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Microparticulation Effect of Active Materials on
Discharge Performance of Li,MnSiO, Positive
Electrode for Li-ion Cells
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Abstract

The effect on discharge performance of Li,MnSiO, active material by its microparticulation has been investigated
for higher capacity positive electrode of Li-ion cells. Various particles with different average diameters were syn-
thesized by hydrothermal and conventional solid-state reaction methods. In particular, spherical Li,MnSiO, nano
particles with higher purity and 500 nm average particle diameter were obtained by means of hydrothermal syn-
thesis in which silicon powder was used as Si source. To enhance electronic conductivity, the resulting samples
were coated with carbon. The Li,MnSiO,/C nano composites were then characterized by techniques of scanning
electron microscopy, transmission electron microscopy, X-ray diffraction, and electrochemical measurements.
The curve with two plateaus corresponding to Mn*/Mn*" and Mn*/Mn"" redox reactions was observed in the
first charging process at 3.33 mA g at 25 °C, and its charged amount of electricity was 333 mAh g correspond-
ing to theoretical capacity of active material. However, there observed no plateau in the subsequent discharging

process, and the delivered capacity of 210 mAh g™ was obtained over one electron change reaction.
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ZEMET D, /2, YA 7 VENRRIFTHY, &
LILERDPEETHLLEWVIRERLH L. LLedt
5, BRFRAEA 170 mAh g, WHEAAI34 V (vs.
Li/LI") EBTH B 72012, T3 IVF—FEREH R
AENTV5.

[ L <KDY 7 =4 v IEBIEYWE D Li,MnSio,” 13,
Si-0O HHEEZ L OO, BVZEMEICT ONTW
BHlEh, BEFHARIL Mn®/Mn® B X 0" Mn*/Mn*
D 2 ODEMSHW FEZR 72012, 333 mAh g LI
WICKRE L, ZOEBHEMIENZNAL 45V (vs
Li/Li") & LiFePO, \ZHB L THAEMEZRT Y. &
512, PSR~ U H IR RSEE e E TR
TIANTHAB, L72D->T, ZOEWEZ, EHNR
EIANVF—BEEMHE LT TE 5.

LALERS, ZOBRKUZEEOF -5 —1%, 25
‘CT10"Sem™ THY ), LiFePO, D¥& " © 107 S
em I HER L TR TRV & v ) IR H 5. AN
geid, ZOMELY wRT 5720 0BIEE LT, K
By TER L7z LiMnSiO, 7/ R T & iesk & & HA L
LTSNS LiMnSiO,/C ERBIEWE D F x5 7
yIY¥—varizolEEERTFL DTS, €
DD NTDORED.
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21 Li,MnSiO, IE#BENE DA
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Fin o BEICBWTIE, b A 2 SIO, 1dKIZ
NETHDHDIIF LT, 7 A F SFEREMEARERIC
WETHS . KBRS L B EH T, R EET
HZERUIHTH L., LD >T, 74 FIEHDSIO,
THAHD S THAHDIE, ISOMHELT & Ak o FE
LICRECRETLEEZOND. F72, FRIZEEDS
SiO, TH LB A2, Wil - "I T THEBT 2B
T B, TOREPRET D P TEINS.

0.40 mol @ LiOH - H,0O % 100 ml ® i 1 7+ >~ /K IiZ
BhLOH, 005 mol D7 A FFEINA, 24 FER
WYL 7 AFRFEICE, PFERESL um 7203
10 nm @ SiO, #5°K, T 7213 FIREAD S um D Si
KEMHW, COBBREERTATNT) LT,
BAmREL BV L7z, DX, KEGKIEIC~Y 7
VWAL T A2 L &Pk T A72%, 3.3 mmol ® L-7
ANV E X% 50 ml DA F LIKISENPLIZOB,
0.05 mol ® MnCl, - 4H,0 5Nz, 1 FEMEHFE L TH
RStk BRESERTATNTY v 7 L CHEGR
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FrEWL L DXL,
Wit - L.
BEBREZ T 70 U HHIIB L0, =7
=7ty bL7. WiEEHTEMREL THE
% 04 MPa & L7214, 200 rpm O EE CTHIE L %78
5, 2°C/min. ®#ET150 °C FTHIEL 2. HIE
EEIICEHEL 2%, 1I6RFMARFETLIZ &1L T,
Li,MnSIO, &M L7z, Bl L7z RE, W5lA8EL
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3 W DL REz R S
2.1.2 EEE
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TH-imf% 12 R OREE L CRER L 72,
22 EMENTERFREDEESNE

