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Preparation and Characterization of Nanotube Li-Ti-O by Molten Salt Method
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Abstract: Nanotube Li-Ti-O compound with high surface (198.6 m*-g™) was prepared by the method of treating
nanotube Na,Ti,05 +H,0 in molten LiNO; and characterized by means of TEM, EDS, XRD XPS and TG. The
results show that the nanotube Li-Ti-O compound prepared by this method involves two crystal phases. One is
spinel Li,Ti,0, and another is anatase Li,TiO, (x<0.1). Li* exhibits different Lils binding energy in the two crystal

phases. In ambient air it adsorbs water easily. The chemical adsorped water is difficult to remove below 400 °C,
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Li-Ti-O & 840 & 25 Ff b 22 3 2 f AR k22 3
465 ) (stoichiometric and nonstoichiometric com-
pound), EAITHY A AL S JF A &R 457, Cava
2 PR o T AT T OE T 2560 5 THO(BL 6k
NP A5 R AE Li 46 TiO0, 42 B LigsTiO, B, 45
F i B 1] 1E 52 AH (orthorhombic) H1 il (8L K 4™ TiO, #Y
i M2 %R a=0.378 4 nm, b=0.378 4 nm, ¢=0.951 5
nm, LipsTiO, B ML 2500 a=0.380 8 nm, 6=0.407 6
nm, ¢=0.905 3 nm), LiysTiO, 7E 500 °C LA LA 5 |
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AR B S A 45 F 1Y LiTi,04 (a=0.840 3 nm), LiTi,0,
FEZ R 51 T 38 n] 3 — 2P JOw AR B LipTi,0,, 13
HAR A G IRIFAZE (0=0.837 6 nm)"'", Wage-
maker 55 FH X-GF & fiT S ek € T 1E T 242 5 Tio,
(BRI =9 LiTiO, MZ5 4 |, 24 x<0.6 I, BiEk
R TR B0 P AR LA 0=0.7 B, 43R 80 Bk AR i A2
NERTRHZ5 A Fattakhova 55 LL 0.6 mol - L' LiOH
5 Ti0, (P25, Degussa)7E 120~200 °C & H 48 th #E47
KGR, R Ah A A Li-Ti-0 &4, FIH XRD
F17Li MAS NMR B, 40BN Liy, i, 04s(x=0~1,6=
0.3 5% 0.5)134, iR A LiTi0, 52 & A B LiTi,0,.
Li,TisOy, ¥ )8 180 37 J5 i &, (P35 1Y b i 2 50045
5, AR AL LITiO, 3 7 R B TR R 45 i iR Ak 2
BT ER A, A Lecert 7E 1000 °C, H Ti,0, 5
Li,0 S il 7 LiTiO, (a=0.414 0 nm)"; Jiang 55 7F
700 CH Fl i LiCl Hr X TiOL (B ek 0 47 FL i,
JEAE 3.2 V H 2.0 V ZIH], 79 Ry im #h B LiTio,,
AR T 1.8 V, W 2 dn A AL LiTi, 00,

FELAS A R A LU 3R T AU 8 1 L i RS R
W B EE S, MTARILRIBE/NAR 3
m?-g™),  DhAT R OO Y L S O
5 A F T R (R G R A A, HHT, R LRI
AR Li-Ti-0 f6& Y6 O PR RE B 98 & 51 ik
AATHYE R, 40 . Zhang 55 LA & BK T2 5 (H-titanate) 44
KA ML S LiOH /KIS W AT Ac e e vy, R A —4E
I Eb A LRI LigTis0,,, 70 0 B A 238 #1127 m?- g™
Pl 2 1H BURT R 47 A F AR 2= PE T Gao S5 DLBLER
GOKEE (RN 314 m?- g ) Zhang 55 DL A 2K
FRER KA (LR A 331 m?-g)"WE R Li ik A
16 6 AT T HAL AR AE | BoR e T A R i R
FH AT &, A SC a8 DLgh oK 4 K R BN (nanotube
Na,Ti,05+ H,0) i B 9K | 54 fill LINO, #4741 25
TACHe , L M AR T AR Li-Ti-0 f6& 9, IE Xt
AT T B FERAE

