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Abstract: Domestic and international development of the structure, preparation methods, and applications of S-Li,TiO;
was summarized. The supercell structure and the possible point defects in 5-Li, TiO; were discussed. Besides, the effect of
point defects on the supercell structure evolution was investigated. Several typical preparation methods, including the
solid state synthesis method, the sol-gel method, the combustion method, and the hydrothermal method, were compared.
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B D AR R B (B-Li TiOs)VE by [ B A% R 50 [
I HE vF &I (International thermo-nuclear experiment
reactor, ITER)={EH) 82— M mBG i A kL, &
SIS T E A AMIFFE )2 N St
P-LipTiOs S 4K A7 A2 L S5 4y, B ZW LR N
(Slab)LiTi2 JZ 1 Ti JAFH1 Li JR-FLL K )2 [H] (Interslab)
SE A MR G RAE Li Arh Li R B oA,
H R ZATRIE 46 7 75 1T IIF I T 20 i . i
ity at B-Li,TiOs MR R A4y IR VE RE (0 2L Al , 1m0
B-LinTiOs B AR i 46 7 i e vk e R A5 M R
HRT, B-LiTiOs KA (K il 86 5 v 32 B0 Dby [ A AT
R, BRI TR AL R A R AR K M 2540 &
SEREVE RO I S8 51t E AP A 22 R B-LisTiOs
ANy ST TR R B A SR A, iy HLad W] AAE
S LRI, FH -4 25 iyt SRR} fyt e £
HAR RN T 1B 20 CBUROA R, 5 S
DLoV-& PR (PN 6@t e INAS i R e v He A D
B IS P T W B R k48 g T
S-LiyTiOs BRIl 56 S Pk RE ORISR AT BELG S5k

MAME . FEPEFERIEF RS, X T p-Li,TiOs
AT TR 0B o A SCAR SRR K [ 3 4
P-LiyTiOs (45 i85 N P kg . 2545
VEH T RER) AR, B R HE -Lip TiOs AR 45 K if
FURI OB R, SR BR A AW 58578 BEAL Al %
TIHENS FORHA TS SO I S5 40 5 1 B s VAR 70 A
P-LiyTiOs FHEHI N I A A Rk 3o

1 p-Li;TiO; KGR R AR 7%

1.1 p-Li,TiO; BY RIREEH

LiyTiO; fhAAF4E av g AT y X 3 Flih 2,
KLEYKAMP! I 5E B L, o-Lis TiOs A& WARAH,
M B T 300 °C R AR I R B-Lis TiOs 4%
IR B-Li, TIOs kAR, il Bt 1155 CHY,
Li, TiO; 3 KA B AR AHIAEAS, -Li,TiOs J& T il
SLJTAH

1954 4F, 78 [ Rl 2% % LANGDIE!" i 56 15
B-Li,TiOs [ 250, R B-Li,TiOs &5 # 2L+
Li,SnO; 4584, 4 Li Ji- 1 JZ M1 LiSn2 JZ A28 45 (111)
[fle HZ, KT Li,SnO; 45#4h LiSn2 JZ 1R +HF
FE 0] AT A7 AR 4% . 1969 4F, DORRIAN 251315}
Li,TiO; b (M T BB e, #ie T Li—O
(R85 g 2.14 A, Ti—O BEFPPIEEHEK Y 1.95 A,

2008 4F, KATAOKA 25105} B-Li, TiO; i 25 it
AT TREMENRR, AN B-LiTiOs AELEAT 7 1) 4 2h 45
¥, JET Ce MR, 7=8, W& HECN a=5.0623 A,
b=8.7876 A, ¢=9.7533 A, p=100.212°, V=427.01 A*,
BASHH) T 1. B 1@)FTRN B-Li,TiOs Sk
aaEE, Horh TiJEFFRT O JR - BA[TiOs] )\ T4 TE A7
1, MM AHRE[TIO)\ A Z 2 (8 Li JR-r, 4i Li
57 2R LITi2 J5i 1 2R

10K B-LiyTiOs H 1y h 45 Ft 100177
) FHERE L B L) T A B-Lip TiOs(002)78 A i 1hl
MR oAl LR, B-Li, TiO; MR A7 (EiE M 25
¥, B LiTi2 JZM42l Li JZA8HE), 22RE5.
L(d)Fr7 A AR I FRI(004) A THT A Li Js -~ Ti B2 -1 2
T, PIRE T AT o F1 g0 E, B BT LA
TE B e "1 DORRIAN 25155001 5 14768 i 1
J2 IR 1T Holt dmon superca=3 @hex»
Drnon supercel =3 @hex. o

B-Li,TiO; Hiff b &A1 48 NMR 1, JZR4l Li Ji 7
JE S A PRI B H Li JJF(8 A Lil JRF A4 4 Li2 JR
1) EN LT R FEEAMMACER Ti R 1@ 4
Til JEF1 4 A Ti2 Ji¢), —Fr &M Li Jj@ A
Li3 i 5). KL, p-Li,TiO; ) i &5 # 7T 5 &
(LiloaLi2i3)interstab(Li313Til15Ti213)5a002 0 SEHE 45 R K
B, T AL R (002) Li J5 S T
Sy e R S A AV EAR B I 1) i 7 by 56 26 45 1)
B-Li;TiO; i) XRD . —fkid, H XRD i t1(002)
fi T 5 (133 ) T IR AT G B 4 B 2 L
(Loo2y /L (133))» PG T p-Lin TiOs 8 MIATHA (11K 7
L THE TS A R B 5641 B-Lib TiOs i AT
Looay L (133, 210 1.59-

