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Fig.1 Scheme illustration of the structure of N-doped graphenel®!
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TR 2 D p T4 iR R, TERRINREEE 5 4 4~ C
JF T T B AU i () TR 5 2T R T iR 3 R
I RARSS, &EE N PO N SEMAES N BRI
N BRSO A BAFAE T N 15 4 9 KB op R 28,

GUKBRM BB R T KRB 4 APE: (D) J5
B2k, BITE A BRAUK B R [FB BN ER 15 (2)
JEB A, BIE KB RS, T B T IR H gk
TG B, SEBEUR T HIB N . H I EI5 22 9 K it
B 4 07 1 3 B K PR R B e 8328
T U [ R R 203438 S S L R E BT3B Rk 2
SHTTE (cvD) Mo
1.1 KK

TR R DL A2 45 K 7K T T A v R S R N AR
AT e R A AT AL 2 ROBE, B R A
A B FE AR AR A Xu BN R K5 GO RS
WTKF, T 180 CFK#MZ L 12 h 15 2| & B 44 &
Wfio ZHENBABRABBHRETSEAN
6.05at%, BT & Rk R, &8 B 3 2oy A
. Yang ZEPULLFR AR N BUR 38 3 R R A
B K #ik il & A B R A E06, HILRmEA
160.01 m?/g, & JT % I B LUK RUF 30A7 7 . Wu 512
RE GO 5 NH3BF; BT K # s R 45 B Al N HL 45 0%
ARG, B KB AR TR R B =4 2 L4
R BIN L3440 S5 SRR (BNGAs). H, N
IR TGRS N obie N fUA S840 N, B2 7
WE kBl C-N-B, iEH] B 5 N R FRERIEMEE 4.
Huang 254 GO 5(C,Hs)sN 3HF [{1VE & V8 i i 7k
PIEHIEN 5 FERBROAEG. BAANEREAH
SN BB C-F Bt m T ARG SR
PE, MR —JCRBIFEN, LB AA B 5%

B BAPLEAL, WAL FEMRE R R B, E9OKEAM
R R R 51N 2 FhEk 2 A DL i 445 T AT DGR F)
WERETHE. WEIMER, MR —B Rk
ML, 2 B2 5 10 B 5] 28082 7T DLk — 20 008 40K ik
FHRE 1 22
1.2 SRFMBKE

TE SR R B A B 2% 45 A 9K B R i R
BT, FIEMEIEGEW, H—RHER&RE
A REIE B RAFHI95 22 80UR . Zhang B2 R AR S
M 600 CRARGE 2 h HIREBERE, K NITEE
BN lat%, LA nE B AEAE . Xiong P8R 7
AT miR A A S E ALY (GO 53] N B¢
s (NG, iR NEFEERA (8.61%),
Hb s EA 2 5 SR A TRBAEN 42.21at%, H
TR AL AR B R B AR A5 ) A S R . Liu 51
RS TR RO 205 (PS) R f AR 5 GO
REMHNRH =42 LA B A %84 (N-3D GFs)
B FEEAN 2.02at%, FAEA A SAEE N ik
1% N 4 N-3D GFs HL ¥ HL 5 28 45 i Fa e Mg s bt =
TAEH.
1.3 EREHEZE

AE 25 VR R ZETE vy i ] RV o % 95 A 9 oK i R
FHREAT T — R R PSS A RN R & A
A, XS ENEY S TEBAREE T M= 4
TS EEE A, M S 9K A B BB A d
JREE GO MR EL 1:3 FERAHA, FEES
RN A — e IR R AR IR B AT AR B A SR A A
ko Hob 200 CHRAFFEAERNAETFSEN
12.3at%, FELANEISEIE R (69.69%) P8¥1,
T [ ARV A BB (AN S 1, DA R FA A BE AL X 5 A
MR ER, T 22 SO VR R 7 3R Sk 2L )
KEMBB ARG K GO, JRFEAGE % L
TR RS, HERHRE TER T8, 1155
SHEA WA, FTE— 2R E TR E AR EB A
SBIEMEL. 24 800 CHeAbF BT MR EE T & &
>N 5.65at%, F % LUA S EUE RAFLE (~41.44at%) B,
1.4 ERBNIREEL

