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Abstract

Graphene (RGO)/CoNd bimetallic hydroxide nanocomposites were prepared by a simple and easy-
to-operate hydrothermal method to explore the optimal properties of Nd metal, cobalt metal, and
cobalt-Nd bimetallic with RGO, and to obtain morphology fine-tuned and controllable substances
by constantly changing the molar ratio between cobalt and Nd in the cobalt-Nd bimetallic, so as to
enable cobalt and Nd to exert the most advantageous advantages over each other. The problems of
poor electrical conductivity, low specific surface area and easy agglomeration of active substances
in transition metal compounds are effectively solved. The composite electrode materials were
analyzed using tests such as scanning electron microscopy, transmission electron microscopy,
infrared, XRD, XPS, EDS energy spectrum spot scanning, and electrochemical tests. The results
show that RGO@CoNd presents a coral-like structure, which is encapsulated on the surface of
graphene. The specific capacitance of RGO@CoNd whose specific capacitance is 1054 F/g at a cur-
rent density of 1 A/g is increased by 66.6% compared with that of RGO/CoNds, RGO/Co2Nd3,
RGO/Co3Ndz, and RGO/CosNd, respectively, 67.4%, 47.9%, and 115%, respectively. The specific
capacitance retention rate was 93.9% after 4000 charge/discharge cycles at 10 A/g current den-
sity, which showed good cycling stability. The results show that RGO/CoNd composites are prom-
ising electrode materials for supercapacitors.
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Figure 1. Technical route for the RGO/CoNd-LDH composites
[ 1. RGO/CoNd-LDH & & # 1 AU R BR 4%
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Figure 2. Preparation process of graphene
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Figure 3. Preparation flow of the RGO/CoNd-LDH composites
3. RGO/CoNd-LDH £ &# Rl & 72
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RGO/Co,Nd3. RGO/CO3Nd,+ RGO/Co,Nd & &4k it ) o B2 P 2 & 43 731y 17.6 mg/em?, 20.4 mg/em?,
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Figure 4. Flow chart of steps for preparing electrode sheets
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Figure 5. (a)~(c) is the transmission electron microscopic view of graphene; (d) is for the SEM of the graphene
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Figure 6. (a) SEM of RGO/Co; (b) SEM of RGO/Nd; (c) SEM of RGO/CoNd; (d) RGO/CoNd,; (e) RGO/Co,Nds; (f)
RGO/Co3Nd,; (g) SEM of RGO/Co,Nd
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3.3. #% XRD &%

rGO/Co. rGO/Nd. rGO/CoNd 4>KE &4 kH A XRD 3 K 4n <] 8(a)Fzm. CoNd AT 43 7 7E
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. Spectrum 10

0 2 4 6 8 10 12 14 16 18 keV
Spectrum 10
Element Line Type ‘Weight % Weight % Sigma Atomic %
C K series 23.23 0.37 40.34
(0] K series 36.73 0.27 47.87
Co K series 28.69 0.26 10.15
Nd L series 11.35 0.20 1.64
Total 100.00 100.00

Figure 7. Composition diagram and content analysis diagram of RGO/CoNd composite material
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Figure 8. (a) Shows the comparative analysis of XRD profiles of RGO/Co, RGO/Nd, and RGO/CoNd; (b) Shows the analy-
sis of XRD profiles of RGO/CoNd, RGO/CoNd,, RGO/Co,Nd;, RGO/CozNd,, and RGO/Co,Nd

[# 8. (a)5 RGO/Co. RGO/Nd. RGO/CoNd =#4#1FxAY XRD EiZAITEL 434 B & Co(OH),. Nd(OH), B4/ PDF &
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e
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rGO/Co. rGO/Nd. rGO/CoNd 4k AT EHILT A Gk ] 9(a) Fizm - 7 3450 cm ™ PRI 347 H B 5 2%
I, %t R—OH ‘B g, REARE S IE A F 8 A AT REH . 72 1600 et A0 PO /NRE 5 35 Rl v,
Xif I FR 3 (~COOH) B fitt AT R BR VS, b B BB ) (4 iR 50 o 7 1350 et 4354 W i, RGO/N ¥
TRV B L 2, Kb B SRR AT fEDN C-H THI N 5 iR 3h 3 C-O 4R 3h L K C-C B 484k 2h %5 1+
1161 cm ™ Bt A C-O K 4EHRENIE[19]. 7£ 650 A1 554 cm * AbRIM s )8 T4 )8 - EdR3EN[20], FEL
MRS SRR, B ob) PR EFEE RS LR LR, BAEERIEA R, HRRX
A, X EEATAERE, FOVFTAE R e R EA I, FURSCE T .
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Figure 9. (a) Shows the infrared spectrum map of RGO/Co, RGO/Nd, and RGO/CoNd; (b) Shows the analysis and compar-
ison of five substances: RGO/CoNd, RGO/CoNd,, RGO/Co,Nd3;, RGO/CozNd,, and RGO/Co,sNd

