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Fig.1 XRD patterns of the powders prepared at different

reduction nitride temperatures



- 4404 -

Wity @A RS TR

50 3%

EKH AL TiO, M RFAEAT 59 W LA, 7E 37.2°243.29F1 62.8°
Ab H B RRAE I, A3 6 R TIiO /9 (111>, (2000 F
(220) g . M4i8 J5 F A T+ 800 CHY, Kk
TiO, IR AEAT S G 2%, HIBL TiN PR IEAT S I% . IF
AT I R RSB, 3 U A B e SR FE ) T o
TiO, B 2 08 JEL K Tio A1 TiNGY, Jf H I R i T s
AR T TIN 458, B ARMSEEER (h kD
AMETHEEEE (D) £243(11):

a=d(h?+k*+1%)1? (11)
THESRSH (O HHIEEEAEE ) 800, 900
1000 °CHFE & & i S HOR WG K, Wk 1 s, 4
W4 0.420. 0.421 F1 0.423 nm, 76 R R AL E N
1000 ‘CHf 5 TiN (PDF#65-0565) & At (bR vk & il 2
$10.424 nm ONERL . B H S () iEE A K (12):

x=(a-arin) {arin—ario) ™ (12)
HE N M O WM E=E, BE 1, Ed, an=
(0.423820.0002) nm, ario=(0.417540.0002) nm. %%
KI, WEEIECFEENERERT S, 9% O & &R
Wb, N B2 NREE TS, X R 5 B AR
Tt BT Tio, #4254 TiN.

I 2 (13) vF B AR R

D=(K4) {fcosh)™ (13)
Hrf, K=0.89, 2=0.15 nm, g AfTHIEN &S, 0N
TS A

THEA IR 1, W] W BE A I R B AL IR B T
FACER fR R ST T3 K . 3K 1 BH O J A R 1 T
AT A SRS R AEKEE .

NT B ER IR R B AR TIN i 72 1
s, 1 2a. 2b 43 N8 IR A TR B Y 700~900 C I
SN i A5 A FLR A Ti 2p A1 N 1s BE 2w 8l & XPS
Kl . & 2a Jrighr i B pros 4 6 B Ti-NL Ti-N-O
M Ti-O 3 FhigsY, fEL5-GREN 459.2 eV Xy B Ti
2p3r2s BEEF A N TiO,, 7RIk 45 & fE 1Y) 455.6 eV
B ST N U A g TN 281, R h T LB, B
0k JR AR BE 0 T, il 2 IR A IR 4 A R T IR

F1 TREREELEETHRMEHSE
Table 1  Structure parameters of the powders prepared at

different reduction nitride temperatures

Temperature/ Cell parameter, O content/ N content/ Grain size,

C a/nm at% at% D/nm
600 - - - 17
700 - - - 19
800 0.420 62 38 19
900 0.421 32 68 20

1000 0.423 7 93 42

Ti2p a

Intensity/a.u.

456.4 eV

468 464 460 456 452

N 1s 396.1 eV b

397.5eV

399.7 eV
900 ‘C :

Ti-N-O
Absorbed-N
800 ‘C

700 'C : ; —\_

402 400 398 396 394
Binding Energy/eV

Intensity/a.u.

K2 ANSFEHE S Z A B T F R XPS K
Fig.2 XPS spectra of the powders prepared at different reduction
nitride temperatures: (a) Ti 2p and (b) N 1s
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Fig.3 SEM images (a~e) and EDS spectra (f~j) of powders prepared at different reduction nitride temperatures: (a, f) 600 C,

(b, g) 700 °C, (c, h) 800 °C, (d, i) 900 °C, and (e, j) 1000 C

#2 FTREEREAERE T H & ¥ K b TR EDS HHTHER

Table 2 EDS analysis results of elements of the powders

# 2 NA R BT IR FE R 15 3 1 A FL R 1

prepared at different reduction nitride
temperatures (at%o)
Temperature/ C Ti ] N
600 44.95 55.05 -
700 30.40 51.79 17.80
800 33.19 14.48 52.33
900 52.75 - 47.25
1000 49.57 - 50.43
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Bt Bl 22 A0 BIH FLAZ 0 A ], HT R KA R I 1 A
v B & RRaE, fEE 4at, EIK PPy X, 2
| Al 2k, 750 X SR B B A — AR K, X
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Fig.4 N adsorption/desorption isotherms (a) and pore size
distribution (b) of samples obtained at different reduction

nitridation temperatures
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Table 3 Pore structure characteristics parameters of the

powders prepared at different reduction

nitridation temperatures

Temperature/'C 600 700 800 900 1000
Specific surface area/m® g* 55 40 41 27 1

Pore volume/cm® g™ 014 015 0.22 017 0.02
Average aperture/nm 11 18 24 24 7
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Fig.5 CV curves (a) and capacitive charge storage contributions (b) of TiNITiN devices at different reduction nitridation temperatures;

ivY2-vY2 curves of calculated by constants k; and k (c); capacitive charge storage contributions at 800 ‘C and a scanning rate of

500 mV/s (d)

FEE 3G o, BT ] 5 R /N, 2 R A M R K R
PE, X UL B AR IF T . B 6b N EL AR
R R, HAhbdss (O il FHA
XEAG:

