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Fig. 1 Schematic of apparatus for synthesis of CNTs

1: furnace, 2: quartz tube reactor,

3: porcelain boat, 4: gas collector

VRS T 45 LABR £ 5% 4 2K B 3R Wi B B9 4E 10 7 Bk,
FREGE BMBRAKE, MALBRMEE TR
Hig®, MEmMAERRUAZ A (PTFE) ABItFR
St Lh, BRAIKE M PTFE B LN 95:5, ¥
HEOCHZEETEREAENMNBI LEREEN
0.2mm AEMHEIF AR LBRUBHERN 2em
BRA. HEBRAREIWKEER KL, EAOE
#I7E 12 ~ 15MPa,
1.3 SUSEMHREESRBRERRERNS

&

2% 3R P oAb 2 B AR 1E B AR A R A O k&
SR IERM S, M PR, BERERK
NEFL AU BAEM Y Ni(NOs)2(1. 8mol » L") LA
B NaNOs(0.075mol + L-") ¥ T ZEAM/KMIRGE
RECHI AL, Tk OB E KK A
111, EHBRNZATIEEE SR WREKRESR
R P HSBH 20min UL b, HERNIRPESR
B2 B FBE N 10mA, HA TN RN 4h, B
R EMREBRETIRASEMROAKR, AEEF
KEREREH#F - TFERR . AEBELEET
BRK 4h, BRAKBERAMEIEL (EAERE
12MPa) [GAE R R 25 IE R o 3CH ] £ 1Y IE 4R #1 %
N TR A E B MK =4, £3CLA Ni0 . 4t
— RIEAFRE FAFLEE W ERM B
1.4 BEJ|HAER

AL HRENRBESE, B LR ERERA
FRE B BB 1mol - L' #9 KOH H ¥ 1 % 73 13
HWIFEE RS 20min LUBRER M B AR P ERY
AR GHERR Y, MR MREAS AN
CNTs/KOH/CNTs, NiO./KOH/NiO., NiO,/KOH/
CNTs =725 50 B3 25 85 75 0 H A 4b 0 bk i3k 47 10 3

X Lo
1.5 mitpEalit

L5.1 ZHBRRAFEELR

L1 THEHAR, Ag/AgCl B LR, LA R K
BB AR AR R ¥ 7E 1mol + L' #9 KOH
BRI =R RS, # A Solartron Bk 2%
SPHTXAE - 0.2 ~0.7V(vs Ag/AgCl) By {77 E A
XF NiO . TAE B iR A7 Ta SRR & g il it

1.5.2 NHBERELE

¥ NiO., BRAKREBIRE S HMERN ERB K
W, FABBT KOH(1mol - L") HLAE &K TCL i
YE O IR 4R 3 o B S0 B 5 4%, {8 ARBIN Ui &
GEI R B A AR B AL M RE IR AR B B Rk
128 (discharge and charge curve, T X H ##R A DC
curve) ARAK C=dQ/dVitEERIEEY FHY
AR (KNP CHBRE, Q FBEBER, VABRAEDR
BIE),

2 ER5IR

2.1 BAKEWNBERAFXBEARNBLIEY

®wit

8 10mA B ¥ CNTs/KOH/CNTs Wi, 2 #Y
BAFEARABRE OV, RGURSEBEEKEE
OV, E2NEAESIMERTMRBMLE(I=10mA),
WEFEAK C=dQ/dVitH, ABAKEL 10mA B
WBETRERLLAERN 42F - g, HENEZEH
hFEAESOTREMREEHARHENUTE L=
T X RRIE 57 A, 3R B e AR SRS B P i PE AR 4T o FE
ERFAREAGT, BEMBEELELSHE L
HXR, HHBRRNFENNZEAE L WBETE
RN . ME 7 # CNTs/KOH/CNTs 3 Z &l e {k,

1.0

08¢t

0.6+

voltage / V

04

0.2¢

0.0

60 70 80 9 100 10 120
time/s

B2 BAKEWEREAERFROTR B HEL
Fig. 2 DC curve for the CNTs ultracapacitor
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Fig. 3 CVs of electrodeposited nickel oxide annealed at different
temperatures A (80°C ~200°C )m B(200°C ~300C)
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Fig. 6 DC curve for the hybrid supercapacitor
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Research on the Hybrid Supercapacitor with Nickel Oxide and Carbon Nanotube Electrodes

WANG Xiao-Feng* WANG Da-Zhi LIANG Ji
( Department of Mechanical Engineering Tsinghua University, Beijing 100084 )

Carbon nanotube prepared by catalytic pyrolysis method have been considered as active electrode materials for
the storage of energy in super capacitors. The value of capacitance obtained from nanotubes reaches 42F « g='. The
electrochemical performance of double layer capacitors based on two identical carbon nanotube electrodes have been
discussed in this paper. The nickel hydroxide films were prepared through the electro-deposition. A cyclic
voltammetric (CV) technique was used to study the effect of the annealing temperature on pseudo-capacitance of
thermal annealing treated nickel hydroxide. The nickel oxide thermally treated in air at 250°C behaves as an
electrode of super capacitor with a specific capacitance (210F « g=') superior to most active carbon electrodes. The
fabrication and characterization of nickel oxide/KOH/ carbon nanotubes hybrid supercapacitor have been de-
scribed. Nickel oxide and carbon nanotubes prepared were applied to the positive and negative electrodes respec-
tively. The maximum operational voltage of the capacitor was improved to 1. 6V and excellent characteristic of high
power discharge was attained in this way. This type of hybrid supercapacitor exhibited much lower self-discharge

rate than ultra capacitor composed of two identical carbon nanotube electrodes.

Keywords: nickel oxide pseudo-capacitance carbon nanotubes hybrid supercapacitor
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