9. (8)’3 RGO/Co. RGO/Nd\ RGO/CoNd BIZISMER]; (b)J3 RGO/CoNd. RGO/CoNd,. RGO/Co,Nd;w RGO/CosNd;s
RGO/Co,Nd I F#¥ BB LT SME IR 43 4 X EL [
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3.5. XPS i&E 41
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Figure 10. The XPS profiles of RGO/CoNd
10. RGO/CoNd #Y XPS &
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I H A KR AR A 0, A an ] 10(a) B, &l 10(b)J2 Cls %02 XPS Jtitk, 284.8
290.3 eV U5 5K 3 Z A AR C-C AT C-N. [ 10(c) /& Ols Y6 7E 536.6 A1 532.8 eV AL PN o
K, i 536.6 eV A5 A REVAH T Co R Nd Z IR B OF HIA Ak, RI4:J@ %, 1M 532.8 eV A4
HHAR T-OH 4. H1T OF [IfEAE, 7£ 536.6 A1 532.8 eV AbMIELHI M Mg, Xt B FRA TR
HMFER A Cov Nd &JEEY. & 10(d) B8R T Co2p 0gk XPS ik, i%tikS Co** Ml Co®
AR B B B T i) &, BRIbZ Ah, 78 788.1 F1 804.2eV ALWLINIF Wi PRI . Co*™ s &gt
785.8 £11 800.5 eV 4k, 1fii Co* {45 &rhErE 782.4 A1 797.2 eV 4b[21] [22]. Bt4h, 8] 10(e) &7 T Nd3p #%
2% XPS Jeit, 981.1 A1 984.9 AbfyUéestt B N ) Nd3da, H1 Nd3ds, I .

3.6. MRLEIFR ML EREII

3.6.1. rGO/Co. rGO/Nd. rGO/CoNd B {k Z4: 8 4547l

N 11(a) B NTE = B 248 F ) RGO/Co. RGO/Nd. RGO/CoNd 7E 20 mv/s $13# N FIJEAA %
k. HAHEMBCA 3 mol/L () KOH, HEJLE N 0~0.6 V, #R#E CV ML &S HEE, Bt AR
C, :( j Idv) /(2va) , RS BUA HLUNT F R B A AN A AR o, BB S5 T — N e B i 26 AR 2 T AR,
m & FLR R I E AR IR T S 1 R (0), v ARER IR (Vs), U ARERHEALE (V). HE. H
Hi% FIAHIE], RGO/CoNd. RGO/Co. RGO/Nd [ LB IE 144 i ¥ i & 43 %l 0.0185, 0.0176, 0.0204,
ZEMZEAKR, BT AR G H AR B R T #2687 3 AR, dlid 4] 11(a) FT %N RGO/CoNd #2643 7 T AR e K
i LA RGO/Co. RGO/Nd [ Hafk 2 M RE7% 4 RGO/CoNd FJ FELAL = 1 BE LT

] 11(b)’~ RGO/Co. RGO/Nd. RGO/CoNd 7£ 1 A/g HLii % & T HIEG 78 i L i 2k, GCD Mt /2 4>
M AEATT FE AR AR FLAL 22 AT R I — THEE AR B AR . RGO/ICoNd 44K & & R BT AT F AR A Rk b s L s ) 5 K
AR, AR AR C = 1At m(U -AU) [ iF S LA, 1 0~055 V WAL, A LLIT 5
RGO/Co. RGO/Nd. RGO/CoNd 7E FLIfi % % 1 Ag™ 1, i i ff) HEL 28431y 434.9 Flg. 362.2 Flg. 1054 F/g.
L RGO/Co 1 RGO/Nd #H Lk, RGO/CoNd 52 & #4KHK L AR 43 I3 I T 142.3%F0 190.9%. 1 H A 77k
WA, =R R 70 BN T S AR S T 1), 2R SR AR SE £ M RRIEE , IR G N T
FRLAR 2 A1 B ) 3508 [23]-[35] . rGO/CON MK 45 A sk o e 0y B BHA DR T it L b b 2 v 1 = 2 i
E58

FLAK 222 Tt BT R (E 1 S) FH SR R AE H AR AL (¥ P BHLLA B B T4 HGH 6 . @ i S5 R0 i, K 444
BATIG, AT &5 RS, X R BB ATHEEAL H B )54 18] 11(c)y RGO/Co. RGO/Nd.
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Figure 11. (a) The CV curves for RGO/Co, RGO/Nd, RGO/CoNd at 20 mv/s sweep; (b) The GCD curves for RGO/Co,
RGO/Nd, RGO/CoNd at 1A/g current density; (c) The EIS curves for RGO/Co, RGO/Nd, RGO/CoNd in the frequency range
of 10°~10° Hz

