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The influence of nanostructured carbon additives to the functional electrode
characteristics of lithium-ion batteries

This research is devoted to the study of the effect of nanostructured carbon additives on the functional charac-
teristics of a positive electrode based on vanadium oxide for lithium-ion batteries. It has been shown that the
use of carbon nanotubes and graphene oxide instead of traditional carbon black significantly increases the
specific characteristics of the electrode. Also the improvement of the specific characteristics of the positive
electrode in lithium-ion batteries when using graphene.and carbon nanotubes instead of carbon black was
proved. This effect is explained by an increase in the speed of movement of lithium ion inside the material,
due to the higher conductivity of nanotubes and graphene, and a more compact contact of crystals. It is due to
higher electronic conductivity of carbon nanotubes and graphene compared to conventional carbon black. In
addition, the intercalation of quasi-one-dimensional (nanotubes) and quasi-two-dimensional (graphene) struc-
tures into the electrode makes possible to ensure a more compact contact of active substance particles with a
current collector. This helps to reduce the mass fraction of the conductive additive in the electrode structure
and increase its specific parameters. It is shown that the use of graphene and carbon nanotubes as conductive
additives instead of conventional carbon black may increase significantly the specific characteristics of posi-
tive electrodes in lithium-ion batteries:

Keywords: nanostructured carbon additive, electrode, carbon soot, speed of Li-ion, Li-ion battery, carbon
nanotubes, graphene oxide, vanadium oxide.

Currently, lithium-ion batteries are the most commonly used chemical energy sources. Considering the
evolution of modern electronic devices there are clear trend to minimization and increased functionality. This
leads to a significant increase in energy consumption which, in return, requires the creation of more efficient
and compact energy sources.

Specific.energy lithium-ion battery is determined by specific characteristics of electrode materials and
first of all by the cathode material characteristics as it accounts for approximately 40 % of the mass of all
active/.components. In addition, the battery contains inactive components such as current collectors, separa-
tors; box, etc., which are necessary for the functioning of the battery.

Therefore, the problem of increasing energy efficiency of modern energy storage devices with re-
strictions imposed on the battery form-factor, on the one hand is related to the problem of obtaining and in-
vestigating new active electrode materials. On the other hand, it is important to search for new engineering
solutions that allow reducing the mass of inactive components, and thereby contributing to an increase in the
specific energy of the battery.

Among the most promising cathode materials the highlight vanadium pentoxide (V,0s), of which the
specific capacity reaches 400 mAh/g [1], that is 2-2.5 times exceeds the specific values of traditional posi-
tive electrode materials (LiCoO,, LiMn,0y4, LiFePO,). Vanadium oxide, like traditional cathode materials,
has low electron conductivity. Therefore, when forming a positive electrode, it is necessary to use a conduc-
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tive additive that would ensure the transport kinetics of lithium ions during the intercalation/deintercalation
into vanadium oxide structure. Typically, in commercial batteries, various carbon blacks are used as such an
additive (for example, TimcalSuperC45). Publications of recent years indicate that the use of various carbon
nanostructures, such as graphene and nanotubes, as conductive additives, can significantly improve the spe-
cific parameters of the electrodes of lithium-ion batteries [2—5].

This effect is due to the higher electronic conductivity of carbon nanotubes and graphene compared to
conventional soot. In addition, the introduction of quasi-one-dimensional (nanotubes) and quasi-two-
dimensional (graphene) structures into the electrode makes it possible to ensure a more intimate contact of
active substance particles with a current collector. This helps to reduce the mass fraction of the conductive
additive in the electrode structure and increase its specific parameters.

The purpose of this work was to study the effect of various nanostructured carbon additives on'the spe-
cific characteristics of a positive electrode based on vanadium oxide for lithium-ion batteries:

The procedure for preparing the electrode included several stages. At first stage, a cathode paste ‘con-
sisting of a hydrothermally synthesized vanadium oxide powder [1], a conductive additive and a polymer
binder, was needed. As conductive additives, carbon nanotubes (Oxal, RF), reduced graphene oxide obtained
by the modified Hammers method, or carbon black TimcalSuper C45 were used. Polyvinylidene fluoride,
hsv-900 (kynar), was used as a polymer binder. Dry components were added with'N-methylpyrrolidone, and
then the solution was mechanically stirred for 6 hours at 60 °C. The portion of dry substances in the solution
was 60—80 mg/ml. The mass loading of each of their dry components was determined by the ratio of 88.5 %
(vanadium oxide powder): 1.5 % (conductive carbonaceous additive): 10 % (polymer binder).

