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Synthesis and Electrochemical Properties of Nitrogen—Doped Partially
Graphitized Carbon/Cobalt Iron Oxides Composite

Li, Tiantian Zhao, Jikuan* Li, Yao Quan, Zhenlan Xu, Jie

(State Key Laboratory Base of Eco-Chemical Engineering (Qingdao University of Science and Technology),
College of Chemistry and Molecular Engineering, Qingdao 266042)

Abstract With the renewable biopolymer chitosan (CTS) as a structure directing agent and organic precursor, facile co-
precipitation method was applied for the cobalt and iron nitrates in solution to prepare CTS/cobalt iron layered double hy-
droxides composite. The LDHs sample was calcinated in a tubular furnace under Ar atmosphere via heating ramps of 5 Ce
min "' from room temperature to 200 ‘C and kept for 1 h, then heated to 600 ‘C and remained for 2 h. After the sample was
cooled naturally to room temperature, it was heated again to 250 ‘C under air atmosphere and kept for 12 h to oxidize the
transition metal elements. As a result, nitrogen-doped partially graphitized carbon/cobalt iron transition metal oxides nano-
composite (N-PGC/CoFe-TMOs) was obtained. X-ray diffraction, Raman spectroscopy, N, adsorption-desorption analysis,
scanning electron microscopy, high resolution transmission electron microscopy, energy-dispersive X-ray spectroscopy were
carried out to characterize the structure, morphology and elemental composition of the product. Cyclic voltammetry and gal-
vanostatic charge-discharge measurements were conducted to evaluate the electrochemical properties of N-PGC/CoFe-
TMOs. Experimental results showed that the CTS precursor was converted into partially graphitized carbon by pyrolysis with
the help of catalysis graphitization action of transition metal elements. At the same time, the derived carbon material was
successfully doped with nitrogen in situ and the N/C atomic ratio was about 1/18. N-PGC/CoFe-TMOs possessed bimodal
porous texture including macropores and mesopores, exhibited combined characters of electrical double-layer supercapacitor
and pseudocapacitor when used as supercapacitor electrode material. At the current density of 2 Asg™!, N-PGC/CoFe-TMOs
composite delivered a large discharge capacity of 671.1 Feg™!, far higher than 283.3 Feg~! of pure cobalt iron oxides, indi-
cating the typical synergistic effect between nitrogen-doped partially graphitized carbon and transition metal oxides. Even at
the high current density of 10 Asg™', N-PGC/CoFe-TMOs composite still remained a specific capacity of 573.3 Feg™'. After
5000 charge-discharge cycles at 10 Asg~', the capacitance retention was 66.4%. The reported synthesis method in this work is
simple and universal, and calcination process combines the nitrogen-doping, partially graphitized carbon formation with re-
dox-active transition metal oxides synthesis in one step, endowing the product with excellent electrochemical properties.
Keywords chitosan; nitrogen doping; partially graphitized carbon; transition metal oxides; supercapacitor
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Y. EJREENY). FHRREESYEL. SRR
HE MRS A L, HAPimt el T Bt ErH A 245
I, JFC A 0% F 25 38 F AR DR A -8 SRV PR sy, EE LA
K, (HH S FHMERZE, EIHFE0E 565 R R ) 3
L. PR TR AN K ARS8 I 5 B SRS PR
IR A RH% SC et rA AR B B AR

TR B A SR BRAUOKE . TEPERR. AL
B0 o 0 BB S S R ANK A TS u I g A R
T, WErEm S AU R A S LR A, (2K 5
FHEWAERFEZE, SRR e M2 EiR
(2000 CUAL)fsBtbabsl, 255 % 5 S mmigss, Hi
PE R TR 2 PR, S mM Rl R A s T
PEXT T 5 Ak B A 22 1 B B . ARk, wF
FN G DAL 4 8 25101 i i R A AL L
FRT A, A S ERIR R (<
1000 °C )il #3554 £1 5246 Bk (partially graphitized carbon,
PGOWHEL, Pt e, I HALKMERAHL M
R R R R R R A D) R

Nt —BhRm SC AR EMERE, ATTiEHI& T 2%
JE B2 MR, A BB 4> RS AR,
BET H TR RE/ N R AR &SR atE, 2587
B iR R AR P 3 i, 7K PR ARV S 5 TR
WAL AN, mers A A, ntmE A AR T A
PRI 53 1 AN A R, A SR B R AT B
FIEERA R S P, SR (CTS)VE N RIR) 2
A=) 5 ek i %2 th FH T ] 7 25 1 kL (sustainable
carbon materials)!' "B 7. BT S EEMHITR 5% 0T
%, CTS WHREMEB A BHES BNl
BV RARL BB RAE N SC M R A R
X R A (AR A R ko0,

