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FERHE SR HAERE M R £ 2 —

FRT, BRSE AR I PR B B 20 K45 Bk 2T 2k G R A Ak 0 2R ) U 1 4 B Ak I I A B L)
(Ru0," ,Mn0,'*" ,Co-Ni LDH'"' |NiO"*', Co,0,"" ) L Kz S Ha Ay (R SR I SR migmy) 1O Ay
TR 2 AR PRI 12 098 o BRI, 45— Ff LA AR P T B R 25 ), 76 S8 B0 HL 52 ¢ [
TR FR HH — SR S B o 02 AR A (LDH) thy T HA 5 i 2 LB 454, 7T LA [R]) F)
JRIXSUHE, 2 FiL 2 A0 00 05 o v 2 DRI REML AR, LUK 2 8, AR A0S, 1 8 0 v 25 2 AR A R SR oy
—SE B s SR 1T LDH A% B e, AR i 5 L P 01 FE 0 HL A B 2o 5 o 455 40 1) i s P05 5 3
2R, R R T B TR SE BRI R BE— 2 R L A BB (GNS) VS sp ZR AL ST bR S TR 45 4y
T H RIS HME (1 x10° ~ 1 x 10* S/m) FIFB A LR MR (2630 m*/g) S0k 2 Bk B H A
TS (KRR 7 LA I (L ) 6 3o T PP 7 7 26 A TS P I 8 DA (o 5 S s v B
MU VE AR TR . BFFRSS S, 20 10 SR s W bR 5 HA I L 25T G R R AL 2
£, T DL Al 2 o A PR RE 52 28 Th R B R R B 5 1 JE KA T A, R, TR 45 25 B M RB AL S0
W RS R L B 24 A R A A TR S A = — o

Wang 23 IT A AL 1T 52 (GO) FIRUE A ALY F P41 %5 15 5 GO/ Co-Al LDHE 4 44K, Jre 4k
SEPEREA R IAR S 76 1 A/g WU T He Al ik 1031 F/g,20 A/g fEFR 6000 R 28t JLP AR5 A8
h E AN KA R T GNS/Co-Ni LDHE A8, BF5E T GNS Xt X4 & F A LW tE S s 1y
FaEVERI G 75 0. 25 A/g MRS E T, B A FEHY L2 800. 2 F/g, 2853 500 ARG , L HL 24T
AEMRT 99% o FEHRAE ' L PS Bk M AHERR MR , /K #4354 B3D-GNS/Ni-Al LDHAZ & #H kL, 76 1 A/g Hi
VR LA REAT I 1054, 8 F/ g, JFFR 1000 WK F L AT REARF7 99% . LA EWFFE M, & & bHRHI 2
PERE 2 08 T 4 WAL AL . (B AR X T 1] 6 3 3R 25 i 3458 F/g ( Co(OH), ) Fl 3570 F/g
(Ni(OH),) "™ Ll A0 A 7 TRt — 4R e, HRITE & BOZE SR 2 07 ik, S TR 52
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PR A 7= AR 25 B, P A2 PR B 0 A B SR TR AL, X 7= Rt B A 7 — RE PR, Dt , i — 2
TRV AR 5 T G RIVEE) IR R A BAR U E R BT, A SR A A
R A IEURE, SR B A2 IEUTE R, , B T A0 S/ Al B AU SR AL = A bk I T, %5 15
A B A MR AN OUEAT A, BEFL A R 2770 F/g(1 A/g) i HL Al DUAE fif B4 T 20 i
KAt A ™ o

1 SLEREssy

1.1 fFIFn S

Quanta 450 FEG #147 %& f 451 v 1 @ 4 (RE 0 FEI /A 7)) D/ Max-2400 # X SR AT ( H A3
2400w, CuKe 55T ; FT-IR200 HU{H B AR S 2T SR 35X (21 JE 5 1 24 W) ) s CHIG60B Y Ha Ak 2 T AE i
( B RAEALST) ;CT2001 A LAND Ayt ] i 5 48 ( QT G4 A FRZS | 5 TriStar 113020 %Y L
FEE AUV BTN (38 [ 22 5 BREG H2 o AN AR A FRA HD) o

