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Clarification of Hydrogen Storage Process in Lithium-complexed Oxide Ceramics
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Abstract

Lithium-cobalt oxides (LiCoQy) are ones of the most common positive electrode materials, which have been employed
for rechargeable lithium ion (Li*) rechargeable batteries. So far, our group has found a storage of hydrogen (H) from water
(H20) in LiCoO,. The aim of this work was to clarify the desorption and absorption processes of Li and H in LiCoO, after
charging and discharging conditions using elastic recoil detection (ERD) technique and some H occupying sites in LiCoO;
using first principles calculations. The ERD spectra revealed that the H concentration in LiCoO; increased as the Li one
decreased by charging, while it decreased as the Li one increased by discharging. The results indicate that H* ions play a
role as a charge compensation of Li* ions and tends to occupy the Li substitutional sites which are formed due to the
desorption of Li* ions from LiCoO; by charging. Then the occupied H* ions were replaced with Li* ions from LiPFs as
well as the negative electrode by discharging.
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Figure 2. Relative concentrations of Li and H in
Li,CoO> (x=0.20-1.40) after the fabrications of various
compositions, obtained from ERD spectra of Figure 1.
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Figure 3. The comparison for each Li concentration in
the bulk of Li,CoO, (x=0.20-1.40), provided by the
ERD measurement in Figure 2.

D H'EB X O LitA A 28304

:ltzl»fﬁi;iﬁmf‘:“&% SDS(EF g 24 v b)
% Wiz B AL E ct Y | LiPFs & iR IR M E &
LC#&E LT LitAo ZI“/ IZKI+4 mA OEFREK
18 T DU L CHIMIFE (7 & LIEHR) (State of
Charge: SoC 0%)%_”??0 7o RIZ. LitA A BEHIZK
+t40 mA OEAE H HFFEHE L T 50% 72 7 (SoC
50%). 100%7 % (SoC 100%) 50% 7 (SoC 50%)F &
Y 100%/i%FE(SoC 0%)IRHEIZ LT, Li JREX) D72
% LixCo0, (x=0.50, 0.75, 1. omﬂ@%ﬁﬂ%ﬁf@é L7z,

WIZ, B RHEHATIE ST B S H A v I 1 F F
TATICHERR A A 42 B — AT E I /ERL L 7=
LixCoO, 3B Z#F T L. ERD #: % VT LixCoO, i i
259 400 nm OPE x5 Li 8 KOV H BE A
ZWE LT, ERDIETIL, ¥ 7 LH0dHER THE S
7= 16 MeV @ O A F 2 B — L Z B FHm I B
S, O A L OEEERIZEY O A DA
SR LT 30°CRIFICHEL S vz Litls K OYHY
A A % KRR %R (Solid State Detector: SSD) THa
H L7, LB X OH A A & RIS AR O A A
HETTICHGEL S U5 0T, SSD DR 12 um D Al 7

[Z Z iz AH]

B BRI ZE R SRR s 3k Hlﬂ?n
—AIERINFIE R

fEaET 52T OA AV U EOE N, A%
WY, LB X ONH A A DA% SSD THiHH L7,
ETHDIT, L RE DR 5 LixCoOx(x=0.2~1.4)7k
BlaER LT, FJE@ ERD 7412 X - T LiyCoO, F1 D
Li B 2 0E L& 57z ERD A% kL% Fig. 1
(27~ 9, Al Channel Number(ch)l XX Bk X 417- Li
BELOH DR LF—Zxt) L, LiCoO, K 1> H#Y
400 nm DRI DFEHRER T, LiBLOH E—2 I3,
Z N 300~900 ch 35 X U8 200~300 ch (28 5, it
#il> Counts IZMH E N7z Li B L O H 0% T
H V. LiCoO, i B E 25 400 nm £ TO Li B
HiRE %9, Fig. 1 2°5 . Li ©— 727 8#@E %, Li,CoO,
o> Li JBE x oBmE & HIicHnyd 52 <‘:75§;b75>
%o Flo. HE— 7 BEUBHERIEFIZ H,0 WRINIC
T 200~300 ch (2B D Z &M% Fig. 1 K @\
Li,CoO2(x=1.0)® ERD %% kL T4 Li E 2B
% LiyCoO»(x=0.2, 0.4, 0.6, 0.8, 1.2, 1.4)® ERD A

800 prrrrrrTTTTTTTEETTETETTE T
E ERD spectra

16 MeV 0%
« 0% charge (SoC 0%)

. 50% discharge (SoC 50%) 3
+ 100% discharge (SoC 0%) ]

%00 300 400 500 600 700 800 900 1000
Channel Number
Figure 4. Typical ERD spectra of recoiled Li* and H*
ions from Li,CoO; (x=0.50-1.00) before and after the
charging and discharging conditions, measured using
16-MeV O3 ion-probe beams.
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Figure 5. Relative concentrations of Li and H in
Li,CoO; (x=0.50-1.00) before and after the charging
and discharging conditions, obtained from ERD
spectra.
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