FKKEA, XFREREAE Y (Layered Double
Hydroxides, LDHs), & — 3% 5 2 [¥] 2 IR 3 fig #4 L 122,
LDHs 1E A aT AR AT il 2% 2H B fN 45 74 2 FE IR 0 & JB At
Y. Ed i n R M IOKIE A LAY, HEE
SR AL VY, RO R F AR AR H AR R} ) B A
R EREL OiR S B 2Z ROR R R &, BN R
LDHs K530 SRaKE . ARG EWEE S
P2 R A SR AR A R R S E S R R b
(1 v S — 30 TR PR $E = 5 G AR R H Ak 2 1
WAk, BB I RS LDHs K HEMME G HM %
FIAATE . Xu 0L A AR R, LA B AN
= REWNE, fl& T A B RO, ERema
FERRIRFRTH 2 IR UIA(10 IR), RAKBGERIh 4 T %
B /AR50 2 IR W 6 J8 A B e |2 25 D R, 7
W) FHAE 6 20 PR 25 25 FELAROD L I LR A0 S 1) LA 22 T e
Hao ZPYLLH 5ERE N HLAT A S ik J AR ) 4% 1 Bl <A
JBFFIEAT A, Gk KON MEbe Ab R % 1 4Kt
R MnCoyO4 /BRI, 160.2 Aeg ' IR E R
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FEHIAGAE] 380 Feg !, KT AH[EISAF N AlBRARHL
2. B AE AEDOR A R S R K OB B, YR TSR
i/ AR R A, 221 B A i 2 FLBR AL R R B 4
Bl 7E0.1 Aeg ' FIURE BE N LAY IAF 355 Fog !, HA
A RUFRITEA TR E M.

BTSRRI, & B SRR . BBt S
ERAANY A E S 25 SC iR RHERER
HEW T, AR, BAED RS . R AR TR R
R, EEMLRAA i — D, HAARIE
BBAe . H0 AR AR R S8 R &5%45
SRR ARG =R WA AR S AT R
IGTAR AR A R A B LR i, ASSCRCTE T A
WA R TR A A%, BISR A Y SE e R S5 40 3 1051, i
FUTHE NI T — RYIH5ERE/LDHs B4, FEdhs
ERBsE, JEALE % T RSB A SRR I R R
WHIN-PGC/TMOS) PR E S KL X445t T3
TER AR A AV RESEHEAT RAL 5 20 b, T Atk
fit SC AUARA RHE HLRE 2 1S

2 Z#R5TR
21 45, ERKRIESTEZSH
2.1.1 X H&AT4HXRD)

I3 M AR SR (CTS)s T e 3 K R (SDBS) &
FRE YN VLR RS %& T CTS/CoFe-LDHs. SDBS/
CoFe-LDHs A CTS-SDBS/CoFe-LDHs /AL E &4+
Bl B2 &R S 4 i N N-PGC/
CoFe. PGC/CoFe Fll N'-PGC/CoFe, Fi£tid s < MBke
J& 4> Hit A N-PGC/CoFe-TMOs. PGC/CoFe-TMOs Al
N'-PGC/CoFe-TMOs, FHIfE SC HARM R 71 A2
PERE. AT R B AR = Bl SCH 4
HMIR T CoFe-LDHs KILE &) XRD K%K SI,
X FF{E ), CoFe-LDHs & &)@ SR =K 1a).
T AFG T AFIREE YK 1b)) XRD K.

S g AR W, KA L UTiE M 4 ) CoFe-LDHs
KA AT B SR () 2R IR ST,
T Fe B FUliE, FEfhiE& A & Fe(OH); 245, K
la SR, ANLETA/CoFe-LDHs B &4 & B G,
Hrbp)ss . BidlE&EuER L CoFe &8k Co HIE
AAFLE, FESIERTES MM 45.0°.65.5° H B A AT 50 43 1)
5 CoFe (JCPDS: 65-4131)[J(110) (200) & THIAT 5 FHXT
N, TERTS N 44.100 51.5°F0 76.0° H B AT 5t 0 ) ok
MF Co (JCPDS: 15-0806)fJ(111)~ (200)F1(220) % AT
U, %A R, APLETR/A SR A g s T AUR
B, AHLA SR, AV RIS E SR TR B
S CNGE R, TR A S a4

