18

3 Vol. 18 No.3
2012 6 JOURNAL OF ELECTROCHEMISTRY

Jun. 2012

:10063471(2012) 03-0257-07

TIN@MnO

12 1 2 3 1 1 1 1*
(1. 266101; 2.
266042; 3. 266002)
( PVP)
TiN@MnO - TiN@MnO X
( XRD) . ( FESEM) . ( TEM) .X ( EDX)
. TiN@MnO 16m’ g . (CV) 20
mV *s™' TiN@ MnO 2mV s 81% TiN  MnO
0646; TM53 DA
50mVe+s' 1.0 mol *+ L'
. KOH 160.8 F « g™".
13
. 4 941
MnO, /TiN ( MnO)
2000 mV « s~ 2 1243
mV es™! 55% . Yan . . .
Sn0, /MnO, 1Ag" 1.0 1447 ( TiN)
mol * L™"  Na,SO, 800 F + 1849
g ' Liu ° PEDOT( ) /MnO, MnO  TiN
( ) PEDOT
N MnO, . Guo .
7 CNT/MnO, TiN @ MnO
MnO, TiN
.Zhou °® TiN/VN ~ MnO
120114128 120120323 * Tel: ( 86-532) 80662746 E-mail: cuigl@qibebt.ac.cn
973 ( No. MOST2011CB935700) . “ ( No. BS2009NJ013)

( No.20971077)



258+ 2012
1 1.4
1.1 X ( BRUKER D8 AD-
(PVP 1 300 000 VANCE) L 257 ~95°
Aldrich) 3° ¢ min 40 kV 40 mA.
( HITACHI S-4800)
( JEOL 4000EX)
1.2 X ( EDX)
lg 7 mL ( ASAP2020 M + ()
0.6 ¢
1. /
0.52 ¢ 8 mL . TiN@MnO N
0.6 ¢ PTFE 85:5: 10
0.5 cmx0.5 e¢m 15 MPa
2. .
1.3 TiN@MnO MnO TiN 1.0
( mol * L'
D ¢ \ \ ( CHI 440A )
( ZAHNER ZENNIUM)
. d =0.34 mm
d =0.90 mm 0.5
mm. 1 1 2
; 2 2 2.1
2mL+h™ 2 TiN@ MnO
20 cm 20 XRD
kV 50 C 36. 662°. 42. 596°. 61. 812°.
74.068°.77.962° 93.139° TiN
5 °C ¢ min~' 300 ( JCPDS384420) 34.910°.
C:2%C *min~" 300 C 800 °C: 800 °C 40.547°.40. 547°.58.722°.70. 176°.87. 736°
2 h MnO ( JCPDS07-0230) .
TiN  MnO Fm3m (111) .(200)
(220) TiIN@ MnO TiN  MnO
Anjectee | 17 nm 32 nm.
s Coaxial needle TiN
MnO.
i'p 34 50
High voltage
1.40 pm
. 800 C
Collector 2h TiN@MnO
3B . 660 nm
Ground —
1 25 nm
Fig.1 A shematic illustration of coaxial electrospinning 20 nm



3 : TiN@MnO * 259 -

P00 o TIN(PDF#38-1420) :
O MnO(PDF#07-0230) 9 D) i
- 1 : : -
= .
=
=
=
2
g
2 3 TIN@MnO
Fig.3 Typical SEM images of coaxial TIN@MnO fibers be—
fore ( A) and after ( B) calcination under ammonia
30 40 50 60 70 80 %0
20/(%) TEM
2 TiN@MnO XRD 660 nm( 3B
Fig.2 XRD patterns of coaxial TIN@MnO fibers ) 300 nm 130
nm
TiN
4 TiN@MnO SEM MnO
(A) . (B) EDX( C) . SEM
30 wm X 27 pum ( 5 )
TiN@MnO Ti: N Mn: O XRD EDX C
1:1 TiN  MnO XRD
Ti: Mn 2:1
5 TiN @ MnO TiN@MnO
B Chemical composition/%
Element
By mass By atom
NK 16.27 37.05
OK 6.93 13.79
TiK 53.19 35.45
Mn K 23.61 13.71
Totals 100.00 100.00
C
Q Ti
Ti
N Mn Ti Mn
! Mn
1 2 3 4 5 6 7
Energy/keV
4 TiIN@MnO SEM  (A) .EDX (B) EDX  (C)

Fig.4 SEM image ( A) EDX qualitative analysis ( B) and EDX ( C) of coaxial TIN@MnO fibers



