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Abstract "Li Magic Angle Spinning (MAS) NMR spectroscopy has been used to study the lithium local environments in
Li4PZO7 and LiFePO4 materials. The purpose of this study was to know the structure of the solid electrolyte interphase
(SED) in 11th1um ion cells composed of LiFePO, as cathode material. Li,P,0O, and LlFePO4 were prepared by a solid-state
reaction. The 'Li MAS NMR experiments were carrled out at variable temperatures in order to observe the local structure
changes at the temperatures in Li,P,0, system. The 'Li MAS NMR spectra of in Li,P,0, indicate that the lithium local
environments in Li,P,O; were not changed in the temperature range between 27°C and 97°C. Through this work we
confirmed that the small amount of Li,P,O, less than 5.0 wt% in LiFePO, could be clearly measured by the 'Li MAS
NMR spectroscopy at high spinning rate over than 11 kHz.

Key words Li,P,0,, 'Li MAS NMR, Solid electrolyte interphase, Lithium ion cells, LiFePO,

LiFePO 2} Li4P20791 'Li MAS NMR 54 9

Bejod¥, whA' olME, ofsigl, ZE
A7) &AL, ML, 136-713
#3723 ATA, AE, 136-791

(20104 11¥ 159 HF)
(2011 1€ 6 HAIER)
(0113 1€ 7¢ AANEA)

e o "Li Magic Angle Spinning(MAS) NMR Spectroscopy =
% % AYE LAl SR P @FE

ﬁ]*}(SEI solid-electrolyte interphase) &2

28351 Li4P2 .9k LiFePO, B2A 'Li 39 NMR &

33kt Li,P,0,% LiFePO, B3 AF= Fo|2AA AN 1A-AsA 7
A+E 9% Aelth LiP,0,9 L1FePO4 B vAgEos Axsig Li
MAS NMR 8 & 27°ColA} 97°C] oqow He AYe FPsigon o fL &&= w3 3A LiP,0, B2 U9
Li ®lo] 7 WslE B2e] 9% Aolth Li MAS NMR 574 A7 AR £%7} 27°Co|A] 07°Ce] £ R ool
< Li,P,0;, 22 W% Li & 72A 02 W3sx] ge Ao ﬁﬂﬂﬁiﬂr %Eﬂ_ A& 53t} LiFePO, ¥l 5.0 wi%
oliZ EF=odE LiP,0, 2L Li MAS NMR A3 E 248 4 Jd& 24 2718 g9t

LM B Sonyoll oJsiA g3k FTRE 2= LiCoO, 458
E4E 83 gFold oA & AIFE gAska
AT FUE AAEY ZEEQ AN wE o, CoBEZe 12 EoA 9 & JHE EAlR

2ol M2 FFEEZY AFrF ] JPHT 3l
TH1, 2]. olEgF d&ellA 12&Ho] 275 Hybrid #}
S8 2ECIRAA ATEA LiFePO, 4EEZS]
A7t & XH-E Kol UTh3, 4].

ga¥ 122 7HE LiFePOE AAHEAC] 1079/

8% 2A) T Fas, 22T AW A o

FRolIM sl o)2FA7E 37 ALEEE Hybrid
P53t AT7F S SR 22 o)A Bad
ol 48] 2757 itk thEF olAAAZA 19910

"Corresponding author

Tel: +82-2-958-5486

Fax: +82-2-958-5479

E-mail: nspark2010@kist.re kr

emE 97, 24 ol Folel [010] # Wao=
@ olap] i ABole) ofF SER ety
QA e}, T elBolee] olFEE ¥ HY



16 Doug Young Han, Nam Sin Park, Sang Hyuk Lee, Hak Man Lee and Chang Sam Kim

of B8 LiP,0,2 BAATIY &2 = g &

How, 2 A3} o)AxR|9] &EAF $50] A P
Hok EIHATHS). glgel2o] olEd] HYAE ol
f=, ¥1382 Li,P,0,7} LiFePO, EHAAN lFo]e9]
A A3 9L 3HAA BEele 2979 [010] W
ol BlEoleg 983 FF8 F7] wiEole} A7y
3 Uk B o] FFEEAL 2% Wl uebd A
71818k EAdo] @& nk=d ol2idl Wl S22 2
FI= Aot 1 Hogks EER ®
HF T S FeA AR SEIY] #ae) o g
A @ wkeE Az B Aol LiFePO,
¢ Li,P,0,4 &% Hsll] mE 54 7z Aol A4
S dolry] Y5l 'Li NMR E4 A+E 53319t
Li,P,0,9] £5E ARoX 100°C7HA] WHEAF|HA
olf FRHoZ WgHE BF R 'Liol FxHs)
548 BH8IAT. ojapdAe] dFukgel HIEE
2 Wi F4a3 ALSrhe vFAEd IR e
sl A 8L F33] A3 Ale &
A3 Ak, B o]y AFBERe] F5A
o] EARL oA FHAE AT
o o] A A% 2 AWl TP QA
214 NMRE ©]43l %13l ule 232
A APEY FREA] 7Fesithd &% o)A
T A B A 7 Ao AN

