WA HT BEERMBSIIE Vol.47, Suppl.1
2018 4 7H RARE METAL MATERIALS AND ENGINEERING July 2018

E-HF R EHIE LiFe,,MPO,M=Mn, Ni)
WA K2 L BB BE R 5T

oW, AER, F K, R4, XIRMK
(EsAL TR ATHLEHLSE & bHRHE 50 59250 %, JES 100029)

7 . RHEA S RO A PRI -1 1 R B AS %% T LiFer«MnPO4(x=0.0, 0.1, 0.2, 0.3)F LiFeixNiPO4
(x=0.00, 0.03, 0.05, 0.07)k¥44&, 43 5 FH 1 IEAR A A} il sk b J , R P PRI 0 28 8 00 52 1 e b ) L e 2 ek R o 08 8 A 28
iR, SRR, MRBUR ERERE, RTAMEINE, BATEED 5~10 um, Mn Rl Ni §195 2508 S8 14 B 5 ik
Zh# . LA LiFeosMno2PO4 F1 LiFe.osNioosPOs2 Fl LR HAD 1A M BB S I, 7E45 22 0.1 C F, BT A5 HAIM ) 7 ¥k 76 AR L 25
=R 50 CHY, 4394 153.2 A1 155.7 mAh/g, % 156.4 F1 160.4 mAh/g; 100 YK 78 i FL 16 BF Ja Hi b () 258 B AR BR800
M 95.4%7%1 96.5%, K 93.8%F!1 95.0%. fif Bl B A7 it FE SR AL A H 1) 5 - 4% 7 IR B2 4% 1 4 1) Min AT Ni #5324 LiFePO, IEAR AL
BHO MR B R e, B RR 8 - 7 OB 38 — 7 T n) DU 48 BURE R T S ST ot 53 — 5 T SUnT A 35 4% (¥ Min Al
Ni ZE B AR IR 351 5] o3 A1, B0 IR 4R 1 b LA B0d 2, T #1741 25 7 vl i ) H A 27 M R R i F P R
EHEIR: LiFerMnPOys: LiFer,NiPOs: E- T RIBA: HALZEVERE: iR diTkae

PENESES: 0646.21 SCERARIRED : A

MEHS: 1002-185X(2018)S1-424-06

BRI T HARRUN, R, REE KSR
MAEEE RS B ERME RN RESIEE 2
R AT S b, DL LiFePO, 1 9 IE A A4 R B i
BT RAG . BB LF . RAeTHER A2 2K
EM, B HBGEFERRBOL R RN IR A
i R R ZE A e R, ok, AR SH
P, B RE TN LiFePO, Pk R <11
ST BOR SR e HL AL M R R I P R

4% LiFePO, (75 4 3 BT Iy s ik, v e -k
B2 925 AN K BRGRL,33 28  3ek BT PR () 4 K 2 3 i
PR, WR-TUOR A R 22, 4% 538 BOR A R R~
ANY, X LiFePO, [ HL AL 2 1% R A & I L PR BE 7 AR AN
R T, g - R A% R — b A 3 R R A %
%, B2 2w 7708 R R N 4
P AR R T AN 1 2 1] 2 10 3 R v A e 4
BOOEA W 2R AT B AT, (kT AR R A T, A
Rt Az i FORL RS o AR SEEGKe R FH 8 - 7 IR BL B 45 A
WAL T i % LiFePO, By, JFEHEFTI52% Mn fil
Ni J& 7B IE R R 88 2 7 F it 1) b 2 MR R A &
T RE R .

1 5 I

WisHER: 2017-07-20
HEeWE: EXASRRHESE (51372014)

SEab JERL: SEALEE(LIOH H,0): BEFR(HsPOL): B
F% W %k (FeSO, 7H,0) ; it & £ (MnSO, H,0) ; it R 2
(NiSO, 6H,0): 4 /K(NH; H,0); Fi%&j#H(CsHp06); LA L
WA pr 4. Bl JERE 200 mL ¥k E4 0.8 mol/L
) LIOH ¥ W 1E 8 R MW 1, % FE R I
Fe:Mn:P:Li=0.8(1-x):0.8x:1:3 (x=0.0, 0.1, 0.2, 0.3) A
Fe:Ni:P:Li=0.8(1-x):0.8x:1:3 (x=0.00, 0.03, 0.05, 0.07)%3%!
P - EEHL 200 mL Fe?* . Mn?* il H3PO, R &4 LA &% 200
mL Fe**. Ni*fll HsPO, VA1, M /KIH% pH=9 J&
NI N ZH B BRI LN N-F B el 4
B4 2400 A 1.0 mol/L LiPFg ff) EC/IDMC(fA
FALE L)W AR DL BRI s it gy