260 - 2012
60
| A
S0+ [ ]
5,0'; L
T 40f /'
50 nm g 30 /..
2 _
g #/
o 201 ®e
E o
= F e® o
S 10t 000020 goe®
I ooonuﬂ'“”
O 1 L I 1 1
3 & 0.0 0.2 04 0.6 0.8 1.0 1.2
Bl Relative pressure (P/P,)
200 nm“
0.20
[ B
5 TiN@MnO
Fig.5 Typical TEM image of coaxial TIN@MnO fibers af— — 18
ter calcination under ammonia o
5ot
)
6 2 o\
=~ 008
TiN@ MnO 5 || /./ ¢
P/P, 0.1~0.5 0.047ﬁ ./.
;P/P, 0.5~0.9 - o
0.00 ' CNNEREES SRS, DENRE
(A) 3.5 nm 0 0 20 30 40 50 60
20 nm BET 16 m*> * gfl( B) Pore diameter/nm
6 TiN@MnO (A)
(B)
2.2 Fig.6  Nitrogen adsorption and desorption isotherms of co—
. axial TIN@MnO fibers ( A) and their pore-size dis—
7  TiN@MnO tribution ( B)
7
12
gl
20 . 1.;
< 4t
~
J(1-de) z
Cc =——— 1 5 0F
2em-e-v- AV (1) z
C m TiN@ MnO OE -4+
v AV
8L
1) .
8 TiN@ MnO 2 mV - A2
-08 -06 -04 -02 0.0 0.2 0.4 0.6
57! 120 F « g™! 20 mV + s Potential/ V
100 F » ¢~'. MnO 2 mvV 7 TiN@MnO ( 12
-1 -1 ~1 ~50 mV's'l)
s 120 F » ¢ S5mV s i - !
o Fig.7 CV curves of coaxial TIN@MnO fibers ( scan rate: 2
90F'g TIN ~50 mV's_l)
2mV s 63 F g
50 mV + s~ TiN@MnO MnO 20F « g7'. TiN @



TiN@MnO

* 261 -
140 105
[ 4 —=— TiN@MnO
120 B o
I -\ — = MO 100 F 0-0-0_
<. 100 - B £ TOm0-0-6-0-0-0g.0..
o0 \ g 0-0-0-0-0-g
=2 A . g ~a
B ogol \ \-\_.‘ = 95 -
8 — B g
L . 2
L A =
AN — ., 2 90t
@] i \ g
40 S &
— D 85 -
20
0 | . | . I 5 I , I , 1 80 L 1 . L L L . L
0 10 20 30 40 50 0 50 100 150 200
Scan rate/(mV-s') Cycle number
8 TiN@MnO \MnO TiN 9 TiN@MnO 50 mV + s
(2~50 mV +s™")
Fig.8 Specific capacitances of TIN@MnO MnO and TiN Fig. 9 Cycling performance of coaxial TiN@ MnO fibers
respectively at progressive scan rates (2 ~50 mV ¢ under a scan rate of 50 mV + s~
s
-50
- .
1 TiN@MnO /. Before cycling
!
Tab. 1 Kinetic parameters of TIN@ MnO electrode before -40 |- /,"
and after 200 cycles / o After cycling
Sample R /Q R,/Q R,/Q CIF Q/F "

Before cycling  0.856

159.9 0.91 0.00287 0.091

After 200 cycling 0.908 17.3  2.44 0.00619 0.046

MnO MnO  TiN
9 TiN@ MnO 50 mV + s
TiN@MnO 200
4% . TIN@ MnO
200 10
( 1).
(
)
0.91 Q 2.44 Q TiN@
MnO TiN .
MHO 52223
3
TiN @ MnO
16 m* = g™, TiN
MnO 50

-30_— / D/

-Z'Q

10 | 20 l 30 | 40 . 50
10 TiN@MnO 200
( 0.1 Hz ~ 100 kHz)

Fig. 10 Nyquist plots for coaxial TIN@ MnO fibers before
and after 200 cycles from 0.1 Hz to 100 kHz

-1
mV * s

TiN@ MnO
75 F + g™ 200 4%

( References) :

1 Zhao Y Jiang L. Hollow micro/nanomaterials with multi—
level interior structures J . Advanced Materials 2009
21(36) :3621-3638.

2 Ji LW Zhang X W. Manganese oxide nanoparticledoad—
ed porous carbon nanofibers as anode materials for high—
performance lithium—on batteries J . Electrochemistry
Communications 2009 11(4) :795-798.

