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ABSTRACT: p-Hydroxybenzoic acid (pHBA) is present in some hardwood biomass feedstocks as an ester attached to the polymeric 
lignin subunits. Here, we report the isolation and recovery of pHBA from alkaline liquor waste streams obtained from fractionation 
of hybrid poplar, using the “Cu-AHP process”. This process features two stages: alkaline pre-extraction (AP) of the biomass and 
copper-catalyzed alkaline hydrogen peroxide pretreatment. On a 100 g biomass scale, 0.5 g of pHBA with a purity of 96% was 
obtained after decolorization and crystallization. The scalability of the purification process was demonstrated by using liquor obtained 
from the first-stage AP with 900 g of poplar biomass to afford 3.5 g of crystalline pHBA with 97% purity. Overall, these results show 
that pHBA may be isolated and purified from waste streams generated in the two-stage Cu-AHP process, without any alteration of 
the process conditions or impact on carbohydrate and lignin fractionation. 
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INTRODUCTION  

Lignocellulosic biomass is primarily composed of the cell wall 
biopolymers cellulose, hemicellulose, and lignin, and it has the 
potential to be utilized as a renewable source of chemicals that 
are currently derived from petroleum sources.1 For renewable 
chemicals and materials to replace petroleum-derived 
counterparts, biorefineries will require a variety of processing 
methods to generate a large array of products in an 
economically viable manner. This includes methods to derive 
aromatic chemicals from biomass. Lignin is the most abundant 
source of naturally derived aromatics, and it can be processed 
using both oxidative2,3  and reductive methods4-,6 to generate 
aromatic compounds. Another class of aromatic compounds 
derived from biomass, sometimes referred to as “clip-offs”, are 
linked to lignin and hemi(cellulose) polymer backbones through 
ester linkages. 7  These bonds can be readily hydrolyzed to 
generate compounds such as p-coumaric acid (pCA), ferulic 
acid (FA), and p-hydroxybenzoic acid (pHBA).8-,,11  

pHBA is known to be present in the cell walls of plants of the 
family Salicaceae, including hybrid poplar,12 which has been 
identified by the U.S. Department of Energy as an economically 
promising feedstock for renewable fuels and chemicals. 13 
Industrially, pHBA is utilized in the manufacture of plastics, 
dyes, fungicides and is a main component in the manufacture of 
liquid crystal polymers (Figure 1a). 14  Ethyl and propyl p-
hydroxybenzoates, also known as parabens, are used as 
preservatives and have anesthetic and antiseptic properties.15 
pHBA is manufactured from petrochemical-derived phenol 

through an energy intensive process that is more selective for 
the ortho isomer (Figure 1b). 16  A method to generate and 
recover pHBA from poplar (Figure 1c) was reported, but was 
not considered in the context of a wholistic biomass based 
biorefinery.17  

Hegg, Hodge, and co-workers have demonstrated a two-stage 
biomass pretreatment/fractionation process employing an initial 
alkaline pre-extraction (AP), followed by a Cu-AHP 
pretreatment step, which fractionates the lignin and sugar 
polymers using oxygen (O2) and hydrogen peroxide (H2O2) as 
co-oxidants with a homogeneous copper catalyst under alkaline 
conditions. 18 , 19 The sequence of AP and Cu-AHP steps is 
commonly referred to as the “Cu-AHP process”. Applying the 
Cu-AHP process to poplar biomass fractionation enables >94% 
recovery of carbohydrate biomass fractions as sugars, and 
affords acid-insoluble lignin that can be oxidatively 
depolymerized into monomeric aromatic products.20 Herein we 
report a method to isolate crystalline pHBA from liquid waste 
streams generated during the Cu-AHP process with poplar 
biomass. The isolation of this valuable organic chemical is 
possible without any deleterious impact on the previously 
optimized fractionation steps.21  

RESULTS AND DISCUSSION 
Context for isolation of pHBA from waste streams 

generated in the Cu-AHP process. An overview of the Cu-
AHP process is illustrated in Figure 2. It is initiated with an 
alkaline pre-extraction, in which poplar (10 wt% loading) is 
treated with sodium hydroxide to help in the solubilization and  
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Figure 1. (a) Selected industrial applications of para-hydroxybenzoic 
acid (pHBA). (b) Industrial approach used to obtain pHBA with 
phenol feedstock and (c) This work showcases biomass as a source of 
pHBA. 
 
