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Abstract

Electrochemical properties of layered LiglaNig 15+05C0.10MNgs5-0.5)02--F; (0<z=<0.10), which was synthesized by a sol-gel
method, were investigated by galvanostatic cycling in the voltage range of 2.0-4.6 V at room temperature as welf@s B&mi-
tial discharge capacity slightly decreased with the increase in the content of fluorine dopant. However, cycling performance was greatly
improved and cell impedance was significantly reduced by the fluorine doping. Capacity retention after 40 cycles at room temperature
and the area specific impedance were 79% and&® for z=0, respectively, and 103% and €xnv for z=0.05, respectively. The
Li(Li o.2Nig.175C0n.10MNg 525)O1.05F0.05 Material charged to 4.6V also exhibited excellent thermal behavior due to the stability of the fully
charged material.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction reports the effect of co-substitution of Ni/Mn and oxygen
with Co and F, respectively, on the impedance and cycling
Layered Li(Li/z— 2¢3NixMng/3_x3)O2 material posse-  performance of the Li[lg2oNig2MngglO2 high-energy
sses many interesting features such as a long irreversiblematerial.
plateau at ca. 4.5V during the first charge and much larger
capacity than theoretical one based or?Mii** redox
couple[1-3]. Although the origin of the peculiar charac-
teristics of the material is currently under debate among Samples with nominal composition of Li[.Nio.15+ 0.5
many research groups, we consider the material quite ANC oy 1Mo 55- 0.5]02 - 2F2 (0< < 0.1) were brepéred bya
attractive cathode for high-energy Li-ion batteries due to its sol—.gel method using glycolﬂ: and tartaric acid as chelating
high practical capacity (>200 mATg), structural stability agents. In preparation of the compound, Ni- and Mn-content

at high voltage (>4.5V), and good thermal behayldr In \ere adjusted so that the oxidation states of Ni, Co, and Mn
previous papers, we reported synthesis and electrochemical,qre fixed as Ni*. Co?*. and M+ respectively. Detail of

properties of Li[Lb2Nio2Mno 6Oz [3,4]. In this work, we e material preparation is described elsewlateThe fi-
synthe_s,lzed _co-substltute_d Llﬂ,QNl_o_zMno,G]Oz matenals_ nal Li[Li 0.2Nio.15+0.5C%.10MNo 55 0.5]O2  -F» materials
on cation (Ni/Mn) and anion (O) sites. Cobalt and fluorine \yere obtained by calcinations at 96D for 12 h in air fol-
were chosen as substitutes on the cation and anion siteSy\yeq by furnace cooling. Crystallographic structure of the

respectively, based on our previous experience of their gy nihesized material was examined by powder X-ray diffrac-
beneficial impact on the materials properties. This paper meter using CuK.

2. Experimental

Galvanostatic charge/discharge cycling was conducted us-
* Corresponding author. Tel.: +1 630 252 3838; fax: +1 630 2524176, ing coin cells. The positive electrode consisted of 80 wt.%
E-mail addressamine@cmt.anl.gov (K. Amine). oxide powder, 10 wt.% carbon, and 10 wt.% polyvinylidene
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difluoride (PVDF) binder on aluminum foil. The negative T T T ‘

electrode was either metallic lithium or graphite on copper 250 '& RT 7

foil. The electrolyte was 1 M LiP§in a 1:1 mixture of ethy- BEAAN N AL o reres®seat®enss
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3. Results and discussion g _oo-oo'oo vvif;wvwvvagg,gewvseemw.
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The XRD patterns of Li[l.2Nigp.15+0.5C0.10 S 50| -

Mngs5-0.5]02_;F, are shown inFig. 1L The diffrac- 3 Li(Li, Ni, o.05.C0 MM, )0, F,

tion patterns of the synthesized samples could be indexed e : : -

based on thex-NaFeQ-type structure 3m) with small j:izg;og_ﬂ:;joz'zg 10

extra peaks at 2623, which are generally attributed to 100 ‘I’ - . L

ordering of Li and Mn in the transition-metal layejs|. 0 10 20 30 40

Chemical composition of cations, examined by the induc-
tively coupled plasma (ICP) analysis, was close to nominal
composition; qualitatively, the presence of fluorine in the Fig. 2. Discharge capacity of Li/Li[lizNig 15+05C00.10MNos5-0.5]
synthesized materials was confirmed by ion chromatography.©Oz-zF: cells cycled in the voltage range of 2.0-4.6V at room tempera-
Although not presented in this paper, Li{)‘.—ZiNiO.ZfO.Sx ture. Discharge capaci_ty of Li/Li[lgizNig 2Mng ]O2 (open circles Q]) is
CoMngs_0.5]02 materials with various Co content also shown for comparison.
(0<x=<0.4) were also prepared and investigated, details of
which will be reported elsewheif®]. Among the samples ;o mhares the discharge capacity with cycle number of
investigated, Li[Lb 2Nig.15C0p.10Mnp55/02 exhibited the Li[Li 0.2Nio 15+ 0.3C%.10MNo 55 0 5102  2F2 materials
best performance; the area specific impedance (ASI) and they i, gifferent content of fluorine dopant. The materials
initial discharge capacity of Li[lg 2Nio.15C00.10Mno 5502 were cycled versus Li metal anode in the voltage range of
were 672cn? and 240mAhg?, respectively, whereas 5 4 6v at room temperature. Although the first discharge
those  of ll"[L'0-2N'0-?Mn0-6]OZ were 2902 cr? and  canacity was slightly reduced, the cycling performance was
158 mAhg-, respect!vely. However, _the Co substitution greatly improved with the increase in fluorine content. The
was found to deteriorate the cycling performance. In c5nacity retention after 40 cycles of the undoped material
this work, we investigated the effect of substitution of |\ -< 7994 whereas no capacity fade was observed from the
F-doped materials. The positive effect of the fluorine dopant
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oxygen with fluorine on the cycling performandeig. 2

oo T ot on the cycling performance is more clearly noticeable
HlLo2Nb 1610620% oMoz 05 O2.F2 from 55°C-cycling as shown irFig. 3. While the undoped
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Fig. 3. Discharge capacity of Li/Li[lgioNig.15+0.5C00.10MNo. 55— 0.57]
0, _ ;F; cellsin the voltage range of 2.0-4.6 V as a function of cycle number
at 55°C.

