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Applying formula (1) to the TG data obtained makes it possible to calculate the values of α at different 
reduction temperatures and to plot the α values as function of T in the temperature range for each stage of the 
process of hydrogen reduction of α-FeOOH NP (fig. 3).

Using the least squares method, one can find the best matching mathematical functions α(T) to describe the 

curves shown in fig. 3. The derivative 
d
dT

α
 is an important parameter for non-isothermal kinetics (equation (2)).

The results of calculations performed to obtain the parameters of non-isothermal kinetics of FeOOH reduc-
tion with hydrogen are shown in the table below.

Determination of the parameters of the kinetic equation (2)  
for the hydrogen reduction α-FeOOH NP

Stage T, °С
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1

T
K, − x ⋅ 103 y

Function α(T): y = 0.019 1exp(0.010 8x)

2

180 27.49 –5.22 – 0.16 2.21 4.99 –12.42
195 32.33 –5.05 –0.18 2.14 3.06 – 8.48
210 38.01 – 4.86 – 0.20 2.07 1.64 –5.25
225 44.70 – 4.66 – 0.24 2.01 0.88 –3.43
240 52.56 – 4.44 – 0.30 1.95 0.90 –3.67
265 68.85 – 4.06 – 0.40 1.86 0.52 –2.66
280 80.95 –3.80 – 0.50 1.81 – –

Function α(T): y = 0.204 2exp(0.002 4x)

3

300 19.39 –7.49 – 0.55 1.75 4.84 – 4.91
315 20.10 –7.44 – 0.56 1.70 1.61 –2.37
330 20.83 –7.38 – 0.58 1.66 1.17 –2.04
340 21.34 –7.36 – 0.61 1.63 1.12 –2.03
355 22.12 –7.26 – 0.64 1.59 1.48 –2.44
375 23.21 –7.18 – 0.67 1.54 – –

Function α(T): y = 0.068 2exp(0.005 1x)

4

375 94.76 –5.78 – 0.67 1.54 0.77 –2.71
400 107.64 –5.57 – 0.75 1.49 0.39 –1.95
425 122.28 –5.31 – 0.88 1.43 0.22 –1.57
450 138.91 – 4.96 –1.11 1.38 0.12 –1.34
475 157.80 – 4.46 –1.48 1.34 0.06 –1.17
500 179.26 –3.60 –2.21 1.29 0.02 –1.06
520 198.51 –1.71 – 4.01 1.26 – –

To determine the activation energy Ea for the reduction process under non-isothermal conditions, the data 
from the table were used to plot y against x according to equations (3) for each stage. The respective graphs 
are presented in fig. 4. 

Fig. 1. XRD pattern (а) and SEM image (b) of the sample of α-FeOOН NP