B NIRRT — BB A % 2
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BB KA R . Zhang P8 A& BUR THL B T
WA A JERE, B AR A & BB A 2 5L
i KBy e AN Ek 1380 mPg, R T 5 BN 11.1at%,
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T BN BB RAEAE. Wang 2550 A 1 o ) 42
NIER, & KOH Wilitb#istbis, THRAATE
600~800 CH#ALHAT 3| =4 2 FLAB R PRI K}
T 600 CHVEFTEAM LR IH BN 645 m?g, “Fi4L
£ 0.77 nm, FICHRFUE T HON 2.51%, H At N
FEIR 70.4at%. Su SEETHRGE T — Pl 5 I g R Tt
A8 B R B 2 90K B BR, 40K Bk B 424 80~100 nm,
FLR I BN 36 mPlg, RR T Bk 12.5a%, SHEE
R A1 3 2 it g AN PO A 4
1.5 WWESHENRE

WS AR PURR G 2 T & B K . gl
LT o LR A BRI g R AR . Sun 21O g |
BAFA SR, R 55 B T A 5h B Ak 52 S
FRYTRUETE Si 25 3R M UTRR 15 235 4 B 40 K i B
5. Reddy ZMUME ] Skl 2 50N JEORE, @ik 2R
FVTRUE G R AE K BB IO B . XPS 4R
HIA R BUR T &5 B2 9at%, UL E 2B R BA
8% . Bulusheva UL Rk FUAk BN kL,
I A AL 2 SAHDTRHI A3 N-CNTs Ak, & ILE L
FER FEBE = A R T InEUR 71526 & &, FUL ik
100%H &R+ 1B 8 24 2.89at%.

2 EIBZRINKBES LiFePO, B &K

AR, FEFN RBEAT T — RIVA B I 90K B
BIX LiFePO, fMERIRF 7S . 5K B 2R L,
RIB R DUKTRAM BE T g — 532 LiFePO, I AL 5 25
AR, HARI EERWENT)LmE: B, A
2 1T DL 9K B ARG S5 K T 9K A R
T LiFePO, Hs &)t 4y B, 38 0 PR I Ha 3 i T
Ry HIR, BB RSEP KRR GIAFEE NS
B FERH], XLHREHIATTE LiFePO, 4 fid f2
FUTEALAL S, ] LiFePO, sk K545 . (7]
A% LiFePO, SAKIRIME GRESMEIEM, #
AR SRR E s TR, BB 2% AT LTI R AR A 1
B, PR R S R a8+, 2 — DR
KM B TR SR, &G, BB SRR
B EOR LEE, SR E T B e e,
2.1 RBHTEFMK-LiIFePO, E4HME

Popovic £Z£*11) LiOH. FeCl, 4H,0 Fl HsPO, N R
BE, N- 2Tk 2 3 0 o B AN, E I v R Ak
FIR BB 9k LR LiFePO, 9K . iz R
0.1 11 C 53 T4 & 737y 100 1 70 mAh/g,
AL K LiFePO, 0.1 A1 1 C i fEZF AN A 25 AT 20
mAh/g, EWEBRIKKEEN LiFePO, 49K fr H
P2t RE A B RHR TF. Yoon 2415005k i Y 4 4 0 g Tk

JR, GBI K BG4S LiFePOL/C MR, T LL 1-2.3E-3-
FJLIR A RIR, 5 LiFePOL/C IR A% )G 700 C#4
Wb BRAS BE B A 9K AL (Y LiFePO, EA M B (i
Kl 2a TR ). XPS 45 R B N St 3 B 5 2R ik ik 2 5F
e — e =M C-N L2k, AR 01 C5 1 Ciik
B 2% 40 I~ 143 A1 120 mAh/g, 0.1 C 7 30 e
R8N 122 mAh/g.

