMHUYECKON M MaTEpUATOBEIYECKON HHKEHEPHH,
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ONTUMM3ALUSA JTEKTPOJIUTOB ZNSO - LI SO,
JJIAA CTABUJIBHBIX BOJAHBIX HMHK-UOHHbBIX BATAPEU

AHHOTALUSA

BonHbie nrHKOBEIE aKKyMYyATOpPH (AZIBS) paccmaTpuBaroTcsl Kak OJHH M3 HanOoIee MepCIeKTHBHBIX KaH-
JMIaTOB A7Ist 0€301aCHOT0, HEZOPOTOTO U SKOJIOTHUECKH YHCTOTO HAKOTIICHHSI SHEprun. TeM He MEHee UX MPaKTH-
YecKoe MPUMEHEHHE OTPAaHUYEHO HECTAOMIBHOCTHIO IMHKOBOTO aHO/A, BEI3BAHHON HEKOHTPOIUPYEMBIM POCTOM
JICHIIPUTOB, BBIJICJICHUEM BOJIOPOAA U HU3KOH OOpaTMMOCTBIO MPOIECCOB OCAXKICHUS/PACTBOPEHUS IMHKA. DTH
(haxTOpBI TPUBOIAT K OBICTPOH JIerpaallii EMKOCTH M COKPAICHUIO CPOKa CIIy>KObI Oarapen. B cBs3u ¢ aTiM or-
TUMM3ALHS SJIEKTPOIIHUTA SBISICTCS (P QEKTUBHBIM M IOCTYITHBIM ITOX0/IOM K cTabmim3anuy aHoza. Llenpto paboTs
ABJIAETCSA CHCTEMATHYECKAs OLIEHKA MOBEEHHS IIMHKOBOTO aHO/a B DJIEKTPOJIMTAX PasIMdHoro cocrasa 2M ZnSO,,
1.5M ZnSO, + 0.5M Li,S0O,, 0.5M ZnSO, + 1.5M Li,SO,, IM ZnSO, + 1M Li,SO,, u 2M Li,SO, Dnexrpoxnmu-
YECKHE XapaKTePUCTUKH MCCIIEOBAHBI METOIAaMHU IIUKINYECKol BoasTammnepoMeTpuu (CV), raibBaHOCTaTHYECKO-
ro HUKJIUPOBAHMS M MIOCIIE UCIIBITAaHUH MOP(]OJIOrHs MOBEPXHOCTH aHAIM3UPOBANIACH C TIOMOILBIO CKAaHUPYIOLIEeH
3J1EKTPOHHOH MuKpockornu (COM). Jlannble nokasanu, uto nobasienue Li,SO, B pactBop ZnSO, cymiecTBeHHO
H3MEHSIET CONbBATALMOHHYI0 000JI04KY Zn*", yiydiias 00paTUMOCTh NPOLIECCOB OCAXICHUsI/PACTBOPEHHS H IO/~
BIISASL pOCT JeHAPHUTOB. CMEIIaHHbIE 3IEKTPOIUTHI IIPOIEMOHCTPHUPOBAIIH O0JIee YETKHE BOJIBT-aAMIIEPHbIEC TTIPODUITN
¥ MEHBIIYIO TOJIIPU3AIMIO 110 CPAaBHEHHIO C OHOMOHHBIMH cuctemamu. Hanbonee cOanaHcupoBaHHbBIE XapaKTe-
PUCTHKH TOCTHIHYTHI B onekTponute 1M ZnSO, + IM Li,SO, : obecnieuenbl cTabuibHOE UMKIUPOBAHUE, HU3KOE
MeK(pa3HOe CONPOTUBIICHNUE U OIHOPOHAs Oe3neHapuTHas Mopdoorus. Takum o0pa3zom, HHIKEHEPUS! IEKTPO-
JIUTA SIBIISICTCS] IPAKTUYECKAM M MAacIITA0MPYEMbIM PELICHHEM JIUTsl CTaOMIIN3aIMY IIMHKOBBIX aHO/IOB M OTKPHIBA-
€T MyTh K CO3/J[aHUI0 BBICOKO3()(EKTUBHBIX BOAHBIX AKKyMYJISITOPOB ISl KPYITHOMACIITAOHBIX CHCTEM XPaHCHUS
SHEPTHH.

KuroueBble cj10Ba: BOIHBIC [IMHK-HOHHBIE aKKYMYIATOPHI, ZN-aHOA, 3JCKTPOJINT, [IUKINYECKas BOJIBTaMIIe-
poMeTpusl, NEHAPUT.
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