
       8th Symposium on Hydrogen, Fuel Cells and Advanced Batteries, Buenos Aires, July 11th-14th, 2022 

Preparation of Ni-Fe alloys from hydrotalcite precursors for carbon dioxide 
methanation (O-1H-V)
V. Laura Barrio*1, I. Agirre1, Rafael Canales1

1 Bilbao School of Engineering (UPV/EHU), Plaza Ingeniero Torres Quevedo 1, 48013 Bilbao (Spain) 1 

(*) Pres. author: rafael.canales@ehu.eus1 (**) Corresp. author: laura.barrio@ehu.eus1 

Keywords: CO2 methanation, catalysts, photocatalyst, hydrotalcite. 

1. Introduction

The use of renewable technologies is a challenge for
mitigating climate change and environmental degradation. 
A possible technology is PtG which uses renewable electric 
power to produce and storage gaseous fuels such as hydro-
gen or methane. Most typical systems use electrolysis to 
produce hydrogen, which is used to catalytically reduce CO2 
to methane via Sabatier reaction. 

Ni, Ru, Co and Fe metals are the most used for methana-
tion reaction. Many authors focus their studies on promot-
ing Ni-based systems through bimetallic catalysts supported 
on different metal oxide materials. One of the multiple op-
tions are hydrotalcite (HTC) derived materials due to the 
possibility to tune the metal content in order to improve 
metal active sites distribution.  

Therefore, this work was undertaken with the aim of 
synthesizing four different Ni-Fe-Mg-Al catalysts from hy-
drotalcite precursors and comparing to Ni/γ-Al2O3 prepared 
by conventional incipient impregnation. Indeed, different 
substitution of trivalent Fe by Al cations will be synthesized, 
but with the M2+/M3+ ratio fixed at 3. 

2. Experimental

2.1 Catalyst synthesis 

Nickel iron- structures derived from hydrotalcite precur-
sors with different metal loadings were synthesized by co-
precipitation using NaOH and Na2CO3 following the method 
described by P.Guerrero-Urbaneja [1]. Al was replaced by Fe 
between 6-27 wt% and calcined at 773K during 4 h in pres-
ence of air and reduced (25% vol H2/N2) at 1023K (10K/min) 
for 2h. The 25Ni catalyst supported on y-Al2O3·was synthe-
sized by wetness impregnation [2] and reduced at 723K in 
same conditions. 

2.2 Characterization&Activity tests 

All catalysts were tested between 473K and 723K at 10 
bar (abs) in a thermo and photocatalytic reactors with a 
space velocity of 55,7 h-1. For photocatalytic reactions, two 
different light sources (365 and 470 nm) were used with the 
same light intensity (2,4W·cm-2) to ensure the same condi-
tions. Physicochemical characterization of catalytic samples 
by N2 adsorption-desorption isotherms, ICP-OES, XPS, STEM-
EDS, UV-vis DRS, H2-TPR and CO2-TPD showed differences in 
chemical state and metal-support interactions indicating the 
importance of the morphological and surface properties of 
nickel-iron or individual metal phases in driving the 

methanation activity of the catalysts. 

3. Results and Discussion

3.1 Activity tests 

The activity was measured for all the temperature range 
studied and CO2 conversion results are shown in Figure 1. 
For the thermochemical experiments, activity continuously 
increased with temperature almost reaching equilibrium 
conversion and a high selectivity to methane. The catalyst 
with the highest activity was the HTC Ni and when Al was 
replaced by Fe the activity decreased for all the temperature 
range. For the photocatalytic measurements, activity is 
higher for higher Al content suggesting that there is not syn-
ergistic effect for Ni-Fe alloy. But, comparing HTC Ni with 
25Ni/Al2O3, activity is slightly higher conversion of 72,0 and 
67,3 % at 523 K, respectively, using visible light. Analysing 
both light sources, significant activity was reached mainly at 
low temperatures (523K) in the presence of UV and visible 
lights, but mainly for the visible light. 
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Figure. 1. A) CO2 conversion results of thermocatalytic activity. B) 
CO2 convesion using UV light. C) CO2 conversion using visible light. 