Avci 25311 Li,CO;. FeC,042H,0 F1(NH,),HPO,
NERE, TR RN EIR AR IR, R F [ A BB
BARREEN LiFePO, &M EL. IR EBIRKEE
#)3.1 nm, HIEMLL LiFePO, N, HIB 2R E 5T
Mtz 54k . B 4HE 0.2 C il % &ik 164 mAh/g,
10 C i L2 B> 100 mAh/g, &3 100 K5 4 Bk
1 2% . KUK G R EI R B 2k 78 LiFePO, E & H#
Kl 0.2 F1 10 C JHHL & &= 53 %Il 4 148 F1 58 mAh/g, 14 fe
AL T AT, RPEBIKIZREA g s LiFePO,
AL PEfE . Cheng PR 9 R #5880 & AL
mALBR R =4 BB A B, B LiFePO, H k44
WP T 2 FLEB A b b p 0B e i 3 ) 45 45 A
W5 LiFePO, E&M Kl HEL RS 40 ZE SR
L5 LiFePO, 99K Tk, MUK LiFePO, $24t = 4 &
R S H ML, T HAEBobe It FE ] LiFePO, 41K
WURL A gk, BB AR LiFePO, E &M B HFHE S
KON 2.3x10° S/em, M T EHAK N 1.38x10™"
em? s, A B AR BT HL S RN 107 S/em R
%, HE TV AR 15610 cm® s, AR
0.1 F1 10 C JtHL %5 55371y 155.8 #1 115.7 mAh/g, Tfij
A4k LiFePO, 0.1 C R &N 70 mAh/g, 10 C %
AOLA AR, RABAB RN SR TRSRESH
BT HOE 2683 O0GE TN MR B AR A M RE .
Chen 255100 PVP g 0I5 it e i A e o 1 15 R0 85 44
W2 SR E IR G 3 B M LiFePO, B & H#
¥l (LiFEPO,/CNTS/NC). LiFePO,/CNTs/NC (¥ Hifk 2%
FPTZ /N T RBRRE SR, RUEE FBREH
AT LiFePOL/CNT EA Mk H%E. 7£ 0.2 F125C
%% R, LiFePO,/CNTs/NC Jilt H 25 &) %] N 162 Fl1 98
mAh/g, H. 5 C fif¥ 900 X5 %5 &N 134 mAh/g, AHXf
WA R B A 95.7%, 152 1t A8 FIIE R M fe 1y
BT RB I LiFePO, B &4 K.

Zhang 25P81D) 1- 7, JE-3- B L mR I — FUBON RIS, i
ok v i TR S ] % 45 A Tk (0 78 1) LiFePO, 2544 K
(NC-LiFePO,). EDS JT & /3 A i/~ N TG 3 35 2 Hh oA
FEAEMEZF, XPS RAEUEH N JTE KI5 N5
kg TR C=N F1 C-N fk 4 . NC-LiFePO, ¥ i faf %
FBHHT A 43.13 Q, /NT C-LiFePO, (95.84 Q), [t
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K2 BEBRIKIKZOER LiFePO, émﬂé%[%]; LiFePO,/C-N+B E%*ﬁ*ﬂ—[su; BB KR LT S LiFePO,
AR, BB RBAIKE 520 LiFePO, S AM KT BUB4H BIG S LiFePO, 4K 445
T AT SRR BRI M ) LiFePO, 5 & BB

Fig.2 N-doped nanocarbon coated LiFePO, nanorods®® (a); B and N co-doped nanocarbon coated LiFePO, composites® (b); N-doped

carbon nanofibers modified LiFePO, composites® (c); N-doped carbon nanotubes and LiFePO, composites™® (d); N-doped

graphene and LiFePO, composites®™ (e); N-doped graphene aerogel modified LiFePO, composites® (f)

NC-LiFePO, [ T ¥ Bt &% (2.57<10™ cm®s™)

BT ARBZ C-LiFePO, (4.00<10™° cm?s™) #1kl.