FAbA (CoCl, -6H,0) , S ALER (NICL, -6H,0) , KERME F 47 58 ( <0. 15 mm) , 4G RN, i B ERS , 1.
SAAL W, WRBRR , UK, B E AL, Rk & LA A R o Al BT T TR SR ] R ZE AR K BE
1.2 ZHE
1.2.1 GO #9#1 & LATIRIS 41 8805 M JEURL, SR T RGH A Hummers 3507 il 45 A AL A1 58
1.2.2 GNS el 4 B, M EREIAE0.1 g5 100 mL ZZIR/KIR G, 7R 75 PR 7 25 ol 75 B %
2 ho R BRI B R A A B IR =80, INA 1 g NaBH, 95 C Rkl 10 h, # it
U8 L TE 50 CTRHET, BN BRIR AR M R
1.2.3 GNS/Co-Ni LDH £ 44449414  FREL 100 mg [ iR 7 S5 #7540 80T 200 mL — Wk 3K
Hi L TERE I BERE SRR T 43 5K CoCl, -6H, 0 5 NICL, -6 H, O BE /R L 1:1 ImA L, {[Co™ ] + [Ni** ]
W7 0. 03 mol/L, #4330 min Ji5, FiF 0. 2 mol/L Z/KKHIR A4 pH EIH % 8.5 Z247, H4E 20 min,
S 12 hfhig , FZR IR/ 0K CRE R DRIRDTTE K, SRIG 7E 50 °C T4 12 h, BFEEF$GNS/ Co-Ni LDH
WA o FEIRRERY D535, #7545 Co-Ni LDHAA , AR A,
1.3 BHRFEEERBHFEMNRFE

W B ASRE S L b B 5 SR DU R 2 M e e G 801 155 YRS IR LI TG /K 2 st B A OBk , SR I
BJSJHIRTE 1 em x 1 em JHAR I Lo R = HRAIA RTE 6 mol/L 1) KOH ¥ st 47 i fb2A i, ¥
A LR A B4 AR 0 Ay A B AR, TP A H S LR 43 1 Bl B AR R 2 L R A

2 FRE

2.1 XRD 4#7

1 kERD 9 XRD &3 [ 152k o Hh GO 1 26 {E 8. 0° 1 42° 44 M IT 5T, 19 & T4 1k 1
5 (002) FICLLL) ffyifn AYFFAE NG, 75 20° ~ 25° 4047 — W84, BEHA I 45 1) GO E A /NIRRT L I GNS, Al
PRI 223K 2dsing = na , AT LA GO BYJZIEIEE Dy 1.2 nm, 0 KT 41829 0. 342 nm, Il T A1 522
FMZ ARG A S A ERRMIRUR > T RIS GO BIoE 4t sl OGNS Jm (181 154k b) , (002) b
P g3 24. 4° XN JEEEEZY ) 0. 4 nm, $il] GO Lok JJo A — ¥ 7y FOHTHE R A SR 45 4, T )2 1)
BEAP AT B, 2 1 T ONS K i 5% B 10 B BB T SR HEBUR B 800" o & A 41k GNS/Co-Ni
LDH ) XRD %555 Co-Ni LDH ARL( P& 1 352K ¢ 32k d) , I3 Kl 21 GNS FRIAT TG , ORI O A2 A
¥y LDH S ABLIE T GNS [y BB A, o L S A B A, - BT S e g LDH 553 S 50, S bRt
GNS/Co-Ni LDH 5 Co-Ni LDH FRAIT 5 5i B AR AR, W E AT R A BRI 45 b 58, i3 x4 v o 9 v
FEVERE, Rl e A AR PR RE B W 2, DR O AR (0 45 B L d s WIS/, A ) e
RV T AR



55 1]

E/INTTAF A0 SRR/ RO S S R 2 B RO i A

585

003) 006y  (012) (110) .,

(002)

Intensity /a.u.

Transmittance / %
Q
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K1 GO (a),.GNS (b), Co-Ni LDH (c¢) Fl
GNS/Co-Ni LDH(d) f) XRD &l
Fig. 1 ~ XRD patterns of GO (a), GNS (b),
Co-Ni LDH(¢) and GNS/Co-Ni LDH(d)

4000 30b0 ‘ 2000 ‘ 10‘00
a/cm™!

