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Structural Regulation and Electrochemical Performance of
Self-Supported Nickel-Based MOF on Ni Foam
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Abstract: We synthesized self-supported Ni-based MOF material on nickel foam (Ni-MOF/NF) with high mass
loading vis a one-step hydrothermal method by the use of nickel chloride as a metal salt and terephthalic acid
(PTA) as an organic ligand. Solvents had a remarkable effect on the morphology and electrochemical performance
of the Ni-MOF/NF because of the different pH values and solubility of PTA. The higher the solubility of the
solvent and pH value was, the faster the diproton rate of PTA in the solution and the nucleation rate. As a result,
self-supported Ni-based MOF material exhibited different morphologies such as spherical cluster, flake and bulk,
resulting in an increasing mass loading of Ni-based MOFs on the Ni foam. When using a ternary mixture (V,N-
dimethylformamide, water and ethanol with volume ratio of 1:1:1) solvent, Ni-MOF/NF achieved the highest
loading mass of 10 mg-cm™ and the area capacity of 8 780 mF+-cm™ at a current density of 1 mA+em™ in 3 mol -
L™ KOH electrolyte. Even at high current density of 5 mA -cm™, the area capacity still reached at 5 544 mF-cm™
and the capacity retention rate was 63%, delivering an excellent rate performance. Furthermore, the area capacity

retention rate was 56% after 1 000 cycles.
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1 (a) Ni-MOF/NF-D ,Ni-MOF/NF-D/E Ni-MOF/NF-D/W Ni-MOF/NF-D/W/E Fl Ni-MOF/NF-# 48 1) XRD [4];
(b) Ni-MOF/NF-D 1l Ni-MOF/NF-D/E B XRD Jsj #B 75 K £
Fig.1 (a) XRD patterns of Ni-MOF/NF-D, Ni-MOF/NF-D/E, Ni-MOF/NF-D/W, Ni-MOF/NF-D/E and Ni-MOF/NF-simulation;
(b) Enlarged XRD patterns of Ni-MOF/NF-D and Ni-MOF/NF-D/E
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B2 (a, b) Ni-MOF/NF-D (c, d) Ni-MOF/NF-D/E (e, f) Ni-MOF/NF-D/W Fil(g, h) Ni-MOF/NF-D/W/E £ SEM [&]
Fig.2 SEM images of (a, b) Ni-MOF/NF-D, (c, d) Ni-MOF/NF-D/E, (e, f) Ni-MOF/NF-D/W and (g, h) Ni-MOF/NF-D/W/E
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MR, A S 7 mg-em?, BRIE P2 T
0.5~1 wm MAEIE H 1%, 75 DMF th 51 A ZBESG | B
SK PTA TR b AV A B2 BRAIR, (EZIA R A pH {E
ThiE  PTA 2B 3 AR, #E 75 PTA BCAZ
MTE R MR e R BT 1~2 wm B

AR Ni-MOF/NF #4 %} (4 mg-ecm™), 7E DMF 5] AJK
J5 ,PTA M P22 | R PTA £ 511k
GG, BORLh BREAR 0 SRAR G A | B AR A B
8.6 mg-cm?, TE DMF H R0 5] A L EERIK I} |3 F
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Table 1 pH values of different solvents and growth
mass of Ni-MOF/NF

pH value Loading mass /
Solvent
(at room temperature) (mg+cm™)
D 6.8 7.0
D/W 7.4 8.6
D/E 8.8 4.0
D/W/E 7.8 10.0
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K13 (a) Ni-MOF/NF A4 BHE 3 mol- L KOH BT 1 mV-s™ 1 CV #1Zk; (b) Ni-MOF/NF(D/W/E)# £
TEARFEFAHAE CV H1ZE; () Ni-MOF/NF #BHE 3 mol- L KOH UM 1 mA - em™ HUBE % BT #Y
GCD ZE; (d) Ni-MOF/NF(D/W/E)M BHE A 6] HLIR % B2 R 09 GCD #h4k; (e) Ni-MOF/NF #4 B9 45 %
FERE: (f) Ni-MOF/NF 4% 35 W BL T i 28 10 2 5260 6 P P
Fig.3 (a) CV curves of Ni-MOF/NF at a scan rate of 1 mV+-s™ in a 3 mol- L' KOH electrolyte; (b) CV curves of

Ni-MOF/NF(D/W/E) electrode at different scan rates; (¢) GCD curves of Ni-MOF/NF at current densities of

I mA-cm™?in a 3-mol- L™ KOH electrolyte; (d) GCD curves of Ni-MOF/NF(D/W/E) electrode at different

current densities; (e) Rate performance of Ni-MOF/NF; (f) Nyquist plots of Ni-MOF/NF above electrochemical