C=(1At) {mAU)™ (16)
Ao, LONHTE, AUNECREFEL, m ORISR R E
AU JRf BB )R R F A 22 o B B LR S F
JE R H o 7238 R AL D9 700, 800+ 900 AT 1000 C
i, FEIREEE A 20 mA/g, TINITIN YR B AR ) b L 2%
SPLEH KGNS, L 7R 5 5 87 130, 95
A4 Flg. & JEEAIEE N 800 CH LB AR K, X2
DA Ay IS o) 5 R85 ZE A Dl v 3 3R 1 TN, 1 HL
LA A v P L R T ARURN R 0K () FL&5 49 , 16 PR AR T BB
PRUH IR N B FLIE P30 A A2 A 22 WP s R, 32 v v 1 A i
MR R, NS E KB, R, REEREE
AR E A 1000 C Ry A R TiN P40 be ) 5 vy, H T
SN 3 A A5 R Ak v (LB 25 A, LR TR &
FIBEAG, M EMIR T BT L fnilaE, oKk 1%
W B s B PR R AE 3 BT 875 LG 2R PR AIG, IX 12 IR Y
BEL 38 A 1) 32 i A

Bl 6¢ Jy TINITIN #0120 it 9 22 i B AL S CEI S,
P gt 20 3257 v A0 X ) 2 [ RAEG A0 DX P A T 28 2
i 2 75 Sl B AE R R WEERH BT, R BEAARER

MR AR S T B R AR A 2 N R R A B A% T
P, RELNEEELEFWE T EL HiB %L
R R R AR FE N 600 CHF P B AR, X A2 KA B
PSR KT TiN 9 Tio,. H:CA 1000 C.
3K JE B AL IR FE S 700, 800 A1 900 °CHf, A BH B f2. 28
N, AR LQ KA, FHad R A AR 800 CHY,
WRH /NN 0.9 Q. XEIHE T TiN ¥4H & &34 A

RIE I FLEE o
REEHE (B) SIREE (P) ZRIE SC &

RERIEESH, o/l ARG HE S 2 TINITIN
XM EREN IR EE LR ZL, WK 6d
Fi7s o

E=C(AU)%/2 (17)
P=EAt* (18)
R BAGIEE Y 800 ‘CH, TINITIN ) RE &% ¥
79 18 (W h)/kg I, ThER%EH 20 Wikg, 1 AE &% &

415 (W h)/kg I, T B RE AR 1.0 KW/Kg.
AOL, AL TIN B A AR Ay e g i 25 25 1 F AR A L LA
IRLF 1 Th 2R .

W JE AR E v 800 CHF TiNITIN $11 2% H s f 45
A LAk S PR AR R U, 7E H R 2 FE 50 mA/g T, #E47 1000
TR, s St 22 ] 6e Frow, TR Z
Ja HAREICER T 11%.



* 4408 - Wi e RS T %550 &
10 a 250 b
—=—=700 :C
0.8} ., 2001 e
mA gl : 1000 C
> 0e o & 150
£ gt % 100 e
= R
£ 04 / 5 e .
a 100mA gt < 50+
o
0.2 200mA gt ok
. 800 C
00 { - 500mA g ) ) ) ) ) ) )
' 2000 4000 6000 0 200 400 600 800 1000
me/s Current Density/mA g
——600C C| = d
700 C [
—+—800°C * . e o o e
——900°C = 1ol S T R PR
1000 C = 10
=
o
)
T v
;g v v v v N 700 °C
g ® 800 C
o 4 900 C
D01 v 1000 C
10 10 100 1000
Specific Power/W kg™
e
100 e EE s sEsEseEEag
_ 8o}
N
S 60}
5
§ 40+
20+
0 L L L L L
0 200 400 600 800 1000
Cycle Number

6 AFIEFEEEESEE TINITIN EASRERARBME. IWEAESRREERNRRAMZL. ZREFEEEIS). REE

JZ-Th 3% ok B K OE IR BAL TR EE 9 800 “C i 4 PRk 3¢

Fig.6 Constant current change-discharge curves (a), relationship between specific capacitance and current density (b), EIS curves (c) and
relationship between specific energy and specific power (d) of TiNITiN capacitors prepared at different reduction nitridation

temperatures; capacity retention rate at the reduction nitridation temperature of 800 ‘C (e)
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Reduction Nitride Evolution and Electrochemical Properties of Mesoporous
Titanium Nitride Powder

Ni Jie"?, Chen Yuejun®, Lv Dongfeng®, Zhang Lifang"?, Cui Shuai', Cui Yi, Wei Hengyong®, Bu Jinglong*
(1. College of Material Science and Engineering, North China University of Science and Technology, Tangshan 063210, China)
(2. Institute of Fuel Cell Power Sources, Tongji University, Shanghai 201800, China)

(3, School of Metallurgy, Northeastern University, Shenyang 110819, China)

Abstract: The mesoporous TiN powder was prepared by non-hydrolyzed sol-gel method combined with ammonia gas reduction
nitrification method using ethanol as oxygen donor, titanium tetrachloride (TiCl,) as titanium source and P123 as pore-forming agent, and
then was used an electrode material to prepare button capacitor. The effects of reduction nitride temperature on the phase, pore structure
and electrochemical performance of mesoporous TiN powder were test by XRD, SEM, BET, XPS, CV, GDC and EIS. The results show
that as the reduction nitrification temperature increases, TiO: in the powder is reduced to TiO and then turns into TiN, and Ti-O bond is
gradually replaced by Ti-N bond. In addition, the phase purity and particle size increase, and the pore diameter of the mesoporous first
increases and then decreases. When the reduction nitrification temperature is 800 <C, the specific surface area of the powder is 41 m%/(g,
the pore structure is developed, and the average pore diameter is 24 nm, which is conducive to ion transfer and electrochemical
performance improvement. At this point, the internal impedance is 0.9 Q. As the current density is 20 mA/g, the specific capacitance is
130 F/g. It is worth mentioning that it also can keep nearly 90% of the initial specific capacitance after 1000 cycles under the current
density of 50 mA/g.
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