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In accordance with equation (2), the values of Ea for each stage were found as tangent of the straight 
line passing through the experimental points, giving the following results (in kJ/mol): Ea2 = 18.2; Ea3 = 6.4; 
Ea4 = 18.1. The total value of Ea for the hydrogen reduction of FeOOH NP is the sum of all activation energy 
values for each stage: Ea = Ea2 + Ea3 + Ea4 (Ea ~ 43 kJ/mol).

Confronting the calculated Ea values with the limiting values in the literature [16] corroborates the state-
ment that the reduction of FeOOH NP proceeds in a mixed reaction mode. In this case, the kinetics of the 
overall reduction process of FeOOH NP is limited by both the kinetics of the chemical reaction and the kinetics 
of diffusion. Hence an expedient way to accelerate the process is to increase the temperature or eliminate the 
diffusion layer around the reacting substance by intensive stirring.

As noted above, the temperature to obtain maximum rate of the reduction process of FeOOH NP to yield 
Fe NP was 500 °С. However, carrying out the reduction at this temperature may result in intense aggregation 
and sintering of the metallic iron particles being formed, which degrades the quality of the final product.

The following task of the work was investigation of the properties of Fe NP prepared at the temperature 
500 °С, when maximum reaction rate of the hydrogen reduction was reached. The XRD pattern and SEM 
image of a Fe NP sample prepared under these conditions are shown in fig. 5 (the exposure time was 30 min).

Fig. 4. Determination of the activation energy for the reduction of FeOOH NP:
a – stage 2; b – stage 3; c – stage 4

Fig. 5. XRD pattern (a) and SEM image (b) of a Fe NP sample prepared at 500 °С