3 Zhao Y Cao X Y Jiang L. Bio-mimic multichannel mi-



* 262

2012

10

11

12

13

crotubes by a facile method J . Journal of the American
Chemical Society 2007 129( 4) : 764965.
Dong S M Chen X Cui G L et al. One dimensional
MnO, /titanium nitride nanotube coaxial arrays for high
performance electrochemical capacitive energy storage
J . Energy & Environmental Science 2011 4(9):
35023508.
Yan J A Khoo E Lee P S et al. Facile coating of man—
ganese oxide on tin oxide nanowires with high-perform—
ance capacitive behavior J . ACS Nano 2010 4(7):
4247-4255.
Liu R Lee S B. MnO, /Poly( 3 4-ethylenedioxythioph—
ene) coaxial nanowires by one-step coelectrodeposition
for electrochemical energy storage J . Journal of the A—
merican Chemical Society 2008 130( 10) : 29422943.
Bi RR Guo Y G Wan L J et al. Synthesis of flakedike
MnO, /CNT composite nanotubes and their applications
in electrochemical capacitors J . Journal of Nano-
science and Nanotechnology 2011 11(3) : 19962002.
Zhou X H Shang C Q Cui G L et al. Mesoporous coaxi—
al titanium nitride-~vanadium nitride fibers of core-shell
structures for high-performance supercapacitors J
ACS applied materials & interfaces 2011 3( 8) : 3058-
3063.
Binotto G Larcher D Tarascon J M et al. Synthesis
characterization and Li-electrochemical performance of
highly porous Co;O, powders ] . Chemistry of Materi—
als 2007 19( 12) :3032-3040.
Lou X W Deng D Archer L A et al. Selfsupported
formation of needlelike Co;0, nanotubes and their ap—
plication as lithium-ion battery electrodes J . Ad-
vanced Materials 2008 20( 2) : 258262.
Zhou W Cheng C Fan H J et al. Epitaxial growth of
branched a-'e,0,/Sn0, nano-heterostructures with
improved lithium—on battery performance J . Ad-
vanced Functional Materials 2011 21 ( 13): 2439-
2445.
Liu Y M Zhao X Y Xia D G et al. Facile synthesis of
MnO/C anode materials for lithium—-on batteries J .
Electrochimica Acta 2011 56( 18) : 6448-6452.
Fang X Lu X Chen L et al. Electrode reactions of

manganese oxides for secondary lithium batteries ] .

14

15

16

17

18

19

20

21

22

23

Electrochemistry Communications 2010 12 ( 11):
15204523.

Pereira N Dupont L. Amatucci G G et al. Electro—
chemistry of Cu;N with lithium J . Journal of the
Electrochemical Society 2003 150(9) : A12734280.
Choi D Blomgren G E Kumta P N. Fast and reversible
surface redox reaction in nanocrystalline vanadium ni—
tride supercapacitors J . Advanced Materials 2006
18(9) : 1178-1182.

Zhou X Chen H Nan J et al. Study on the electro—
chemical behavior of vanadium nitride as a promising
supercapacitor material J . Journal of Physics and
Chemistry of Solids 2009 70( 2) : 495-500.

Liu T C Pell W G Conway B E et al. Behavior of mo—
lybdenum nitrides as materials for electrochemical ca—
pacitors—comparison with ruthenium oxide J . Journal
of the Electrochemical Society 1998 145( 6) : 1882—
1888.

Dong SM Chen X Cui G L et al. Facile preparation of
mesoporous titanium nitride microspheres for electro—
chemical energy storage ] . ACS Applied Materials &
Interfaces 2011 3( 1) : 93-98.

Cui G L Gu L Maier J et al. A carbon/titanium va—
nadium nitride composite for lithium storage J
ChemPhysChem 2010 11( 15):3219-3223.

Chen W Fan Z 1. Wang C L et al. Enhanced capaci—
tance of manganese oxide via confinement inside car—
bon nanotubes J . Chemical Communications 2010
46( 22) :39053907.

Wang . Wang H B Cui G L et al. A facile method of
preparing mixed conducting LiFePO,/graphene com-
posites for lithium ion batteries J . Solid State lonics
2010 181(37/38) : 16851689.

Pang S C Anderson M A Chapman T W. Novel elec—
trode materials for thinfilm ultracapacitors: Compari—
son of electrochemical properties of sol-gel-derived and
electrodeposited manganese dioxide J . Journal of the
Electrochemical Society 2000 147( 2) : 444-450.

Era A Takehara Z Yoshizawa S. Discharge mechanism
of the manganses oxide electrode J . Electrochimica

Acta 1967 12(9) : 11994212.



3 : TiN@MnO ° 263 -

Preparation and Electrochemical Performance of TiN@ MnQO
Fibers by Coaxial Electrospinning
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(1. Qingdao Institute of Bioenergy and Bioprocess Technology Chinese Academy of Sciences
Qingdao 266101 Shandong China; 2. College of Chemistry and Molecular Engineering
Qingdao University of Science and Technology (Qingdao 266042 Shandong China;

3. Shandong Entry—-Exit Inspection and Quarantine Bureau Qingdao 266002 Shandong China)

Abstract: In this study the titanium nitride ( TiN) @ manganese oxide ( MnO) core-shell structured fibers were
prepared by the coaxial electrospinning using tetrabutyl titanate and manganese acetylacetonate as raw materials
and polyvinylpyrrolidone ( PVP) as the template. And then the fibers were annealed in ammonia to finally obtain
the coaxial TIN@MnO fibers. XRD FESEM TEM EDX and physical adsorption instrument were used to charac—
terize the phase structure morphology composition and specific surface areas and pore sizes of the samples. It
was demonstrated that the as-synthesized TIN@MnO fibers with possessed coaxial structure with a surface area of
16 m*> * g~'. As indicated from the cyclic voltammetry ( CV) test the capacitances of these fibers displayed 100
Feg '(TiN38F «g™" MnO66 F *g™')atascan rate of 20 mV * s ' and 82 F * g~" at a higher rate of 50 mV
*s~' which were resulted by efficiently combining the large capacitance of MnO with good electronic conductiv—
ity of TiN.

Key words: coaxial electrospinning; core-shell structure; electrode materials