separation of lignin and other extractives from the cellulose in 
poplar.22 This process also hydrolyzes labile ester bonds linking 
p-hydroxybenzoates to lignin and hemicellulose. The alkaline 
liquor (A1) is separated from the pre-extracted poplar by 
filtration. The pre-extracted “AP poplar” is then subjected to the 
Cu-AHP pretreatment step, generating another alkaline liquor 
(A2) and a residual carbohydrate-enriched solid “Cu-AHP 
poplar” that can be enzymatically digested into monomeric 
sugars. When the AP and Cu-AHP liquors A1 and A2 are 
acidified, most of the lignin precipitates to generate solid 
samples, C1 and C2. These steps generate liquid waste streams, 
B1 and B2, which contain acid-soluble byproducts.  

This study was initiated with the goal of exploring whether 
valuable products could be obtained from the acid soluble waste 
streams, B1 and B2 (gray boxes, Figure 2). These streams 
contain pHBA, in addition to smaller quantities of other 
oxidized aromatic compounds (Figure S2) and residual 
solubilized carbohydrates. The significant quantities of pHBA 
prompted us to prioritize its isolation and purification.  

 

 
Figure 2. Key unit operations in the “Cu-AHP process” with hybrid poplar, 
consisting of alkaline pre-extraction (AP) and a copper-catalyzed alkaline 
hydrogen peroxide (Cu-AHP) pretreatment steps. Streams B1 and B2 are 
aqueous “waste” streams that contain significant quantities of para-
hydroxybenzoic acid. bpy = 2,2’-bipyridine 

 
Bench-Scale AP and Cu-AHP Fractionation of Poplar 

and Purification of pHBA. A simple liquid-liquid extraction 
with ethyl acetate proved capable of separating pHBA from the 
water-soluble carbohydrates. Upon solvent removal, the crude 
pHBA was decolorized using activated charcoal then 
crystallized in hot water. This sequence of steps is depicted in 
Figure 3, with experimental details elaborated below.  

In the bench-scale experiments, streams B1 and B2 were 
obtained from the AP and Cu-AHP fractionation of 100 g of 
poplar. Stream B1 contained 1.0 g of hydrolyzed pHBA and B2 
contained 0.2 g of hydrolyzed pHBA as assayed by UPLC. 
These values may be compared to the 1.28 g of total pHBA 
present in the NE-19 poplar source material (determined using 
a previously reported protocol)23. Because the amount of pHBA 
in the combined B1 and B2 streams was below the solubility 
limit of pHBA in water, 24  direct crystallization was 
unsuccessful after 24 h at 5 °C. Instead, the solubilized pHBA 
was extracted using ethyl acetate (partition coefficient Kp = 29) 
three times. The organic layers from the extractions were 
pooled and ethyl acetate was evaporated using a rotary 
evaporator to afford 1.0 g of crude crystalline pHBA.  

