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Co-Ni-Yb Ternary Nanosheets and Its Electrochemical Properties
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Abstract : Supercapacitors are a new type of energy storage device with excellent properties, but the disadvantages of low
energy density and high cost hinder its development. Therefore ,the development of high-performance and low-cost electrode
materials is an effective way to solve these problems. In this paper, different ratios of cobalt-nickel complex ( Co-Ni) were
successfully prepared by solvent-heating method. Subsequently, the rare earth element ytterbium ( Yb) was added on this
basis to synthesize successfully Co-Ni-Yb ternary nanocrystals. Their structure and morphology were characterized by X-ray
diffraction( XRD) and transmission electron microscopy (TEM) ,and their electrochemical performance tests were performed
(ceyclic voltammetry , constant-current charge/discharge ,and stability test). The results showed that the incorporation of Yb
led to a significant reduction in ion and electron transport pathways. It is noteworthy that the Co-Ni-Yb composite with a
ration of 40 :20 :3 demonstrated enhanced electrochemical behavior and a high specific capacitance (326.1 F/g).
Therefore ,the successful synthesis of Co-Ni-Yb ternary layered nanocrystals opens the way for their applications in energy
storage , catalysis,, and sensors.

Key words : transition metal hydroxide, Yb,solvothermal method,cyclic voltammetry,constant current charge and discharge
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Fig. 1 Preparation flow chart of Co-Ni-Yb nanolayer structure



P RS 4 (A SRR R 5 48 F55 6 (2025 4F)

40:20:2.40:20:3,40:20 : 4. HARHI SR T . ZE T, HRE— & L HIH Co (CH,CO0), - 4H,0,
Ni(CH;C00),+4H,0,Yb(NO,)4+5H,0,10 mL +/\ikMi,5 mL + Z1%,5 mL MR EIA KN 284, B 15
min MR G, 180 C RN 18 h. FF SN 45 85 FTHF SO 48, in A # TG K £ % - 1F Bt (R R L
1:1) 430, B0 B EMA. K AR5 5 15 2185 €79 Co-Ni-Yb, 76 BL25 T840 B B2 T s, WU
77 i AR — 25 fif .
1.5 EBiRE

TEAR  URER BT 1 emx5 em WK ITIE S /KB EUE, T H CBEM A W Uk, i) HE T, B 40 mg 1)
FE i (Co-Ni, Co-Ni-Yb) 7.5 mg [ Z B2 BB 15 min. SRS HIA 3 mL SN 425 WFE 15 min. S5 MA
2 i PTFE(10% ) FLI , Bt P i 7 35 e AL BR A Y IR B 187, 50 CHE+ 2 h R H.

F B 40 mg FUFB L HL 2505 7.5 mg A SR WFBE 15 min. SR 3 mL SN, 25 DFES 15
min. /G AIA 2 7 PTFE(10% ) ZLIR , ik 5 i A6 35 e A 3 v R ER 2R 1T, 50 CHET 2 h REH.

W A BRI (R L IR B AT A 3 mol/ L 1 & A A B W b 2R 4T H A2 D3 (R PR 28 ik i P 9 7 L LB
SEPEDIR) .
1.6 EBEMK

Co-Ni-Yb K A (A LA 24 P RE 2 7E — HUAR R R T 3l ad CHI660D HYfh= T AR sl ik 58 i i (i3RI %2
P NN W SR S U N

TEAAR AL RS LR TSR .0~ 1.5V H 5B 1 10~ 50 mV/s.

PE LR T AT S - A TR R .0~ 1.5 V5 LR 0.5~ 5 A/g. HEHL RIS AR IR .