A GUBR e A R AE e, O XRD EiE
KAV RN, W& 1b Fias. N-PGC/CoFe-TMOs
N'-PGC/CoFe-TMOs Fffh7E 18.5°, 30.9°. 36.5°. 44.7°,
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58.9° 1 64.8° I AT S U, 43 ) 5 bR #E B3 Cos0,4
(JCPDS: 43-1003). Fe;0, (JCPDS: 65-3107)f1(111)+
(220)+ (311). (400)+ (S11)F1(440) &4 HIATHFAHRT B, I
HATH AT Cos04 Al FesOy bt B 1 AR [] it 1 X6} 5
T2 8. Co™'y Fe’ EABEMIE, 258 0.610
A F10.645 AP g kIS AT TR CEL A TH O ST R R 4R
W) Cos04 Fl Fes04, HoA Cos04 ATHTIEXT N 26 £ FERE
KT Fe;O4 HHF SHTHIATS M. LA XRD S5REH,
N-PGC/CoFe-TMOs #ll N'-PGC/CoFe-TMOs FEiLIN4H
FLTHI 0 3777 b B HL 93 A ¥ 50 BB BB 4 i B A A AL,
I R R R U R B R 0 R B e S A AR
NEEEREND.

a Co ™
CoFe ®
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Figure 1 XRD patterns of calcinated organic precursor/CoFe LDHs in
Ar atmosphere (a) and followed in air atmosphere (b)

1M PGC/CoFe-TMOs Ff iy, {X7E 18.5°4b tH L HE—1T
WU, (£ bR HARAT I A BT 38 250 AT g, 433
XIRET Cos04 B FesOy FREEITE(111). (220) (311)s
(400). (S11)FH(440)en HIATHT. PHEE X ST EIIE L
17, B PGC/CoFe-TMOs Ff &4l 2kt 2 e ik,
FAYDIFLE SR F RS, S E RSN E S
SRENY. F4, PGC/CoFe-TMOs KL #E 44.8°4b1F
TESRATHIE, XN F CoFe(JCPDS: 65-4131)(110) 54 HIAT
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S BT O 06 AL B 5 A X 0 B R K /N AT A I
PGC/CoFe-TMOs ¥ i I8 & & 73 RSB AL B K& 4.
FRHE J5 SR H R SE IR 45 SR v 1, PGC/CoFe-TMOs Ff
r MURLRLAR R (154 nm), ] BEARIT i 4 J@ 72 2 <
A7 Ak, T N-PGC/CoFe-TMOs # & (CF- ¥Jhi4z
50 nm)# N'-PGC/CoFe-TMOs Ff i (CF-#1%i4% 80 nm) R
PN, TEARFRI RIS 6 T e B HEARA S TR AR
B, AR SR i e SR AN, A
S A R T S = AL 1 R

MK 1b &AL H, N-PGC/CoFe-TMOs. PGC/
CoFe-TMOs Al N'-PGC/CoFe-TMOs =#Hf i E 20 4 26.1°
b 35 A BT B 0, S IS T A SRR (002) & T A 447 50,
Ut B = PR iy PR SR AR, 78 R UE S8 o
FX AR A (RIR A S .
2,12 FEZAiEE S5 HEA ©A(HRTEM) A AE

Fr 2 6k 2 W SRR R S T S ) S T
B, WTHF MR T4 Pk s s E08
2 A4 T N-PGC/CoFe-TMOs. PGC/CoFe-TMOs
F1 N'-PGC/CoFe-TMOs i 2tk . ME 1] LUE
i, =FERRLE 1330 A1 1580 ecm ™' JHUT Y Bl 0%, 43
HA DA AN G AR o, DR S A SRR 1 4G
PRI 2R T 5 24 UL TS IR EE A 5% G A0 B sp’
RIE T By B AIRS), G i FEARR AT TR )
shmESA T, B2k R, & 1A
KBRS A A 7 45 e k. LL CTS A NLET
A £ 1 5 B4 N-PGC/CoFe-TMOs i i ] G 5 I 3 J&
K, WETEXTFR L, 2B A S5 /S TP 45 1 B e B,
AR T HF1EH. 24 CTS # SDBS #7r U 58 42 Ut
Kl % N'-PGC/CoFe-TMOs 1 PGC/CoFe-TMOs & & 44
BLF, G i I 5 PR BT U A 7 S5 A i 2.

