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Fig. S1. (a) low and (b) high magnification SEM images of Ni; sCosWO4/HPC; (¢) low and (d)

high magnification SEM images of Ni, sCo; sWO4/HPC and (e) low and (f) high magnification SEM

images of Ni,Co, WO4/HPC.
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Fig. S2. (a) SEM images of the Ni;Co;WO4HPC, (b-f) EDS spectrum of Ni;Co;WO4/HPC

nanocomposite.
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Fig. S3. The high resolution XPS spectra of Survey spectrum.
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Fig. S4. High resolution XPS spectrum of Ni, Co and W in Niy 4 Co,WO,/HPC and Ni;Co;WO,.
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Fig.S5. The contact angles of the Ni;Co; W, Ni;Co; W/HPC and HPC.
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Fig.S6. GCD curves of HPC in a three-electrode system in 6 M KOH.
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Fig. S7. CV curves at different scan rates of (a) Ni; sCoysWO4/HPC, (b) Ni, sCo; s WO,/HPC, (¢)



Ni,Co,WO,/HPC, the variation of the current of the cathodic and anodic peaks for the electrodes as

a function of the square root of scan rate of (d) Ni3 sCoysWO4/HPC, (e) Ni, sCo; s WO4/HPC, and

(f) N12'5C01‘5 WO4/HPC
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Fig.SS. GCD curves of (a) Ni3,5C00'5WO4/HPC, (b) Ni2'5C01‘5WO4/HPC and (C) N12C02W04/HPC

determined in a three-electrode system in 6M KOH.
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Fig.S9. CV curves of Ni;Co;W/HPC nanocomposite in different potential windows in a two-

electrode system in 6M KOH.
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Fig.S10. CV curves of (a) Ni3 sCoysWO,/HPC, (b) Ni, sCo; s WO4/HPC and (¢) Ni,Co, WO,/HPC,

GCD curve of (d) Ni;sCoysWO4/HPC, (e) NiysCo;sWO4/HPC and (f) Ni;Co,WO,HPC

determined in a two-electrode system in 6M KOH.



Table S1. Pore textural properties of the pure NiCoWO, and NiCoWO,/HPC composites.

Sample Sper (m? g Spico M? g Vi (cm? g Vipiero (em® g7)
Ni;Co; WO, 53 - 0.086 -
Ni; sCoysWO4,/HPC 282 49 0.44 0.021
Ni;Co;WO,/HPC 300 91 0.38 0.041
Ni, sCo; sWO4,/HPC 281 76 0.29 0.034
Ni,Co,WO,/HPC 235 75 0.33 0.033
Table S2. XPS of all the samples.
Samples Ni3* (at  Ni** (at Ni'3*/ Co**(at Co* (at Co’/ W(at
%) %) Ni?* %) %) Co?* %)
Ni;Co; WO, 5.01 2.74 1.83 1.9 1.62 1.17 5.42
Nij; sCoy s WO,/HPC 3.32 1.66 2.00 0.75 0.61 1.23 2.82
Ni;Co;WO,/HPC 3.29 1.99 1.65 0.96 0.92 1.04 2.81
Table S3. The fitted result of EIS data
Sample R R,
Ni; 5Coy s WO,/HPC 0.54 0.44
Ni;Co,WO,/HPC 0.47 0.36
Ni; 5Co; sWO4/HPC 0.96 0.45
Ni,Co,WO,/HPC 1.26 0.45




Table S4. The OH- diffusion coefficients in NiCoWO,/HPC

Diffusion coefficients of OH- (Doy— x 1078/cm?-s71)

Sample
Ni2*/Ni¥* Co?"/Co**/Co*
Ni;z 5CoosWO4/HPC 7.38 4.65
Ni;Co;WO4/HPC 7.95 5.01
Niy 5Co; sWO4/HPC 52 3.28

Ni,Co, WO4/HPC 4.08 2.57




Table S5. The comparison of the electrochemical property of various Co/Ni-based metal tungstates,

Nano-structure Preparation method Electrolyte Sc (F-g’l/C-g') Specifc current Cycling stability Ref.
NiWO, nano-structure Preparation method 2 M KOH 586.2 05A-g! 91.4% over 5000 cycles at 2 A-g—1 !
RGO/CoWO, nanocomposites Hydrothermal 2 M KOH 159.9/112.0 5mV-s! 94.7 % over 1000 cycles at 1 A-g! 2
CoWO,@NiWO,4 nanocomposites Co-precipitation 1 M KOH 746/410 LAg! 91.3 % over 2000 cycles at 2 A-g™! 3
NiWO,/Ni foam nanostructures Precipitation 2 M KOH 797.8/359.0 1 Ag! 206 % over 6000 cycles at 50 mV-s™! 4
NiWO, nanoparticles Precipitation 2 M KOH 173/104 5mV-s! 90 % over 1000 cycles at 2 mA-cm™ 3
C030,@CoWO0,4/rGO core—shell arrays Hydrothermal- annealing 6 M KOH 386/193 05Ag! \ 6
NiWO4,/RGO nanocomposite Solvothermal 2 M KOH 1031.3/618.8 05A¢g! 100 % over 5000 cycles at 20 mV-s™! 7
NiWO,-CoWO, nanocomposite Precipitation 2 M KOH 491.8/196.7 05Ag! \ 8
Situ sonochemical
CoWO,/NRGO 2M H,SO, 597 5mV-s! 97.1 % over 4000 cycles at 200 mV-s! °
approach
CoWO, nanoparticles Hydrothermal- annealing 1 M H,SO, 378/265 5mV-s! 95.5 % over 4000 cycles at 200 mV-s~! 10
CoWO,@NiWO,-A Co-precipitation 1 M KOH 677.5 1Ag! 82 % over 5000 cycles at 5 A-g! 1
C0304/CoWO, heterojunctions Hydrothermal 6 M KOH 396.9 1 Ag! 70.2 % over 2000 cycles at 7 A-g™! 12




Nano-structure Preparation method Electrolyte Sc (F-g'/C-g') Specifc current Cycling stability Ref.
NiC0,0,@NiWO; core-shell nanowire Hydrothermal- annealing 6 M KOH 1384/692 1A-g! 87.6 % over 6000 cycles at 1 A-g™! 13
Nij g5C0g 15 WO, Nanosheet Co-precipitation 1 M KOH 360 0.1 A-g! \ 14
NiWO, nanowires Solvothermal 6 M KOH 1190/595 0.5A-g! \ 15
CoNiWO,/P-S-GNS nanocomposite Hydrothermal 6 M KOH 1298.6 0.5Ag! 95.5 % over 7000 cycles 16
) 105.27 % over 10,000 cycles at 10 A-g~

2D CNWO porous thin sheets Hydrothermal 6 M KOH 1392/626.4 1Ag! : 17
CoWO4/Ni anocomposite Co-precipitation 6 M KOH 271 LAg! 86.4 % over 1,500 cycles at 5 A-g™! 18
Nig sC0osWOy4 Hydrothermal 3 M KOH 34.55 1Ag! 92 % over 10,000 cycles at 10 A-g' 19
NiWO, nanoparticles Hydrothermal 2 M KOH 427 1A gt 99 % over 1000 cycles 20
P-NiWO4@CoWO, Hydrothermal 6 M KOH 1683.4 1Ag! 84 % over 1000 cycles at | mA-cm™ 2!

. . 80.74 % over 10,000 cycles at This
Niz;CoWO,/HPC Co-precipitation 6 M KOH 1084 0.5A-g!

10 A-g! work
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