FOPEHUE U IJIABMOXUMUA 20 (2022) 191-197

https://doi.org/ 10.18321/cpc545
ELECTRODE MATERIALS FOR LI-ION BATTERIES
BASED ON DIATOMITE
D. Assylkhanova'?, M. Nazhipkyzy'**, A. Maltay'?, A. Zhaparova?, A. Niyazbaeva*

Institute of Combustion Problems, 172, Bogenbay Batyr str., Almaty, Kazakhstan
2Al-Farabi Kazakh National University, 71, al-Farabi ave., Almaty, Kazakhstan

Abstract

Energy is a fascinating field that has been developing rapidly for many years. Various articles about alternative
energy sources, batteries, and supercapacitors are being published today. This article is about the lithium-ion
battery. The batteries come with three specific parts, one of which is the anode. In this area, electrons accumulate,
which provide power to electrical devices. Since 2011, graphite anodes have been most commonly used in lithium
batteries. Silicon is a tempting proposition for scientists working on next-generation lithium batteries with the
potential to hold many times more energy than graphite. Silicon is a promising material for the anodes of lithium-
ion batteries of a new generation since, in the process of electrochemical introduction, it can accumulate a large
amount of lithium (up to 4.4 Li atoms per Si atom) and provide very high values of specific capacity (4200 mAh/g).
The present article overviews the prospects for using diatomaceous earth (DE) (from the Mugalzhar region) in
the continuous expansion of energy science and technology. Environmentally friendly silicon dioxide and silicon
production, diatomaceous earth has the necessary nano-microstructure, which offers the advantages inherent in
existing and new applications in electrochemistry, catalysis, optoelectronics, and biomedical engineering. Silicon,
silicon, and silicon-based materials are useful for energy storage and storage applications. Also, for comparison,
the surface of the DE was modified with nanotubes. The electrode material has been characterized by EDAX,
SEM, BET, and electrochemical techniquesc. The results obtained showed the advantage of modified diatomite
(specific surface area - 188.9 m?/g and particular capacity of the battery - 120 mA-h-g™') compared to unmodified

(specific surface area - 39.1 m?/g and a particular degree of the battery - 100 mA-h-g1).
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1. Introduction

Most natural materials have a large,
hierarchical organization, which remains an area
of great interest to researchers today. One such
naturally occurring material is DE, formed after
forming cell walls of amorphous silica cells of
dead diatoms in marine sediments. Diatomite,
also known as diatomite, was initially discovered
in 1836 by German farmer Peter Casten and has
long been mined in about 30 countries. DE is
characterized by unique properties such as high
porosity, lightweight, small particle size and
high surface area, chemical inertness, and low
thermal conductivity, thus paving the way for
many applications. It is usually like a pale powder.
The typical particle size range reported for DE

*OmeemcmeeHHblll asmop
E-mail: meruert82@mail.ru(M. Nazhipkyzy)

is approximately 10-200 pm. Regardless of the
source of diatomite, SiO, is present as the main
phase. Other phases in DE: CaO, MgO, Fe,0; and
Al,0; [1].

Theuse ofdiatomaceousearthbegan2000 years
ago. Reports show that the Greeks used diatoms
in ceramics and bricks [2]. Typically, DE additives
are found as filter aids, functional additives,
absorbents [3], natural insecticides, and materials
for soil improvement. Recently, diatomite has
received considerable attention in the scientific
community. DE offers a unique way to imitate
nature by using it as a template and precursor
for materials with the necessary nanostructures.
Most of today’s materials are expected to have
nano-micro structures to meet the multiple
functionalities of specific applications. Materials
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that exhibit the required properties at the macro
scale are often subject to failures due to chemical,
thermal, electronic, or mechanical processes at the
nano and micro scales. An outstanding example is
a possibility of using silicon as an anode material
in lithium-ion batteries. This area is well explored,
continues to be explored, and remains a potential
game changer in battery technology. It is known
that the theoretical capacity of silicon is higher
than graphite [1].