[& 11. (a)’5 RGO/Co, RGO/Nd. RGO/CoNd 7E 20 mv/s 3 iR THY CV #hZk; (b)’s RGO/Co. RGO/Nd. RGO/CoNd 7E
1 Alg B B GCD Bh%k; ()3 RGO/Co. RGO/Nd. RGO/CoNd 7 107°~10° Hz $fiZ e EAIAY EIS Bk

RGO/CoNd 7£ 10 2~10° Hz 4 % 705 [ 14 ) EIS B2k, 2oy, Bl 3 mol/L KOH ¥, i 5 Y6 [l 7 107°~10°
Hz 2 [a], #RiEA 5 mv. ElH, RGO/CoNd & &M BHE il X 1A fe M B B 4%, RGO/Co 5 RGO/Nd
PR R 242 K T 2 A RHTE R B A%, 3] RGO/CoNd #4BH A 5 /M Ret {8 . 3X /& 1T RGO/CoNd
SEME ST S, BT LRI, SEEMEIMKT REmSHME, R T EAEEHETT. WML
BRIX R R 2ok G, RGO/CoNd MBI R Ze Rt e ik, ARAIIX R e R bk ok, it & 79 B
T PR L7708/ o FT R DRI Ay A 205 10 P R P A5 0 i P 123 e v i R bk PR R 8 T S 3035
PEVIR T, M FEAR T HAR T 25 79 BB AR T B /) . 286 P& H, RGO/CoNd & &M kLA i
U FAL 22 T B

3.6.2. SHEINEREBILEFMERE T HTMIN

R B 12(a) s NTE =B R4 R RGO/CoNd. RGO/CoNd;. RGO/Co,Nd;« RGO/Co3Nd,-
RGO/Co,Nd 7E 20 mv/s 38 T IEFAMR 2 #h 22 H o Hfi#iiy 3 mol/L 1) KOH, HLETERE 0~0.6 V, M
AR [F) — 40 R R A i 26 P S T AR BT BUE H, RGO/CoNdsw RGO/CopNds. RGO/CogNd,
RGO/Co,Nd PUFAF kI Bk 2= P RE B RGO/CoNd [ FEAL A M RELT

12(b)>y RGO/CoNd. RGO/CoNd,. RGO/Co,Nds. RGO/Co;Nd,. RGO/Co,Nd 7E 1 Alg HLi % & T
ER AR BRI 2, RGO/CoNd 4K S+ BHERTA B R BRI Al e, B A RoR . R A
THE L LA, £ 0~0.55 V FELAZTE Y, 7T L5 RGO/CoNdRGO/CoNd,.RGO/Co,Nd;.RGO/Co3Nd,
RGO/Co,Nd FL Al RIFE L2 1 Ag™ R, %I [ L %43 53 1054 F/g632.7 FIg+629.4 FIg.712.7 Fig.
490.2 Flg. 5 RGO/CoNd,;. RGO/Co,Nd;. RGO/CosNd,. RGO/Co,Nd #HEt, RGO/CoNd & &#1kH L i
OGN T 66.6%. 67.4%. 47.9%. 115%. 1 HNFEHCERIZRE, =Rk 78 sl AR A ST
FAF ), 2R B R AR 5E L X AR . rGO/CoNd 40k & A4 k1R B H B A i R

12(c)’y RGO/CoNd. RGO/CoNd,. RGO/Co,Nd;. RGO/CosNd,. RGO/CosNd 7£ 1072~10° Hz 4
RGN EIS #hZk, Hrh, HARBA 3 mol/L KOH ik, #RiE AN 5mv. KEd, RGO/CoNd & &4k
TE = AR A B /N AR, AR DM R R A K T EE MR B AR, #8 RGO/CoNd
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Figure 12. (a) Shows the CV curve of RGO/CoNd, RGO/CoNd,, RGO/Co,Nd;, RGO/Co3Nd,, RGO/Co,Nd at 20 mv/s
sweep; (b) Are the GCD curves of RGO/CoNd, RGO/CoNd,4, RGO/Co,Nds, RGO/Co;Nd,, RGO/Co,Nd at the current den-
sity of 1 A/g; (c) Shows the EIS curves of RGO/CoNd, RGO/CoNd,4, RGO/Co,Nd3, RGO/Co;Nd,, RGO/CosNd in the fre-
guency range of 10 2~10° Hz