1 LI

1.1 KRB RERNAH &2

TER MR IR W 4 ¢ TiO, B R (BiEkH™
R WL W] H A0 Kb R BR 2 w77 il i m A #]
150 mL 1 10 mol - L' 9 NaOH( KR AL T 7=
Sy BT ARSI T B TiO, K AR 2] 1943 BUTE NaOH
WIS, AR TR RN O R AR DU R A
B 7E 120 CIME T TEIRREHEPE RN 24 h, B

SR H B R B TTE M DIRE 5 |, W2 I W,
JH = B KK BADTE YL 2 pH=12.5, 1218 T
P BIAS AR A BR RN

1.2 #MXKE Li-Ti-O L& &

B2 g PAKREERRIIMI AT 12 g LINOy(KHE T
Bha A2 R T & o ) IR & ¥ 55 A /N b
o, R NI E 260 C(LINO; #5 50 253
C), TH iR — B R 5, AR 2= R, A=
IR ZE N KV 25 SRR (] 19 1) 24 e ViR 5 T 1 VA
WA PR AR JE o8 bR 2%, i vk | TR BIAS 9K A
Li-Ti-0 &%, 40K Li-Ti-0 (b8 ¥/ 500 €=
AR AR R T e R,

1.3 HMAIRIE

K JEM2010 %Y # 7 5 S08E (TEM) I 5 A & 19
JES (I H 2 200 k V), fE it 4 805 B (EDS)TE H
AL 1 SEM-5600LV 49 4 HL 455 e X5 2k fE 1 X
(% [E OXFORD 2 wl) K43 (hn# & 30 kV), 7&
ASAP2010 b 3% R 2 A F 5 Lo 3% 1 AR RTAL 43
fii . JH Philips X'Pert Pro X-58 A5 5L (XRD) 73 H1 7~
Py B (R Cu Kae F S8 ,1=0.154 05 nm, FiL T
40 kV, B 40 mA), £ Axis Ultra % X S HL T RE 3
A(XPS) - 43 BT A it 1) D~ 24 R 2 1 4L 8 (R FH 38
HTRERL 40 eV AL Al Ko SR ST, TIRA
150 W, EZ5FEJE 7.5x107" Pa, #PE2s S5 YLk
(284.8 eV)WE N Z % WHR), H Seiko TG/DTA6300 #4
3BT ZR BRI 7 A ) BER 1Hh 2R (TG RN 43 #4 o i 2
(DTG)(= L AH T, FHEHE .10 °C-min™),
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2.1 FIRANAR

Bl 1A M Na,Ti,0s- H,0 40K /9 TEM, & 1B, C
430 R KA Na,Ti,0s- H,O 54 fl LINO, 78 260 °C
L4 1.5 h,7.5 h i, FELUEEA TG 7Y TEM
Bl AR S ROE S, B 1D Bk
HRTEM &, Z-ZZEFREAFGMW, ZRIEZh
0.42 nm, # Na,Ti,05-H,0 441K 48 )2 8] #E (0.8 nm) ik
ING —2 A NAE N 7~8 nm, B Na,Ti,0s-H,0 44 K
BN K E 1A), Na,Ti,05-H,0 99K 1 iy
BN TSR LINO, T B ag s, B/ 2
(1) EDS 43 B4 %M 1=1.5 h, =Y 1
WP T E(1=4.5 h,7.5 h, #HE FREH RE), #
Pl 3 g BeE - e it 2k SRk 75 BET SR EFRH 199 m?-
g P fLAE 7.8 nm(5 HRTEM W75 19 45 R AH IT)
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A: nanotube Na,T1,05-H,O; B: Li-Ti-O compound (t=1.5
h); C: Li-Ti-O compound(t=7.5h); D: HRTEM image of Li-
Ti-O compound(t=1.5 h)
K1 499K E NaTi,05- HO A [ 52 Bz i) 7 4
(Li-Ti-O L& )5 TEM &l
Fig.1 TEM images of nanotube Na,Ti,05-H,0 and the
products (Li-Ti-O compounds) at different

reaction time
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A: nanotube Na,T1,05- H,O; B: Li-Ti-O compound(¢=1.5 h)
K2 9K NaTi,0s- H,OA)FI Li-Ti-0 L& 4
(t=1.5 h)(B)iY EDS 1
Fig.2 EDS spectra of nanotube Na,Ti,05-H,O (A) and
Li-Ti-O compound (t=1.5 h) (B)
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FEAE BN ES T AL YKk R R AR R AR
16, 148 260 CARIZZHM [ H) XRD B, 99 K4
Na,Ti,05 - H,O 4 1E 32 i B (orthorhombic) ™, 117 #1441
B A AL E IR RV BT . S T AR A A A5
(spinel) B Li, Ti,0,2F £ 2K 47 25 14 (anatase) Y Li,TiO,
(0<0.1)101220 >y g A R TR 0 07 S 0 R A A
B AR T AT A f R 04 S Y LGB (R =hog/has=0.76) PR
Fe AL 4 16 AR, U A AL TP RS, B
A B Li TiOL(y<0.6).,