D

N-PGC/CoFe-TMOs | :
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Figure 2 Raman spectra of CoFe-TMOs composites

AN, I/l 5 FE LR 5 A R b Sl i 95 B A 5B
N-PGC/CoFe-TMOs. N'-PGC/CoFe-TMOs Fl PGC/CoFe-
TMOs [ Ip/I 55 L5350 134, 0.80 F1 0.89, HIFEH%
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AR 8 T B 26 R B B o G5 i SR R 0 %, IX AT R
A ER T30 0%, X EEIB R B S 2
B 27 SR AR IS A s ), B A R T 4R v A AR
B 2= RE.

RIE— 20 S BT R B B 25 K RRAE, AR S
%t N-PGC/CoFe-TMOs. N'-PGC/CoFe-TMOs £l PGC/
CoFe-TMOs 4T T i 70 FHis 51 L BE(HRTEM) ML,
AR TE SRR B 3 Frs. MBI AT LLE H, il
(B ) Hh 25 60 48 IR AT 3 465 A e (P o i Sk Pl i
53R TG 58 T B (P R R 46 i L /) X 3). &S mT
B, AHARERZE Z A E R A EE N 0.37 nm, 5 3CHERI R
SR TR R R X SRl Ay S WS I I
N-PGC/CoFe-TMOs Ff i (& 3a) 1 JZ AR 4544 43 A1 [ A dx
I H# %), N'-PGC/CoFe-TMOs £ (B 3b) o ik
[X d5k bb 45 4 1, PGC/CoFe-TMOs ¥ i (B 3e I AE AL
WURLA GAFAE D VFRRA BE, Hh G 7 JZ IR G ik 1 JZ 4L
e 5y A T AR # D F N-PGC/CoFe-TMOs #ll N'-PGC/
CoFe-TMOs ¥4, iX 5 Raman Y6ith B =45, D 7.
G 7 5 BE AR R/ g S — 2. @i B B4 B e,
CTS AHUFTARA H i pmedl . A Bt

B3 N-PGC/CoFe-TMOs (a). N'-PGC/CoFe-TMOs (b)fl PGC/CoFe-
TMOs () i HRTEM

Figure 3 HRTEM images of N-PGC/CoFe-TMOs (a), N'-PGC/CoFe-
TMOs (b) and PGC/CoFe-TMOs (c)

2.13 wEREREILESH

B 4 oA S A SE AL RE S T N TR B~
i B R 2R AL AR . R 4a ATLLE HI = Fhghk
AR IR B SRR 26 35 N 5 TV 2RI 2R 28 7RI
TR B B AR R 1R RN, KA R AL
F/by e EAE R T IX38(0.45<P/Py<<1.0), Wl
B 3 2 1, SAREFLE b R AERER, FEH 2
T2 5 SRR 26 TE e 5 B, RITEAEM B S H N
L5 KFALFLIED. BT N-PGC/CoFe-TMOs. PGC/CoFe-
TMOs #1 N'-PGC/CoFe-TMOs & &1k}, %8 BET J5i%
HHEARM RIS AN 704, 31.1 f1 24.0 m’sg ',
R BIH J535 50 B = AR FLAR R 53 31 0334 0.27
F10.18 em’sg ™', [ 4b 5 T =R E AR BGOSR A
B, 1288 BIH 7 6 FH AR 2 A el 43 ik =M A
BRI FLA2 20 R 13.7.24.7 1 14.7 nm. 5 4 B
4b I T] LLA H N-PGC/CoFe-TMOs K E &1k, 3+
BAE TS RILFR SRR fLR, SR mLE
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RAFA: BN 7.3 nma F2540L 32.2 nm F1KAL
120.3 nm. 1M AHINHFE G H, BN FLARFLEL
BHEUK, FEAARSTHAGLE 30 nm i, SCie %R
FHH, N-PGC/CoFe-TMOs .75 % = i E R AL A LA
L, AR T EAR T AR R, I BORFLIE AT DAE
N ERLAR TR (A 2 8], A FLE R T 46 50 R S T 1
ET 1 S o e e R

20042 —e—N-PGC/CoFe-TMOs
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Figure 4 N, adsorption-desorption isotherms (a) and pore size distribu-
tion curves (b) of PGC/CoFe-TMOs composites