LiMnSiO, & KV E= L7 a— )b (FEAFEE 1500)
ExEhEn3 g3 200, YVa=THOFRB XL
OER=VEHNT, K= I )VEET 120 rpm, 15
min. DU TREA L. D&, RELLHEZ 2
J I ASKIRE L, 70 °C OBLA A+ v K% 3 ml FEENZ
TOLRMLTR—AMEFRLZ. COR—A %
TNVIFEOVYKRIZBLZOL, 110 °COK v b
7L — NCIHMEZRE S BoNWEEERE
P&, 700 °C, 1 REBOSGMTREEL T, RELESE
L 7z LiMnSiO, #1F (BLUF LiMnSiO,/C & %Kil 3 %)
g7z,
2.3 EMEORFHE

Ho NI ROKFILEIEAR FHMEE (SEM)
BLOEHEETHME (TEM), 58S X 8N
#i (XRD), A& LRFORBIHERSH (TGA)
TM~7z. $72, BET WEMME (—ridh) RS
fi (L= —m¥mE) & x2llE L7z, TEM BigZi3KR
BRI 37 i SEBAAR AT I T 2 2 o 72,

BHEFT T, ZODF

S5, ZOBEBLACAEFEEIOETDOLHIZLTH
N7z, B9 4 0V—212T, Li,MnSiO,/C, EEDH &

LCOTEF Ly TTv o, HEMELTORY 7y
fte=v 7 oiat (H=H 80:10:10) 2 N-
AFNVEDY) FYEMATR—AMAE# L. 2
NETVIZTLEA Y L 2 OEBRIZEA L, 150
°CTH RFME 2GR L 72%, EETTLALTES
AEBL, BERAELL. XL, 7TIVIT VR
DRITARY 7 ANZT, ZOBMBEEAMBIZ, &8
)T AR SHE B & OBHERIZ, 1.2 M LiPF, in EC :
DEC (ff&I3:7) % EAEICH 2= AT 7 2
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TRV, ZokvE, 25°C T, 333 mA g
DEBFIZT4A5 V (vs. Li/LIY) FTHEL2EIC,
CREEDEMIZTLSV (vs. Li/Li") T THlRFE L 7-.
24 KERICEOENEERBIEDRE

SUS # O EFRER £ Vi 211 T DR 72 KBS
JEHTOREEHE 1 ml 2B L-0b, REBGITHE
12ty LT, 05°C/min. THIETAZ LIZLST
PO ERIE L7z £72, RAEBROK) 2770 >
BB LIZOL, =7 L—=T7HIZty bL7.
Wi x 2= CHEHE L CALEE 04 MPa & L7214, 200
rpm O FETHEFFL 2455, 2 °C/min. T 80 ~ 200
COFAOBEIRE S THIR L, ZOMREIZHE
L72t%, 16 BEff#E 2 2 212X - T, Li,MnSiO, #
BHL72. AL TELNERE, WAL A
LA & K TURE L 72, 80 °C DHZJEFEIN T 3 IR
Ll LRt S 272
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3.1 Li,MnSio, ®#¥itk

Li;MnSiO, O k. T-HHE % SEM #1252 L 7245 8 % Fig.
LISRT. BB ok, KEED D ERE &
NH/WSINWZ ERb0ns. T/, S0, DRED/NE
WA, 5515 Li,MnSiO, /NE W &b 0 5.
S5, Wi THAEMAER I EWR S 5 S 2 r 1%
BIZHWS &, SO, b EMLEE LD /S 2%,
EE2S 500 nm FEEE DI — % FRIRF /K28 51 %
CEvbhb. Thbb, KESUSHGER DT 1 %
BOKESH, £0F FAKT 5 Li,MnSiO, K+ D
RKESERDDLI LIRS,

10 nm @ Si0, F721E 5 um @ Si A HIKEERL L 72
Li,MnSiO, O T HHE* TEM B L 7. ZOfEE%,
Fig. 2 B X "3 122 NZHURT. R{EIE SEM D@5
HROLDOE—FLTVL, 2, SibAERLE
RLTFAE, — KT A 50 nm BB & 4D T/HhE w2

Fig. 1 SEM images of Li,MnSiO, samples synthesized by hydrothermal and solid state reaction methods using
different precursor materials. Hydrothermal method: (a) Si, (b) 10 nm SiO,, (c) 5 um SiO,,; Solid state reaction
method: (d) Li,SiOs.
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(a) (b)

1pum 20 nm

Fig. 2 TEM images of Li-MnSiO, samples synthesized by hydrothermal method from 10 nm SiO, precursor at
low (a) and high (b) magnifications.