A = anatase
S = spinel
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Figd XRD patterns of the nanotube Na,Ti,0s H,0 and
its ion-exchange products in molten LiNOs(inset:
the relationship between R and 7)
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HL AL PR HFRE , Wagemaker 55 A LR 1 Li-Ti-O P
HALEY RS, R4 T X — DA 5, B
YRR T 2o 7 R 22 T PR 3 2 S A 1 T 1 — A
AN SR AE 5 v i R S R P EUA R 8 R X 45 % (rela-
tive phase fractions) 728 At , i 43 28 bl 52 $8 v] 4 5
B P, AT RATA R R B T A 4 e ) AL
PPN [F] i L Li-Ti-0 165 W0 AE  REAE o b e
FHS Al RE AT MY
2.3 /T UH Li L ERE
BT Lo X5 X6 U 16 HL BT (photoelectric
cross section)/N \XPS {5 %5 855 , A ik, £ 260 C
BREAACH I Lils 3, FRATIAS T X5 #E & 1)
A B SA RSS2 A Lils W E (45 &
BE)/r 5N 55.7 Ml 54.4 eV, 5 & 5B A5 LiOH i
[ E(Lils)=55.3 eV],55.7 1 54.4 eV WK Lives
TRIMAL AR RIRES 23 HJE T4 di A F BBk
WP LT, XS Wagemaker, Luca & L
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Fig.5 XPS spectra of Li-Ti-O compound
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(015)=530.0 eV F1 531.9 eV, 73 AR A A& (0 Fi
OH-, % 1 NIKHE Na,Ti,05- H,0 7E 260 C 5 R
PRAS S 7 ) ) R AR TR, Na AE, X 5K
2 [ EDS S Hr &5 RAHTT

R1 WKE NaTiOs-HO SHEBEZHRTYHERT

X R FIRE
Table 1 Relative surface atomic concentration of
Li-Ti-O compound
Surface element Li Ti 0 Na
Atomic / % 16.1 15.9 68.0 0.0

2.4 FEFEMHHAMER

Bl 6A N 260 CEE-PAZCH 1.5 h 9B TG,
DTG ik, 7 DTG Mk I, I 2 AR H % 64 °C
2 T 06 Ay ) B T A 1 M RO R ROl 5.6% , 3R
WA A 4 W A 25 SO B B oK M o T
FEW 495 CREVEMMERT, W28 ™ PILE 500 CZ=
S PR be 2 h Ja R E H XRD B, B 6B H 500 C
A B B A ()5 4h BEAT (a) FH EE | 25 00 T S 06 437 5
S AR GEBE 500 CAbHRIF A 51 & R AR | BRI
495 °CHR T UG IV Ay o 1 A R B 7K 1 o B e (2
M 3.0%), [HIE 500 °CAk PR G AE i 18 AT 55 i 1) AH
XiF 5 B K A AR AR R (=hosolhos ) TE R 1.3 10 A0 BRHT R
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Fig.6 TG/DTG curve(A) of Li-Ti-O compound and its
XRD patterns(B)
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Li, TiO,(y<0.6) 1 75 1% , BAT I R 4

A Na,Ti,05- H,O 94K A5 BT gkik, #4519 Li-
TiO, 75 £ 47 94 K IR 45 89, BET 2 1 L AT 35 199
m?-g!,

B T3S LA TiO, A0 5 WA AN ] A BL A A
SR ERA LiTib0, AHFESLERTT 1Li, TiO, A (x<0.1),

TEJE Rl LINO; Hr | #R-A0 8 1 Ac e jRE R | B A2
o584

500 CAbBEAT DL g 55 4 fb A AH Y 7
AN [ 5t A 22 180 £ L)

A AE P

B . HRTEM, XPS,DG/DTG f il it 75 51 25 357 5 5 T
AR 5K T AR AT B S Bl AE I 3R S R0 BT
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