The focus on diatomite earth has yielded many
interesting results, based on which excellent
research has been reported on the use of
diatomaceous earth in energy conservation [4-16].
In [4-10] magnesiothermic method of diatomite is
used to obtain pure silicon by the equation

2Mg + Si0, —» 2MgO + Si

and its application as an anode. Electrochemical
evaluation indicates that the diatomaceous
earth could be a promising precursor of porous
silicon anode material. The composite electrode
using diatomite was manufactured by pyrolysis
methods [11], electrostatic spinning technology
[13]. In [12] study, a composite separator was
prepared by coating a diatomite/polyvinylidene
fluoride (PVDF) mixed slurry on the polyethylene
terephthalate (PET) nonwoven in order to apply
to lithium-ion batteries.

Diatomite has also found application in
new generation batteries - supercapacitors or
ionistors. For example, FeOOH nanosheets on
porous diatomite have been successfully prepared
by a facile two-step hydrothermal approach for
supercapacitors [14]. The work [15] demonstrates
a new and simple approach for fabrication a
complex three-dimensional (3-D) composite for
supercapacitor based on hollow diatom silica
structures combined with interconnected coatings
of TiO, nanospheres and MnO, mesoporous
nanosheets (diatomite@TiO,@MnO,). The coating
process is based on hydrolysis and metathetic
reaction of TiF, precursor followed by the reaction
with KMnO,, which allows the coating of internal
and external surface of diatom hollow structure
with TiO; and MnO, layers. In [16] work, diatomite
isusedasthe poroustemplate for the in-situgrowth
of graphene layer, subsequently the CNTs arrays
are uniformly grown on the graphene surface to
form a hierarchical conductive framework.

Among the numerous modern composite
materials, electrochemical materials are of
great interest, which have highly complex
properties and characteristics, particularly

anode composites of the carbon-nano dispersed
silicon system [17-19]. Carbon and silicon anode
matrices have attracted attention in recent years
as anode materials, being a cheaper and more
effective alternative to diamond matrices. Among
carbon allotropes, the electrically conductive
properties of CNTs were recognized after their
official discovery in 1991, and they are regularly
investigated as a filler in composites. Improving
and/or tailoring the electrical conductivity of
CNTs is not a novel idea, and multiple efforts to
achieve higher performance have been reported,
and most of them have focused on the doping of
CNTs [20].

The purpose of the experiments described in
this article was to obtain an anode from carbon
nanotubes grown on the surface of diatomite. The
utilization of this material as a substrate combines
the advantage of both CNTs and diatomite, opening
a promising potential application [21].

2. Materials and Methods
2.1 Synthesis.

Diatomite (sample 1) was treated with
hydrochloric acid (HCI) (ratio of mineral to acid
1:14) at a temperature of 90°C for 2 h. Then the
diatomite was washed into a neutral medium
with distilled water. The medium’s neutrality
was measured by a universal indicator (pH~6-7).
Then the samples were dried in a drying oven and
cabinet, and the diatomite was calcined in a tube
furnace at 500 °C.

Diatomite with carbon nanotubes (Diatomite/
CNT) (sample 2). Carbon nanotubes were
synthesized by chemical catalytic vapor
deposition, described in [22]. The growth process
was carried out by catalytic decomposition of
a propane-butane gas mixture on a diatomite
substrate with a pre-prepared catalyst. The
method of producing carbon nanotubes includes
impregnating diatomite with an alcohol solution
of Ni(NO3),*6H,0, drying, and heating the reactor
to a temperature of 800 °C in an inert media.
The propane-butane gas mixture is then passed
for 30 min at a rate of 90 cm3/min. The reactor
is cooled to room temperature in argon for
1-1.5 h. Then remove the catalyst with carbon
deposited on it. Thus, the catalyst particle adsorbs
the initial carbon-containing compound and
promotes the dissociation of this compound. The
resultant carbon diffuses into the catalyst volume
and, reaching saturation, forms nanotubes and
nanofibers on the surface of the catalyst particle.
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The obtained samples were examined by
Scanning Electron Microscope analysis (SEM),

Energy Dispersive X-ray analysis (EDAX),
Brunauer-Emmett-Teller (BET) surface area
analysis.