3.2 Catalys characterization 

BET results (Table 1) show that increasing Fe content sur-
face area and pore volume decreased while pore size in-
creased. N2 adsorption-desorption isotherms obtained were 
type IV, exhibiting H2 hysteresis loops typical of mesoporous 
structure.  

Table 1.  Specific area BET, pore volume and pore size. 

Sample BET area 
(m2·g-1) 

Pore Volume 
(cm3·g-1) 

Pore size 
(nm) 

HTC 27Fe-Ni 135,6 0,26 3,9 

HTC 16Fe-Ni 166,0 0,28 3,5 

HTC 6Fe-Ni 214 0,35 3,2 

HTC 27Ni 95,6 0,08 3,4 

25Ni/Al2O3 191,8 0,39 6,1 

 
Table 2 compiles metals  contents from ICP-OES. 

Measured values are similar to nominal ones.  

Table 2. ICP-OES results of HTC derived materials. 

Sample Ni Fe Al Mg 

HTC 27Fe-Ni 23,40 26,9 6,7 43,16 

HTC 16Fe-Ni 25,34 15,95 13,5 45,15 

HTC 6Fe-Ni 27,01 6,21 19,05 47,72 

HTC 27Ni 23,20 26,3 21,2 52,60 

25Ni/Al2O3 26,1 - - - 

 

 

Figure. 2. H2-TPR profiles of HTC and 25Ni/Al2O3 catalysts 

H2-TPR results (Figure 2) revealed for the HTC samples 
two different peaks a small one at 630 K and a broad one at 

1020 K. The first peak may be attributed to the reduction of 
bulk NiO species. And the second one, to the reduction of 
bulk and surface Fe3+ to Fe2+ and Fe0 and also to the 
reduction NiO species in close contact with the support, as 
well as nickel aluminates [2]. Furthermore, it can be 
observed that higher Fe contents decreased the 
temperature requiered for the complete reduction. And for 
the 25Ni/Al2O3 catalyst, a significant peak is observed at 
lower temperatures (< 800K) associated to the reduction of 
NiO bulk species. 

Subsequently, XPS studies will identify main metal and 
their oxidation states for the comparison of metal atomic 
ratio between ICP-OES results and clarify the interaction of 
all metals under reduced condition, and used. 

Diffuse reflectance spectroscopy (Figure 3) shows that 
all the samples are active in the UV and visible regions. 
Moreover, the effect of replacing Al by Fe as an active metal 
presents higher absorption in the UV and visible spectrum 
than HTC Ni and 25Ni/Al2O3. 

 

 

Figure. 3. UV-vis absorbance spectra 

CO2-TPD profiles (Figure.4) revealed similar desorption 
profiles in weak (373-473K) and medium (473-623K) basic 
centres. Similarly, strong basicity is observed in all HTC sam-
ples and the 25Ni/Al2O3 catalyst, with the exception of the 
HTC Ni, with a smaller contribution. 

 

 

Figure. 4. CO2-TPD profiles of all catalysts 

STEM-EDS results show the dispersion of active metal 
NPs as well as the average pore size of all used catalyst. For 
all the samples, metal particles are evenly dispersed on the 
catalyst surface and particle size increases for the higher Fe 
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contents from 12 to 16 nm in the case of the HTCs and 13 
nm for the 25Ni/Al2O3 catalyst. 

4. Conclusions 

HTC Ni catalyst synthesized from hydrotalcite-like pre-
cursors presented higher activity than the Ni alumina cata-
lyst prepared by incipient wetness impregnation, mainly due 
to the presence of well distributed NiO species with strong 
interaction preventing sintering of Ni NPs. Differences in ac-
tivity are higher for themocatalytic experiments.  
For the catalysts derived from HT-like precursors catalysts 
partial replacement of Al by Fe on the structure did not en-
hance activity and mainly photocatalytic activity. 
Significant activity was achieved for the photocatalytic ex-
periments in the visible range up to a 71% CO2 of conversion 
at very low temperature (523 K) due to the CO2 adsorption 
on medium sites. 
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