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1. Materials 

Carbon black >99% was acquired from Superior Graphite Co. Analytical grade 

Ni(NO3)2.6H2O, sulfuric acid, nitric acid and KOH were purchased from Alfa Aesar, and were 

used without further purification. 

2. Ni(OH)2: carbon black composite powder synthesis 

Ni(OH)2: carbon black composites were prepared by a precipitation method adapted from [1–

3]. 30 mL of a solution of Ni(NO3)2.6H2O 0.1M was prepared, and a defined amount of carbon 

black was added to the solution in order to obtain a composite material containing 50%wt of 

carbon in the final product. The suspension was agitated 1 hour with ultrasonication. KOH 0.1M 

was then added drop by drop to produce a pH=8.5. The suspension was centrifuged at 8000 rpm 

for 10 min and washed several times in deionized water. The final product was then dried under 

vacuum in an oven at 120°C.  

3. Characterization 

In order to determine the nickel hydroxide / carbon ratio in the synthesized composite materials, 

thermogravimetry (TG) measurements were performed using a STA 449 F3 (Netzsch). Samples 

of typically 10 mg were placed in alumina crucibles and heated from 50°C to 1000°C at 

1°C/min under an atmosphere of Ar/O2 mixture (Figure 1). The pure cuprous oxide Ni(OH)2, 

is oxidized to NiO at around 215°C. For the pure carbon black powder, a gradual mass loss can 

be observed from 600°C to 700°C, until complete oxidation of the carbon into CO2. In the case 

of the composite powder, a loss of 65%wt of the total mass is observed, which corresponds to 

a 37.5/62.5 weight ratio of nickel hydroxide/carbon black in the composite powder. 

The morphology of our composite powder (Figure 2) and of the commercial electrode (Figure 

3) was investigated via SEM images. Figure 2 shows that the Ni(OH)2 particles are embedded 



in a carbon black matrix. From the backscattered electron images it can be seen that the Ni(OH)2 

particle size ranges from less than 1 µm to a few µm. These grains are surrounded by 100 nm 

diameter carbon black particles which provide a local conductive network which is definitely 

not present in the commercial electrode. For the Ni(OH)2 commercial electrode, the powder 

scratched from the sintered electrode (Figure 3) clearly shows a large particle size distribution 

(10 to 100 µm) without any carbon black. Some particles are formed of platelet-like smaller 

crystals in the range of few tens of nm (Figure 3). 



 

Figure 2: SEM images of the Ni(OH)2/carbon black composite in secondary electron (A, C) and in backscatter electron (B, D). 

Figure  1:  Thermogravimetric  analysis  of  carbon  black,  pure  Ni(OH)2  and  our  composite  material 
Ni(OH)2/carbon black. 



4. Electrochemical measurements 

Composite electrodes were prepared by mixing the active material in ethanol with PTFE (60 

wt % dispersion in H2O, Sigma Aldrich) with a weight ratio of 90/10. The mixture was heated 

at 60-70°C to partially evaporate the solvent. The resulting black paste was then cold laminated 

into thick films (30-100 µm) that were subsequently dried at 60°C in air. Finally, 12 mm-

diameter electrodes (corresponding to mass loadings of about 10 mg.cm-2) were cut out from 

the films and pressed at 900 MPa for 1 minute on a stainless steel grid (316L, 60 mesh, 0.160 

mm, Saulas).  

Electrochemical experiments were performed in a 1M KOH aqueous electrolyte with a VMP3 

galvanostat–potentiostat from Biologic operated under EC-Lab software. The three-electrode 

measurements were all conducted with an Hg/HgO/KOH (1M) reference electrode and a 

platinum grid counter electrode.  

 

 

 

 

 

Figure 3: SEM image of the commercial electrode in secondary electron. 
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