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Synthesis and charge/discharge performances of titanium
doped lithium iron phosphate

WU Pengsen'?, WANG Yang’, GE Jiajia®, LI Zijin>, LI Zhenzhen®, QIU Guanzhou"
(1. School of Minerals Processing and Bioengineering,, Central South University, Changsha 410083, China;
2. Henan Baili New Energy Materials Co., Ltd., Jiaozuo 454000, Henan, China)

Abstract: Element doping is one of the main ways to improve the charge/discharge performances of lithium iron
phosphate (LiFePO,) cathode materials. In this paper, modified LiFePO, was synthesized by a high-temperature
solid-state reduction method using TiO, as a titanium source. The structural composition, micro-morphology, and
physicochemical properties of titanium-doped LiFePO, were characterized by XRD, XPS, SEM, and BET, and
further, the relationship between composition-structure and charge/discharge performances was carefully studied.
The results indicate that the first discharge-specific capacity of titanium doped LiFePO, respectively reaches the
maximum of 161.9 and 150.8 mAh/g at 0.1 C and 1 C rate, which is 4.72% and 7.48% higher than LiFePO, without
titanium doping, and the capacity retention rate achieves as high as 98.54% after 150 cycles at 1 C rate. This is mainly
attributed to the substitution of Fe** by Ti*" into LiFePO, lattice, which stabilizes the crystal structure and inhibits the
secondary growth of crystalline grains, leading to a decrease in Li" extraction/insertion paths and an increase in
migration efficiency, thereby improving the discharge specific capacity, rate, and cycle performances of LiFePO,.
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170.0 mAh/g, JHLF- 515 3.4 V, BISRE %) =, H
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PR AL BT 45 5 BR 1B JR HOR BUPE 94K LiFePO, 4 /5 H:
HL LA PEREC AR B2 W9 . LTS POR Bk #GA i
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0.035, 0.124) i A£5 J5URE, BETH[E 5 & 40%. T4k
I 22 60 min HLE J5 % A 30 min 408 , T4 5 1090k
TERASAHST 770 °CHEBE9 h, HARER HI 2= = I, HLbk
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Fig.1 XRD patterns of different samples

N TR E AR R kB Z i LiFePO, B4k 24 4 1 &%
Ti JCE M A, % TiO, . TO. T2 1 T6 ¥E4T XPS FEAIE , 45
FnE 2 iR . IE 2(a) 1 XPS &g LA Y,
TO.T2 A1 T6 ¥ 0] LLAG M %] Fe .O.C.PMILiJTLE&,
I T2 M T6 A AFAE TiTo &R A Ak A HAh 24
W55, F W Tl A B T v 40 B2 8K 458 2% 1Y) LiFePO, .
XPRE P T ARAS 9 Ti 2p W EAT LG, T AR SR U
B TH2, giaF2ME2(00)—E2(e) T LUFE
i, TiO, [ Ti 2p W i — X 43 51 437 F 464.39 eV Al
458.58 e VAMMFRFEIEZH AL, 43 )& T Ti 2p,,, M Ti 2p,

®1 TRERHEBSH

Table 1 Cell parameters of different samples

LLYIE S 54
F i

a/nm b/nm ¢/nm V/nm’
TO 1.032 9 0.600 7 0.469 1 0.291 04
Tl 1.032 6 0.600 5 0.469 0 0.290 92
T2 1.032 6 0.600 5 0.469 0 0.290 79
T3 1.032 4 0.600 4 0.468 9 0.290 68
T4 1.0322 0.600 3 0.468 9 0.290 57
TS 1.0321 0.600 1 0.468 7 0.290 32
T6 1.027 2 0.597 5 0.466 9 0.286 56

HaE g, R T B R 4R, X F T2 F1T6 1Y
Ti 2p WK 15, Ti 2p,, 1 Ti 2p,, B8 W 43 I T 45 &
fi£ 464.47 eV/458.88 eV F1465.00 eV/459.20 eV Ab , 4
BT TIO K Uk 1) = 45 & e m#£30 , H Ti 2p,, Pl
g ) f 0 B B S 1 K R T T AR Fe i A
FeO,/\TH 45 , H Ti—O ## 1Y 8K L 7E Tio, Sk b i1y
TiO, /N A E K, S8 TR FRIANE R T = B
RRAR, DR F A 0T 2 i A SR g 1, )2 i
KR G L BT G B B4R =, BRI T 2p,, A1 T 2p,,
BB S A A e MRS . 5 E B, TV ARG
BB Fe?' Jim 1 1 LiFePO, b8 P Y s B 48 22, 78
—E R LR T Ti 2p,, BB R 5S4 . ]
1, TiO, 8 2% 30 28 3k v i AR s 1 i, DA Tt I Xtk
A LiFePO, i # UL T Fe'o
22 KB EBMEREENRARE LR