Figure 1. Micrographs of vanadium oxide electrodes with the addition of carbon black C45 (a),
reduced graphene oxide (b) and carbon nanotubes (c¢)
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After stirring, the solution was applied using an airbrush onto aluminum foil 20 pm thick. Further, the
sample was dried and electrodes with a diameter of 1.5 mm were formed from it. Electrochemical testing of
the electrodes was carried out in standard 2032 cells. Metallic lithium was used as a negative electrode. The
cells were assembled in a glove box in an argon medium with a moisture/oxygen level of not more than
0.1/1 ppm.

As a separator, polypropylene film Celgard 2500 was used. As an electrolyte, 1M LiCIO, solution was
used in a mixture of propylene carbonate with 1, 2-dimethoxyethane (PC:DME) with a ratio of 7:3 by vol-
ume. Galvan static cell cycling was performed on an 8-channel MTI-BST8-MA power supply analyzer in a
voltage range of 2—4 V. The charge/discharge current of the cell was set at a rate of 10 mA per gram of cath-
ode coating.

Figure 1 presents microphotographs of the surface of electrodes with different carbon additives: It can
be seen that the particles of all carbon additives are uniformly distributed over the surface of the electrodes.
In this case, if the soot particles form separate agglomerates (Fig. 1a), the flakes of the reduced graphene ox-
ide (Fig. 1b) and the carbon nanotubes evenly cover the vanadium oxide crystals. Presumably, due to the
morphology and large surface area, the two-dimensional flexible graphene sheet like particles and the long
fibers formed by the nanotubes should have a larger contact area with the active substance particles as op-
posed to the spherical soot particles, thereby providing the best electronic transport in the cathode material.
In addition, in view of the ability of the reduced graphite oxide and carbon/manotubes to form good coatings,
an increase in the adhesion of the paste to the aluminum foil is contemplated.
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-------- V205 -88.5%, C45 -1.5%
—V205 -88.5%, RGO-1.5%
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Figure 2. Galvan static Discharges/Charging Curves of Cells with a Positive Electrode
Based on Vanadium Oxide and Various Conducting Additives (1.5 wt.%):
Carbon nanotubes, reduced graphene oxide, and commercial TimcalSuper C45. The current is 10 mA/g

Figure 2'shows galvan static discharges/charge curves of electrodes with the same percentage of three
different conductive additives and the same amount of vanadium oxide. All curves are represented by a se-
ries of plateaus in the 2—4 V regions, which are characteristic for phase transitions inside vanadium oxide
crystals during intercalation/deintercalation of lithium ions. This indicates that all the carbon structures used
in the experiments provide transport of lithium ions into vanadium oxide crystals. However, specific capaci-
tance of the carbon-based electrode was approximately 150 mAh/g, which is significantly lower than the
specific electrode indexes, based on reduced graphene oxide and carbon nanotubes. So the specific capaci-
tance of these electrodes was about 225-240 mAh/g.

Thus, it is clearly shown that the use of graphene and carbon nanotubes as conductive additives instead
of traditional soot allows increasing significantly the specific characteristics of positive electrodes in lithium-
ion batteries. Such an effect can be explained by an increase in the transport kinetics of lithium ions within
the active material due to higher conductivity of nanotubes and graphene and more dense contact with crys-
tals.

34 BecTHuk KaparaHgmHckoro yHusepcurteTa



The influence of nanostructured carbon additives ...

References

1 Semenenko, D.A., Kozmenkova, A.Ya., Itkis, D.M., Goodilin, E.A., Kulova, T.L., Skundin, A.M., & Tretyakov, Yu.D.
(2012). Growth of thin vanadia nanobelts with improved lithium storage capacity in hydrothermally aged vanadia gels. Cryst Eng
Comm, 14, 1561-1567.