2.2 Battery assembling

Synthesized carbon materials were tested
as anode in a half-cell battery with lithium foil.
Diatomite (and CNT-diatomite), electroconductive
component acetylene black and polyvinylidene
fluoride (PVDF) in a weight ratio of 70:20:10 were
blended with N-methyl-2-pyrrolidone (NMP). In
case of other carbon materials (apricot stone, rice
husks, walnut shell) a weight ratio was 80:10:10.
Then the slurry was casted on the surface of the
copper foil, dried in a vacuum oven for 4 h at a
temperature of 60 °C. The prepared anode material
was tested in a CR2032 (MTI®) type cell. The coin
cell type batteries CR2032 were assembled in an
argon filled glove box (Ar 99.999%, LABmaster
Pro Glovebox, <0.1 ppm H,0 and O, MBraun,
Germany). The electrolyte solution consisted of 1
M LiPF6 in a mixture of ethylene carbonate, diethyl
carbonate and dimethyl carbonate (EC/DEC/DMC,
1:1:1 v/v). Celgard 2400 polypropylene was used
as a separator. Metallic lithium foil was used as
both reference and counter electrodes.

2.3 Electrochemical tests

Electrochemical tests (galvanostatic charge-
discharge cycling) were carried out in the range of
potentials from 0.01 to 3.0 Vand a rate of 50 mA/g
on a multichannel tester (Neware Technology Ltd.,
China).

3. Results and Discussion

The results of the EDAX analysis of samples
such as sample 1, sample 2 are shown in Fig.1.
It can be seen from X-ray diffraction results that
diatomite’s contain metals, as, Ti, Si. For synthesis
CNTs usually use hydrogen as a reducing agent,
in this case, as a reducing agent served carbon
that contains diatomite mineral. As shown by the
results of an EDAX analysis of a diatomite sample
after the synthesis of carbon nanotubes Fig. 1.
(b) there is high carbon content, as well as metal
particles as Ni it is because Ni(NO;),*6H,0 used
as catalyst. High carbon content can be attributed
to the formation of carbon nanotubes during the
decomposition of a propane-butane gas mixture
on the surface of diatomite.
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Fig. 1. EDAX analyses of samples: a - sample 1;
b - sample 2.

Scanning electron microscopic images were
obtained in accordance with elemental analysis,
for the samples, as diatomite, CNT on the surface
of diatomite (Fig. 2). Figure 2a shows a snapshot
of the treated diatomite, where you can see the
skeletons of diatoms and broken particles of
diatoms. Diatomite has a micro- and nanoporous
structure.  Multi-walled carbon nanotubes
obtained on the surface of diatomite presented in
Fig. 2b. The diameter of carbon nanotubes were in
the range of 78.4 to 81.8 nm.

A low specific surface area is characterized by
treated diatomite and CNTs synthesized on the
surface of diatomite, the reason for this is, most
likely, the presence of a large amount of mineral
components in the original precursor, which
prevents the formation of a highly developed
porous structure during the process of steam-gas
activation. This fact indicates the need to apply the
chemical activation method to this material with
the subsequent leaching of the mineral part.

Table 1 represents the results of the BET
analysis of samples.

The utilization of diatomite meneral as
a substrate combines the advantage of both
CNTs and diatomite. According to previous
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Fig. 2. SEM analyses of samples: a — sample 1; b - sample 2.

Table 1. The results of measurement of specific surface
by the BET method

Ne  Sample’s Specific Specific capacity of
name surface area, battery, mA-h-g*
m’/g
1 Samplel 39.1 100
2 Sample 2 188.9 120

investigations [23], we suggest that obtained
Sample 2 (Diatomite/CNT) is highly crystallized,
retains the porous structure of diatomite and
contains fewer impurities, therefore the specific
surface area increased in comparison pure
diatomite, Sample 1 (Table 1).