Rl 3 i 7n oA TO, T2, T6 #f i i SEM 14, 45 S %
WY, B RE S B S 3KOE |, 2 R /N RO I — R ok SR 4R
M. M 3(a) ] LUA H , AN TIO, B BT 3845 1Y
LiFePO, (R RSPk, H dbokr 30 BH S i — vk A=
Ko MEI3(b)FE3(c)F i, BiE B4 & =4
R, — YR RS 32 s/ H 534 5234 5) , LiFePO,
AR Y R A K A2 S B I B A BT L A
A, AT 358 LiFePO, A 78 AL PR RE - X 2
T4 H /N TiYHUC Fe* E A LiFePO, i 5 , S3X
i LSRR R B, (o A AR R R R
TR AZ B
23 RIS HBERGRERM R IERE

X AN () B b R A7 B MR RE AL, B 5 4% SR 5 T
3. MWRITATLUE B ERB A2 13S 2 FE i
B e 26 T AN TO B9 12,32 m¥/g 3G & 17.31 m¥/g,



38 Herkttdh 142 2025 4F 2 A

12 000
(a) Ols T6 | 250000l (b)  TiO, . Ti2P () T0 Tip
- 32
Fe2p
| Cls 200 000 11000}
- 5 P2
1 T2p | L :
e Lils | 2150 000}- it 3
Ly |8 s
L 46439V |21 000l
Ols T2 | 100000} p,, A
s SN i Al A
— 458.58 ¢V | WA _M g
50000 9000}/ H
5 — ol '
3
= Ols R Py pTd madd poa s g gudl v oa wwow wyuweesau
= e 470 468 466 464 462 460 458 456 454 970 468 466 64 462460 458 456 454
= e s TP LtV R0 BtV
S A | .
- g - () T Tiop (e) T6 Ti2p
AL s el 2p 2,
- = 3 16 000} f\‘
Ols TiO, 11000 ‘
5 | 214 000} |
= | =
i L 46447ev | R I\
T %IOSOO = |1 465.00ev
- P, 12000 e >, /
i 10000 I A b
W.J 458.88¢v (| \ 45920 eV %\ ; \
| \ 10 000} 7 /
' N i eged
S
Sl
PR [S1 I 9000F 8000
L 1 1 1 1 1 I 1 1 1 I 1 1 I 1 1 L 1 1 1 L
ANy
454tV 4itigleV Zitritlev

B2 AEH#ERAIXPS: (a)&iL; (b)TiO,; (¢) TO;(d)T2; (e) T6 AJ Ti 2p XPS 53i
Fig.2 XPS full spectrum of different samples (a) ; XPS spectra of Ti 2p for TiO, (b), TO0 (c¢), T2 (d) and T6 (e)

R2 Ti2p XPS IERIEIESH
Table 2 Fitting peak parameters of Ti 2p XPS spectra

. Ti2p,, Ti 2p,,
#EH N N
Hitihe eV R TE eV HithE eV RETE/ eV
TiO, 458.58 2.0 464.39 0.9
0 — — — —
T2 458.88 2.0 464.47 1.2
T6 459.20 2.0 465.00 13

[ Rl AV % €738

E3 HmHEISEM%&: (a) TO; (b) T2; (¢) T6
Fig.3 SEM images of samples: (a) TO; (b) T2; (c) T6
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HA TR A 40.50% 5 45 A HLBH 2R U 8.48 Q-cm #2155 &
63.76 Q-cm, BT 6.52 1% . X5 SEM 14 2 ik H Y
2E BAAT, T A A F Tit B Fe? i A LiFePO, it A%

Jei AT AL A RN BN B A 8
78, JOURE 22 18] F) 5 THT 2 fiph 389 22, DA T 5 B30 LG 26 1T ALY
155, LR S AR AL B I B M, B B AR T
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Table 3 Physicochemical properties of different samples

F i R R (mY/g) AR HLBAAE/ (O cm)
TO 12.32 8.48
Tl 14.02 9.10
T2 14.74 13.45
T3 15.42 20.04
T4 16.60 32.00
T5 16.85 34.73
T6 17.31 63.76

24 HRIBEBEREKER BT

B4yl TRESE 0.1 CAE R I IR e
k. ME 4RI LIE H, RIEFTERIB 24T, LiFePO,
(B H L 25 Bk 154.6 mAWg, #1788 20 5 |, ik
FL LS XA RN, HL T2 BRSO FE S e, >
161.9 mAh/g, #2181 4.72%. A, T1. T2 F T3 #E 5
() 70 L L R 6 R RS HLEEA 3, i3 2 2y
4 0.06 V, b TO B 45 0.08 VIS A /N, i %F T4, TS
T A b ke U, Hos V- 55 5 TO AR LU B W45 T, i
HLF- 65 U] Jp 2 B AR, ELBR AR % bR 22 i 225 18 1] Wb o
IR K R 3 it i R 4B 24 i A LiFePO, B 23 Fa i H iy
TRZE g, ELAM I Ao — ok AR, 58 L B/ e % 4
K, BRI I R L A B, SR
S HEARE . YFE S KB Je it i Z ), LiFePO,
(14 i 2 50 s/ ot B AR R 4 L o /e 1s) B
JIER, R ER LA A TR BRILZ Ah, FE
(14 F53 A P BEL %6 AL it b RO /N i 8 3 T, S 30
T A% 3 E R 2 1T A7 BHL, RSO Ak ™, R A PR A7
B TR iR AL