R1 P-Li,TiO; 1455055 5
Table 1 Crystallographic data of 4-Li, TiO5¥

Structural Temperature/ Crystal Space Theoretical -~ Measured
- pK ) ‘Ztem pou WA WA oA ) VA Z  density  density/

Y group (gem®)  (gem)
Li,TiOs 295  Monoclinic C2/c  5.0623 87876 9.7533 100212 427.01 8 3.415 3.4184
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B 1 B-LiTiOs HIs ALY, B-LiyTiOs dh PR LS HIYT[1001 77 LS (002)Si I FJE 143415 J22 9 Li Al Ti J 745 FR kA1 TE
RIS SIEEGIN S AR I 45 A AN 58 5 45 K4 B-Lis TiO; /) XRD i
Fig. 1 Crystal structure of A-Li,TiOs(a)!¥, crystal structure of f-Li,TiO; viewed along [100] direction(b), atoms arrangement in

(002) lattice plane(c), primitive cell in LiTi2 layer(d), experimental supercell in LiTi2 layer(e) and simulated XRD pattern of perfect

B-Li,TiO5(f)

1.2 B-Li, TiO; IR BE R AR &

HAT, 18—t 73k 453 1) B-Li, TiO,, H
Looay /1 (133 BEIL S 0.8 Ze 451, R by 2 7 e 4
PEFRAR KL R 50%, AT WL OEA AR 2 6k o
DTS S5 R e B 1) S50 7 VR AT X S AT St . Raman
W WL FBERIG . S A A T BT DA S AR SR
WA X SFERAT I AT AR 2 B VAN A i 54
H ;s Raman Y& il il FEOW_EAF 5T B-Li, TiOs #4 K1HR ¥[8
BEAAH LSRR P AR s T B SR A o
% ST T B-LiaTiO; HH AT REAEAE FR e B A 2%
BB ARG SRS AT ST B-Lio TiOs % Hh R 1B e
i G pIESur R

£ XRD W H R L 02 /1753, FIE LI
2 L T ST U () 5 B SR A U 4% B-LinTiOs I AH
JBE B Ol BeAh, T LU AUk
AN BUREEBRIEAT XRD 3% 500, A SCUEE )
WEFURI: HEN Ti 1R FEAUZE Li )R, 2
XJ B-LisTiOs i XRD #5725 W35 5210, (002) i [ %)
I PRIRT S R Rl i JE 1 A P 388 K e %

i, LB g AP 2()Fi k. 24)2 0 Li Ji 158
JEW Ti BT AR AR T, St JF R i 45 ) s i 2
N,

Raman Y515 0] H 5K 7041 B-Li, TiO; H1[TiOg) FI[LiOs]
LGSR ITIR AN, A R R P S R I A
k. 2007 4£, NAKAZAWA “5U75H5 mifg Xe BT
(18~160 MeV)Zihi B-Lin TiO; i fh, KINSZ HRERs 13
di 5 B-LigTiOs A (002) i T X [ FRATT S e o i 1l
A, Raman 3% [TiOg | F[LiOs) 45 F4 5 70X N [H
MEUEYRSS . o Raman YA Wil 2(b)iw, 1
B-LiTiOs SARZE Ry, J2 R L0 ]\ IHI 415 12 P 1
[LiOs]/\ AR TiOq] /\ RS 559, 1EmRe RS 12
N, WERAERFHPEIN, 8035 T R,
WA AR .

HL 7 BRI AT T B-Lip TiOs £5 4 v i =%
TR R, SUZUKT Z5USRIF] y Bk B dh 7
Zitt B-LinTiOs dihviA, Wik i1 [ e LRt R A2 il
Jii ) B-Liy TiO5 i A4 HY B O e g oo (G5 A 3 4 o)
AU BB O R AR ), PRRRELRE O E
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BCBAC woRRE, A EAE R 2 AR RIS (WLIE] 2(¢)).
O 5 Bl K B8 B-Liz TiOs [ AmRe i ik
HE o

F PRGBS A T e AR B R, TH
TP B-LioTiO; JZIR &5 h ] B A7 A5 IR sUBR A I DL,
HARW 2l Li )3 Li R R A7 5 3 4 Ti
JEFEUR. 2013 4E, YU S50 RE82 K A W T 13
B-Li TiOs M AT E SRS BT I 1) v 20 30025 S i i LR R i
X 1 FATESHERE(SAED), & BT H 3 ¢5)] -Li, TiO;
oOLIT2 JRF 2R E o 1R Y BT F b i 48 5
AR P oW R T OLITI2 E e B, WK
PO NPT AR LiTi2 JRFZCHEBEE, HES
LiTi2 J2 36 B 7 i) b IE R R 008 PR R Bt o5, o fE S
JLRC 102°ff 77 1) B B Ik e B, B4l Li 2k

174 Ti JEFHUR Li JR 78, th4h, SAED K%
rh R HI(002) 5 [N Y HL TS IR, R B KA B B
3=l Li J2 1A AR AR, &5 R i 2(d) R
20t 600 CHEeT, FITAHFE i 7 HEiE S v B W s
G B A B b 4l Li 2 b Ti Rk, HAE
SAED B4 b H I (002) i 1T X W L 1 A 565 208 (O 1
2(e)), RUEBEG 4l Li J2 N R 7 A P AR e
FERRRE R RE b A AT 2L, Li JRF U947, AHM Ti
JR-f A2 Li JZ29 #5903 LiTi2 JZA .