Further purification and decolorization of the crude pHBA 
crystals were carried out using activated charcoal.25 An optimal 
charcoal loading was determined by dissolving the crude 
crystals of pHBA in water, after which 10, 25, 40, 50 and 70 wt% 
(based on mass of pHBA) of activated charcoal was added. The 
mixture was heated to 100 °C and then filtered to remove the 
activated charcoal. The off-white crystals of pHBA crystallized 
from the filtrate and were collected. Visual inspection showed 
an incomplete decolorization of the pHBA crystals obtained 
from a charcoal treatment at 10, 25, and 40 wt%, while there 
was no visible difference in the color of the pHBA crystals 
obtained using 50 and 70 wt% charcoal loadings. The pHBA 
recovery using activated charcoal loading of 50 and 70 wt% was 
similar. Therefore, we chose 50 wt% charcoal loading as the 
optimal charcoal loading. The crude pHBA crystals obtained 
from the bench-scale processing of poplar was decolorized 
using 50 wt% of activated charcoal in water to afford 0.5 g of 
off-white pHBA crystals with a purity of 96%. This represents 
a recovery of 39% of pHBA based on the amount of pHBA in 
NE-19 poplar (see Table S2 in the Supporting Information).23 
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Kilogram-Scale Alkaline Pre-extraction of Poplar and 
Purification of pHBA. To investigate the scalability of pHBA 
recovery using this purification process, we explored the 
recovery of pHBA from the alkaline pre-extraction when 
starting with 900 g of hybrid poplar. The AP liquor contained 
6.4 g of hydrolyzed pHBA, as determined by UPLC analysis, in 
a total volume of 12 L. This value may be compared to the 11.5 
g of total pHBA present in 900 g of the NE-19 poplar source 
material determined using a previously reported protocol.23 The 
AP liquor was acidified to pH 2, the liquid and solids were 
separated, and the pH 2 liquor was extracted three times using 
ethyl acetate to afford 8.0 g of crude pHBA. The crude product 
was decolorized using 50 wt% loading of activated charcoal. 
Further crystallization of the decolorized pHBA from hot water 
afforded 3.5 g of the purified pHBA. This represents a pHBA 
recovery of 30% based on the amount of pHBA in the original 
NE-19 poplar (see Table S2 in the Supporting Information).23 
The recovery could potentially be increased by consideration of 
other adsorbents and/or crystallization protocols. The purity of 
the crystalline pHBA was 97%, based on 1H NMR 
spectroscopic analysis. 

Sherwood Plot Analysis of the Recovery of pHBA from 
the Alkaline Pretreatment Liquor. Sherwood plots depict the 
empirical relationship between the market value of a target 
material to be separated and the concentration of the material in 
a process stream.26 The original Sherwood plot, which includes 
only the separation of metals from their ores, has been adapted 
to include the separation of valuable organic compounds from 
different mixed streams.27 In general, the cost of separation of a 
component in a process stream is inversely proportional to the 
concentration of the compound. In Figure 4, we present a 
modified Sherwood plot adapted from reference 27 to include 
the purification of pHBA from the alkaline liquors (B1 and B2 
in Figure 2) derived from the Cu-AHP processing of biomass. 
According to the modified Sherwood plot, increasing the pHBA 
concentration in the AP and Cu-AHP pretreatment liquors could 
allow separation and recovery of pHBA from these liquors to 
be economically viable. Two approaches can be envisioned for 
increasing the concentration of pHBA. The first is metabolic 
engineering, which has been successfully applied to increase the 
concentrations of p-hydroxybenzoates in the cell wall of 
matured and growing poplar by 50% and 900% respectively.28 
Secondly, the operation of pre-extraction and/or the Cu-AHP 
stages of the pretreatment at higher solids loadings should 
increase the concentration of extracted plant cell wall derived 

solubles, including pHBA in the liquor. Both approaches will 
impact the overall performance of the Cu-AHP biorefinery and 
and would be relevant to broader process analysis.  

Figure 4. A Sherwood plot showing the relationship between the 
concentration of pHBA in the AP liquor and the current market value. Plot 
was adapted from reference 27.  

CONCLUSION 
In this work, we have demonstrated a straightforward process 
for recovery of pHBA from two liquid waste streams generated 
in the two-stage Cu-AHP process. The steps include liquid-
liquid extraction, decolorization, and crystallization and afford 
pHBA in up to 97% purity. No modification of the Cu-AHP 
process conditions, optimized for fractionation of carbohydrates 
and lignin, are required to obtain the valuable pHBA product. 
Ultimately, valorization of waste streams similar to that shown 
here will play a crucial role in supporting the economic viability 
of future biorefineries. 
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The Supporting Information is available free of charge on the ACS 
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Figure 3. Flow chart showing the process for pHBA isolation from poplar biomass. Acidification of the AP and Cu-AHP liquors followed by extraction and 
evaporation affords the crude pHBA which is purified by decolorization followed by recrystallization. The top (black) numbers correspond to the lab-scale 
saponification and the bottom (red) numbers denotes the kg-scale process. 
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Experimental protocols, analytical data (UPLC and NMR 
characterization data. (PDF). 
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Para-hydroxybenzoic acid may be isolated from waste streams derived from Cu-AHP pretreatment of poplar biomass.  