Fig. 1. XRD patterns of Li[L.2Nio.15+0.5C00.10MN0o.55- 0.5]O02 — zF7. (a)
z=0; (b)z=0.02; (c)z=0.05; (d),z=0.10.
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Fig. 4. Differential capacity vs. voltage of Li/Li[ki2Nio.15+0.5C00.10MNg 55— 0.5,]02 — zF; cells cycled at 2.0-4.6 V. (&=0; (b) z=0.02; (c)z=0.05; (d)

z=0.10. @) First cycle, (D) 10th cycle, and4) 40th cycle.

material shows significant decline in the capacity with
cycling, the fluorine-doped materials show excellent cycling
characteristics at 58C. Fig. 4shows the differential capacity
versus voltage plots derived from the cycling curves at room
temperature. Noticeable differences are observed in the
differential capacity plots among the samples: (1) a shoulder
near 3.4V during the first discharge (marked as A), and (2)
evolution of differential capacity peaks during successive
charge and discharge (marked as B and C, respectively).
As the fluorine content increased, the additional differential

capacity peaks marked as A-C became less clear. The

Li[Li 0.2Nig.2C0p.10Mng 5]01.9F0.1 material, for instant, ex-
hibits very simple and almost invariant differential capacity
plots. This result is believed to be closely related with the
excellent cycling stability of the material. Exploration of
the origin of the extra differential capacity peaks and their
correlation with cycling performance are under study.

The impact of the fluorine doping on the impedance of the
materials was also examindelg. 5shows the average ASI at
60—-80% state of charge (SOC) of graphite/LijkNio.15+0.5
C0p.10MNg 55— 0.57]O2 — ;F; cells. The ASI values were de-
termined byA AV/l, where A is the cross sectional area
of the electrodes (1.6 ¢ty AV the voltage change during

Voltage / V vs. Li/Li*
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Fig. 5. Average area specific impedance (ASI) at 60-80% state of charge
(SOC) measured with graphite/Li.Nio.15+0.5C00.10MNo 55— 0.5]
O, _ ;F; cells as a function of fluorine conten®) The ASI measured with

F content (z)

graphite/Li[Lip 2Nig.2Mng g]O2 cell.
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Fig. 6. Differential scanning calorimetry (DSC) profile (@ min~1) of
Li[Li 0.2Ni0_15+0.5C()0.10Mn0.55,0.52]02,ZFZ Charged to 4.6 V. Those of
Li[Ni 0.8C0p.2]O2 and Li[Nip gCap.15Al 0.05]0O2 charged to 4.2 V (taken from
ref.[6]) are also shown for comparison.

current interruption for 30 s at each SOC, dnd the cur-
rent applied during the galvanostatic cycling. The ASI of
graphite/Li[Lip 2Nig.2Mng g]O2 cell is also shown irFig. 5.
When adding 10% Co to Li[lgioNig 2Mng g]O2, the ASI
drops significantly from 290 to 150 cm?. The fluorine dop-
ing further lowered the impedance of the material to as low
as 65¢ c? for Li(Li 0.2Nig.175C00.1MNg 52901 95F0.05

Fig. 6 compares the differential scanning calorimetry
profile of the Li[Lig.2Nio.15+0.5C00.10MNo.55- 0.5]O02 — zF,
(z=0.05) and the commercially available LdNCp 15
Al 0502. In this case, Li[Lb.2Nio.15 +0.58C00.10MNg 55 0.57]
Oz_;F; (z=0.05) was charged to 4.6V while
LiNig.8Cap.15Al0.0502 was charged only to 4.2V only. The
Li[Li 0.2Nig.15+0.58C00.10MN0 55— 0.5]O2 — zF (z=0.05) ma-
terial exhibits a small and narrow exothermic peak at
270°C with enthalpy of reaction of 850J¢. However,
LiNig 8Caop.15Al0.0502 charged only to 4.2V, exhibit
a broad exothermic peak with a much lower onset
temperature of 195C and much higher enthalpy of re-
action of 1880Jg'. The superior thermal stability of
Li[Li 0.2Nig.15+0.58C00.10MNo.55- 0.5]02 - zF;  compared
with LiNi g.gC0g.15Al 0,050z is attributed to the stability of the
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fully charged Li[Lio.2Nio.15+0.5C00.10MNo 55— 0.5]O2 — 7F;
material even at 4.6 V.

4. Summary and conclusions

Layered  Li(Li.2Nig.15+0.5C00.1MNg 55— 0.57)02 — zF;
(0<z<0.10) materials were synthesized by a sol—gel
method and the effect of the fluorine on the electrochemical
properties of the cathode materials was investigated. Initial
capacity of the material was slightly reduced by the fluorine
dopant. However, cycling performance was greatly im-
proved even during cycling at high temperature{6%. The
impedance was also significantly reduced by the fluorine
dopant; the materials with=0.02 and 0.05 showed about
65 cn? of ASI whereas undoped one’s ASI was as high
as 1502 cm?. Among the materials studied in this work,
Li(Li 0.2Nig.175C00.1MnNg 52501 95F0.05 exhibited the best
performance in terms of cycleability and impedance. Further
optimization and characterization of the material is under
way and will be reported later.
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