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Abstract

Nickel oxide/copper oxide composites are prepared by using cupric chloride and nickel chloride
as raw material by chemical reaction with sodium hydroxide to prepare copper hydroxide and
nickle hydroxide precipitation which then transferred into autoclave, and calcined. The as-
prepared composites were well analyzed by XRD and SEM and the electrochemical performance
was investigated by cyclic voltametry, AC impedance and galvanostatic charge-discharge. The re-
sults show that under the condition of 150°C 30 h, the electrochemical performance is the best.
The specific capacitance was 200 F-g-1 at the charge-discharge current of 1 A-g-1.
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1. 51§

BE A HhBR EA T B AR RRIR A H aiAb v, A SRR R R, 857020 3 RAE G A T B AR AR IR
R KBHAE. MAE. MR AXRESEHT IS REVR B 78 0 5 o5, (H G0 o] SEIR FL BRI DU A6, B
N— YT EMRRI . BEE MG NV R RE . LA R . WIBRAERE V2 N AE
— LRI st e, FL A AR T RO S AR AN O, TEFRE R A TR B . H Ak 25 % e HH
FIEHEGE R, BT B T Ar=, & HurERriEae k.

HLZ 88 2 — PGP RE R I nlE, BITIRI AR A R RN, HRMEMNR T ERE, B
AR LT EYURAS S M T il SE R BA S R R R de1F, St e RA TS
ThREE, S1E5 a4 L LA 3 & ) LA R AR R % E 1] [2]. R mgsas B ar B8R A S
FiR THENL. HBhE R SENIE[3] [4] [5] [6]. IAEHIEREH AR MR REG MR &EE .
SHEEMEME . AR RS AR AR ARG, SRAMMEREEaE . A
B SR BRI (EEA) [7] 8] TIAEMREE[9)RI A Hummers il & U A 3, B HIVEFI#GE
A BB AEE, 7F 6 mol/L KOH Hfirf, 7 1 A9 HREE FLAEENI Fg™, HATE
WREE 2, FORWE R . AR R KRGEHIE T4 Y, 75 6 mol/L KOH M, £ 1Ag
LA R N EL AR Rk 2 200 F-g7t HLUBEN FEL T 5% B BB (Ret) Al BB i (Warburg FH#T) [10] [111#BELE /I

2. SCIGERSy
2.1 EAEMMHHIE

# X 0.5 mol/L [¥) CuCl, %% 5 mL A1 0.5 mol/L ) NiCl, & ¥ 15 mL, fEREM FhiR &3 %5), EHL 1 mol/L
f) NaOH ¥ 20 mL, £ 60°C [IEIR/KIBREAI B, 52 40 2380, i 2 5 DT 578 B N 28
W, HHFEST 80%, 7E 150°C %A R4 10 hy 20h, 30h; £ 120°C, 135°C &M R 30 h, F
VAT FH 5 LSRG 24 5 L 1.
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Table 1. The main experimental drugs.
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TR Ni FLt 2% RS TITEPE IX 2 i P 4 5
LRE C SEMUESS KR T IX 7 2 Y e b 4 B
R LI PVDF RV 2% R T Xy 2 e e B
N-FP L A NMP HIB 2% R T M X 2 e i B
A CuCl, ot KT PLE AR AR A =
AR NiCl, il KA ELB ARG R =

A A NaOH el KA R R AT IR =

TR B CzHsO e KRBT ACBAE AL 22 T A B2 7

R AR A IR d P 2R PRK TG K B35 U 6 U0, ARJETBAE SO TR 90°C T4k 6 AN/, R T
J5 BORE LTINS J b 300°C#Rse 3 hy BB E ARG I -

2.2. EBAREIHIE

B ETEPIRR « 2B (AB) T 9 L) (PVDF) #4218 i & bL 80:15:5 B TR b, wFEE2T,
PRI N- A JE-2- L2 e (NWP), e R BDIR o K5I 51 R B35 S iR A AE iR ER b, iRAm AR
N1 x1em?e BRGNS TERA T 90 C A4 T T 12 /N, THEser)a, MREHLFRE, WMEZ ik
IRATEARER I &, RIRITHEE Y &, R TR &S MR IRERLE 10 Mpa R FEF, ARG
JRAE 6 mol\L A AL EVA R HIR I 24 /BT .

2.3. MBI

Aszitd, XRD Y0A2> B8 2 H A 153 SHIMADZU 2 5] i) XRD-6000; iR 2614 : CuKa $E4F
NEESHIR, &K 10 KV, B 50 mA, T EE 4°/min, 555 E (20)10°~80° . 3K H A< &% SHIMADZU
A F] ) SSX-550 4 FL T Ak % (SEM) SR ML RE S (MR THITE S, WLl £ 24 5000 % .

FLAL 2 0 M AR 3 R AR08 1 77 1) CHIG00A ZY Hi Ak 2% T AR S, . SEib R =ik R, AR
N5 I RS PE R AL, KRR 1 x L om? EAR, 2 ELEAR VAT SR B, IR I A AR
1A %4 6 mol/L KOH ¥ -

3. &R 5vHE
3.1. SEM FSSRIRAE

K 1 25 5 4 NiO/CuO & A M BHEA [ ZK & fh 7E 5000X (1) SEM .