BET analysis shows that with an increase in
the specific surface area of samples, the specific
capacity of batteries increased.

The galvanostatic charge-discharge capacity
of the 1st, 2nd, 10th cycles of the half-cells and
cycling performance of electrodeswith prepared
electrodes are depicted in Fig. 3.

Due to the loose and porous structure of
diatomite, as well as the porosity and enhanced
surface area of composite materials based on
diatomite and CNT, it allows the added material
to mix with diatomite uniformly and increases
the chance of reaction; and more bioactive phases
are generated [24]. As reported in early papers,
a chemical reaction between lithium ions and
silica can lead to irreversible capacitance. The
electrochemical reaction involves SiO, that is
reduced to Si and the formation of amorphous
Li,O and crystalline Li,SiO,. These reactions is
considered as irreversible and corresponds to the
formation of SEI layer and the reduction of SiO,
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Fig. 3. Charge-discharge profiles of batteries with
carbon electrodes: a - sample 1; b - sample 2; c - cycling
performance of batteries with synthesized carbon
electrodes.
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[25]. The diatomite/CNT composite delivers a
high discharge than pure diatomite of about 250
mA-h-g*. After 120 cycles, the discharge capacity is
reduced to 150 mA-h-g™. Cells based on diatomite
maintain a reversible capacity of 100 mA-h-g%.

4. Conclusions

Diatomite mineral (from Mugalzhar region)
and carbon nanotubes grown on the surface of
diatomite were used as electrodes for lithium-ion
batteries. The obtained samples were examined
by Energy Dispersive, X-ray analysis, Brunauer-
Emmett-Teller analysis. The battery with sample 2
performed high performance of 120 mA-h-g* over
150 cycles.
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BJICKTI)OAHBIB MaTepHuaJbl HA OCHOBE JUATOMMU-
Ta AJIA JIMTUM-UOHHBIX AKKYMYJIATOPOB

J. AcpuixanoBa?, M. Haxunkbisbi“?*, A. Masraii'?,
A.Xanaposa?, A. Husz6aeBa®

'MHCcTUTYT mpo6JieM ropeHwus, yia. boren6ail 6aTbipa,
172, Anmatsl, KazaxcTaH

?KazaXCKU¥ HAallMOHAJbHBIN YHUBEPCUTET UM. aib-Pa-
pa6y, np. anb-Papaby, 71, Anmatsl, Kazaxctan

