I @ = |SCRE25

Van®
)

%=* FLORENCE 2018
B4 DL\G1INAG

www.aidic.it/iscre25

Spray Ozonation of Acid Solubilized Lignins to Afford Aromatic Aldehydes

Julian R. Silverman®, Andrew Danby?, Bala Subramaniam®?*

1 Center for Environmentally Beneficial Catalysis at KU, 1501 Wakarusa Dr., Lawrence, KS, 66044 ; 2 University of
Kansas Department of Chemical and Petroleum Engineering, 1530 W. 15 St. Lawrence, KS, 66045

*Corresponding author: bsubramaniam@ku.edu

Highlights
e Anovel spray ozonation at ambient temperatures and pressures
o Selectively prunes aromatic aldehydes from lignin’s subunits linkers
e Serves to pretreat lignin for further catalytic depolymerization
e Successful with a variety (grasses/softwoods/hardwoods) of lignins

1. Introduction

To best understand the structure of lignin, one must better understand the bonds between both monomer and
structural units [1]. Oxidized monomer units serve to link not only lignin subunits, but also join these
subunits to neighboring hemicellulose [2]. The olefinic bonds in these hydroxycinnamic acid derivative
linkers, along with those retained in partially reacted monolignols serve as important targets in lignin
depolymerization distinct from the numerous and diverse carbon-carbon and carbon-oxygen bonds. The
ozonation of olefins has been well researched [3,4]. However the challenge of reacting a powerful oxidant
with substrates dissolved in the liquid phase poses challenges, including gas-liquid mass transfer limitations
and the need to control reactor residence time to prevent unwanted side reactions, typically deep oxidation.
Spray reactors have been demonstrated as a powerful way to optimize both mass transfer rates and residence
time for fast oxidations [5] Optimizing particle size and residence time allows for oxidations to proceed
selectively at ambient or mild temperatures and pressures.

The numerous lignin valorization processes that are being investigated are an indication of the
functional diversity of the aromatic polymer and its monomers [1]. For over nine decades, many have sought
one of the world’s most desirable aroma compounds, vanillin, from wood [6]. The Borregaard company is
the last surviving member of a once-booming industry that stripped vanillin from oxidized paper processing
waste. The other major aldehyde product from the partial oxidation of lignin is 4-hydroxybenzaldeyde (4HB),
vanillin’s unmethoxylated counterpart derived from the coumaryl monolignol. 4HB is used as a component
in pharmaceutical products, and as an antioxidant in age resistive polymers [7]. In addition, 4HB may serve
to become an important platform molecule as a source of aromatics and as a polymer precursor owing to the
hydroxyl and aldehyde functional groups. Up to 20 wt% of grass lignins consist of p-coumaric and
ferulic acids, bound primarily as pendant esters in the Cy-position of the B-O-4 linkages of the
polymer. Ozone easily cleaves the C=C bonds that attach the aromatic portion of the
hydroxycinnamic acid groups to the polymer, yielding oxoaromatic compounds, including vanillin
and 4HB. These value-added monomers should be easily isolated from the product mixture if the
bulk of the lignin is left largely untouched by the ozone pretreatment.

2. Methods

A dilute solution of lignin in acetic and formic acid is solubilized in an acetic acid/formic acid mixture. The
lignin solution is pumped through a nozzle located at the bottom of a 4L glass spray reactor operated at
ambient pressure and temperature. The spray droplets meet a flowing stream of ozone in air. The residence
time in the reactor based on the liquid holdup is typically on the order of a few minutes. The liquid effluent
from the reactor is collected and analyzed via gas and gel permeation chromatographies to elucidate
aldehyde and acid products, and the extent of depolymerization, respectively. The ozone-containing stream is
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vented through a solution of sodium hydroxide and hydrogen perOX|de in methanol to decompose any
remaining ozone.

3. Results and discussion

The main products isolated include vanillin (3-methoxy-4-hydroxybenzaldehyde) and 4-hydroxy
benzaldehyde (4HB), with small amounts of the oxidized byproducts, vanillic acid and 4-hydroxybenzoic
acid (Figure 1A). For the grass lignin samples, the vanillin yields reach 1.6 wt. % while 4HB yields reach as
high as 2.9 wt.% of the lignin fed. The total yield of these two monomers (4.5 wt.%) is significant
considering that the concentrations of the pendant groups range anywhere from 12-20 wt.% of grass lignins.
As expected, hardwood samples yielded no quantifiable 4HB, and low vanillin yields of approximately 0.48
wt. %. Size exclusion chromatography of different lignins indicates that both plant types depolymerize but to
different extents, in part because the lignins begin on very different scales (Figure 1B). As the aldehyde
precursors serve to link lignin subunit globules which coalesce at regular masses, the inter-peak distances
indicate grass lignin globules may be larger than those of hardwood lignins, as they consist of different
monolignols, yet gather at the same molar masses.
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Figure 1. A) Gas chromatography of ozonated grass lignin, featuring the aldehyde and acid products. B) Gel permeation
chromatography of hardwood and grass lignins before and after ozonation.

4. Conclusions

A simple spray ozonolysis process was demonstrated to pretreat grass lignins to recover vanillin and 4HB as
value-added products. This reactor setup thus prepares various lignins for catalytic depolymerization into
aromatic monomers for fuels or as chemicals. Furthermore, the simplicity of the reactor design allows
relatively easy optimization of the flow rates to maximize the yields of the desired products. Such results and
the extension of this technique to other types of lignins including tannins and nut shell liquids will be
presented.
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