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Background

Results and Discussion

With the concerns surrounding the limited supply of fossil fuel and its adverse
effects on the environment, the need to develop a sustainable bio-derived
fuel becomes more pronounced. Sources as diverse as non-food grasses, hard
and softwood trees, shrubs, algae, and even agricultural and municipal waste
streams are being investigated as sources of biologically renewable fuels and
chemicals. By examining the chemical structures of lignin and cellulose, it is
easy to see how carbonyls and carboxylic acids can be formed during the
pyrolysis process. Such potentially reactive species often create obstacles to
upgrading chemistries via fouling, catalytic deactivation, corrosion, or product
destabilization.
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• Accurate organic acid speciation from bio-oils helps explain corrosion and could offer insights to avenues of
reduced-cost upgrading with higher value yields.
• Verified derivatization of organic acids in bio-oil using DNPH is achieved, even in the presence of significant
amounts of aldehydes and ketones, provided adequate DNPH is available in excess to react with all species.
• Figure 1 affirms that some acids are derivatized during the treatment of bio-oil even using the conventional
DNPH approach, but co-elution with hydroxyaldehyde isobars skews both qualitative & quantitative evaluation.
• Fragmentation of aliphatic acids versus aromatic acids gives a unique mass spectrum, as noted in comparing
the characteristic ion fragmentation patterns shown below in Figures 2 and 3.
• A careful adjustment of the pH during the extraction procedure and extended heating time of the DNPH
solution allowed for the successful derivation of aliphatic and aromatic carboxylic acids.
• The process to create this bio-oil used a catalyst that targeted the deoxygenation of the carbonyl groups
preferentially to the alcohols, but the more conventional, rudimentary analyses were unable to reveal the fact
that a large component of the conversion was ending in bifunctional molecules that maintained at least one
carbonyl functionality.
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• Cross sections of 316L stainless steel, above, show evidence of reaction between hot
pyrolysis products and alloy. This degradation is similar to the preferential grain boundary
attack seen in other 300 series stainless steel components.
• Bulk tests characterize bio-oils based on properties such as viscosity, overall acidity, and
total carbonyl content, but certain possibly important compound classes are overlooked.
• More specific chemical analyses from non-biomass research areas (i.e. air/exhaust
sampling) can offer more detailed info on composition but can suffer interferences from
bio-oil they are not tailored to and are thereby misleading in some cases.
• HPLC-ESI-MS/MS is used to discern derivatized carboxylic acid-containing molecules
present in bio-oils from the aldehydes and ketones traditionally measured in air monitoring
using an optimized dinitrophenylhydrazine to dinitrophenylhydrazone reaction.
• Bio-oil tested for this work was produced from a mix of pine, forest residue and industrial
construction waste at the NREL in Golden, CO, and upgraded at PNNL in Richland, WA.

formaldehyde
propionic acid or
hydroxypropanaldehyde

The MSMS of benzoic acid (an aromatic acid), with its molecular ion peak of mass
301 amu, lacks the strong 167 amu signal indicative of aliphatic acids. Standards
were created and analyzed via the exact sequence of derivatization,
chromatography, and spectrometry of benzoic and several other larger acids
common to bio-oils in order to validate structural identification by tandem MS.

Objective: Development an analytical method that gives insight into
carboxylic acids and other oxygenated species contained in bio-oils.
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The MSMS of bio-oil constituent of mass 239, likely acetic acid, showing the
formation of ion 167, indicative of an aliphatic carboxylic acid. Other likely
aliphatic carboxylic acids were found in the bio-oil, as identified by the presence
of the characteristic 2° ion at 167 amu, and are listed in the chart, inset.
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Impact
• From an energy and environmental perspective, the fuller understanding of what
carboxylic acid species are present in biomass-derived oils benefits bio-oil upgrading
research by filling in information gaps about chemical catalyst mechanisms and corrosion
pathways.
• Ability to measure large acids in the presence of other carbonyls benefits a broader
audience, including areas of research spanning a diverse range from bacterial sugar
metabolism to internal combustion engine emissions.
• With a greater awareness of aliphatic acids present, separation processes could combine
with milder, less-energy-intensive treatment strategies for higher-value products.

Formic acid: pKa 3.75

Acetic acid: pKa 4.76
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