AHHOTanusa

JHepreTuka - 4ype3BblYaHO WHTEpecHas 06-
JIaCThb, KOTOpasi CTPEMHUTEJIbHO Pa3BUBAETCS yKe
MHOTO0 JieT noApsj. CerogHs Ny6JUKyIOTCS caMble
pa3Hble CTaThbU 00 a/IbTePHATUBHBIX UCTOYHHUKAX
3HEpPruM, aKKyMyJsiTOpax U CylepKOHJeHcaTo-
pax. 3Ta cTaThbsl O JIMTUWN-UOHHOM aKKyMYJISITO-
pe. AKKyMy/nAATOPBI COCTOAT U3 TPeX OTHAeJbHBIX
yacTel, OJjHAa U3 KOTOPBIX SIBJISETCS aHOJOM.
MMeHHO B 3TOM 06/1aCTH CKaMJIUBaIOTCS 3J1EKTPO-
Hbl, 00ecrneyrBawIle MUTAaHUE 3JIEKTPUUECKUX
yctpoiictB. C 2011 rosa B JUTHEBBIX GaTapesx
Jalle BCEro UCMOJb3YITCSA IPadUTOBbIE aHO/bI.
O6s1afasi MOTEHLUHMAJNOM yAepKUBAaTb BO MHOTO
pa3 6o0Jibllle SHEPTUH, YeM rpadUT, KDEMHUN SB-
JiileTCsl 3aMaH4YUBBIM NpeJJIOKeHUEeM JJis yye-
HbIX, paboTaWIIUX HaJ JUTUEBbIMU GaTapesMu
cilefywuiero mnokoJsieHus. KpeMHuul sBisercs
NepCrneKTUBHBIM MaTepHhaJoM [JJsl aHOAOB JIU-
THUU-MOHHBIX aKKyMYJSITOPOB HOBOTO IOKOJIe-
HUs, TaK KaK B Npolecce 3JIeKTPOXUMUYECKOTr 0o
BBeJleHUsl COCOOEH HaKalJUBaThb 60JIbIIOE KO-
audecTtBo autus (Ao 4,4 atoma Li Ha aTom Si) u
obecneynBaTb OYeHb BbICOKHE 3HAUYEHMUS y/eslb-
Hoil eMKkocTH (4200 MA4/r). B HacTosel cTaTbe
paccMOTpeHbl NePCHEKTUBBI UCN0JIb30BaHUA KHU-
3eabrypa (/13) (Myramkapckoro paloHa) B CeK-
TOpe HeNpepbIBHOTO Pa3BUTHUS 3HEPTETHUYECKOU
HAyK{A U TEXHUKU. JKOJIOTUYECKU YUCTHIA JUOK-
CUJI KPEMHUS U IPOU3BO/ICTBA KPEMHUS, KU3EJIb-
r'yp UMeeT HeO6X0JUMYI HAHO-MUKPOCTPYKTYPY,
KOTOpas npejJiaraeT NperuMyllecTBa, IpUCyLide
CYILeCTBYIOIIMM U HOBBIM NPUJIOXKEHUSM B 3JIEK-
TPOXUMUH, KaTaju3e, ONTO3JEKTPOHUKE U OHO-
MeJUIUHCKOW WH)XeHepuu. Bbblio o6GHapyKeHOo,
YTO KPEMHHUU, U MaTeEpPUAJIbl HA OCHOBE KPEMHUS
M0JIE3HBI JIJII XpAaHEHUs U HAKOILJIEHUS SHEPTHUU.
Takke [/ cpaBHeHMsI MOBepPXHOCThb /19 6blia
MofudULMpOBaHa HAHOTPYOKaMU. JJIEKTPOJ-
HbIM MaTepHaJl OblJI 0XapaKTepHU30BaH MeTO/laMHU
EDAX, SEM, BET u s/1eKTpOXMUMHUYECKUMUA METO-
JaMmu. [losydyeHHble pe3ysibTaThl NOKa3alu Npe-
HMYIIECTBO MOAUMPHUIIMPOBAHHOIO JUATOMHTA

(ynenbHast moBepxHOCTh — 188,9 M?/T U yneabHast
€MKOCTh aKKymyJissiTopa — 120 MA-4/r) mo cpas-
HEHUIO0 C HeMoJUULUPOBAaHHBIM (yAesibHas Mo-
BepxHOCTb — 39,1 M%/T U yie/ibHAsA EMKOCTb aKKY-
mynasitopa) - 100 mA4/r).

Karouessle caosa: juatoMut, YHT, asnekTpoxuMuyieckui
3JIEKTPO/, AKKYMYJISITOPBI.
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AHHOTanUA

