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Figure 1. SEM images from fresh, thermally treated catalysts on spruce derived 
AC. (a) and (b) 3Pt/AC-S, (c) and (d) 3Ru/AC-S, (e) and (f) 3Ni/AC-S. The metal 
particles are shown as bright dots or other shapes on the support surface. Note 
that the close-up figures differ in scale. 
 
size than with the 3 wt.% catalysts. Metal particles in all Ru 
catalysts were less than 5 nm and appeared evenly distributed on 
the surface. TEM images taken from the 3Ni/AC-B catalyst 
showed the presence of some larger metal clusters, over 20 nm 
diameter, which were further analyzed with an energy dispersive 
X-ray spectroscopy (EDS) to be nickel-calcium aggregates. For 
3Ni/AC-S catalyst, TEM images showed smaller particle size (less 
than 10 nm), and for 10Ni/AC-S, particle size of ca. 10 nm. 

 
Physisorption analysis 
 
Specific BET surface areas (SA), average pore diameters, pore 
volumes and pore size distributions of the prepared AC supports 
and impregnated catalysts were calculated from nitrogen 
adsorption isotherms by BET (Brunauer-Emmet-Teller)[51] and 
DFT (Density Functional Theory)[52,53] methods (Table 4). AC-S 
and AC-B both had BET surface areas over 1000 m2 g-1, which 
are well comparable with commercial activated carbons with 
typical surface areas of 700-1500 m2 g-1. The pore volumes were 
ca. 0.7 cm3 g-1 with mesopore (2-50 nm) volumes of ca. 0.35 cm3 

g-1. According to the DFT method, the mesopore volumes were 
close to 55% of the total pore volume and expected to be suitable 

Figure 2. Bright field TEM images from fresh, thermally treated Pt, Ru and Ni 
catalysts: (a) 3Pt/AC-B, (b) 3Pt/AC-S, (c) 1.5Pt/AC-S, (d) 3Ru/AC-B, (e) 
3Ru/AC-S, (f) 1.5Ru/AC-B, (g) 3Ni/AC-B, (h) 3Ni/AC-S, (i) 10Ni/AC-S. The metal 
particles are shown as dark dots. 
 
for a catalyst support. Average pore diameters of ca. 2.8 nm were 
calculated for the activated carbon supports. Mesoporous 
structure of the support is preferred in heterogeneous catalysis, 
since small micropores may not be available for precursors or 
reactants limiting the effectiveness of the microporosity.[37]  

The BET surface areas and average pore volumes 
decreased typically by 15-25% during the impregnation of metal 
(Pt, Ru or Ni) on the activated carbon (Table 4). This might be due 
to the adsorption of metal particles into the pores or partial 
blocking of the pores. The 3 wt.% Ni catalysts maintained the 
highest surface areas after impregnation as the surface areas 
decreased less than 10%. This might indicate that nickel particles 
were located in the larger pores. As expected with the 10 wt.% 
catalyst, the surface area and pore volume decreased more (SA 
ca. 31% and pore volume ca. 44%) than with other catalysts. 
Overall, the pore volume decrease for other than the 10 wt.% 
catalyst were in the typical range (ca. 30%) for impregnated 
catalysts.[54] 

 
Chemisorption analysis 
 
Chemisorption of hydrogen or carbon monoxide on the thermally 
treated, reduced catalysts was studied to reveal the active metal 
surface area and dispersion. Based on the analysis, particle sizes 
for each catalysts were calculated assuming spherical particles 
and utilizing measured metal loadings. For Pt catalysts, CO was 
selected as the gas for chemisorption in order to avoid possible 




