2 Xian-Ming Liu, Zhen dong Huang, Sei woon Oh, Biao Zhang, Peng-Cheng Maa, Matthew M.F. Yuen, Jang-Kyo Kim.
(2012). Carbon nanotube (CNT)-based composites as electrode material for rechargeable Li-ion batteries. Composites Science and
Technology, 72, 121-144.

3 Claye, A., Fischer, J., Huffman, C., Rinzler, A., & Smalley, R.E. (2000). Solid-state electrochemistry of the Li single wall
carbon nanotube system. J. Electrochem Soc., 147, 2845-2852.

4 Sergeev, A.V., Chertovich, A.V., Itkis, D.M. et al. (2015). Effects of cathode and electrolyte properties on lithium-air battery
performance: Computational study. Journal of Power Sources, 279, 707-712.

5 Rahner, S. Machill, H. Schloerb, K. Siury, M. Klob, & W. Plieth (1996). Intercalation materials for Lithium Rechargeable
Batteries. Solid State Ionics, 86-88, 891-896.

A K. Tamenos, H.M. Omaposa, JI.C. benri6aesa, JI.M. Utkuc, b.A. KpnBuenko

JINTHH-UOHIBIK AKKYMYJISITOPJIAPAbIH 3JIeKTPOATAPbIHBIH
(PYHKUMOHANIBI CHIIATTAMAJIAPBIHA HAHOKYPBLIBIM/IBI KOMipTeri
KOCHaJIapAbIH dcepi

Makxana JIUTHI-MOHABIK aKKyMYJISATOpJap YIIH BaHaJUH TOTHIFbI HETi3iHIErl OH, 3apAATHI AICKTPOIBIHBIH
(GYHKIMOHA/IBI CHITaTTaMallapblHA HAHOKYPBUIBIMJIBI KOMIPTEKTI KOCHAIAp/IbIH dCEPiH 3epTTeyre apHajFaH.
KeMipTekTi HaHOTYTIKIIEAEPai KoHE KapamaibiM KeMipTeK KYWeciHiH OpHBIHAa TOTBIKCHI3JaHFaH rpadeH
TOTBIFBIH KOJIIAHY AJICKTPOATHIH MEHIIIKTI CHITaTTaMaJIapbiH )KOFapJIaTaTbIHbl KOPCETIIreH xoHe rpadeH MeH
KOMIPTEKTiI HAaHOTYTIKIIeNep/i KOIAaHy JTUTHH-HOHABIK Gatapesuiapiarbl OH 3apsIThl SJEKTPOITHIH SPEKIIe
CHIaTTaMaiapblH JKaKCapTaThHbl gdnesaeHreH. byn sddexr marepran imriHaeri JTUTHA-HOHHBIH KO3Fally
JKBULIAM/IBIFBIHBIH ©CyIMEH TYCIHAIpiIe i, xKoHe OyJI HAaHOTYTiKIIeIep, MeH rpadeHHiH jKOFaphl OTKI3TIMITIriH
JKOHE KpPHUCTAlJIapMEH THIFBI3 TYHIiCYyiH KamTamachi3-etemi. OcbiHmail addexr moctypii KyHeHiH opHbIHA
KOMIPTEKTI HAHOTYTIKIIenep MeH rpadeHHIH AIEKTPOHIBIK OTKI3TILITITiHIH aca )oFapbl OOJTybIMEH XKy3ere
aceipbutagsl. COHBIMEH KOCa AJIEKTPOAKA KBa3ubipemieM i (HaHOTYTIKIIe) JKoHe KBazuekiemmeMai (rpaden)
Kyitenepai eHrizy OenceHsi 3aT OeMIeKTepiHiH TOK aNFBIINCH THIFbI3 0ailIaHbIChIH KaMTaMackl3 eTeqi. by
AIIEKTPOJT JKYHWECIHIETi OTKI3Till KOCIAHBIH MAacCajbIK . YJICCIHIH TOMEHJICYIHE KOHE OHBIH MCHIIIKTI
KOPCETKILITepiHiH apTybiHa okelnemi. JINTHI-MOHABIK aKKyMyJsTOpiapAa KapamaibiM KyifeHiH OpHBIHA
rpageH MeH KOMIPTEKTI HAHOTYTIKIIeNepAl "OTKI3TIMTIK KOCHamap peTiHAe KOJIaHy OH 3apsiThl
ANIEKTPOATAPBIH MEHIIIKTI CHIIATTaMalIAPbIHBIH apTybIHa ceOer 6oabl.