[ 12. (a)5 RGO/CoNd. RGO/CoNd,» RGO/Co,Nd3» RGO/CosNd,. RGO/CosNd 7E 20 mv/s 3R TR CV Bhizk; (b)
3 RGO/CoNd. RGO/CoNd,;. RGO/Co,Nds. RGO/CosNd,. RGO/Co,Nd 7E 1 Alg BRZE TAY GCD #izk; (o)X
RGO/CoNd. RGO/CoNd,. RGO/Co,Nds. RGO/CosNd,» RGO/Co,Nd 7E 107%~10° Hz $RERSEE AN EIS BhLk

3.6.3. RGO/CoNd BIEE L5 14 BE S Hriflixk
WA 13@)FTs NTE= B RS T RGO/CoNd 7EAFH1E G R 22 M2k . Hrp i 3
mol/L ) KOH, HEJEHy 0~0.6 V, MEIHHTLIEH, BEEHEEEOC,  Fy i m R 7 & E g .
13(b)>y RGO/CoNd TEA A i % FE T E R R R 28, 7T BATHE H RGO/CoNd A RHE HLL %
FESYHI 1. 20 3. 4. 5Ag R, XRAIHLAS> BIA 1054 Flg. 510 F/g. 283 Flg. 181 Flg. 126 Fig, 4N
T LR,

DOI: 10.12677/hjcet.2024.141008 77 =AW EESES VN


https://doi.org/10.12677/hjcet.2024.141008

iKEE S

0.6
04— 100mV-s’! — 1Ag!
03 —— 500mV-s™! —2A-g"
“ [ ——20mv-s! 3Ag!

oa bl 10mV-s™! ——4Ag!
2 | ——5mVs! < —5Ag"
= =
g 3
© 00 £

0.1

-0.2

_03 L 1 1 1 1 X 1 1 1 1

0.0 0.1 02 03 0.4 0.5 0.6 0 200 400 600 800 1000 1200
Potential/(V) Time/(s)
(@ (b)

Figure 13. (a) Shows the cyclic voltammetric curves of RGO/CoNd composites at different sweeps; (b) Is the constant cur-
rent charge and discharge curves of RGO/CoNd composites at different current densities

13. (a) 5 RGO/CoNd £ &M RIMEREIFIE THBRIMAREILZE; (b)) RGO/CoNd E &+ RIEARR B RZBE FHIER
Feh L hLk

Table 1. Specific capacitance of RGO/CoNd at different current densities
% 1. RGO/CoNd AN E R EE FHILLE R

Sample\Current density 1Ag? 2Ag? 3Ag? 4 A9t 5Ag*t

RGO/CoNd-LDH 1054 Flg 510 F/g 283 Flg 181 Flg 126 Flg

4] 14 Jy RGO/CoNd 7£ 1072~10° Hz S Ju B 1 () EIS #hzk, rh, HfEM9 3 mol/L KOH W&,
WA 5 mve ZHIHTRE, Heaa A R s, R A A5 KMt

20

—— RGO/CoNd

Z"/(ohm)

0 " 1 L
0 10 20
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Figure 14. The AC impedance plot of the RGO/CoNd composite
[ 14. RGO/CoNd £ & B3 TR PR Hh Lk E

4 15 & RGO/CoNd 5 & F1EHE B %5 o~ 10 Alg 2518 R, Fe R AE3E 4000 (R Aa e 2k, MK
nlAE M, 7E 1200 Bl W, FEREEEZE, 2IARE /MRS, IR T T A A 7R
T390 5 87 34 22 RN AL s AN TG B, TS AL ANIE 7870 [36] - 7E )5 IR PR 728 B0iZ i S 00T Aaie 34 B 301
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Figure 15. Long-cycle properties of RGO/CoNd composites
[ 15. RGO/CoNd & & I TBIF M E
4. LEig

K PGE R E A B RE, TRl IR RO B S A BB A BRI, %A
AT DAGR RS PE DR B 18 O B N I e S S T AT LA . 8 I A B SO B S R R
[B) ) BE IR EE, SRR TR SR vl 2 R, A8 Bl A L 2 18] R #5 e A R AL 35 ol ok i Ak 2 v
RGO/CoNd FL7E 1 Ag ™ ) L 2% BE N LL L 2% 4 1054 Flg, 5 RGO/CoNd,w RGO/Co,Nds. RGO/Co3Nd,-
RGO/Co,Nd #Lt, RGO/CoNd [ HLZ8 4 BN T 66.6%. 67.4%. 47.9%. 115%. fE 10 Alg HL %
T 4000 R 7R AEI G L A R FER N 93.9%, B RAFIITEMFRE . XEegs JE8, 24 Co, Nd JE
IRLEARTRIS, Bl 45 (1) RGO/CoNd & & W BHERE ¢ Ho 75 2% 1 LA B i i rE PR g o
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