NC-LiFePO, 0.1 A1 10 C % T i L4 & 73 il 4 160.1
Al 124.5 mAh/g, 1l C-LiFePO, 7£FH M. 3 N i L 2%
BN 149.1 A1 95.7 mAh/g, KRB 22 &K
M =R B S, 19 a0 T L R O 1Y) A
T MIAE B 79 Hiod 7 . Zhang 25 0USR T K #k  4 &
AL Bk G 1) LiFePO, IERRAT KL (B 2b), K
PR R S5 24 B S R S H 41 A C-N B C-B
H, THEE LiFEPO, M FH T, SR 4K N TR
BACLHI15H) LiFePO,/C-B &k LiFePO,/C-B+N
W, PEAEANSTHASN-BE, FEMEETHRSEL
PEREFEMK. R, ¥ B ILEBACEHIF K LiFePO,/
C-N iy, mBEG =4 AN FHIZHA N-B ##, 21 C-N
1 C-BHAR, Fif3MEHFHRSERER. B
NGy A S By N G2 BB [R5 2% 2408 v] A 5 4 7
LiFePO, Hifk 221 At , N+B JL45 22 B W 7 LiFePO, 20 C
T #¥  121.6 mAh/g, iz 5 TR AR R R B R A
i (101.1 mAh/g) K B+N 3L 24 FE i (78.4 mAh/g).
Zhang 2PV BB 9K (NC) 78 T LiFePO,
YUK AERIE, 51 A SR B LR A e 11 H

%, & HEBRYOKIR S A S IR A S T
LiFePO, 41K #: 2 & 41Kl (LiFePO,-NC-G). X T HLZ
AR 35 B> LiFePO, UKL BUIC ) L 1 HL 3 2%, 1T
H T3 0 A AR 1) L P AR 3 B8 1% . LiFePO,-NC-G &
SRR R BE BTN 80.2 Q, 1K T LiFePO,-G(180.6
Q), FHRHLHE 10 C A E &1L 143.7 mAh/g, H7E
1000 X5 538K 95.8%, 1% % Mg 595 Fa e M
WA T AR5 24 BE . Han 200 DU %2 1 Jige Ay e s A
ZE, I O I G A A B R AR Y LiFePO,
HEHMEL (LiIFEPO,-NC). LiFePO,-NC [ H fif #4 #% [
PN 109 Q, NFAREA LiFePO, (247 Q), FHW NC
2B W W ¥ LiFePO, # B 1 S H T
LiFePO,-NC 7£ 0.1 C 52 T H & ik 163 mAh/g,
3R 50 K Ja X B AR FF RN 97.9%, B & & T A [ 4% 1
TARB PR IMERE (129 mAh/g, 86.6%).

Liu 2550 F 2k 56 AT LYK LK (MIL-100Fe) Ay
B, 5 LiH,PO, B A b8 25 A2 i % LA 1 211 LiFePO,
YKk (LFP/ICNWS), FELL CaNa(NH,); NEIE 5
LFP/CNWs J4, il Ab 3 il % LFP/N-CNWs. L+,
MIL-100Fe [F]i #2405 Fe 5 C I8, FHA/E MR L i = 4
FERZ AL AR, R R 100 nm [
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LiFePO, KMk, % ZLE G BRI 129
m?lg, EHFLE AR 42.3 nm, 44KAL T LiFePO, Jik:
AT EE STy 8% e, RS2 maTLlE
FIF LFP 3, HA BT8G5 LiFePO, 55 HLfiR
TWRERE . 6] LiFePO, BRI K K, MM & 3 $2 7
MEMBEFS5HEFHRSRE, RamBRmEgatts. 5
LFP/CNWs #HEL, LFP/N-CNWs ) B G 3 55 = (7.58 x
102 vs 6.01 x10%2S ¢m™), MR FLPTEK (51.7 vs
62.4 Q). LFP/N-CNWSs 0.1 C A1 20 C jit %5 &5 5 N
161.5 1 93.6 mAh/g, =T LFP/CNWSs AH 7 ) 5 L 2%
& (158.1 f180.4 mAh/g), FMHEIBIZL FLIRAX T
KB 4t BAT S AF (M BeE VR« Zhang 02 i % e
Gi 22 AN HTIRE, # % 0 R IR AL BB R KA
S L (HPNGM) (. 7 1Y) LiFePO, & & # %1 (LFP/
HPNGM). BB 4eF 7R ARG T, H
a5 TS LiFePO, Bk 2 MIIRE 1, HBTH
R PR IR I Jin E AR B8 7 1R AL B . LFP/ HPNGM 7£ 0.1
A1 10 C 5 & T A 27 708 174.2 180 mAh/g, 1M
Wil KRB A LiFePO, M BHE 21T T ISR A &
XM 97.2 F1 47.8 mAh/g, B HPNGM & & X} LiFePO,
MR 25 G 1 RE R TH AR B R .