Bt AR rl L p-Li, Tios 45K 3 FiAr & 11
Li JEFAZRHE S e, s AT RER AL E Li
JRF- B T it kg ol AL T F e i . VIJAYAKUMAR
25O KATAOKA 5L AL -, MR4E B-LisTiOs
P ©7LI 1 NMR 4558, X 5018 4 R AT

(a) (b) E;;Q L0 I;{:g © — yrayir.
é TiOgs _Tio, LiOg
g 663 442
g
8 355
s 3
100<\ N
20 5 £
/= 7 05N &
~ WF e 2
7 50&@' X’ <
S B
60.@ X =) | | L 1 L
175 180 185 190 195§ B 206 2.04 202 200 198 1.96
o 5} /‘_,__/'\__,M__/\J\./\_.,,-
20/(°) &\\ 5 . Y Lande g-factor
800 600 400 200
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e—Li3to Lil
o—Lil to Lil
e—Lil to Li2
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diffraction ring

Li3

L2 o liloLiz
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Distance/A

(f)

2 B-LiyTiO5(002) i, 1T AT MEATIR W AT R 58 BERE AT Til HUAR Li2 U AR 1L, Xe & 1% i T B-Lio TiOs #4FF Raman Jtii i)
AT,y SHESETTIE A-LiaTiOs BORHII LT FUBEILHRIE"™, KA A B-Lip TiOs AT HRTEM {5, 4kl HLIT-A2 i J%
JE D H AT TERE IS, KA 8 B-Lia TiOs M ARZE 600 CHBUREIT FITAFAE AL f) HRTEM 15, — 4l LA 460 <] 3% S ik X He
TATHAERE B R B-Lio TiOs £ rh 3 FIORIFIA BN Li J5i 1 BRI B 5 g 1)

Fig. 2 Relative intensity of (002) diffraction peak with substitution of Til ions for Li2 ions (a), changes in Raman spectra of
S-Li;TiO; irradiated with high energy Xe ions!"” (b), ESR spectra for un-irradiated and_y-ray irradiated -Li,TiOs'® (c), HRTEM
image, 2DFFT pattern and SAED pattern of f-Li,TiO; by hydrothermal reaction!® (d), HRTEM image, 2DFFT pattern and SAED

Lil Lil

(d)

pattern of A-Li, TiO; by further calcination at 600 ‘C (e), and energy profile for Li jumps between three Li crystallographic sites in
S-Li;TiO; lattice™ (f)
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58, RILE B-LibTiOs s fk T, Li3 AL EEGHER, S
A Li 07, 4 Li 2P Li2 b Lil £ 85 5 0 A
SRR, 3 PSRN Y Li BRI 5 e s
AWK 20007, WIEY], B-Li TiOs 1 3 B &
(1) Li J 1 S A SR e IR A B RSN IR 24 Li3
Li2. Lil.

SELARSEH TR, WBBEMER R, N
15 B-Li, TiOs i A4, BHURER B 454 (1 W] e A7 ARl B
A 1) J2E Lil A Li2 f75 1 Li 234067 2) 2
) Lil AT Li2 A7 &0 Li S8 2 A Til F Ti2 7 &1
Ti J7R FHEUC; 3) JZ2W Til A1 Ti2 A7 5 1 Ti JR 72507 .

2 B-Li;TiO; MR B & 5 7%

B-LiyTiOs By VRl 6 53— Rl 20 [l FHVE AR,
Wk, Hrh A AR IR, ety
JREPY BRI i

2.1 [EHERNE

LK, B-LiyTiOs M PRI il 2% 7572k [ A0,
%M Li,CO5(=% LiIOH)F TiO, M5k, Fe/mRaraqE
700~1100 “C T il iBse 5~24 h. PERAMUNAGE 245122
IRFFER W], LiOH 4 s T Li,COs M AL, 3K
AR R, P EIE R Li,COs 1 AR . EKIE 5
T, BB AH ) TIO, 2 FERAIK, 4t L4l AHER
ART LRI B-Li,TiOse — A AR 1 2
R, DS ik Li,COs KAME Sl ™ LiO (4%
RARRP,

AL R4 S-Li, TiOs M4 1 J5L N AE T RE{R
USSR OGS Li B 1A m RS NI IR e, SE
DU s b AR P (B, LM SO 52 B 4k
PERISE I, I8 R AR AR K (>2 um), HAMEAS
B, 2009 4E, BRENZFEPLL Li,COs AT TiON(4 40
FAHE N 64.19%. BUERD AHE HA 35.81%, JiiE:
SEO M ERE, FEANF FIREEK L, 7F 850 “C R BRE 24 h,
BT B-LiTiOs ¥ iA, FrfdfiAon HAe K211 2~3
wms IR B VENIRE Loa) /{133, £ 1.30~1.35 Z
), 0 B R 4 B B-Lia TiOs KA (B I 45 46 % ¢
U, B LEX M 25 4 IR R B e AN K. 2010 4,
RAMARAGHAVULU %L) Li,CO; #1 TiO, A J5Uk},
FH N AR A A B HAR G35, T JE 15 600~900 C
RS b, B A-LiTiOs Bk, Bk ki K
16 1~3 um, 5 KPR EASEE T 5 pm, Fifs0 A