0%
ofy
(o3

1
o u
N4

ox
of

M0E X
" Hp H
=

di X,
(o3
DLW

'Li MAS NMREES $33l7] $sixle A4 'Li &
o tig 2 W74, AV1E A tig A8 24Pt
8379 'Lie 3 28 GRS} 32024 A}
T 58S 7R oM Mz F3 gl 2l
NMR 2137} wil¢ YAl BEsl] FAEZ, oA 9
A 2F SIEY 72 AL oFA T F de B4
< 7K It} 22, 2F SR S 53] LiFePO,
T+ LiMnPO, 53 722 280 122 7/Ke g%
2 OJAAA L FFEEHEL FEYA FH Fe, Mn
S 2 AR BEZEC] EA8] dEe] "Li 3¢
3 7] IS Welshe 2AEE 7KK giT10-12).
uwelx] o9} 7+e LiFePO, ®E LiMnPO, ZRo)A
Li Fe] NMR 488 F33l7] 9JaixEe 8 2] 29
o a3k HH AL Fohfo} g},

2. AlEEHY
PHeE Li,P,07}F LiFePO, ¥HS FEHEIY e
DL, S EFE] S 2EIY LiFeyPyss0,_s
ANE ZEE 3 4 ()3 7ol 0.9 mole®] LiFePO,
ole Li,P,07} A=HAA T 4= t}6].

B oA
fl

o
N

=3

Al
0.025

o,

LiFe, sPy050,_ 5 —> 0.9[LiFePO,] + 0.025[Li,P,0,] (1)

£ AgeMe 471 (DAelA e 2ol §Adst LiFePO,
S} LiP,0,2] EFELEI3}, LiFeyoPyys0,5) 2l LiP,0,
2 swit%d 10wt% F7RE EFES AzRs] Li
MAS NMR &% 43¢ #3433t Li,P,0,2 T4
Li,CO4(Aldrich, 99.30 %)°} (NH,),HPO,(Aldrich, 99.27 %)
IS ball mill2 2447 59 52 &9 & 74X,
A7NZE ARt 715904 5°C/mind] $&%
400°CollA 10A17F EAIE)3] F33BIAATE LiFeyoPyosO,_s
EZ2 0.5mole®] Li,CO,(Aldrich, 99.30 %)%} 0.9 mole
2] FeC,0, - 2H,0(Aldrich, 99.3 %) Z22]3Z, 0.95 mole2]
(NH,),HPO,& &3l 2447+ 5< ball mill2 54
R o] A712E ARESl] Ar £917191A4 5°C/min
9] SLEEE 350°ColA] 10A17F BkASH Fol T
600°CellA] 10417 EAT)sted FAdstsit{13-15].

A% B2e XRD(Model: MiniFlexIl, Rigaku)S
A3l AR T2RE BT 'Li MAS NMR 29
2 VarianA}2] 400 MHz Solid-state NMR Spectroscopy
& AME3I9eH, probes 4mm F7E-E ZH=  rotor
sleeveE AME3IATE &40 AMSE B2 AE e
A G F 60mg FEo|Utt. AAHJ] 48 &A= o
<3 72t} zeE AFE LiP,0, BEEe AMg-ste]
WA Li MAS NMR 43¢ 53319t 488 3
3}7] Aol WA 7|& reference A|EEA LiClE ARES)
o 7/2(90°) pulse A% A¥E TPt 1 uso] 2L
dglon, o] 53l 'Li MAS NMR 7|EZ4g 4
3ok, Li,P,0, %ol g 'Li MAS NMR 3=
S = pulse delays= 10sec, n/2 pulse= 1us 3L,
MAS ‘speed= 5kHzolA 15kHzE 7hH 342719 H3F
o 3 &5 278 B8t 2832 100 wi% Li,P,0,
o] Al RS 12kHzE 3AAZ] AdElolA Ad2oA 97°Crt
] W3kA)7IH Li MAS NMR 23 a8t 28
I LiFeyPyos0,_5 20 4719} 7o) A2 LiP,0.5
5wi%t 10 wi% H7FsE gl disiA exde=s
HHe 'Li NMR 24& Folugitt, 1381 3
Z790A LiFeyoPyosO; 52 'Li NMR #4448 $3)319t)
[16,17].

¥l #2& 7Kt LiFePO,S ARTRE APY

H F7ES pmnbo |t} AV s SR
zo| wHAAE] 50 %S Lih Feol A3k, AbAAA
29l 1/8 P/} AA BT} FBo|LL & Wk 1
ARE e ZHAe AddAeE Sl gleH



’Li MAS NMR studies of Li,P,0, and LiFePO, materials 17

¥ ¥ ¥ 1 Y ¥ T 1

15 20 28 30 35 40 45 50 26(°)
20(°) .
’ Fig. 3. X-ray diffraction pattern of the LiFegoP,40,.5 with
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Fig. 4. The "Li MAS NMR spectra of Li,P,0, at various magic angle spinning.



18 Doug Young Han, Nam Sin Park, Sang Hyuk Lee, Hak Man Lee and Chang Sam Kim

27°C &7°C

47C B¢
NTUITH A lﬁ,{,

57°C Jh ¥7°C
NI U,

T e w oL L] aie
e

l}k‘J\/{jl
*L 77°C
LA. 1l

tl e
*

T

Fig. 5. The 'Li MAS NMR spectra of Li,P,0, at various temperatures.
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Fig. 6. The 'Li MAS NMR spectra of Li,P,0;, LiFePO,, LiFe,,P;4s0,_5 and their mixtures.
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