Kk, SkBRIEmE, B8 T3BRET
LiFePO, HL ¥ HL 3 31 & T4 B R (R EE S &
F 5 2 07 T R AR A BT U 45 4% 9 T i B Bk
SR ER T, RAHBEER. FWE, ZET 5
NETERRR I G AB R B, RS LiFePO,
Z A EAE R, B ik 6 s Y Rk 2R A i 2 3 5 43
A, SRS 2 R K AR RE . B Y RO,
RBITEMS LiFePO, 2 ] AH H.AF F () 14 58 n] LA
BRANE RO, 45 A S T A, BB
BJE ] DU & 9 Bos feRe, A S FHEE S
o .

2.2 BIBRERNPKE (RTH) -LiFePO, EEMR

Wang £B2% i J5UAT 7K $492: 1 45 015 2L B gl K 21
4t (NCNF) 5 LiFePO, E&#1 K. W& 2c Prox, H
%) 100 nm HFOR NCNF . AH % 32 1 5 F 0 26 ik N
LiFePO4 44 KM ki < 8], A 2 (e 3k LiFePO, ‘3 HLPEF!
BB T4 BIAE /1. LiFEPO,-NCNF 0.2 C Rl A &
167.9 mAh/g, 10 C JHL 2 &N 95.7 mAh/g, & T A B
S~ LiFePO, MJJi L %% & (108.9 mAh/g, 30
mAh/g), KEEZ RIRIK LT 4EXT LiFePO, HL AL 21
REEAHEMSCEER. BEFSBEE TRAHEDN
S, HAEBKA 4R 5 NE REH S S Ehia, 1
IR NCNF 5 LiFePO, Z I8 I SE Bt 77 9F 2% NCNF
(053 B8 201, T S5 2 3R T LiFeP Oy 1) 78 50 HL 1% RE

Yang %ML LiH,PO, R ER LA A B J Tl 9K 5 A
JEORE, JE I R R G R 4y % L LiFePO,/
N-CNTs & &8 (B 2d). M AT KLz
K% CNTs, N-CNTs 7-HitE s 4F. N-CNTs #4f1
S3BORCR VA R T R T &= B 280 5 A6 R 99K R T
SINT FERIERBIMENE, M98 T N-CNTs 4 i
AE I IER I CNTs IS MciE, AT % B 35 5 20
S ML LiFePO, TEfE. MM, LiFePO,/
N-CNTs 7€ 17 mA g B TR A E (138
mAh/g) T LiFePO,/CNTs (113 mAh/g), = HLfi %
EN T H A RZREYE . Wang 2014 B e AR
JERL A R B KB 5 LiFePO, B &M KL, Frfe
MRS 9K S R RSB 2%, HE RN 107
Slem, HCARB M BT B EG BORRT

VEF IR Tu S0 3 ST i ik i) 46 100 Bk T
FePO, 5EB R AKE LG K (FePOLN-CNTs),
AL 15 BB R 9K E IR ) LiFePO, G 41 KL
(LiFePO,/N-CNTs). N-CNTs (35K ER I, AEAE X
Rifk RS B, T N-CNTs FIRTHH £
TR, H BT FePO, MU ES . JFImE 35 2 )
25w, AHFT N-CNTs 7£ FePO, Bk 2 A1 5]
Iy HOFR S H 5 5 LiFePO, 2 1] ) B B2 fitk . LiFePO,/
N-CNTs R I H L 7 I AL % £ fE, 0.1 5 10 C L
/094 153 A1 106 mAh/g, H. 500 K1EF G 75 B F
R EIL 97%, MAB 24 CNTs MM LiFePO, 1 i
HLAS B i 6 DG A1 R 45 U7 T AR R 0 %2, R B
BIE T4 CNTs MHXT T KRB CNTs BAEIF 1k
PR . geAh, Tu SRR T 98 BB -4 VR T 15
A 7% N-CNTs ttE 11 £ fL LiFePO, A1k} .
BIETBAE CNTs L5l NWSE/KE fE AT & 1E &
FoE KM, A HAE RNV T B 5, JE Sl A TR
— TR FEAE > B N-CNTs EA ARG B, &5
fE LiFePO, HF IR FEI 54 8 H 1. 5 LFP/CNTs Lt
B, LFP/N-CNTs ()8 &4 HOR HLfig i #2 1 22 3 15
BT IR, A LI £ 2650 R R R e R 15 2
TRERRT.
2.3 BABHFAE/K-LIFePO,EEME