AEsy, JFHIL T RIS K E I R AR
Lonay /33, 7E 1.20~1.36 2], HEEMBREHR I AT 5
BEASE N, LIRS N I RE S R S5 R B R
it

22 REE
221 WIR-EIRE

KIS vk i %6 p-Li, TiOs Ky A4 R GE R
Z, PrRHBERF R 2 . — B H I8
A LiNOs™. LiOH LA CH,COOLi™%%, 4Kk
TiCL2%. Ti(CeHgO7)," LA K Ti(C4Ho0),> 1%, B4
ARFIEIRN S 2, /N H LU PO R bR 3014

2007 4, WUU'4iE T LA LiNO; 1 Ti(CeHqO7),
MR RPN EE AR, T K IR B A
(Water-based sol-gel process)il % T 4HK HARLAR 73 A1
AJ B-Li, TiOs ¥pfd, PRk RSF /T 50 nme £83d
500 C K, (002) 8 M il i R B,
Looay L (133,210 0.76. PR B-Li,TiOs K {A4E 1100
CTHake 4 h G, BREHEILR] 90%. SEAHEAMLL,
TERMARIAE . Begh i BE L R A 2535 5 0 46 D7 THIEAS T
WK . 2012 4F, VITTAL RAO Z:P291) LiNO;
HUTICL Ay JsoRky S FHEDUERIPR 3o B A7),
TR BRI BT B-Lis TiOs ¥4k, 7 800 C ik
JBcke 3 h e, (002 ML I LI BT s Lo0a) /L (133
2920 1.00 M THRbER BB s, P Rissis s 7
300 nm ZiAy, HHEL T BIZRILG . 500 I sl e
KARTE B-LisTiOs KA1 M K & A7 AE— & I [1]
g
222 BREEA G

BRI B e R P o B A B AR AR, A
AR B R A SO, LR ) A S P i —
Fofr vl A5 B o

2006 4, JUNG %P1 TIO(NOs),. LiNO; PLK
AN A J5ORE, a2 T — IR
FAAZ1 0 20 nm [ B-Li, TiO; ¥k, 42 H v 2k
130854 B-Li, TiOs ¥k . Ptk 4A7r 1050 C4&ATF
WBepe)a, begh sk 87%. 2010 4, SINHA 252!
PL LiNO; #l TiOyxH,O 4y ik, 3o ek [ BE 12 45 B
T YK B-Li,TiOs ¥ fh . FITASRMATLE 1100 CA&AF T
BeJi, BREES LT 90%. {HiH XRD P4 R
ATLUE Y, E002) M R B, Zmittbe s H
T 0 5 R R A T

UL R, BAbe 45 i il 4 1 B-Li, TiOs KAk B Ay
DT o0 NN - 1= N P VA L5152 ) < W = Py @ A )
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IRARMEAL B, HR NI ISR, A LA A7 A
RBP4 R S R B AT s, S EULAHA A
gz, MR BRI
223 KIMG L

2010 4F, LAUMANN 25P7ILIBEERE 4 TiO, A1
LiOH MJ5okl, RAZKIE kil 4 T8k AR 404
50 nm FEAR o-Li, TiOy ¥3 44, HAKIAA), FEAR LA
TEAEABEIN G . Z WA o-Li, TiOs #H A4 800 C il
Wb PSS TR AR Sy B-LioTiOs KA. Jioh, TREEEN
&, WA o-LiyTiOs By ALKIEIG, 2947 75%I Li
ik, BEHMHEFEYN TiO, M LiyTisOn, KR &
Y. 2013 4, YU BT M Tio, Al LIOH-H,0
HJERE, BRI LT T 9K B-Lis Tios Fi k.
PRI BRLCT- ) HAR N 114 nm, £85 600 CHBk%
JEE AN RE' e SRS N SO Y R E 8 IR S A G ai]
%), SrHrELs.
224 HAbG BT

2007 4E, JUNG 2281) Ti(OC;Hy), A1 LINO; 4 J5
Rl H A7k (Polymer method)7E 400 °C 4<4F T il
# MR N 70 nm [ B-LipTiOs, & & 45 4x
Looay /(133210 0.80 FIAFEMALE 1150 CHEbE 2 h
i, BRAESEEIAF] 92%. 2012 4, LI %L TiCl, A
LiOH-H,O 4 Ul T8k JE A7 K 1l Lio TiOs Hi 9K
1A, IFAE 800 C 4o T AU B S il 4% T Uk B AR K2
“h 80 nm ] B-Li, TiO; ¥pfA, Fokidsys) vy, Hokii
BEAERS L 002 /1 733, 210 0.8 PRI AAE 1050 T
PRI 4 h JE b4 Lk 3] 90%.

2.3 JLHIE AR LLAL
SRt o AT LU ARl ik T, BARR A B
FR IR RE T 1 B-LiaTiOs WA, (RAE T A4 A

T2 UM B-Li, TiOs KA 4% 590 i bl as

MRLAE /N B 4 R DL A 85 4 K 1 4%
DI THAFAEZE S o B3R JURP VR4 B-LiaTiOs By 44
FHvE RE LA &S IR L 5 51 T 3R 2.