SEOG W - F RN 2% Nabertherm RS 8 3
HL " ; Bruker D8 Advanced % X fi7 5% ; JSM-4700 #!
A% Land CT2001A H it 52 45 .

FLYTTE e o7 5 3 42 R =X (1)~ (4) 147

3Fe?*+2H3P0,+60H —6H,0+Fe3(PO,),| 1)
3MnZ*+2H;P0,+60H —6H,0+Mny(PO,),|  (2)
3Ni%*+2H3P0,+60H —6H,0+Ni3(PO),| 3)
3Li*+H;P0,+30H —3H,0+LisP0,| (4)

MIEHE -, EHR RN pH Xyt ™ A f =
SO, DAL B N A rRORE SOBEV | BT N 58 -5 T

fEZ®E N o WS, B, 1992 £4, A, dbnifb TRZEM T 2P, Jba 100029, Hiifi: 010-64443507, E-mail: 1518919348@qqg.com



) 1 M WessE. E-E T RS LiFer,MPO,(M=Mn, Ni)#d K H B 1 GERTE 5% .+ 425 -
LA, RN LIS ERAE 7 I FE AN B 28, PREF NN
——— 2 ZR5iF8

TR 1 Fros 256 SR T VE I & BT IR A .
R B TAERE L, O N BT EE 2, 2l
#AZE 50 CHREH . JFETEEAN Ny (1581 B
#x, PR TR 8k Dy 2000 r/min, i I i
BN 2 KRB N EN R BLES ,  H R [B] 2 i 6 2
o, RFFRATESR S, FIHIEENIE 1RAEHE 1 R
SR LA 11 mL/min S5 0 R N B s R 2 R
5NN B b I R A N, BRI | SE AN
FMER, — @B S A R IR . K il R R A K
R M. ks, 1§ %] LiFeixMnpPO, H1
LiFe,.NiPO, R BRAA .

P RTIRA I B 5% (2B 5 % b
W R RA, TREETEREd, fE55IEE
A4 700 C TN Hke 8 h 433 LiFe, MnPO,/C Fl
LiFe;\Ni,PO,/C ¥4k .

K X AT LiFe,,Mn,PO, AT LiFe;Ni PO,
AR BEAT AR 5> BT, Cu #E, 2=0.154 nm, VLN
102709 HHi#E %K 4Pmin, KH SEM FHALM A Bk
(IO T B

Bk OB R W TR & L
16:3:1 JRA, NG & N-F Il v for i VR B e R
KRR EEEBR L, —TERLERZEEN
30 pum, AJEH T BTERDE B, fE 120 CF
HETH6hEFH. D&Ee ik, 2400 W
IR, 5l — e R BRI TFEM A
Fe AN UL o SR P Rt 0 R e R S 6 F it 1)
th2EvERe, ARG N 2.5~4.5 V.

\;}
Rotor-stator reactor
Reactmg flow 1 Reacting flow 11
-— 92 & -
|
Tank 1 Tank 2

A & P
Peristaltic pump | Peristaltsc pump 2

K1 5% LiFeixMPOs (M=Mn, Ni) i 3iX {4 5 5626 B s i
Fig.1 Experimental equipment schematic for preparation of
LiFe;.«MPO,s (M=Mn, Ni) precursors in rotor-stator

reactor

2.1 MREEMISRIE

B 2 /& LiFe,.Mn,PO, F1 LiFe; Ni,PO, 3 14 ] XRD
Bl . B 2 o750, 34451 LiFePO, ¥y ik 5 K45 4%
oy AR B AT S v A B R K — B H 5451 R v JCPDS
40-1499 )4, Ui B Mn A1 Ni 43 7 4% 3| fi 4K LiFePO,
gk, H BT 4%k 4 1) 3 8 AF DA IE AS A O A 4
¥y, 2 EY Pmnb.
2.2 FERFRIE