Jegal Z¥1LL FR 2N R, Jeild vl ik A
I BIGE A FePO,H,O/NrGO BBk Ak, 45 1l 4K
T 2 mol/L Lil ZFEM AL 24 h, ZEETIRIE
BB 1S B BB 2 A S IEE A1 LiFePO/NIGO E &1
B (E 20). B BEPASERTGIANT &%5EK
PEEREIEA], TR SRAE NS LiFePO, Al DK A4 5% Fff
71, A BT S 135 50 4 B AR e A OR) R ik
AR BURF e A SRR A L, S S0
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fR TSR, [N TEM BGERARSRO8GE BRSNS S R R, w0 e 2R
JE AT R R AT LiFePO, 90KMIREL, AA Tk Pk, USG5 LiFePO, 1K )2 Z M IR /1 -

i LiFePO, & MR B g7 4 # it F2 42 v rRL AR T
P£. LiFePO,/NIGO & &H# kY Bt 2= EREL =, 0.5
A1 20 C JlH & &84 54 166 A1 127 mAh/g. Wang Bo
s BARSE T RS A0 B E R = 4 S R HE R
) LiFePO, 92K Fr Hatle 1kl (LiFePO,@NGA). 4
2f fi7n, NGA B =4 HBMZ L FHMNLE, N
LiFePO, 44K Fr 4 fib v 2 1 o 7 A& @ 1, AH B
LiFePO,@NGA Z &M R TR G % N 7.19 Sem™,
BERmTABRMNESGME. LIFEPO,@NGA02C
AR N 155 mAh/g, Sl ib e A Y, AR
% 20 C ), LiFePO,@NGA 15 24 112 mAh/g [
A R, TR RER (16 mAh/g).

1 # RH B l R FE FGE A i BB 4 A & 3 Z4l LiFePO, 5515 28 505 5 4 IR B O 25 40 75 2

W BV 1) 2 FLERTE LiFePO, #1 KL (LiFePOL/NG, 1 B, B S T BLEUR &K, LiFePOJ/NG
3 fi) %, Z 4L LiFePOL/NG Bk Hi LiFePO, 49K f) SEM %31, LiFePOJNG 1% 4 ¥4 TEM (0
S5 BGBEE S MBI, XME®RE EMENE Fig.3 Schematical illustration of the microstructure of N-doped

AT HUEBOR AR SRR P9 S, B K AR S HL AR T ]
S LS, SN T RGETE, PR IR,
FEIEPERM RO A A 2 o RUR T8 28 AT AT s 04 S At
WAMOHR T, ST A S KR T R, R A s

graphene modified porous LiFePO, microsphere compo-
sites (a); the mechanisms for accelerated electron tran-
sport and Li* ion diffusion (b); SEM image of LiFePO,/
NG (c); High-resolution TEM image of LiFePO4/NG (d)
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Table 1 Comparison of performances for various N-doped nanocarbon modified LiFePO, composites