3 o M EAHE A B-LiyTios KA SEM
B, [ AR IS0 B-LL,TiOy B AAHA e i, FLE
MSE R R B e A R o TR s B A ok i — i i
1T 3 AN B, B TiO, AN R 2 18] AR 5 R o T
PR TN, s A S I A4 5 [ AR (4 43 14 A
JFREAT A2 SNSRI BGHTAH s T BGHTAH 5 B4R S Ik,
AT AR E R NS RSB IORR IE, A BT U 4h i R AT
(1) B-Li,TiOs ¥pfh o HEA WAL S B-Liy TiOs Fy i
P 5 B Rl B R R S I ) S B, S BT A A
R K RKRAR, BORHIK HIA 2. [, fEm
AT LTS Ek, =i s it wtt, %
Wi A AR P A FH 1

WA T, R I R e 45 s LK
2 6 Bl BRI O ML R N JEORE, K RN T G 52 L 1Y
TiO, JFWB Li", JERLT 2 Bs /KP4l H s o3
WA RS, S AR My UL T L, LR
SRR B TR BT T e >, FLURONII AR, 3 AR R
TILTTRA AR A, BARE S B TR ) TEM
GNP 4R . KRG B-LiaTiOs Bifd, JEfEm
ek v P 4 A T I K A S K E VS T K ) TiO, R4
BT, SR )5 5 Lit K Pt T RN K B-Lis TiOs.
LI a-Li TiOs A1 A-Lio TiOs ¥i4AK) SEM {4 %
XRD 1435l el SRR 6. ik S A6 mr A,
K BUE TSR ANk, HARSERE e, 39501
if.

BRLCEST S, WAl VAT A7 A I S i, )
R G W BRE,  (002)E M i RIAT ST Ig & A i
FEMRAL 2 07 123 4 16 B-Lia TiOs W44, TR M 45 44y o

Table 2 Comparison of typical preparation methods of -Li,TiO; powders

Reaction

Method Grain size Lo/ Li133, temperature/ C Advantage Disadvantage
Solid state . - High reaction temperature and larger
reaction >2 um About 1.30 >800 nggéigi:;lgnsﬁ;:iiu grain size, stoichiometric ratio of
method product is difficult to control
Sol-gel <0.01; Poorly developed supercell structure
m ﬂf’ d 40—70 nm after calcining at <<300 Small grain size uniform. without calcining, and longer reaction
etho 500 'C, >0.75 time
Combustion <0.01; . Reaction is difficult to control, phase
synthesis ~ About 20 nm after calciningat  About 1000 Small grain s1ze gnd purity and crystallinity are low, and
o shorter reaction time . ’
method 500 C, >0.6 supercell structure is damaged severely
<0.01; . .
Hydrothermal 50-150 nm  after calcining at 160-200 ngh ph_ase purity, small  Poorly deve_loped supc_ergell structure
method grain size and uniform without calcining

500 ‘C, >0.80
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B3 [EAREHTS f-LiaTiOs A SEM 41
Fig. 3 SEM images of f-Li,TiO; powders by solid state
reaction method at 800(a) and 900 “C(b) "

B4 IRBEA LT B-LiaTiOs K3 V1) TEM 52
Fig. 4 TEM image of f-Li,TiO; powders by combustion
method®?

BRIk ST AR L B . ZBORIEA S5t
T ) SRR 0 2R AR (e R M 45
IR - JEBbe sy 3 Fh: 1) HAEAKHT 5 %
Wi e N ERAENR B R T 1100 °C R BT 1B, EIH T VAN
RIH, DRUA s S5 AR (R4l Ry AA7E 1 1100 'C R
Best, EW Ti R ERAZN Li 7T, B
ARG R K R AR BT AR 2) #E 800 C A ATHEAT
B-LixTiOs Fp k1) i iBede, WA e dhB & 7
A% VITTAL RAO 5P AR 7045 3, Kbl 7 800 C
NHEATIESE, 13 B0 ARORL RS K, TA #) 300 nm,

HHBWT RIS . 54, HERESF
Loy /133 BN 1.0 AiAio T, 20 I8 M 1Bebe
Ji > AREIRAFHEAN p-LinTiOs ¥y ik, HHMR F AT,
3) 1£ 500~600 C (1l B ] EA T I (Rl R, JHEE it
HE— 4 BOdE N2 N 2 RIS o ARA SO BEA
R, KR ORI T A R R R B TR A
ooy /133 290 0.8, LR DR IR 1] £ 22 4 s 7
K, TS R R (R R PR HE T e 8 i 25 v )2
W TR R 2 LTS, S E0 IS5 R AR
878

g Lprik, HETA B-Li TiOy My A £ 72
IO, REAAE TR L E, AT a4
[ ESF, LRI AR A T R 5 AL R T B R B TR E
T [ A2 8 5 N RE s i, SEDU B AN K 4
DI HAMEFEIR K o S WAV AR AL S A 3, R
SRR T IS, T S St be 2R,
A AT BeAEIUX P 7 T EEK, TiHE R B-Li TiOs #EH
SER A E T .