K 2 GO (a).GNS (b), Co-Ni LDH(c)

GNS/Co-Ni LDH(d) £ obtig

Fig. 2 FT-IR spectra of GO (a), GNS (b),

Co-Ni LDH(¢) and GNS/Co-Ni LDH(d)

2.2 FT-IR &#F

K 2 #kE S GO, GNS . Co-Ni LDH Fil GNS/Co-Ni LDH f#J FT-IR &% &, GO W (& 2 4k o),
3400 cm "' b3 Y FE ISR [ —OH. [ i 45 4% 301, 13 T 1600 em ™" B3 4k 1 W il U4 I F H—O0—H
1 B 3l S GO 2544 Wi B B2 i 45 il 41 2, U8 BA S84k A 28 B AR 9 se o T (BT SR A 8K o A7
7E 1100 em ™ BHE AL W i AT C—O SEAGAETE , IX UL AR - 77 SR 285 ok S A b B, 76 Lk
T_E A T SR RE R (PR R R b L ), SR T AR AT SR U (181 2 5% ) , 2L A i b A5 R B
W S5 PP R A, R U 8 05 1 sk 22 ot 1R 30, 3 0 I AR A 7 8 10 4 L T 440 KT 43 i)
7 ,GO BB OGNS, X F40iCo-Ni LDH( [ 2 §54k ¢) ,3400 em ' Ab R SEIGUR TR BB IELL K
JZIRIZK K 23 F F2 i i U 4 PR 3, A6 1630 A1 1360 em ™ &b H B 14 06 4 53] Sy 2 A 1) 1R BFF 7K 431 B9
H—O0—H725 i 4 s i i CO3 ™ F {45 1R 0 g Mg , 33K 2 DR o e 1 0 45 2 6 M T PO o v 0 AT, IR i
ZES Y CO, ITEL, 400 ~ 700 em ™" P WL FI 9 0% 0 4 32 B0 R T LDH 2 M2 5 k6 4R 3l i i i, 4
M—O0 ,0—M—0 M—O0—M §(M 4 J& 55 1) B 45 F1 25 R 3h 25 2448 A GNS 25 (18] 2 3%
2 d) I E MBI L SN E E 5 LDH 5L, HA 4l BUE A 16 1) 10 HL 7R g g 06 | 3 R B GNS/ Co-Ni
LDH 3 5 3 R g CO3 ™ 42 4544 o
2.3 SEM 4#7

& 3 ATl FE 5 GNS . Co-Ni LDHFIGNS/Co-Ni LDH[# SEM B& K. & 34 FLA53% T GNS (1 SEM
MR, A a0 B T AT RR R 12 42540 e MR A5 ot B v il o kAR AR LAV R VT 20 S50 ROt IR
A SER I H BT 5 18 3B BT i ONS B BB T 007 B85 5 SR A ) FoR, G2 1T s A, 3
Sy M5 R A AR R AL 5 18] 3C Iy AR 3 T i Co-Ni LDHP SEM BE H-, B 5 A9 4570 149 50 4 /N i 40 K
kL, ELAEAE— 52 FLRE RO A1 58 5 18] 3D Sy AR TA A% % F GNS/ Co-Nit LDH 4 i, T~ 15 8% I8 -, Co-Ni LDHZ K
BT Y ST 0 A3 AT BB R AT, SIS B D BELIE T A 38 . FRAT I 2 3, 76 47 SRR i
A, BeAT WS B Bk 20 LDH 4440k, 3 15 3R A 14 1 Co-Ni LDHAERS HLARLF I R S R S e —
i,

FERDIH A 1 R o, 38 Ao K I V] 4 7 3 B, IACHY) GINS B BB 1T A T A i B B s 28 ] 3%
BB TP GNS ¥ B SR B A —COOH . —OH 55 Lk, By Co™ Ni** P Wt B, /0 A
FEA S50 2 W W AT B A UTUE FINH, - H, O 208 A, A2 K i Co-Ni LDHZIRK R T, B #E GNS |, 7]
DA BB 11 OGNS 15 -5 T NS 11985 LL 36 BRIV I B 24 M . 5 40, WEI 3¢ 3D il B
T RE it S RE T BB FLESH ) = ZE 2% 454 , A5 ) VAR B 1 I A, T T T8 e i i
PERE , {254l LDH At , GNS/Co-Ni LDHA & KL T GNS UAEAE, 76 32 = A Rk 1 S el P 19 [R) s
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&3  GNS,Co-Ni LDH #1 GNS/Co-Ni LDH ft) FESEM &
Fig.3 FESEM images of GNS, Co-Ni LDH and GNS/Co-Ni LDH