Performances of nitrogen Performances of undoped
doped nanocarbon and LFP nanocarbon and LFP Ref.
Nanostructure of nitrogen doped Methods Nitrogen composites composites
nanocarbon and LFP composites sources Rate Capacity Rate Capacity
capability/ retention capability/ retention
mAh g™ (cycle number) mAh g™ (cycle umber)
Solid state 164 (0.2 C); 150 (0.2 C);
Core-shell struct PANI 90% (1000 - 55
ore-shefl structure reaction 100 (10 C) 6 (1000) 60 (10 C) [55]
. . Solid state 162 (0.2 C); 150 (0.2 C);
NC/CNT dified LFP t PVP 95.7% (900 83.3% (900 57
s modihie COMPOSIEES o action 98 (25 C) 6000 730250 6(900)  [57]
155.8 (0.1 C); 70 (0.1 C);
3D coralloid NC and LFP composites Nanocasting DAH 115.7((10 C; 96.7% (1000) 0 Elo C)) - [55]
N/B co-doped C coated . 165.7 (0.1 C); 148 (0.1 C);
Hydroth I Mel ~100% (500 78.6% (500 51
LFP composites ydrothermal MElamine 51 6 (20 ) (00 150 200) 6 (500)  [51]
- 170.5 (0.1 C); 169 (0.1 C);
NC/R fied LFP Ilvoth | TAB .8% (1 ~74.6%
C/RGO modified nanorod Solvothermal C 143.7 (10 C) 95.8% (1000) 110 (10 C) 6% (300) [59]
. Microwave . 163 (0.1 C); 129 (0.1 C);
NC coated LFP nanoparticles Dopamine 97.9% (50 86.6% (50 60
part heating pamine 118 (1o c) 6 (50) 0(10C) 6(50)  [60]
3D porous N-CNTs and 138 (0.1 C); 110 (0.1 C);
Sol-Gel N-CNTs 89.5% (200 77.3% (200 13
LFP composites 76 (5.9 C) 6200 49590 6(200)  [13]
LFP nanoparticles decorated . 166 (0.5 C);
Coprecipitation  Urea - - - 53
NG sheets precipriati 127 (20 C) 53]
155 (0.2 C);
Porous NGA wrapped LFP nanoplates Hydrothermal Urea ( )i 89% (1000) - - [54]
78 (100 C)
178 (0.1 C); 149.5 (0.1 C);
NG and LFP porous microspheres  Hydrothermal EN 114((10 C;, 95% (300) 25 (go 0 )i 93% (300) [66]
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Rk, NG #p— A =4k F M %, 78 B4 LiFePO,
YK R R B HLN LiFePO, fER, M4 2
FORHE R B 5 T B %A R EL R ET RN 54.8 mP/g,
N J5i¥ & &~ 5.86at%, &% H BeH] ke N, 22 N
A2 N 22958 27.26%. 36.12%F1 36.62%
£ 1 5 10 C fENHHBAERES N 159.9 F1 114
mAh/g, H 1 C {E¥ 300 X5 A ERFFEN 95 %, &K
B2 1L, LiFePOL/NG Bk B A R i i b 5 1 e .
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Research Progress of Nitrogen-Doped Nanocarbon
Modified LiFePO, Positive Electrode Materials

Lu Jiming, Zhou Yingke, Tian Xiaohui
(The State Key Laboratory of Refractories and Metallurgy, Wuhan University of Science and Technology, Wuhan 430081, China)

Abstract: Lithium-ion batteries (LIBs) are efficient and clean energy storage devices, which offer widely promising applications for
consumer electronic products, energy storage facilities and electric vehicles, and have great significance to optimize the energy structure
and relieve the energy crisis and environmental pollution. Olivine-type LiFePO, is one of the most promising positive electrode materials
for LIBs. However, the intrinsically low electronic conductivity and lithium-ion diffusion velocity result in poor performance of LiFePO,
and hinder its large-scale application for power type LIBs. Nanocarbon materials, especially the nitrogen-doped amorphous carbon, carbon
nanotube and graphene, present many merits such as high electronic conductivity, large specific surface area, superior chemical affinity
and good thermal or chemical stability, which demonstrate unique advantages to improve the electrochemical performances of LiFePO,. In
this review, the research progresses of the nitrogen-doped nanocarbon modified LiFePO4 materials have been summarized from the aspects
of doping method, morphology and structure, electrochemical performance, and the future developments of the doped nanocarbon
modified LiFePO, materials are outlook.
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Corresponding author: Zhou Yingke, Ph. D., Professor, The State Key Laboratory of Refractories and Metallurgy, College of Materials and
Metallurgy, Wuhan University of Science and Technology, Wuhan 430081, P. R. China, E-mail: zhouyk888@hotmail.com