* (b) Via further
M calcination at
800 C
* -
*
i | R
Via hydrothermal
reaction
¢ — f-Li,TiO;
o — o -Li,TiO;
<o
| _ - L
20 30 40 50 60 70
260/(°)

Bl5 JKHGEITS o-Li, TiOs BT SEM {5 S HLAE 800 Cr
TRABPERTJT ¥ XRD 157

Fig. 5 SEM image of a-Li,TiO; powders by hydrothermal
method (a) and XRD patterns (b) of a-Li,TiO; powders by
hydrothermal method and with further calcination at 800 ‘C 7]
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(c) ,(002)
(133)
(1 1 0) (T 31 )
J ” 600 'C
A A A 500 C
l Hydrothermal treatment
0 20 30 40 50 60 70 80

20/(°)

6 KBGLHE p-LiyTiOs B RLBRE. 15 600 CHEtkE
JA ) SEM AR FIKHGE 2 p-Lip TiOs Bk R 284k Mo AE
500 F1 600 ‘CHEJE ) XRD

Fig. 6 SEM images of f-Li,TiO; powders via hydrothermal
reaction (a) and that calcined at 600 “C(b) and XRD patterns of
S-Li,TiO; powders via hydrothermal reaction and that calcined
at 500 and 600 C(c)"

3 p-Li,TiO; BY5Z

3.1 FEmIEFEM AR A
A o PR S ME S B 2 e vk v, A B

M IR R AR 2 EE Sy, Pr b iR B
JI VLR AT 1) et A M 4% 52 . Har, PR b
TER I [ A BT AT RA R E 2 LiO. Li-Al %4k
YRR, Li-Zr FAE R Li-Si ALYk 20 Li-Ti
EAE RPN, o, BLi,Tios th 247 °Li Jii 1
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2NN 5%Ti0,(BE SR 43501 B-Li, TiOs B (°Li 25
oA 96%), 1 WWR-K # Jx W HEHT T~ 650~660 C 4%
EF, ATH 6 MW S RERS 4RI 220 d J5 20 v 2
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Wavelength/nm
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B-LisTiOs MR IR i 5 R i .t 8 v I,
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02}
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: Violqt .
0 0.2 0.4 0.6 0.8
X

7 BB f-Li,TiOs 1 R 1% 5 REY(Eu®, Dy "l Tb* )5 4% -Li, TiO; 11 CIE £ i [ 1)
Fig. 7 Emission spectra of Eu*'-doped f-Li,TiO; (a) and CIE diagram of RE*" (Eu*’, Dy*" and Tb*")-doped f-Li,TiO (b)!"”
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Fig. 8 Excitation (a) and emission (b) spectra of Eu**-doped S-Li, TiO;
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3.5 p-Li,TiO; By E b [ FH

SR S P IHGE T B-Liz TiOs 7587
BRFAARER  , d [FE ARE G ) B-Lis TiO;, 4ot
EFRUEME LiT, PRS2 IR B R HoTios, JLr
BRI R IEE] 98.86%, ERAIAEHURIRT 0.1%. 1E
R SLRE ST AR i K P A B OB, AN TS
JENATTRMRE = R K

4 Z5iE

1) BRI B-Li,TiOs MBI g i LIk, T
B-LiTiOs BF AW 2 e, FoAeazphRl, 2
B HIh . ROGAEL T A STUMRE A B B I B A4
TEFSEAIF ST AR A 2 IR R 22 A0 S P R L 11 Y H
s, HAET, L KATAOKA Nf#E, XF f-Li,TiO; #4
EHEB IS M AR E . EX T A-Li,TiOs KA
FIESE, HETER, EAAERZ m . el i
BT 2, A% O 4 B-Lio TiOs K411 []
I, ORUFICER M 45 R (R B AR ) — AN T A

2) BMOkE, RIEKT B-Li,Tios MBI
FREGE M — w2, HERECZIFiH
B-LiTiOs MEHAASCHEF T LLERL, rTLATUN, 1X¥

HEBYIRIEAE f-LiyTiOs X — 3 B dsib4 kB i BRI 5
ARSI e N Y5 T A5 SER R 2t e

REFERENCES

[1] KULSARTOV T V, GORDIENKO Y N, TAZHIBAYEVAIL,
KENZHIN E A, BARSUKOV N I, SADVAKASOVA A O,
KULSARTOVA AV, ZAURBEKOVA Z A. Tritium migration in
the materials proposed for fusion reactors: Li,TiO; and
beryllium[J]. Journal of Nuclear Materials, 2013, 442(1/3):
740-745.

[2] KONDO K, TATEBE Y, OCHIAI K, SATO S, TAKAKURA K,
OHNISHI S, KONNO C. Measurement of TPR distribution in
natural Li;TiO3;/Be assembly with DT neutrons[J]. Fusion
Engineering and Design, 2010, 85: 1229-1233.

[3] AVILARE, PENAL A, IMENEZ J C. Surface desorption and
bulk diffusion models of tritium release from Li,TiO; and
Li,ZrOs pebbles[J]. Journal of Nuclear Materials, 2010, 405:
244-251.

[4] KATAOKA K, TAKAHASHI Y, KIJIMA N, NAGAI H,
AKIMOTO J, IDEMOTO Y, OHSHIMA K. Crystal growth and
structure refinement of monoclinic Li,TiOs[J]. Materials
Research Bulletin, 2009, 44: 168—172.

[S] KOBAYASHI M, KAWASAKI K, FUJISHIMA T, MIYAHARA
Y, OYA Y, OKUNO K. Release kinetics of tritium generated in
lithium-enriched Li,(,TiO; by thermal neutron irradiation[J].
Fusion Engineering and Design, 2012, 87: 471-475.