Fig. 3 TEM images of Li,MnSiO, samples synthesized by hydrothermal method from Si precursor at low (a)
and high (b) magnifications.

EbRD. L., ZOEHE, SILHLAEKLZLDON, F /KT
Li,MnSiO, @ XRD /8% — ¥ % Fig. 4 12”3, W§ H—MEeb0lL, SIVERTERT L2012, £

MO FF D FHIX LiMnSiO, TH 5. Sih 5 KA DI b TH 5.

J% L 7238k Li,MnSiO, O B —HTH 5 D izxt LT, BRSO R B LiMnSiO, OB AFEE £ & 0

D §RTORFHEL LLSIO; % Aflif & L THATY T Table 1 12/R9. 5N 72X, SEM Tili#%
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Table 1 Powder characteristics of Li,MnSiO, samples synthesized by hydrothermal and solid state reaction
methods.
No. Synthetic methods Si sources Dgo / um Specific surface area / m°g”"
1 Hydrothermal Si 0.51 31.0
2 Hydrothermal SiO, (5 um) 5.21 8.1
3 Hydrothermal SiO, (10 nm) 2.09 17.6
4 Solid state reaction Li,SiO4 17.19 2.0
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Fig. 4 XRD patterns of Li,MnSiO, powder samples
synthesized by hydrothermal and solid state reac-
tion methods using different precursors. Hydrother-
mal method: (a) Si, (b) 10 nm SiO,, (c) 5 um SiO,,
; Solid state reaction method: (d) Li,SiO;. Asterisk
corresponds to an impurity of Li,SiOs.

B S NIoRE S E—FT 5 FHRET, TOREDN
INE VT EBET HEHEOEAS K E Ao 72,
3.2 Li,MnSi0,/C 0¥

Li,MnSiO,/C ® XRD /$% — v % Fig. 5 IR T, &
MR & LT LLSIOs & & &, RFEBAWBZ I,
AHME LT MnSiO, B LU MnO PERKT A Z &8
b7 5. LiSi0s, MnSiO, B &0 MnO OV,
VT LAt EMOEWE & L TIANEELZYET
HBHOT, TNLOYWEEAMME LTEL I LI,
BEOBPIZOBREDLODEEZ HNL. IR L
T, Li,MnSiO, D H—HHTdH % ik, RFEA WL
BILHE—MOFFTHL. T HELLRZO=ES
TGA THI%E L72E, 1o LiMnSi0,/C 34 5
mass% DRFEX EL T ElbroTz,

Li,MnSiO,/C ® 141 7 VB OFHEXE # Fig. 6
WRT. FEREINNSVEHEHIE, KRE2HER
BERTIEDNDRPL. ZOZLIE, BRTbIcE -
TIEWMERTWNE A~ L BT EPBET 5D
Lo T0A7DTHLEEZLND. FFIZ, A
HEaEd, FHRED 500 nm BREOY A, R

26/ deg. (CuKa)

Fig. 5 XRD patterns of Li,MnSiO,/C powder
samples synthesized by hydrothermal and solid
state reaction methods using different precursors.
Hydrothermal method: (a) Si, (b) 10 nm SiO,, (c) 5
um SiO,,; Solid state reaction method: (d) Li,SiOs.
Circle and cross correspond to impurity of Mn,SiO,
and MnO, respectively.
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Fig. 6 Initial charge-discharge characteristics of
positive electrodes with Li,MnSiO,/C active materi-
als synthesized by hydrothermal and solid state re-
action methods using different precursors at 25 °C.
Hydrothermal methods: (a) Si, (b) 10 nm SiO,, (c) 5
um SiO,,; Solid state reaction method: (d) Li,SiO3
Electrolyte: 1.2 M LiPFg in mixed solution of EC /
DEC = 3/ 7 in volume.