MBI AT LA Y, L B FIFEEE (3R, 1 3 FF TR 150°C F/K#A 10 h (RE S SR o W &
HHREIEH, BARRILBRE, FRIZRE 50 LR A AR, 328 i 52 i e A o 1 28 7 76
AR AT, S SR PERER 22 . 120°C R/K#4 30 h LL A2 150°C Rk 20 h F22 T AH )
150°C F/K# 10 h BIRE S, TR RIFLER, 17 135°C A 150°C R 7K #A 30 h (ke & B0 B 2 A FL IR A0vA
A, JEH 150°C F/K#A 30 h FESIFLBREE IR, RTH S NRIRE, 45 S FE B AR, A 5 s LG H,
150°C N 7K# 30 h [RIAF: ft B 1% L A AF X FLAMRE & SE 0 R A IR A R g
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Figure 1. SEM image of NiO/CuO composites at 120°C 30 h
& 1. NiO/CuO E&#HRIE 120°CT7k#k 30 h B SEM

Figure 2. SEM image of NiO/CuO composites at 135°C 30 h
2. NiO/CuO EAMHKIE 135°CTR7k# 30 h & SEM &
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Figure 3. SEM image of NiO/CuO composites at 150°C 10 h
3. NiO/CuO EAMKIE 150°CTR7k# 10 h & SEM &

Figure 4. SEM image of NiO/CuO composites at 150°C 20 h
4. NiO/CuO EA#HHE 150°C T 7k#% 20 h #) SEM &
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3.2. XRD ¥4 547
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Figure 5. SEM image of NiO/CuO composites at 150°C 30 h
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Figure 6. XRD patterns of Copper-nickel composite at different
hydrothermal time under150°C
6. $AIREAMRIE 150 CRAEIK AR B XRD 753 E
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Figure 7. XRD patterns of Copper-nickel composite at different
hydrothermal temperatures in 30 h
7. AR E AMRIE 30 h TAREIKARER XRD 75 E
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FACBRA GRS, PR AT 3T S8 & 6 AE 7 i fEfT i M 20 2 37.248°, 43.286°,
62.852°, HILHI L) NiO BLAZ Nig75CUo 50 3X PR FR A 5 IR AT S0 s TR ZE AT S A1 20 2y 35.571° 11 38.726°2
HELT WS CuO AT, 75 150°C N, Bl KIARTEI3E K, NiO F1 Nig75Cug 250 X P FIAH 147
SOl BRI R, T FLATA I S R AR T Ak, BB NIO 1 Nig75CugosO I T R A7) AH 1A 75 5 Bl 25 /K FA T
G, SRR HPRAR/AN, F BT EAEENRRE[12]. WE 7 PHREEENE H, fEMHEE
(R 7K B30 ), BEE /KB 3EE, NiO F1 Nig7sClosO I W Ah 4 AH BT 5 I ke b i, H.
g B AR
3.3. EFRRMIR

8. &1 9. K 10 2 Cu:Ni = 1:3 30 h /KA FIR A FHE CV iz K.

M 8 ZE 10 sl LLE Y, Y HE AL 50 mv-s T, = ANEES AL E IR IR, 1Y
W 7B JE AL, R AR B R o A B T T8 2 0k /DN = AR ot ) S i 0 R ek A
2, LR TE IR A TR S AR R A R AR T B RO

M 11 2 13 ERAMKIAFTLAE B SR IR, = /MRE i 1 S 04 S5 06 Ji7 Sk kB 2
VLIARE S 5 F AR e o Bt R AR Ha Ak 2B )N, T HLE 150°C 30 h (7K #GRAE T, RO RIFH s ik

R
3.4. RIS

14, 14 15 79 Cu:Ni = 1:3 /KA R 18] o AN B A BT RG A
FF it PRS2 AL PEL T P T A g v A X MM A X P 8 73 % BT 26 5 ST i 14 52 e BB AR A PR PAY B
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Figure 8. CV curves of Cu:Ni = 1:3 30 h at different hydrothermal
temperatures with 50 mv-s * scanning rate
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Figure 9. CV curves of Cu:Ni = 1:3 30 h at different hydrothermal
temperatures with 10 mv-s * scanning rate
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Figure 10. CV curves of Cu:Ni = 1:330 h at different hydrothermal
temperatures with 10 mv-s* scanning rate
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Figure 11. CV curves of Cu:Ni = 1:31 50°C at different hydrothermal
time with 50 mv-s * scanning rate
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Figure 12. CV curves of Cu:Ni = 1:3 150°C at different hydrothermal
time with 10 mv-s* scanning rate
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Figure 13. CV curves of Cu:Ni = 1:3 150°C at different hydrothermal
time with 5 mv-s * scanning rate
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Figure 14. AC impedance of Cu:Ni = 1:3 150°C at different

hydrothermal times
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Figure 15. AC impedance of Cu:Ni = 1:3 30 h at different

hydrothermal temperatures
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Figure 16. Charge-discharge curve of Cu:Ni = 1:3 30 h at
different hydrothermal temperatures at 1 A-g:
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Figure 17. Charge-discharge curve of Cu:Ni=1:3 30 h at
different hydrothermal temperatures at 0.5 A-g*
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Figure 18. Charge-discharge curve of Cu:Ni = 1:3 30 h at
different hydrothermal time in 1 A-g?
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Figure 19. Charge-discharge curve of Cu:Ni = 1:3 30 h at
different hydrothermal time in 0.5 A-g™
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