[6] YUCL, YANAGISAWA K, KAMIYA S, KOZAWA T, UEDAT.
Monoclinic Li;TiO3; nano-particles via hydrothermal reaction:
Processing and structure[J]. Ceramics International, 2014, 40:
1901-1908.

[77 RAMARAGHAVULU R, BUDDHUDU S, KUMAR G B.
Analysis of structural and thermal properties of Li,TiO; ceramic
powders[J]. Ceramics International, 2011, 37: 1245-1249.

[8] ZHANG L, MUTA T, NOGUCHI H, WANG X, ZHOU M,
YOSHIO M. Peculiar electrochemical behaviors of
(1-x)LiNiO,xLi,TiO; cathode materials prepared by spray
drying[J]. Journal of Power Sources, 2003, 117: 137-142.

[9] CHAUVAUT V, CASSIR M. Behaviour of titanium species in
molten Li,CO;+Na,CO; and Li,CO3;+K,CO; in the anodic
conditions used in molten carbonate fuel cells II
Electrochemical intercalation of Li" in Li,TiO; at 600 and 650
‘C[J]. Journal of Electroanalytical Chemistry, 1999, 474: 9—15.

[10] MOHAPATRA A M, NAIK'Y P, NATARAJAN V, SESHAGIRI
T K, SINGH Z, GODBOLE S V. Rare earth doped lithium
titanate (Li,TiO;3) for potential phosphor applications[J]. Journal
of Luminescence, 2010, 130: 2402-2406.

[11] LIANG J, LU W, WU J, GUAN J G. Microwave dielectric

properties of Li,TiO; ceramics sintered at low temperatures[J].



1484

A G A R

201446 H

[12]

[13]

[14]

[17]

[19]

[20]

[21]

[22]

(23]

Materials Science and Engineering B, 2011, 176: 99-102.
KAEZE, A, AVER, B30 RO WEKER AL M
TR R W M PERE (D], b A (4 Jd 224, 2010, 20(9):
1849-1854.

ZHANG Li-fen, CHEN Bai-zhen, SHI Xi-chang, MA Li-wen,
CHEN Ya. Synthesis and adsorption property of H,TiO; type
adsorbent[J]. The Chinese Journal of Nonferrous Metals, 2010,
20(9): 1849—-1854.

KLEYKAMP H. Phase equilibria in the Li-Ti-O system and
physical properties of Li,TiO;[J].
Design, 2002, 61/62: 361-366.
LANGDIE G. Crystal

Fusion Engineering and

strucutre of some representative
compounds Me';Me'™VO; to contribute to the elucidation of the
ordered phase of Li;TiO;[J]. Journal of Inorganic and General
Chemistry, 1954, 276(1/2): 77-94.

DORRIAN J F, NEWNHAM R E. Refinement of the structure of
S-Li,TiO;[J]. Materials Research Bulletin, 1969, 4(3): 179—183.
WU X G, WEN Z Y, LIN B, XU X G. Sol-gel synthesis and
sintering of nano-size Li,TiO; powder[J]. Materials Letters, 2008,
62: 837-839.

NAKAZAWA T, NAITO A, ARUGA T, GRISMANOVS V,
CHIMI Y, IWASE A, JITSUKAWA S. High energy heavy ion
induced structural disorder in Li,TiOs[J]. Journal of Nuclear
Materials, 2007, 367/370: 1398—1403.

SUZUKI S, KOBAYASHI M, KURATA R, WANG W, FUJII T,
YAMANAB H, FENG K, OYA Y, OKUNO K. Elucidation of
annihilation processes of defects induced by y-irradiation in
Li,TiOs[J]. Fusion Engineering and Design, 2010, 85(10/12):
2331-2333.

VIJAYAKUMAR M, KERISIT S, YANG Z, GRAFFGL, LIU J,
SEARS J A, BURTON S D, ROSSO K M, HU J. Combined ®'Li
NMR and molecular dynamics study of Li diffusion in
Li,TiOs[J]. Journal of Physical and Chemistry C, 2009, 113:
20108—20116.

VITTAL RAO T V, BAMANKAR Y R, MUKERJEE S K,
AGGARWAL S K. Preparation and characterization of Li;TiO;
pebbles by internal gelation sol-gel process[J]. Journal of
Nuclear Materials, 2012, 426: 102—108.

SINHA A, NAIR S R, SINHA P K. Single step synthesis of
Li,TiO; powder[J]. Journal of Nuclear Materials, 2010, 399:
162-166.

PERAMUNAGE D, ABRAHAM K M. Preparation of
micron-sized  LisTisO;, and its  electrochemistry in
polyacrylonitrile electrolyte-based lithium cells[J]. Journal of the
Electrochemical Society, 1998, 145(8): 2609—2615.

T, 4, K, BRI, AL AT
Li,TiO; il & WFF0RF R [I]. o B A 48 %4k, 2013, 23(1):
182-190.

LI Yun-jiao, XU Cang, LI Lin, WANG Xuan-yu, KONG Long.

[24]

[25]

[26]

[27]

[29]

[30]

[32]

[33]

Research progress on fabrication of Li,TiO; solid tritium breeder
materials[J]. The Chinese Journal of Nonferrous Metals, 2013,
23(1): 182-190.

MANDAL D, SHENOI M R K, GHOSH S K. Synthesis and
fabrication of lithium-titanate pebbles for ITER breeding blanket
by solid state reaction and spherodization[J]. Fusion Engineering
and Design, 2010, 85: 819-823.