TR T HRAORHAOAE SR o X — O FE i 1 A4 A= U R A5 LAGIE A o
2.4 BET 43#7

¥ 4 Skl Co-Nit LDHAIGNS/ Co-Ni LDHAZ G F1EH N, W i Bk il £ F1£LA% 23 A1 181, FLARIE S 400
1 ARE TUPAC RILRE , PAISRE i 1IN IR 50 R T £ 22 L ) TV ZR R i 2, £ A A it 2 rp 2 B T
WA AR i B, 3 2 S o T OB AE 25 8] JC e SR BOY B, AL FLAR 0 A 4t B SRE T
X — W, PIFFAEALTE 3. 6 F130 nm BT84 B AR, R T PIAREE S Y BA AR R R i fLIE . 255
F VAT LUA ), 54 LDH AL, 525 BRI Ho 2 BRI AL AR A BIr 3 85, 3000 AR A1 ) T v A
FEOF MR HA AR T B E AR o /NG 14 F L BE A8 d R BIR J3E 3t 38 7 P i 194 L T AR, 6 37 1k
W55 55 R SRS A 8 A o BRG] A FLE DU RE % DAy vl 8 2 1 14 2 i 2 RSB ) e 3, s
RHI R

= 800 ——
L 705 A 712y B
o0 o) 1
000 2 5 T @
7 503 @ 600F 5 08 |
o0 L o 02 /I. = ;o/ Ta
E £ o S g ]
2 | S 0.1 '/ s 2 04
< 200f € 2 a0k i
3 2 0 / 2 400f 7 /
£ ° . E 5 4 i
3 o= 0 40 80 120 160 200 /_,"" 2 < of ‘ , /'./
2 Pore size/nm -t o 0 20 30 120 /
- _—a
% 100 o " E 200 Pore size/nm
= -—-—""" 4 ‘,-’::l. "
r e A=
> -l‘—-. .l-n—l—.‘-'.-‘.‘.
or ok
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
Relative pressure p/p, Relative pressure p/p,

4 KES Co-Ni LDH(A) Fil GNS/Co-Ni LDH(B) 1y N, WMl Bl 22 F LAz 4> A
Fig.4 N, adsorption-desorption isotherms and the pore size distribution curves of samples Co-Ni LDH(A) and GNS/
Co-Ni LDH(B)
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&1 #£& Co-Ni LDH #1 GNS/Co-Ni LDH BJLL R ER FLIAER R FH7LE
Table 1 The BET surface area, pore volume and pore size of Co-Ni LDH and GNS/Co-Ni LDH

Samples Spep/ (m*+g™1) V(pores)/(em®+g™') Pore size/nm
Co-Ni LDH 138 0.53 16.3
GNS/Co-Ni LDH 197 1.13 21.6

2.5 mEaENi

R T UESE il A5 55 MRk F AL 2 P BB, XT Co-Ni LDHFIGNS/Co-Ni LDHAF iy i 47 T HaL 25 PR g
ik, & 54 Co-Ni LDHFIGNS/Co-Ni LDHELHRAE —0.2 ~0.6 V (vs HR) JEHE AN HHHE N 5 mV/s
B RE IRt 2o B IETRT LU S, B RIRE S 38 A T ik 56 S Al it s iy, e B AL 38 3R an T

[7.23]
o

Co(OH), + OH == CoOOH + H,0 + e~ (1)
CoOOH + OH == Co00, + H,0 + e~ (2)
Ni(OH), + OH = NiOOH + H,0 + e (3)

e b B DU R ALY CV 22 BLPIAS FEBON BRI I 06, (B |l T B g 1~ PRl
T AR R AR, S BUR AL 08B N, B — B ) S A ik [ . 5 GNS/Co-Ni LDH
HURAA LL , EAH RIS T Co-Ni LDHAL R CV il 26 1) B 3 1 5 W MK, GNS/Co-Ni LDHA & 4 B LR 119
BRI AR IR T Co-Ni LDHHLAR AR 3 T AR, 7R GNS/ Co-Ni LDHE S AR AR A T i By LE LA