Counter and reference electrodes: Metallic Li.
Charge: 3.33mA g to 4.5 V (vs. Li/Li").
Discharge: 3.33 mA g™ to 1.5 V (vs. Li/Li").
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BEALAY 45 V (vs. LiI/LiY) T2, HAE=ICHLT S
333 mAh g’ DEAE T CTHEENTRETH 72, =
OFEBMBIIE 2200 T I F—=2EHETH. 12HIZ
Mn*'/Mn™ @, 22 HIZ Mn*/Mn" &L Ky 7 2K
JIBICKHET A2 b0 THLEEZONDL. Thbb, T
BEFICHE SN-ESAEE, BISICL b0 TiER
WEWR B, DO NEROEMIE, 4V I bKRE
CHAZY T VT 505, ZO#IEEMZ 15 V £ THIZ
THILIZEoT, HEEDOMN 63% IZHY T2, 1
BT EOK 210 mAh g ORERESHEONDL Z
EDbpsh. F, WEMEIFEBEZ 7220w, §
OB —EAHUSIHTIN T 2R E > TWwE. 2
i, RERO L0512 L o TE L7 MnSiO,
OFEFHEEAE L TV IEREMLL TV b DL Eb
nas.
3.3 EMEERIBIE

A FIFIZ 10 nm D Si0, F72135 um D Si & H
W 7R EE L O BTBRRE I IZ DV T, KBGO
OS2 A JlE L7245 R % Fig 7R d. 74 RIEDS
SiO, TH AHHAI, 1207 u— FREH Y — 73
WEEINDL, Zo¥—271%, #HEMo SO, AYiRE
FRHICES Lo TALITDBEMTHILICE ST,
Li,MnSiO, D ER G #EATT HZ L1255 DT
hHrLEZONDL. THIIHLT, 714 FENSIO
WA 2200WE Y — 7 plE S NS, RIEMNIE
Mn(OH), D EEASHEITT 20, &Rl Li,MnSiO,
PERT LEOWME—7 THLEEZOND.
FIgREE 10 nm @ SiO, & JEEHZ, F7 2 HE TK
B L 72300 XRD /8% — > % Fig. 8 IR F. K
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Fig. 7 DSC profiles of precursor solution contain-
ing Si (@) and 10 nm SiO, (b) for hydrothermal syn-
thetic method of Li,MnSiO, positive active materials.
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BT ERE G & RIS LT, 80 °C  Tld Mn(OH), @,
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Fig. 7L 8 L DfEREHDOETEZDL L, 714K
ATSI0, TH B A, SO, DIEMEHIE A IZHEITT S &
& H 12 LiMnSiO, #34 L2 S5 D l2xt LT,
T AFIEMS Th LA, BiRICBWTSIAER L
TW5 72912, Mn(OH), DEMFIRE TdH % 100 °C 1
ETH—IRIEPHEL DD L HFTE L.

4 BE

RIFFECTIE, B2 7 A RExH LK E I
Lo T, BEENMETE S Li,MnSiO, ARG H
AL, F72, TOEWHELIRELOEANIEE B
C%oC, ZOfMmEE, R, FTRERE, B
FOERGEREE A L7, Z0E, DF0Z LA
LMoz,

(1) Li,MnSiO, D EAEIIMK T TH 51T ERE .
FEIZ, A RHEADPSEH SN0 OERE A
JIWIZBWT, REEIEN 45V (vs. Li / L") &
TICHGRARICHYS T2 333 mAh g 124, Z
OWEBAREIZIETULED 210 mAh g &7 5.

Q) EWEAERRE LD IRIRTHERT 57 A RHAR
ZEEETAHZ EIZL 5T, PR 500 nm D
BRIR LiMnSIiO, fr FOH—H%Z Al 5 2 L 25T
&5,
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Fig. 8 XRD patterns of Li,MnSiO, powders syn-
thesized by hydrothermal method using 10 nm SiO
precursor at different temperatures of 80, 90, 100,
115, 135, 150, 170, and 200 °C for 16 hours. As-
terisk corresponds to an impurity of Li,SiOs.
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() HHY % LiMnSiO, fr1-1&, 7 A RiFEOKRE S
LoTRES.

@) HEWHE L RF L OBEAWIIZ BT, [HWEFH
—HTHLGEIL, LHELHE-HTHL. I
WA LT, AR & LT LLSIO; 2% 5 B4 121,
LR O BB 13 Mn,SiO, 35 & OF MnO #STELE S
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