test, inset is the equivalent circuits for EIS fitting
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F-5 5 oV 4 & 4bid 5 AL —2, Ni-MOF/NF-
D Ni-MOF/NF-D/E Ni-MOF/NF-D/W Ni-MOF/NF-D/
W/E £ 1 mA -em™ T AT FLZS 5 45 51 0 1 968,
1 157 .2 224 .8 780 mF-em?, Hrf = ¥l b i 15
) Ni-MOF/NF-D/W/E Ti F 28 5 (8 780 mF + cm™)i
T HE 3 MY Ni-MOF/NF #4 8, Ni-MOF/NF-
D/W/E 75 [A] B3 % B2 /Y GCD & a1l 3d i,
GCD £ Bl 2 P U 25 52 1) 184 i il £ 18 T IR AR e —
H, RWIA R 2 B B B E 7  Ni-MOF/NF A48} 1)
fERPERE UK 3e Frow , WA HL I %6 B2 A 0 Ni-
MOF/NF #4 6} i) 1 B bb 75 & BB Bl = B AIG, JLrh Ni-
MOF/NF-D/W/E # &L 7E 1 mA - cm™ T 11 10 B2
iLE] 8 780 mF-em?; fE 5 mA-em™ T I TH LA 5
A 5544 mF-cm?, HREAFFEN 63%; 1F 10 mA-
em? FIHEAERZTIA 4 200 mF-em?, 5 &R FFER
H49% , BAELF SR IERE . Ni-MOF/NF-D/W/E
Ak e L AR A 1 T AR EL 2 e RV AP A R R, —
J5 T A2 o AR R B 13 (10 mg - em D)l
BT A A E AL G AR,
T, AR B A K TR T TR R 1A I R B B
WIS, H 2R T A TEVF 2208 9, A T FL i 50 25 1 1Y
W FOA% i, s TR R B,

N T e R AT FRATE
PR RHHEAT T AR A BT (EIS), 4 R iRl S5 4
T4l 5 19 Ni-MOF/NF FL A% 1) JE 48 H7 4% (Nyquist) 1 &
WiE 3f FrR | RS U BIS S5 5 10 45 250 %
B, 22 24k EIS LA R B TS5, Hor,
R J2 FLRRORA AR 2 THT 1) 5 R fh L BHL | R, 2 FRL B A L

2 T Ve B A B 7 A ) [ AR A LR R, R AR A B
B FE AT 5 A L BHL €, J2 [ AR )2 vl T R AR T A F AR
PR L B2 7 R R LA | Z, o HLU AR T 7 P A SR T
AR B AR I BT ¢ BV EHA  C,
JEH T OH B 776 Ni-MOF/NF A4 BHAR Py i A =
R T A FLZE  Ni-MOF/NF-D/W/E #1 B R, Fl
R, He/IN, R WY F AR -4 B A TR AR ) P S B
%5y, R, e/ FWUR R A A 4 B T il
XA PR ) B HERR A G, 2R 2 P Ni-
MOF/NF-D/W/E # B €y 5 C,, TE 4 PP FDE B
Ni-MOF/NF gy, AR5 BB 2200 5 i A
BN e =R RIS X AT B S BT Ni-MOF/
NF-D/W/E = AESARGE A 38 — 2 RofRbARITT 7, WK
AR B T AR Y R R TR R SR A
BHH AL A PERES B4 & . [WI Ni-MOF/NF-D/W/E
F1 Ni-MOF/NF-D/W B4 i) 25 ¥ v] A1 10 2 1 RSF 3
AN R AR R R R Ni-MOF/NF-D/W/E #4
BLEAEL R SRS ST SRR,

Bl 4a & Ni-MOF/NF-D/W/E #1 k£33 1 000 %
FUHT LA IR S A EOREEAR APREZ 1 000 YA R
JE MR AR BT 60% , 45 8 iRtk itk — 2
RFE Ni-MOF/NF-D/W/E M BHIE 5 J5 1 25 0 5 0 4
PRA TR FRATT 43 0 X A 1155 0 B0 J5 A Stk A7
T SEM Fl XRD A, 8 i P AH 53 17 & B (] 4b), 44
B Ni-MOF %72 1 1 Ni(OH),, &5 &A= 1 2%
B (e, )2 76 20 3 5 000 s i T2 S5t LI He
PRI T, MR 228 5 10 B0 i T A0 PR B A 2 72 1 7 etk
A B D FT e 5 MR S0 RN 45 4 1 UE A OR

i 1 % e Ni-MOF/NF-D/W/E #4 BFHE R [7] 45 3
T CV M2 & B Ni-MOF/NF HL B (1% 25 1t 51 ik &
T EH S A AR, A3 0 R B HICRS A R R R A S R
PIIL XL EAT TR o B R R % () S
FH (o) Z [ 0C & AR 20 2 (3) % i 47 43 A 40
5 (' 5).

i=a’

3)

%2 Ni-MOF/NF BB RO ENEBENBSER
Table 2 Fitting results of equivalent circuit diagram of Ni-MOF/NF electrode materials

Ral R./ C./ W,/ R./ Cal Ci !
Material
(Q-cm?) (Q-em?) (mF-ecm?) (Q-cm?s™) (Q-cm?) (mF-cm?) (mF-em™)
Ni-MOF/NF-D 0.74 2.16 1.00 2.11 4.82 4.00 2 674
Ni-MOF/NF-D/W 0.77 2.25 1.00 0.85 5.69 3.40 2322
Ni-MOF/NF-D/E 0.75 1.39 1.00 0.76 5.69 3.10 1 063
Ni-MOF/NF-D/W/E 0.71 0.83 1.00 3.71 1.30 3.50 4901
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Fig.4 (a) Ni-MOF/NF area capacity retention rates of Ni-MOF/NF after 1 000th cycles; (b) XRD patterns and
(c, d) SEM images of Ni-MOF/NF-D/W/E before and after 1 000 cycles
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Fig.5 (a) Plot of b-values as a function of potential for Ni-MOF/NF-D/W/E; (b) CV curve at 1 mV-s™ of Ni-MOF/NF-D/W/E
(the shadowed area representing the capacitive contribution); (¢) Comparison of capacitive-controlled contribution

for energy storage of Ni-MOF/NF-D/W/E at various scan rates
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