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Transition metal compounds, as well as compounds of alkali and 
alkaline earth metals,22–25 exhibit catalytic activity in such processes. 
In our opinion, the use of transition metal compounds, in particular 
elements of the iron triad, is especially promising due to their low 
impact on the Earth’s ecosystem, as well as the low cost of such 
compounds. In addition, these metals are easily recovered after 
gasification and are recyclable. This article presents the results of 
our research on the catalytic conversion of hydrolysis lignin with 
carbon dioxide using various supported catalysts.

Figure  1 presents XRD patterns of lignin samples with 
deposited iron and cobalt compounds after the catalytic reaction. 
The XRD patterns of all samples contain peaks at 26.60° and 26.64° 
corresponding to the (004) reflection of carbon (JCPDS card 
no. 00-026-1080) and the (011) reflection of quartz (JCPDS card 
no. 01-085-1053), respectively. The diffraction pattern of a sample 
of lignin with deposited iron compounds after catalytic tests contains 
reflections (112), (103), (004) and (321) of magnetite (JCPDS 
card no.  01-075-1609) at 30.12°, 35.54°, 43.12° and 57.09°, 
respectively. Peaks at 36.49° and 42.39° in the XRD pattern of the 
sample with deposited cobalt compounds correspond to reflections 
(111) and (200) of cobalt(ii) oxide (JCPDS card no. 00-048-01719), 
respectively.

The analysis of reflections shows the presence of carbon and 
quartz in all samples. The presence of quartz in samples of 
hydrolysis lignin is confirmed by other researchers using various 
physicochemical methods.26 According to XRD data, iron in the 
Fe(7%)/lignin sample after the catalytic reaction is in the form of 
magnetite, while cobalt in the Co(7%)/lignin sample exists as 
cobalt(ii) oxide.

Samples with a metal content of 7  wt% were studied by 
scanning electron microscopy and X-ray spectral microanalysis 
(EDX analysis). EDX mapping showed an average uniformity of 
the distribution of metal atoms for the Co(7%)/lignin sample and 
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a high degree of dispersion of metal deposition for the Fe(7%)/lignin 
sample.

Catalytic studies were carried out in a flow quartz reactor at 
atmospheric pressure in a carbon dioxide atmosphere. The efficiency 
of the catalyst was evaluated by the conversion of carbon dioxide 
at various temperatures. The conversion was calculated using the 
equation:

CCO2 = (0.5 nCO)/(nCO2
) 100%.

Figure 2 shows the temperature dependence of carbon dioxide 
conversion during gasification of initial lignin samples, as well 
as samples with deposited iron and cobalt compounds at a metal 
content of 7 wt%. The use of such catalysts makes it possible to 
shift the conversion curve to lower temperatures, and at temperatures 
of 500–800 °C, the conversion of carbon dioxide for samples 
with a catalyst is almost two times higher than the conversion of 
CO2 for the sample without a catalyst. The use of iron and cobalt 

catalysts makes it possible to achieve close values of carbon 
dioxide conversion.

Figure 3 shows the values of carbon dioxide conversion at a 
temperature of 800 °C for Fe- and Co-containing catalysts depending 
on the content of the supported metal. The maximum specific 
catalytic effect of the metal for both elements is achieved at 5 wt%, 
which is especially pronounced for Fe-containing samples.

In summary, systems containing iron and cobalt are promising 
for the utilization of carbon dioxide and lignin to produce carbon 
monoxide for further use in the synthesis of compounds with a 
higher added value.

This work was supported by the Russian Foundation for Basic 
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Figure  1  X-ray diffraction patterns of (a) initial lignin, (b) Fe(7%)/lignin 
and (c) Co(7%)/lignin samples after catalytic testing, as well as reference 
XRD patterns of pure phases with corresponding JCPDS card numbers.
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Figure  2  Temperature dependence of carbon dioxide conversion during 
gasification of initial lignin samples and lignin samples with deposited iron and 
cobalt compounds.
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Figure  3  Dependence of carbon dioxide conversion at 800 °C on the content 
of deposited metals.
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