JAAY;
C=— 7

K, m WGV B & (g) , At AR (s) , AV RBCRHEE(V) 1 HBORHETE(A).
2 RPN

2.1 EEMBIMEHRIE

A 3 375 Bt e T S B (TEM) X 211 Co-Ni £140:20:3 Co-Ni-Yb & & RHOE S FZ IR G5 EAT T %
fE, 255 2. K 2(a) AT LB H Co-Ni HAJZMRE5H,2(¢) H Co-Ni-Yb [RIFE R JZRAUK F-, TEARFL
M. 2(b.d) AT AR S 0K F B RS 201 Co-Ni A AHRI K A8 BE 4 ~ 100 nm,40:20 :3 Co-Ni-
Yb ZEM K B R ~70 nm. X AT REEF A 0K Yb BT LU Co-Ni 40K F BE i, AT

(a) 2:1Co-Ni (b) 2:1 Co-Ni

(D)

v

2.0 um 500 nm

© -!.,.;; ;}F 40:2:3 Co-Ni-Yb  (d) 40:2:3 Co-Ni-Yb

7

nm

e

200 nm 500 nm

B2 2:1 Co-Ni E&##F0 40 :20:3 Co-Ni-Yb E &5 #1#1#) TEM E
Fig.2 TEM of 2:1 Co-Ni and 40 :20 :3 Co-Ni-Yb composites
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Fig.3 XRD of 40 :20 :3 Co-Ni-Yb composites
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of 3:1 Co-Ni composites; (d) Companison of absolute areas of Co—Ni composites with different proportions



PSR 4R (AR R 55 48 B4 6 191 (2025 4F)

— 0.5A/g — 05A/g

1.51 — 1.0A/g 151 — 1.0A/g

12 — 2.0A/g 12 — 2.0A/g
= 0.9 2 0.9
2 0.67 2 0.6
031 031
0.01 0.0

0 90 180 270 360 450 0 90 180 270 360 450

(el /s Ay a)/s
(a) (b)

— 0.5A/g 75 1:2

1.5 2:1

60 3:1

)
Z = 45
E = 30 A
=
15
0 ' ' :
0 90 180 270 360 450 0.5 1.0 2.0
s i)/ I R /(Alg)
() (d)

Bl5 (a)l:2 Co-Ni EAHMBHERMFEMAEE;(b)2:1 Co-Ni EAMEHERTEFEMEE;
(¢)3:1 Co-Ni EAMHEHERRFEMEE; (d) REIELHI Co-Ni EA##ILL BRI L E
Fig.5 (a)Constant current charge-discharge diagram of 1:2 Co-Ni composite; (b) Constant current charge-discharge
diagram of 2 :1 Co-Ni composite; (¢) Constant current charge-discharge diagram of 3 :1

Co-Ni composite ; (d) Companison of specific capacitance of Co—Ni composites with different proportions
MR 2R 1.67 £5 114 %, 45 R —2BUESE T 211 Co-Ni EAM KR s b2 B fcdr. TRk, 3047132k
T Co-Ni Ll 2:1 M A M EORIBAAR TR Yb.
2.3 Co-Ni-Yb E&#M BRI B ML FEEENIK
IR O AL 40:20:1.,40:20:2 .40:20:3 .40 :20 :4 Co-Ni-Yb E AWM EHT A 3 mol/L AR
PR R AT IR IMRZ I (CV) AR ILIE 6. ARIEFEIMA LI, n] LA I LA 2598 . o I B 31

150 150

—— 10 mV/s — 10mV/s
—— 20 mV/s — 20mV/s
1009— 30 mvss 100 1—— 30 mV/s
=) 40 mV/s —_ 40 mV/s
éﬂ 50{— s0mvss :‘E“ 50 {— s0mvss
2 o] 2 04
= =504 =250 1
i S
-100 T T T T T T -100 T T T T T v
0 03 06 09 12 15 0 03 06 09 12 15
ALV HLAL/V
(a) (b)
130 —5mvs 150 T— 10 mV/s
—— 20 mV/s
100 1— 30 mvss 100 1
40 mV/s
504~ S0mV/s 50 A