N T PSR B T e, BT 3,57 Hl 10 mV/s SRR X G R LR EMR
AT HEIRE o QA SB /i , B 14083 1 S0, W HRL 300 TR 07 Bl =2 o e B8 33 2 PR 7 R 1
AR AR LT 5 R AR /I T 453 JB 7 1 AL 3 D PR R P2 39, S 80 D ) i 7 22 4
j([ls] 5

0.2 0.3
A B d
0.1F
0.1F
< <
5 0 |
= ]
&) &)
—0.1p a. 3 mW/s
—0.1k . b.5mV/s
a. qNS/Co-Nl LDH c.7mV/s
b.Co-Ni LDH d.20 mV/s
—0.2 1 1 1 1 1 —0.3 1 1 1
0.6 0.4 0.2 0 —0.2 0.6 0.4 0.2 0 —0.2
Potential/V (vs.SCE) Potential/V (vs.SCE)

K5 Co-Ni LDH F{l GNS/Co-Ni LDH B FEFIH#H R KA 5 mV/s(A) LA M GNS/Co-Ni LDH Hi b 7 A [R] F1 33 T
HITEMR 2 £k (B)
Fig.5 Cyclic voltammograms of Co-Ni LDH and GNS/Co-Ni LDH at 5 mV/s(A) and GNS/Co-Ni LDH at different

scanning rates( B)

64 2y Co-Ni LDHAIGNS/ Co-Ni LDHHIMRE 1 A/g UL I FE-HC 2k o M 64 RTLIE
PR ity 19 8- PR IS TR AR R 25 X6 B, 106 P 3k A o L A R R 240 B 5 ) A Ao il it AR
A C, = 1A/mAV, THE HE R3] 0 2320 F1 2700 F/g, 525 #4 LGNS/ Co-Ni LDH Lt 754 v T4l
LDH 3% 2445 45 TIARYG OGNS B3t 1Ak i PR LR B TR LR AR, [ 6B S 52 5 4 k)
GNS/Co-Ni LDHHIARAEAN [ v 370 25 B A1 L I 0B T 28, FE OB LR O 1.3 .57 .10 A/g I, Af]
JO7 14 L AR {EL 2390 O 2700 ,2460 ,2364 2340 ,2220 F/g. HAIii B i 1 A/g 3 2 10 A/g i, Bk
GNS/Co-Ni LDH [l L U 2 BEATI IR Y 82 3% , IAEAH[RI 261 F , 46 LDH f L L AR 155 71% (&l
HEFT7R ) , R BIGNS/Co-Ni LDHE 5 RURAE R LR 38 B A B i R R A R A P e . A FRHY
TR R SR 1 PN AE AR IXTA] 75 0. 4 ~0. 1V HL HeSE Bl P, e Fi i 42 e S BV 1 o, ik 2 fh T XU
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JE RTINS WA 0. 1 ~0.0 VL E [E A, Tl Y AR AR T 2%, a2 phy T AR AR I P v TG 1R )
JEFC 5 LA R A4 1 2 A R AR S B N BT e R A W S T U AR I LA

2 L 7 R AR 3R 77 A o LS B P AR W Y o 8] 7 9GNS/ Co-Ni LDHAE 541 R
S Co-Ni LDH HUBAE 1 A/g B T I E3F 73 fir [l . AT 7 nl 75 Hh , BEAE PR ORI K, BAR LE
HUA T AR . 285 500 A3R G , LLHUA I REDR 1 93. 4% , U0, 6. 6% . 4 LDH HifR Z84d 500 YA
W, I AR 81. 2% , 3298 18. 8% o AHILZ T, ] GNS/Co-Ni LDH HLR A B R A R EF TR E
P

