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Use of Single Atom Catalysis for Improvement of
Lignocellulosic Conversion
Dian Cao, Bojin Zhang, Maolin Yang, Fang Luo, Xiaojun Yang, and Shengdong Zhu *
Economical and efficient transformation of lignocellulosic biomass into
fuels, chemicals, and materials has drawn much attention in recent years.
Catalytic chemical conversion is one of the most widely used technical
ways in lignocellulosic transformation because of its high efficiency.
However, the traditional chemical conversion is often carried out at high
temperatures and large amounts of byproducts are formed during the
conversion process. This is due in part because the used catalyst has
low activity, selectivity, and stability. This causes the traditional chemical
conversion process to have a high cost and to encounter difficulty in
industrialization. The single atom catalysis approach provides a
promising solution to improve the traditional chemical conversion
process and decrease its process cost. Compared with the traditional
catalyst, the single atom catalyst has not only lower cost but also higher
activity, selectivity, and stability. It is becoming a new frontier in
lignocellulosic conversion. This editorial will give a brief discussion about
opportunities and challenges of using single atom catalysis for
improvement of the lignocellulosic conversion.
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Technical Bottleneck for the Economical and Efficient Conversion of
Lignocellulosic Biomass
Lignocellulosic biomass is the most abundant and renewable resource in the
world. It is an attractive feedstock for the production of fuels, chemicals, and materials.
As energy demands increase along with environmental concerns, there has been high
interest in the production of fuels, chemicals, and materials from lignocellulosic biomass
(Chen et al. 2014; Zhu et al. 2015a,b). The economical and efficient transformation of
lignocellulosic biomass into fuels, chemicals, and materials is extremely important in
maintaining the sustainable development of our society (Zhu et al. 2016, 2017). There are
two ways to transform lignocellulosic biomass into fuels, chemicals, and materials. One
is the fermentation process, and the other is chemical transformation (Ding et al. 2012).
The fermentation process can be performed under relatively mild conditions, but it
always has low transformation rate and efficiency. Before its fermentation,
lignocellulosic biomass often needs to be pretreated and hydrolyzed to fermentable
sugars. After the fermentation, the separation process is generally complicated and
energy intensive because it has low product concentration. The production of ethanol
from lignocellulosic biomass is the most typical process through a fermentation pathway
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(Wang et al. 2018; Zhu et al. 2018). The complicated process, low transformation rate,
and low efficiency limit the industrialization of fermentation process for lignocellulosic
transformation. In contrast with the fermentation process, the chemical transformation
always has high reaction rate and transformation efficiency. It also has a relatively simple
process, because the pretreatment step is not needed for most chemical transform. These
advantages have allowed the chemical transformation to become an active research area
for lignocellulosic utilization (Yang et al. 2017). However, the traditional chemical
conversion needs to be carried out at high temperatures and pressures, which increases
the equipment investment and operation cost (Du et al. 2015; Chen et al. 2017). Because
of the low selectivity of traditional catalysts, large amounts of byproducts will be formed
during the traditional chemical transformation, which makes the separation of the
targeted products difficult. Meanwhile, the traditional catalysts always have low stability
under practical reaction conditions. In some traditional chemical transformation processes,
noble metal catalysts are needed, which make it an expensive process (Zhang et al. 2015;
Qin et al. 2017). All these disadvantages limit the chemical transformation used in
practice. Therefore, development of new catalysts with low cost, high activity, selectivity,
and stability is the technical key for the chemical conversion of lignocellulosic biomass.
Use of the Single Atom Catalysis for the Catalytic Chemical Conversion of
Lignocellulosic Biomass
The term single atom catalysts (SACs) refers to catalysts with individual and
isolated metal atoms anchored to supports. SACs can act as the catalytic active centers.
Single atom catalysis has garnered high interest because the process has resulted in
significant cost reduction, high activity, selectivity, and stability (Kyriakou et al. 2012).
Compared with the traditional catalysts, the SACs, especially for the noble metal
catalysts, have lower cost because the active metals are highly dispersed and isolated
single atoms on the support surface. Their higher activity and stability come from the
strong interaction between the active metal atoms and the supports. Their higher
selectivity is from their single catalytic active sites. Since first reported in 2011, studies
on SACs have made great progress. To date, there are a large number of reports that show
SACs can be used for a variety of important chemical reactions, such as oxidation, water
gas shift, and hydrogenation (Kyriakou et al. 2012; Cao et al. 2017; Liu et al. 2017,
2018). Because of their fascinating performance, SACs have been widely used in such
areas as energy, environment, and green synthesis, including the chemical transformation
of lignocellulosic biomass into fuels, chemicals, and materials. They are emerging as a
new frontier in lignocellulosic transformation. It is reported that Liu et al. (2018)
developed a hydrothermally stable and acid resistant Ni-N-C SAC that performed very
well in one-pot conversion of cellulose to ethylene glycolate. Compared to the
conventional Ni/AC catalysis, the Ni-N-C SAC demonstrated superior activity and
stability. It could be reused seven times without any deactivation, while the conventional
Ni/AC catalyst had lost half of its initial activity during the 2nd run. Liu et al. (2017)
reported another example using the Co-MoS2 SAC for conversion of the oxygen-rich
biomass into hydrocarbon fuels, especially for lignin transformation (Liu et al. 2017). In
comparison with the traditional Co/MoS2 catalyst, the Co-MoS2 SAC exhibited superior
activity, selectivity, and stability for the hydrodeoxygenation of 4-metylphenol to toluene,
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which is a model reaction for lignin conversion. Because of its high activity, the reaction
temperature could be decreased from the typically used 300 C to 180 C. Meantime, its
activity and selectivity remained unchanged after it was reused seven times. Cao et al.
(2017) have recently compared the Ru/ZrO2@C SAC with the traditional Ru/C catalyst
for hydrogenation of biomass-derived levulinic acid to γ-valerolactone. Although the
Ru/C had good activity and selectivity in the 1st run, its activity dropped rapidly after the
3rd run, which led to the conversion rate of levulinic acid decreasing from 69.2% to 40%.
At the same reaction conditions, the activity and selectivity of Ru/ZrO2@C remained
almost unchanged after the 6th run. All these examples have shown that single atom
catalysis has great potential in improvement of lignocellulosic conversion.
As discussed above, some progress has been made in using the single atom catalysis
to improve lignocellulosic conversion. However, single atom catalysis is still being
developed and tested; technical issues will need to be addressed before it is in practical
use. More efforts should be made in such aspects as fully understanding the strong
interactions between the active metal atoms and the supports involved in the SACs and
how these interactions affect their catalytic performances; the controllable and facile
preparation of SACs with finely and densely dispersed single atoms; and the robust
stabilization of the highly dispersed single atoms under actual reaction conditions. After
the joint efforts of different research teams, it is reasonable to expect that the single
catalysis will put into practical use in chemical conversion of lignocellulosic biomass in
the near future.
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