P S 7 R AS [RLRE i (4 BTS ) K AR R 9 25 %%
%, For R A T A AR L BHL, R R LT e RS HRLBHL, €
S R KR L2, WA R 5 P B B A G
Warburg FH 3T, 5 55 20 L 1% A5 2 509 T 5% 4.
MNFR 4 TR RT LU Y R il 1 H far i % H BH BB 15 2
B v, b T T2 B3 IR /DN, X 14.6% Al
36.5%, 1Ml N T3 FFhi2 34 i f 4 K, 21 T6 Bif Ha far

3.3
36|
3.4 [r
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Zo gl
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Fig.4 First charge/discharge curves at

0.1 C rate of samples

FEBHBL G N T 5.58 £ o 3k S5 AF b A Ry oK FLBHL 32 45
FARFF , 2P UE S T KB A LiFePO, fivhi A= K
S 8 E A E A% 388 1 B b 2 B BHL TS L O AE o
B IR BRI U S W] ., DA TG S 0 H L A 7 o R
R AT I R LB

P 6 T 718 S it ZEAS () 38T B B R0 v, 7
iR, O LA R BE S TR S, ATRAE W BT
I H, F, %R A i e T O A A g DR R i A
il A H LU 28 B T RE AR . Hoh TO iy 0.1 C I Y
154.6 mAh/g i /N % 2 C I} (1% 132.1 mAh/g, FFEAK T
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14.55%, 1M T2 W)\ 161.9 mAh/g Jfi/N 2 142.7 mAh/g,
FEME AL Ry 11.86% . 1M1 4 BK45 A 12 45 w6, A B4
H, b 25 e B 750, FL 2 B i P s e, Herb T
M 0.1 CHF 159.2 mAh/gJdizNEE 2 CHTI#47.6 mAh/g,
R =035 70.10%  H LRl WL, 2 s k4B 2% nl DL o
Fe i LiFePO, df A 25 44 FN4 ] &b — v AR ok ol 5
HAEAVERE . T EKIB 2 S 4w i), LiFePO, 1Y & Y
PRAR I AR, P T Li A, [T e e B et —
e 2|10 = = N ol N I A N T 2
LiFePO, [ L L 25 i s B 11K .

Kl 7 [t /s o TO A T2 A 5 #E 0.5 CFE L 1 C i
ML T BRI IEfE . S5 SR 3RWT, 150 A 5 T2
[k FL G 25 5 148.0 mAN/ g, {537 % 3k 98.54% , 1M
XFF TO S U I 43 51 & 134.0 mAh/g F1 95.24% , I H.
T2 7E 47 2L 70 15 Ao 7 v 25 1 il e A 2 080 (2 1L TO
W18, 2 W £k 48 4% LiFePO, 7 Li* it /% i 72 v L

R4 EISHEHEBEHUASH

Table 4 Fitting parameters in equivalent circuit of EIS

FE R,/ Q R, /Q C/F WiQ
TO 10.7 48.5 4.0 x 107 12.4 % 107
Tl 10.9 55.6 2.9% 107 11.9 x 107
T2 8.9 66.2 3.0x10° 8.6x 107
T3 7.0 89.8 3.6%10° 8.9 x 107
T4 6.7 95.6 22%10° 7.5% 107
TS 7.4 102.1 2.1%x10° 5.9% 107
T6 4.6 319.3 1.5x 107 6.1 x 107
160} §—=—
140 e
—~ i I
=10l ~e
= H
<CE TO » : .
Stoop T
I8 a2 _
al ‘ >
2 gl T
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=% [ <« T5 M
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Fig.6 First discharge curves at different rates of samples
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Table 5 First discharge specific capacity at different rates of samples

Hdh 01C/(mAh/g)  02C/(mAh/g) 033C/(mAh/g) 05C/(mAh/g) 1C/(mAh/g) 2C/(mAh/ g)
TO 154.6 152.0 149.4 146.7 140.3 132.1
T1 157.4 153.2 149.3 144.9 134.2 119.7
T2 161.9 160.1 158.4 156.0 150.8 142.7
T3 160.7 157.9 154.9 151.6 143.6 131.7
T4 161.3 159.2 155.0 144.7 115.9 69.6
TS5 161.3 158.5 152.7 1443 118.1 63.7
T6 159.2 148.0 135.6 116.8 90.2 47.6

AEMFMEMREE. X UEKEF® 78
BN TiY BUAG Fe? E A LiFePO, 4% 5 , S o o7 5
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= — il
] e JilH
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gof Rl
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60 ) 1 | | 1
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TEFUEL IR
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Fig.7 Cyclic performances of TO and T2 under charging—
discharging conditions of 0.5 ~1 C
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