— 3000
04 4 0.4 3 GNS/Co-Ni LDH
a. GNS/Co-Ni LDH 2 \_\
b. Co-Ni LDH £~
a ™ g 03 & ' 2000f Co-Ni LDH
Q O O
2 @ o
£ 02f £ 02 5
~ ~ (5]
2 > & 1000
E oqk 2 ok 0 2 4 6 8 10
- £ Current density/(A- g™")
s 2
a = alAlg
Us o b3 Alg
c5A/g
—o0.l o1 d7Alg
L . . b lege b, 4 200
0 1000 2000 3000 0 400 800 1200 1600 2000
Time/s Time/s

6 Co-Ni LDH Fil GNS/Co-Ni LDH HUML/E L BB H 1 A/g(A) LI GNS/Co-Ni LDH Hub /5 AR [7] Fhy 7 5 i
THIFTICE L (B)
Fig.6 Charge-discharge curves of Co-Ni LDH and GNS/Co-Ni LDH at 1 A/g(A) and GNS/Co-Ni LDH at the

different current density(B)

5 L , GNS/Co-Ni LDHAZ & 4B} /i H i 4000

SR ALSEERE AR FE R Iy

TR R R AT IR R R SE B, FTLAAZE AL F LAy = soop .
e
P 0 TS AR T AL sl e A
GNS Fy [ B HE R, 45 22801 Co-Ni LDHAL T 5ot

LI S T B, T 5 Co-Ni LDHIGFI I § 1ooof

2) GNS LA 8 L ., 15 Co-Ni LDHI L = 2

S 2 , T LA G SR R 0 A, B3 N R T
BPEHIA 5 L 2433 ) GNS 15 Co-Ni LD FJE i) Coclemmbr

LS DRI A TR AL R, D) T e LD B
ARITHEF PRI LA FERE; 4) ONS AT RASHY fgm;& ’(;ycle lifegof C:J-{Ni LDHmz [f]) and GNS/Co-Ni
A, 1T P Co-Ni LDHAE A IR [A] 78 i HL L A 1 LDH(b) electrodes at the current density of 1 A/g
I BRIV 3845 AR 8 o P, 2 75 bR

R,

3 45 i

RHFEDLIEL G I T GNS/Co-Ni LDHE G M RL . 1E XAl A bR, 47 82 M V5 D 3 L 1 2248 T
Co-Ni LDHFURLZ 8] (4 5 HL 1, [ B A7 28 45 4 BRI A A AT Bl 1 Co-Ni LDH 209 K JBURL 9 141 58, 3 R T
Co-Ni LDHRY HL AR, MR45 5 B , A T4liCo-Ni LDHT 7 , 52 A AR Ty 25 i 75 0% i B b 2
B B Y SR A R AR RS E M DRI, T W0 A6 ISR AR AR B , ] A 7 3k 17 SRR L R A e A A
A, GNS/Co-Ni LDHE 4 R HL A 27 F 2 e AU ABORA AR ) S B 7 P A AR A 17 FH R 5
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Synthesis and Supercapacitor Properties of
Graphene/Co-Ni Layered Double Hydroxides Composites

JIN Xiaoqging, CAO Jie, HU Zhongshan, FENG Xiaojuan, HAN Yugqi”
( Key Laboratory of Hexi Corridor Resourses Utilization of Gansu ,Department of
Chemistry , Hexi University , Zhangye , Gansu 734000, China )

Abstract  The graphene ( GNS)/Co-Ni layered double hydroxides ( LDH) composites were synthesized
through a chemical co-precipitation process of Co’* and Ni’* using NH, +H, O as a precipitator in the presence
of graphene. The compositions, microstructures and morphologies of these samples were systematically
characterized by Fourier transform infrared ( FT-IR) spectroscopy, X-ray diffraction (XRD ), field emission
scanning electron microscopy ( FE-SEM) and nitrogen adsorption ( BET). The electrochemical performance of
these composites was investigated by cyclic voltammetry and constant current charge/discharge techniques. It
is found that Co-Ni LDH nanoparticles are well dispersed on the surface of GNS as the spacer to prevent the
GNS from aggregation and improve the conductivity and structure stability of the Co-Ni LDH. The results show
that the GNS/Co-Ni LDH electrode exhibits excellent electrochemical performance. lIts specific capacitance as
a single electrode is up to 2770 F/g and remains about 93. 4% of the initial value after 500 potential cycles at
the current density of 1 A/g.
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