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Abstract 
 
In order to transition to a renewable carbon society, economically and environmentally 
sustainable technologies are needed to displace our dependence on petroleum. Carboxylic 
acids are a diverse class of biological metabolites that can be converted to renewable 
fuels and chemicals to offset our consumption of petroleum. However, significant 
challenges occur when integrating catalysis with biological processes, which include: (1) 
biological conversion produces carboxylic acids in culture broth at relatively dilute levels 
(<10 wt%) with residual impurities, creating separation and downstream process 
challenges, (2) microbial acids can contain unique chemical moieties (e.g., 
polyunsaturated bonds, hydroxyl groups, ester linkages) compared to aliphatic petroleum, 
requiring tailored catalytic strategies to target both fuels and chemicals, and (3) 
carboxylic acid valorization can occur through a multitude of unit process schemes, 
necessitating early-stage techno-economic analysis to identify key bottlenecks for further 
development.  
 
To address these challenges, this thesis examined integrated catalysis to achieve the 
following research objectives: (1) hydrothermal catalysis was investigated for 
deoxygenating monocarboxylic acids to diesel-grade hydrocarbons with in situ hydrogen 
production from renewable organic donors, (2) separation and catalysis was evaluated for 
recovering cis,cis-muconic acid from culture broth and converting it to adipic acid, the 
latter compound being a high-value precursor for nylon-6,6 production, and (3) key 
economic drivers and technical targets were identified for the downstream processing of 
muconic acid to adipic acid using preliminary techno-economic analysis.  
 
Efforts from this work determined that bimetallic catalysts in hydrothermal media were 
effective for converting both model and complex microbial monocarboxylic acids to 
hydrocarbon fuels, while glycerol reforming met process hydrogen demands. Next, 
activated carbon treatment and pH/temperature shift crystallization readily purified and 
separated muconic acid from culture broth containing non-target aromatic monomers. 
Catalyst evaluation for muconic acid hydrogenation to adipic acid confirmed that both Pd 
and Rh were highly active on carbon and silica supports, while although only the latter 
was stable against leaching, with a demonstrated 100 hours of time-on-stream processing. 
Lastly, preliminary techno-economic analysis identified culture broth titer and purity as 
major cost drivers, as well as hydrogenation reactor throughput.  


