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Until today, humanity still cannot escape their dependence on fossil resources. In addition to being used
as fuel, fossil fuels can also be used to extract many kinds of valuable substances, and their economic worth
greatly exceeds the economic significance of burning as fuel. Biomass resource as the only organic carbon
resource of earth can not only replace the fuel properties of fossil resources but can also replace the industry
position of fossil resources in producing high value-added chemicals. This dissertation primarily revolves
around the development of metal supported catalyst systems for highly efficient reductive amination of
biomass-derived furans in a batch and a flow style of reaction systems.

Chapter 1 is general introduction about the significance for human to replace fossil resource in
producing high value-added chemicals. First, monometallic Ru supported catalysts using different
Si02/Al,0; ratio of beta-zeolites as supports were investigated in Chapter 2. In batch reactor, the
Si02/Al,03 =150 of beta-zeolite was found to be the most active for Ru catalyzed reductive amination of
5-hydroxymethyl-2-furfural (HMF), affording approximately 70% yield of 5-hydroxymethyl-2-furfurylamine
(HMFA). However, in the continuous flow reactor, the yield and catalyst stability were not satisfactory. To
provide a direction for further improvements, in Chapter 3, I turned to Ni-based bimetallic catalysts to
replace the noble metals with earth abundant metals. The explore process included support screening and
secondary metal introducing, and finally confirmed that 3wt%Ni—2wt% Co loaded HAP (Ni3Co2HAP)
catalyst expressed the maximum activity of 60% yield of HMFA at 2 mmol scale. Results of
characterizations indicated that strong activity on the CoNi bimetallic supported HAP catalyst for the
reductive amination of HMF was largely dependent on the substantial metallic content of both Ni and Co.
As-prepared Ni3Co2HAP catalyst improved the stability in a flow system rather than Ru/beta-zeolite,
however, a further design of highly active and stable catalyst in particular for flow was needed. In Chapter 4,
to further survey the potential of Ni3Co2HAP, tri-metal components were studied. It was found out that
addition of Pd served a great improvement of reactivity in the reductive amination of 2-furaldehyde (furfural),
but monometallic PA/HAP also exhibited a significant yield itself. Interestingly, the flow reactor using
Pd/HAP greatly improved stability and durability.

In conclusion, I successfully prepared metal supported catalysts for highly efficient reductive amination
of HMF and furfural. It was demonstrated that support have large influence on the activity of catalysts, the
interaction in bimetallic particles improves the catalytic performance, the continuous flow synthesis of

reductive amination can prevent the side reaction of primary amine, and utility of precious element such as



Pd is helpful for a high potential catalyst design. These achievements described in this doctoral thesis give
catalytic science new strategies to design catalysts for the development of value-added chemical synthesis

including biomass-derived primary amine transformations.
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