2.1.4 34 WA(SEM)F LN 5 & o7

& B SEM 437X F5 WLET#4/LDHs & &4 S B %
7= PGC/TMOs E&WHHAT TS, Wi 5 .
MR AT LB H, 24K CTS AL, %1
CTS/CoFe-LDHs S &Y EA F EIRGMFFE (K Sa),
FIZEEYZ) 8 nm( S2b, SZHHE ), AT E N4 S
114} CoFe-LDHs N £ ILEUH Fr |2 5 Bk (KL 424 28 nm)
AW SRE (B S2a, SCRHE ). A A, CTS
[, 55T 5 CoFe-LDHs H ¥ 351 m S bt M T
BEE AW, CTS H5X& R A 2 1A A AR
A {ig it LDHs SRz 40 2% 5 H W), # CTS/CoFe-LDHs 2
GERBIE, ELRES EREASH. %45 EH CTS X CoFe-
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RIE

LDHs HA LM S H/ER. 2R &7 R is
SDBS {EAH HLATHK 1] % SDBS/CoFe-LDHs i, [ifi#
HLPUIE R MIEAT, RGPS A R A
3 T W B K )2 ) S A 210, AR BRI N kL (K
5b), Kift£#]40~50 nm. *53KH CTS-SDBS iR &4k 5]
S414% CTS-SDBS/CoFe-LDHs #HRHE, KN AAFRFEA
BAE S E AR R AEE, P A R0 IR
SERIFFIE(E Sc), KBRS IRSEIE R & 3 5 1AL
SIRAE R, Bk =M LR AT A R 7 2R
% LDHs JEF.

B 5 CoFe-LDHs & &%i(a, b, ) CoFe-TMOs £ &4)(d, e, f) SEM K]
Figure 5 SEM images of CoFe-LDHs composites (a, b, ¢) and corre-
sponding pyrolyzed CoFe-TMOs composites (d, e, f)

(a) CTS/CoFe-LDHs, (b) SDBS/CoFe-LDHs, (c) CTS-SDBS/CoFe-LDHs, (d)
N-PGC/CoFe-TMOs, (e) PGC/CoFe-TMOs, (f) N'-PGC/CoFe-TMOs

HHLAT#&/CoFe-LDHs EAMT @A =5+
1B 5 4 B PGC/CoFe-TMOs ([ 44} K, SEM JEH
BRSO ER I Wik I 5d~5f Al LE H,
N-PGC/CoFe-TMOs. PGC/CoFe-TMOs #l1 N'-PGC/CoFe-
TMOs &AL RSP 7370049 500 154 #1180 nm. 75
&b, SDBS A HL AT 44%6] B [ PGC/CoFe-TMOs & =
YIRAT S A A 35 5], BROBURLAL, 14 & ik KR 7E
20 nm A4 fR/NEURE, H PGC/CoFe-TMOs  Lh 3 THi X
(31.1 m’g™ Y& KT N'-PGC/CoFe-TMOs F£ & (24.0
m’eg "), EAM1/NT N-PGC/CoFe-TMOs & &1L 3
[HA(70.4 m*sg ). 43#TikN, SDBS Bi/KEE 45 S+
AR T I RE T FeBE, ZRPERR, AR SRR
(4.63 wWt%) FE=) 5 T4, HE R BR R TR R (B
Se); W NATMEFER G, HEIME/S T AR T
JE W 2 55 B AT — & W1, CTS/CoFe-LDHs 1% J5 A ik
[f) N-PGC/CoFe-TMOs & & WIFRFF T B 14> ik, i
FEAA 14.61 wt%, BRCFYRAAE/NE 5d). 7T,
HHLRT RS /0T PGC/CoFe-TMOs kL R ~] 45 B 35
M. 5546, ARSCEX LA T A HLET&/CoFe LDHs fE
ARG TIBRE ISR, Wik S3 CCFHE B)FR. M
KR LAE H, LDHs B A4 @A sB R it 2
BEARTY il 2 = T SRRAE, 4l 2 UK IR
(250 C)MBike, WURLRSFTCI AR, S GURRE M 3
BRI ARBE LV &R A & s T A S .
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AE B IR AU (energy dispersive spectrum, EDS)SZI
453 R, N-PGC/CoFe-TMOs #1 N'-PGC/CoFe-TMOs
BEMTE EEILE AN C. N. O. Co M Fe, PGC/CoFe-
TMOs FE&E C. O. Co Ml Fe jo&, KK N T
. Hrh, N-PGC/CoFe-TMOs ¥t xf B C. N, O. Co
M Fe JLE &S B (Wt%) 5 51N 14.61%. 0.98%-
27.08%-19.45%F01 37.87% (¥ EDS & w1l S4 Fow,
YRHE ), MARYE G AR 2R CL N JGER
JR B E N 13.87%H0 0.89%, P 5 12 IR 45 42
I, PRAETHERE S A N/C T 290 1/18. AL 6 45
B S0 R MR LLE H, FREFICRIERE
i FR A $415]. N'-PGC/CoFe-TMOs 1 C. N L& &4
N 5.60%F0 1.39%, ik s & & R G
(/MT N-PGC/CoFe-TMOs Hf ik & &1 —¥), RHA
YIEREY) CTS /Ny FRENE MR SDBS HA H I 1)
BrRAGTERE. XIS R EIR, SAANEE CTS &t 1E
PR GBI T S R A 545 4k, TEILERAE b5
B E AT AN K A R
22 HBEMEERAE

