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Introduction

The spinel LiNiy :Mn, :O, cathode shows impressive electrochemical performance like large reversible capacity at a high operating voltage around 4.7 V which makes it a promising and suitable cathode
material for high energy battery applications [1]. Moreover, in this material all the Mn ions are expected to be In its tetravalent form. Nevertheless, electrochemical performance at high rates still needs to be
Improved to meet the required power density [1-2]. In the ideal LiNi, :Mn, :O, spinel, no Mn ions exist in its trivalent state, which is well-known as Jahn-Teller ion causing structural instability. However, usually
a small amount of Mn3* remains in the compound as a result of oxygen deficiency after the high temperature synthesis process [3]. It has been reported that the 4d orbitals with a larger radius of the second
row transition metal ions (e.g. Ru#*) overlapping with the 2p orbitals of oxygen favors wider conduction bands leading to better electrical conductivity [4]. Also the ionic radii of Ru4* (0.62 A) and Ni2* (0.69 A)
are similar which allows the Ru#* cation to substitute Ni%*. It has been reported that the doping of Ru improves the rate capability and also the high-rate cycling stability of LiNiy :Mn, :O, [2, 5]. In the present
work, LiNi, :Mn, :O, and Ru-doped LiNi, - ,,Ru,Mn, :O, (x=0.05), synthesized via Pechini method using metal acetate precursors have been investigated.

Experimental Detalls Results: Powder Characterization

Synthesis: 800°C

LiNiy :Mn, :O, and LiNi, ,Ru,4sMn, :0, materials were synthesized —

by citric acid-asisted sol-gel method. Metal acetate precursors were L f-Lli7N2i4(1gA v
X' Y1-x

dissolved in a citric acid and Ethylene glycol (1:4) mixture by heating R
at 90°C. Later the solution was heated up to 180°C to evaporate the
excess ethylene glycol from the mixture. The obtained gel was
precalcined at 400°C for 5 h to remove the carbon. The precursor is
then preannealed at 600°C for 24h and post annealed at 800°C and
1000°C to get the final products.

Characterization:

Ex situ and in situ X-ray diffraction experiments were carried out at
the High Resolution Powder Diffraction beamline (P02.1) at PETRA- > 4 6 8 10 12 14
lll, DESY, using synchrotron radiation with an energy of 60 keV 20/°

(A=0.207260 A). The morphology of the particles was studied with
Zeiss Supra 55 SEM (Scanning Electron Microscope) with primary
energy of 15 keV and in-lens detector.

Electrochemical Experiments:

The cathode mixture was prepared by mixing 80% (w/w) of the
active material with 10% (w/w) of Super C 65 carbon (TIMCAL) and
10% (w/w) of polyvinylidene fluoride (PVdF) binder. The mixture was
coated on Aluminium foil, dried, punched out and pressed to obtain
electrodes of 1.2 cm diameter. The obtained electrodes were
electrochemically characterized with a VMP3 potentiostat.
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Results: Electrochemical Investigations

- The particles are not well shaped for both materials (LiNiysMn, :O, and LiNi,,Ru,
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351\/In1_504) synthesized at 800°C but the materials synthesized at 1000°C have higher crystallinity.

5,0 150
4,9 K 140 4
4,8 ‘ 130
47 r ———— 1204
46 © 110
e
+Z 4,5 + < 100
0 44+ E 90
3 43 3"“discharge I > ]
® 42 | —LiNi,,Mn,,0,@800°C S 704
qg; 4,1 - | =——LiNi,.Mn, O, @1000°C @ sol
o 4.0 LiNi, ,Ru, ,Mn, O, @800°C @ g
39 | | =——LiNi Ru,Mn, O, @1000°C 5_3 0l
3,8 | S 1l e,
2 S S N VO S SN SO SRS SO NN U SUNE SN SO U N LiNi, ,Ru, ,.Mn, .0, @800°C
3,7 5 30 ]
36 L 204 . e
! : 1 | Charging&Discharging with C/Z.
35 | : B S e e e e e R
’ 3 'ﬁ : |
3,4 L L L l ' e e ) A
0 20 40 60 80 100 120 140 0 25 50 75 100 125 150 175 200 225 250 275 300

Discharge capacity [mAh g™] cycle number

150

120 um wet thickness (1,891 mg/cm?)

300 um wet thickness (4,452 mg/cm?)

150
140 o k ,,,,,,,,,,,,, * ** * * K * *x * ok ,L B O A & 1 ’L kA k * ok kK
_llﬁg_:*xn l\nn,_\,\****+********* 140-!“::%.... S aax ****I FR A
304 T® "y, L """"""""""""""" XX ®cced — 13047 T Rmg I T |eeee S oas
e ) e ®ea_ lla =120 — T
— ] o u e i e . il W
gno S I R iy, O¢ Hmgy g 110 - | "Emmgy [* T Fen.
E 1004 | | | Eemgyg | ; 100 (HEEmmge00® |
= %4 memmm -§ 904 ianfde
2 g0l I I S ® god — | = | = | e
S g oy | ogy | ey | 8 %] e g |zg |z
d ((b) 7
Seod | 0 o 604
7 © 4
% 50 -1 Charaing withrc’2g | {0 % 50 Charging with C/Z'
© d “ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, n 404 — ;
% <0 ] W LiNi,;Mn, 0,@800°C_120 pm S 30d M LNl Mn, 0,@800 S‘SOO ol
»n 304 | e uNiMmn.o0@i000Cc 120p0m & ff | @ LiNi,Mn, ;0,@1000°C_300 im
© ] LiNi, ,Ru, M, ,0,@800°C_120 pm 204 LilN, Rty osMn, 0,@800°C_300 pm
204 04 005 TS 4 D B | LiNi_,Ru___Mn, .O,@1000°C_300 pm
- LiNi, ,Ru, .Mn, .O,@1000°C_120 um 10 4 i T e’ =
10 H - r— (| (I 1
0- | | l 0 I | !
0 5 10 15 20 25 30
0 5 10 15 20 25 30

cycle number

cycle number

- Even though LiNiy,RugosMn; 0, @1000°C (blue curve) has larger 4V electrochemical activity than LiNiysMn,; 0, @ 1000°C (red curve) which - The electrode mass loadings effect the capacity especially at high C-rates for LiNi, ,Ru,,sMn, -0, and LiNi,:Mn, 0, materials,
corresponds to the Mn3*/Mn4*electrochemical reaction, it has better capacity and cycling stability. synthesized at both 800°C and 1000°C.
Results: In situ diffraction experiments LiNi, Mn, O, @1000°C
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