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EXPERIMENTAL 

CoS04 • 7H
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0 (99.5%, Sigma-Aldrich), Na
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2H
2
0 (99.5%, Chempur), FeS0
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2
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2
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2
CH

2
COOH(99.0%,Sigma-Aldrich),C

4
H

8
0 NH· 

BH
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(97.0%, Alfa Aesar), NaBH
4 

(96.0%, Sigma­
Aldrich), NaOH (98.8%, Chempur), PdCl

2 
(59.5% 

Pd, Alfa Aesar), HN0
3 
(65.0%, Chempur) and HCI 

(35-38%, Chempur) were analytical grade and 
used without any further treatments. Tue nicke) 
(Ni) foam with 20 pores cm-1, a bulk density of 
0.45 g cm-3 and a thickness of 1.6 mm (Goodfellow 
GmbH) was used as a substrate for Co coatings. 

Co binary and ternary coatings, CoFe, 
CoFeMn and CoFeMo, were deposited on Ni 
foam (1 x 1 cm) using the electroless meta) depo­
sition method using morpholine borane (MB) as 
a reducing agent. At first, the Ni foam was pre­
treated in a HCl: H

2
0 (1 : 1 vol) solution at room 

temperature for 1 min, thoroughly rinsed with 
distilled water and dried. Then, the pre-treated 
Ni foam was dipped in a 0.5 g 1-1 PdCl

2 
solution 

for 1 min, washed with distilled water, dried and 
placed into a plating bath. Tue plating bath com­
positions and deposition parameters of binary and 
ternary Co coatings are given in Table l. Tue dep­
osition time and temperature were different in 
the case of each coating. Moreover, the CoFeMo 
coating was obtained using two stages by deposit­
ing at first the CoMo coating on the Ni foam, fol­
lowed by the deposition of CoFe. 

Tue composition of the Co-based coatings 
deposited on the Ni foam was determined using 
a spectrometer OPTIMA 7000DV (Perkin Eim­
er, Waltham, MA, USA). Tue characterisation of 
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the surface morphology and structure of the pre­
pared catalysts was done using a scanning electron 
microscope 4000TMPlus (Hitachi) . 

Tue catalytic activity of the prepared CoFe/ 
Ni, CoFeMo/Ni and CoFeMn/Ni catalysts for H

2 

generation was examined in the solution contain­
ing 5 wt.% NaBH

4 
+ 0.4 wt.% NaOH at different 

temperatures (313- 343 K). Tue volume of the re­
leased H

2 
catalysed by the prepared catalysts was 

measured using a MilliGascounter (Type MGC-1 
V3.2 PMMA, Ritter, Germany) connected to 
a personal computer. For collecting the generated 
H

2 
gas, a thermostated airtight flask fitted with 

an outlet connected to the MilliGascounter was 
used. Tue investigated catalysts were placed in an 
alkaline sodium borohydride solution of designat­
ed temperature and stirred with a magnetic stirrer. 

RESULTS AND DISCUSSION 

CoFe, CoFeMn and CoFeMo coatings were inves­
tigated as a catalytic material for H

2 
generation 

from alkaline NaBH
4 
solution. CoFe, CoFeMn and 

CoFeMo coatings were deposited on the Ni foam 
surface using the low-cost and straightforward 
electroless metal plating method. Tue composi­
tion of the Co-based coatings deposited on the Ni 
foam was determined using inductively coupled 
plasma optical emission spectroscopy (ICP-OES). 
Tue obtained results are mentioned in Table 2. 

Figure 1 presents the SEM images of CoFe/Ni, 
CoFeMn/Ni and CoFeMo/Ni catalysts at differ­
ent magnifications. As evident from the SEM im­
ages in Fig. la, the Ni foam is evenly coated with 
the CoFe coating consisting of globular granules 
(Fig. la'). lt can also be observed that the CoFe 

Composition ofthe plating bath, mol L-1 Deposition conditions 
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Co Fe/Ni 0.010 0.060 0.150 0.300 60 30 5 

CoFeMn/Ni 0.070 0.060 0.005 0.015 0.200 so 15 7 

7 
CoFeMo/Ni 

1 stage: CoMo 0.010 0.200 0.001 60 2 

2 stage: CoFe 0.010 0.060 0.150 0.300 60 30 5 
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