WU X G, WEN Z Y, XU X G, HAN J D, LIN B. Fabrication and
improvement of the density of Li;TiO; pebbles by the
optimization of a sol-gel method[J]. Journal of Nuclear Materials,
2009, 393: 186—191.

JUNG C H, PARK J Y, KIM W J, RYUA W S, LEE S J.
Characterizations of Li,TiO; prepared by a solution combustion
synthesis and fabrication of spherical particles by dry-rolling
granulation process[J]. Fusion Engineering and Design, 2006, 81:
1039-1044.

LAUMANN A, FEHR K T, WACHSMANN M, HOLZAPFELB
M, IVERSEN B B. Metastable formation of low temperature
cubic Li,TiO5 under hydrothermal conditions—Its stability and
structural properties[J]. Solid State Ionics, 2010, 181:
1525-1529.

JUNG CH, LEE S J, KRIVEN WM, PARKJ Y, RYU W S. A
polymer solution technique for the synthesis of nano-sized
Li,TiO;
Materials, 2008, 373: 194—198.

LIYJ, XU C, WANG X Y, LI L, KONG L. Synthesis of Li,TiO3

ceramic breeder powders[J]. Journal of Nuclear

ceramic breeder powders by and its
characterization[J]. Materials Letters, 2012, 89: 25-27.

HKFARR, BT, BRLLEN, B3R a0, S, SEh, FDS [
BA. ITER Jiif o s o6 60 B2 e oF BF St R )], Mo 55 1A,
2009, 29(3): 266—272.

LIU Song-lin, BAI Yun-qing, CHEN Hong-li, LI Chun-jing,
HUANG Qun-ying, WU Yi-can, FDS Team. Progress in design
and study of ITER test blanket modules[J]. Chinese Journal of
Nuclear Science and Engineering, 2009, 29(3): 266—272.
COLLING B R, MONK S D. Development of fusion blanket
technology for the DEMO reactor][J]. Applied Radiation and
Isotopes, 2012, 70(7): 1370—1372.

TAZHIBAYEVA 1, BECKMAN I, SHESTAKOV V,
KULSARTOV T, CHIKHRAY E, KENZHIN E,

KIYKABAEVA A, KAWAMURA H, TSUCHIYA K. Tritium

in-situ hydrolysis

accumulation and release from Li;TiO; during long-term
irradiation in the WWR-K reactor[J].
Materials, 2011, 417: 748—752.

FHIRER, . RIESE N LisSiOs Mg 7S/ NER M T2 0]
JE T RERFEEOR, 2011, 45(1): 73-79.

YI Bang-yue, NIU Kai. Preparation process of Li,SiO4 pebbles

Journal of Nuclear

as tritium breeding materials[J]. Atomic Energy Science and

Technology, 2011, 45(1): 73—79.



524 %5 6

TR, S BIAEL A-LixTiOs IS . 2 &V H

1485

[34]

[35]

[37]

KAMIYA S, KINOSHITA K, YANAGISAWA K, YU C L.
Preparation method of lithium titanate nano-particles via
hydrothermal reaction: Japan, 2011-092337[P]. 2011-04—18.
YANAGISAWA K, YU C L, TANAKA T. Production method
for coated active material: Japan, PCT/IB2012/000725[P].
2012-04-12.

LU J, NAN C Y, PENG Q, LI Y D. Single crystalline lithium
titanate nanostructure with enhanced rate performance for
lithium ion battery[J]. Journal of Power Sources, 2012, 202:
246-252.

FUJIWARA R, SANO H, SHIMIZU M, KUWABARA M.
Quantitative analysis of UV excitation bands for red emissions in
Pr’*-doped CaTiO;, StTiO; and BaTiO; phosphors by peak
fitting[J]. Journal of Luminescence, 2009, 129: 231-237.
VRANJES M, KULJANIN-JAKOVLJEVIC J, AHRENKIEL S
P, ZEKOVIC I, MITRIC M, SAPONJIC Z, NEDELJKOVIC J
M. Sm*" doped TiO, nanoparticles synthesized from nanotubular

precursors-luminescent and structural properties[J]. Journal of

[39]

[40]

[41]

[42]

Luminescence, 2013, 143: 453—458.

KUMAR G B, BUDDHUDU 8. Synthesis and emission analysis
of RE¥ (Eu’ or Dy*): Li,TiO; ceramics[J].
International, 2009, 35: 521-525.

CHEN G H, HOU M Z, YANG Y. Microwave dielectric

Ceramics

properties of low-fired LiTiO; ceramics doped with
Li,0-MgO-B,O0:s frit[J]. Materials Letters, 2012, 89: 16—18.
HAO Y Z, YANG H, CHEN G H, ZHANG Q L. Microwave
dielectric properties of Li,TiO; ceramics doped with LiF for
LTCC applications[J]. Journal of Alloys and Compounds, 2013,
552:173-179.

DING Y, BIAN J. Structural evolution, sintering behavior and
(1-x)Li; TiOs+xLiF
ceramics[J]. Materials Research Bulletin, 2013, 48: 2776-2781.

WANG Z, SONG L, BIAN J. Low temperature sintering and

microwave dielectric  properties  of

microwave dielectric properties of Li;TiO;-Li,WO4 composite
ceramics[J]. Ceramics International, 2013, 39(8): 9767-9772.

(RiE FRITE)