JHepreTUKa - OyJ KONTereH XbLiJap OOMUbI
KapKbIH/bl JaMbIll KeJle KaTKaH eTe KbI3bIKThI
casa. Byrinri Ttanga 6Gasamasibl 3HEpPrHUs K63-
Jlepi, 6aTapesyiap XK9He CyNepKOHJeHcaTopJap
TypaJibl dpTYpJli MaKaJajap »apusiaHazbl. by
MakKaJsia JUTUH-UOHABIK O6aTapes TypaJbl. baTa-
pesiiap yu 6esiek G6JIiKTeH Typajbl, OJIap/blH
6ipi aHog. [las1 ocbl aliMaKTa 3JIEKTPOHJAP KU-
HaJIblll, 3JIEKTP KYpBbUIFbLIApblHA KyaT Oepeji.
2011 »xpLigaH Gactam TrpaduT aHOATApPbl JIM-
TUU 6GaTapesilapblHZA Ui KoJJlaHblIaAbl. ['pa-
buTke KaparaHJla GipHelle ece K6I 3HEPTUSHbI
CaKTaUTBIH dJieyeTi 6Gap KpeMHUW JUTUH 6GaTa-
pesilapbIHbIH, KeJieci GYbIHBIHJAA KYMbIC icTeil-
TiH FaJAbIMJApP YUIiH KbI3BIKTbI YCBIHBIC GOJIBII
Tabbl1aabpl. KpeMHUH kaHAa OYbIHHBIH, JTUTUU-U-
OH/IBIK aKKyMyJSITOPJapblHbIH aHOATAaphbl YIIiH
nepcrneKTUBaJbl MaTepua O60JIbIN TabblLIa/bl,
OWUTKEHI 3JIEKTPOXUMHUSAJBIK EHri3y Ke3iHzAe OJ
JUTUNAIH Kenl MeJiuepiH (Si atombiHa 4,4 Li aTo-
MbIHA JIefiH) )KUHAKTaH aJ1afibl )KOHE 6Te YKOFaphI
MoH/JEepAi KaMTaMachl3 eTe/li. MEHIIIKTi ChIMbIM-
AbLabIFbl (4200 MAY/r). By Makasaza aHepreTu-
KaJIbIK FbIJIBIM MeH TeXHUKaHbIH, Y3/iKCi3 JaMybl
ceKTopbiHJa guatoMAbl xepai (AK) (Myramkap
ay/llaHbl) maijjlalaHy TMepcleKTUBasapbl Kapa-
CTBIPbLIA/Ibl. JKOJIOTUSJIBIK Ta3a KPEMHUU KoHEe
KpeMHUU 6HJipici, KHU3eJbryp 3/eKTPOXUMHUS,
KaTaJjiu3, ONTO3JIEKTPOHUKA >Xd9He O6HOoMeauLU-
Ha/IbIK, WHXXeHepusiaFbl Oap oHe aHa KOJ-
JlaHbOaJslapFa TOH apThIKUIbLIBIKTAP/bl YChIHATHIH
MaHbI3/lbl HaHO-MUKPOKYpblIbIMFa ue. Kpem-
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HUH, KDEMHUH KoHe KpeMHHUH Heri3iHferi MaTe-
puanjap sHeprusHbl CakKTay >KoHe caKTay YLIiH
navjganbl ekeHi aHbIKTaaAbl. CoHAal-aK, caJibl-
cToipy yiuiH DE 6eTi HaHOTYyTiKlLIesepMeH MOAU-
dbukanuanaybl. INeKTPoATHIK MaTepuan EDAX,
SEM, BET :xoHe 3JIeKTPOXUMUSJIBIK, dJjiCTepMeEH
CUMATTaJAbl. AJBIHFAH HOTHXKeJsep MoAUPUKa-
IUsIJIaHFaH JUATOMHUTTIH (cnenmupuKaibIK OeTi

- 188,9 M?/r koHe AaKKyMyJSTOP/bIH MeHIIiKTi
CBIMBIMABLIBIFBI — 120 MA4Y/T) MomuduKanus-
JlaHGaFaHMeH caJIbICThIpFaHAa (MeHLIiKTi 6eTi -
39,1 M?/r K9HE aKKyMYJIATOPAbIH MEHIIIKTI ChIi-
BIM/IBLJIBIFBI) APTHIKIBIIBIFBIH KepceTTi — 100
MA4Y/T).

Kinm cesdep: nuatomuTt, KHT, 3/1eKTpOXUMUSAIBIK 3J1€K-
Tpoz, 6aTapesiiap.