Kinm  ce30ep: HaHOKYPBUIBIMIBI KOMIPTEK KOCIHACHI, 3JIEKTPOJ, KOMIPTEKTI Kyiie, JIUTHil-HOHHBIH
JKBUIIAMIBIFBI, TMTHH-NOH/IBIK OaTapesiap, KOMIpTeKTi HAHOTYTiKIenep, rpad)eH OKCHIi, BAaHAIUI TOTBIFbL.
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Biinsinue HAHOCTPYKTYPHPOBAHHBIX YIJIEPOIHBIX 100aBOK
Ha QYHKIMOHAJbHBIC XaPAKTEPUCTUKH 3JIEKTPO/I0B JTUTHH-HOHHBIX AKKYMYJISITOPOB

CTaThs NOCBSIIECHA N3YYCHUIO BIIMSTHAS HAHOCTPYKTYPHUPOBAHHEIX YTJIEPOAHBIX H00ABOK Ha (pyHKIMOHAIBHBIC
XapaKTePUCTUKH MOJIOXKUTEIIHHOTO HJIEKTPO/Ia HAa OCHOBE OKCH/A BaHAWS JUIS INTHIH-HOHHBIX aKKyMYJISITOPOB.
BeuTo noxazano, YTO MCIOIB30BaHUE YIIIEPOAHBIX HAHOTPYOOK M BOCCTAHOBJIEHHOTO OKCHZA rpad)eHa BMECTO
TPaANIIHOHHON YIJIEPOJHOI CaKM 3HAYMUTENHHO MOBBILACT YJIENbHBIE XapaKTEPUCTHKH SJIEKTPOJA, a TAKKE
JIOKa3aHO YITy4IIEHHE CeUPHUUECKUX XapaKTEPUCTUK MOJIOKUTEIBHOTO IEKTPO/Ia B JIMTHI-MOHHBIX OaTapesx
NP MCTIOJIb30BaHUK rpad)eHa U yriepOIHBIX HAHOTPYOOK BMECTO OOBIMHOM Caxku. DTOT 3)HEKT 00BsICHISTCS
YBEJIMUEHHEM CKOPOCTH NEPE/IBIKEHHS JINTHH-HOHA BHYTPH MaTepuaia, 00yCIOBICHHBIM 00Jee BBICOKOH Mpo-
BOJJMMOCTBIO HAaHOTPYOOK ¥ rpadeHa u Ooiee IIOTHBIM KOHTAaKTOM KpHCTALIOB. Kpome Toro, BHenpeHme B
JNIEKTPOA KBAa3HOJHOMEPHBIX (HAaHOTPYOKHM) M KBa3HABYXMEPHBIX (Tpad)eH) CTPYKTYp IO3BOJSIET 00eCIednTh
GoJiee TIOTHBIH KOHTAKT YaCTUIl aKTHBHOTO BEIIECTBA C TOKOCHEMHHKOM. JTO CIIOCOOCTBYET CHIDKSHHIO Mac-
COBOMH JIOJIM TIPOBOJIAIIEH OOABKH B CTPYKTYpE 3JIEKTPOJia U MOBBIMIEHHIO €T0 y/eNbHbIX rmokasareneil. [Toka-
3aHO, YTO HCIIONB30BaHUE rpad)eHa U YIIIepoHbIX HAHOTPYOOK B KaueCTBE MPOBOJAIIMX 100aBOK BMECTO Tpa-
JMIOHHON CaXH TI03BOJISIET CYLIECTBEHHO TOBBICUTD Y/ICIbHbIC XapaKTEPUCTHKH TTOJI0KHUTEIBHBIX 3JIEKTPOIOB
B JIMTHH-HOHHBIX aKKyMYJITOpAX.

Kniouesvie cnosa: HaHOCTPYKTYPUPOBAaHHBIE YTIEPOAHBIE JOOABKH, MEKTPOJ, YTIepOIHas caxa, CKOPOCTbh
WOHOB JIUTHS, INTUH-UOHHBIE OaTapen, yriepoaHble HAHOTPYOKH, OKCHA TpadeHa, OKCHI BaHAIUS.
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