K 3 & LiFe,,Mn,PO, 1 LiFe,,Ni,PO, ¥} 1A ] SEM
MR . MBI R, AR ORL 2R B, Uk R
M¥E], KB AW LiFePO, MR KA L1 10 pm. B
#F Mn Al Ni BA2138IN, BRCKRARIZEE N, 4
Mn B B8 K3 0.3 I, RiARHENE] 7 pms [FAE,
2 Ni #5422 M 0.03 # %] 0.07 i, FkikiZ M 7 um
J/NE] S um. LiFePO, FURL I <) 5T LiFePO, IE A% 44
BH B 2 M RE B B s, PORLER /N, LT ik
PR . Db gE A 3 H LiFePO, MUk R~ A2 4k,
FUARE T, 3 2 G 0 Ni 1995 2% 20 A RE LAk S PR R
()42 e 2 A F Y
2.3 H{LEFMEE

231 BEXRFEHMEBEMRE

a
I I I I LiFe,,Mn, ;PO,
| I I I LiFeygMn,,PO,
I I l LiFe; Mn, PO,
I I I LiFePO,

I JCPDS 40-1499
L liig 1 ~ 1 _us .l

10 20 30 40 50 60 70

Intensity/a.u.

b

LiFe, ¢;Nij .,PO,

LiFe; g5Nig 0sPO,

LiFe, o;Niy 0sPO,

Intensity/a.u.

I I I LiFePO,

JCPDS 40-1499
PR I . Ill‘ 1 L us l

10 20 30 40 50 60 70
201()

K2 LiFei«Mn,PO, I LiFe,xNixPOs ¥i{£ ) XRD 1 &
Fig.2 XRD patterns of LiFe;.xMnPO,4 (a) and LiFe1-xNixPO4 (b)



.« 426 ¢ WA & EMES T

AT 3%

powders
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Fig.3 SEM images of LiFe1.xMnsPO, (a~d) and LiFe;xNixPO4 (e~h) powders: (a) x=0.0, (b) x=0.1, (c) x=0.2, and (d) x=0.3;
(e) x=0.00, (f) x=0.03, (g) x=0.05, and (h) x=0.07
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Fig.4 First charge-discharge plots of LiFe;xMnPO, (a) and
LiFe;-«NixPOy4 (b) battery at 0.1 C
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Synthesis of LiFe; ,M,PO, (M= Mn, Ni) in a Rotor-Stator Reactor and Its Electrical
Performance

Qu Peng, Yan Xuangi, Li Cheng, Song Yunhua, Liu Xiaolin
(State Key Laboratory of Organic-Inorganic Composite, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: LiFe;.xMnPO4 (x=0.0, 0.1, 0.2, 0.3) and LiFe;«NixPO4 (x=0.00, 0.03, 0.05, 0.07) powders were synthesized in a rotor-stator
reactor which possesses high efficient performances of mass transfer and micro-mixing. The powders were used as cathode materials in the
batteries and the battery test system was employed to explore the dependence of electrochemical property on temperature. Results show
that the particle is near-sphere, uniformly distributed and in the particle size of 5~10 um. The crystallographic evidence demonstrates that
the introduction of Mn and Ni does not change the host crystal structure. The powders of LiFegsMng PO, and LiFeq gsNig.0sPO4 exhibit the
best performance. At room temperature, their first charge-discharge specific capacities are 153.2 and 155.7 mAh/g at 0.1 C and their
capacity retention ratios are 95.4% and 96.5% after 100 cycles, respectively. At 50 °C, their first charge-discharge specific capacities are
156.4 and 160.4 mAh/g at 0.1 C and their capacity retention ratios are 93.8% and 95.0% after 100 cycles, respectively. On the one hand, the
rotor-stator reactor makes the obtained particle homogeneously dispersed. On the other hand, it also causes the doping Mn and Ni to
distribute uniformly in the particle. Both of the two advantages increase the Li* ionic diffusion rate and enhance the electrochemical and
high-temperature electrical properties of the materials.
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