FEL 2 /(A Vg)
[=}

FL 2 /(A Vg)
o

6 0:3 0;6 0.'9 1.'2 1t5 0 03 06 09 1.'2 1.5
v R 7AY
() (d)
6 (a)40:20:1 Co-Ni-Yb £ 5 HHEIMAZE ; (b)40:20:2 Co-Ni-Yb E W HHERMARE ;
(¢)40:20:3 Co-Ni-Yb £ & WM EHEIRMARE ; (d)40:20 :4 Co-Ni-Yb £ S+ BHEI K 2 E
Fig. 6 (a)Cyclic voltammetry of 40 :20 :1 Co-Ni-Yb composites; (b) Cyclic voltammetry of 40 :20 :2 Co-Ni-Yb composites ;
(¢) Cyclic voltammetry of 40 :20 :3 Co-Ni-Yb composites; (d) Cyclic voltammetry of 40 :20 :4 Co-Ni-Yb composites



OB, 5 Co-Ni-Yb = JuaR i B i AL MERET ST

BTG R PR R A SRR ARONE 5 CV T T Bk T RR B A A 3 0 2 A K, B R T
RABACHL /N, B BIZ ) B LA R FE 2SRRI A R A ] i M BE . AN R4 AR TR] EL B Co-Ni-Yb & & 44
B CV R BT B A AN A AT DA 1R 10~50 mV/s B ,40:20:3 Co-Ni-Yb &2 A A BHA L
TR T 40:20:1,40:20:2,40:20 :4 Co-Ni-Yb A A KE, 4. HH K 50 mV/s B],40:20:3 Co-Ni-Yb B &
BRI A S AR 23 )02 40:20 11,40 :20:2 .40 :20 :4 Co-Ni-Yb & 44 RHAG S ALY 1.08 175 .1.26 175 .1.49
%, I 40:20:3 Co-Ni-Yb &2 A 144k B fb 2 e -

B K LR F ELBI) Co-Ni-Yb &AM BHICHE S A BV Wi rh B4 P F U 7o i i ik, 28521 DL I 7.
R A1 L 3L e s P, ] AR DA 58 R B R TR A3 0 2 S T TR T R A A DT T B -
&, BRI R 2ok A FIRh S IR A 0. RG220 (1) #7155 2R R 4L Co-Ni-Yb & & 4
BHEHEZAR/N(WE 1), SRR T ,40:20:3 Co-Ni-Yb & G B 25 HEL A Lo 51 14 B 2 — st |
YA R 0.5 A/g 1,40:20:3 EAMEHEHE AR E =ME S EY 2.38 £5.3.38 1%5.1.67 1,
LB —ESE T 40:20:3 Co-Ni-Yb A MR L AL~k Bl S 4T

&7

Fig. 7

of 40 :20 :2 Co-Ni-Yb composite ; ( ¢) Galvanostatic charge-discharge diagram of 40 :20 :3 Co-Ni-Yb composite ;
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(a) Galvanostatic charge-discharge diagram of 40 :20 :1 Co-Ni-Yb composite ; ( b) Galvanostatic charge-discharge diagram

(d) Galvanostatic charge-discharge diagram of 40 :20 :4 Co-Ni-Yb composite
®£1 AELLH Ni-Co-Yb EAMIMLBEE

Table 1 Specific capacitance of Ni-Co-Ni-Yb composites with different ratios F/g
R/ (A/g)
Co:Ni:Yb
0.5 1 2 3 4 5

40:20:1 136.9 121.5 100.1 87 72.0 69.6
40:20:2 96.4 84.0 66.0 54 51.0 45.0
40:20:3 326.1 291.9 247.8 216 192.0 180.0
40:20:4 195.2 162.6 136.0 120 101.2 93.4

T &R, 244558 10~50 mV/s,40:20:3 Co-Ni-Yb &S BHA SR ERHFRZE 2:1 Co-Ni &
MBI A SR E SO 1.17 £%5 1.28 3% 1.22 47 1.20 £5F01 1.17 75 (8 8(a) ). AL, KB R TE Yb i
AfH1F Co-Ni-Yb A MEHE FL 2S5 Co-Ni B S A RS 2B B2 &, M % 51 0.5 A/g 1 A/g,
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Fig. 8 (a)Comparison of the absolute area of 2 :1 Co-Ni composite and 40 :20 :3 Co-Ni-Yb composites;

(b) Comparison of specific capacitance between 2 :1 Co-Ni composite and 40 :20 :3 Co-Ni-Yb composites
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