7 GBS T WA R gk 7% A FEAROM B ) HL Ak
PEfE, SO0 R M = HRIA R, 7E 6 moleL ™' KOH &
X EIRGKRE ST T IE MR 2 R AE R
FCRIR, FEHT R K/, B8 A RS R AR
MIEFRFE V.

22.1 AIRRZH AL

DL CTS ANAEMLHETH, 530l & T S A &R TR
PRSI A BAGR A E SRR, A4 N-PGC/
CoFe-TMOs. N-PGC/NiFe-TMOs+ N-PGC/CoAl-TMOs
FIN-PGC/NIiAI-TMOs. BEATTIIEIR R 22 (CV) i 2 an & 7
fik. WEHRATLUE H, FHEEEA 5 mVes ' i, 7£
0~0.45 V vs. SCE X [HJa [ N, Z&WEHid e+
B A R () S8 AL I5(0.30~0.40 V)FTE JRIE(0.20~0.35
V), HAiMRAER CV &L EE AR, RHESWEA
A I R AR, & Cos04 FesO4 NiO 5 L1
MIEFED IR R, AN 85 R R s B
Pk W i

C0;0,+0OH +H,0 < 3CoOOH+e¢"

CoOOH+OH ¢ CoO,+H,0+e"

2Fe;0,+20H ¢ 3Fe,0;+H,0+2¢

NiO+OH « NiOOH+e "

222 18R A K W (galvanostatic charge discharge,
GCD)

52 Aeg ' HIREE T, SAFEE TR MW
N-PGC/TMOs 254 GCD Hi £ 18] 8a P, 178
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Figure 6 SEM image of N-PGC/CoFe-TMOs composite and element
mapping
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Figure 7 CV curves of N-PGC/TMOs containing different metal ele-
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Figure 8 GCD curves of transition metal oxides and their composites at
the current density of 2 Aeg '

(a) composites containing different metal elements (Ceations=0.06 mol-Lfl),
(b) various organic precursor derived carbon/CoFe-TMOs composites and pure
CoFe-TMOs (Ceations=0.03 mol-Lfl), (c) N-PGC/CoFe-TMOs prepared at
different Cyions Circumstances
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Figure 9 Specific capacitance-current density curve of N-PGC/CoFe-
TMOs sample (Ceagions=0.03 molsL ")
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[E & JE44 /A W] Renishaw In Via B0OGH 2 Y61 AE TR
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Synthesis and Electrochemical Prop-
erties of Nitrogen-Doped Partially
Graphitized Carbon/Cobalt Iron Ox-
ides Composite

Specific capacitance/(F - g™')

CoFe-TMOs

PGC N-PGC

N-PGC

/CoFe-TMOs /CoFe-TMOs  /CoFe-TMOs

Nitrogen-doped partially graphitized carbon/cobalt iron transition metal oxides nano-
composite (N-PGC/CoFe-TMOs) has been successfully prepared by simple coprecipita-
tion method and calcination treatment, using the biopolymer chitosan as structure di-

Li, Tiantian; Zhao, Jikuan*; Li, Yao; Quan,
Zhenlan; Xu, Jie

recting agent and organic precursor. The N-PGC/CoFe-TMOs nanocomposite is of su-
perior electrochemical property to CoFe-TMOs (pure oxides), PGC/CoFe-TMOs (com-

posite without nitrogen doping), and N'-PGC/CoFe-TMOs (composite with lower car-
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