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Abstract - Chestnut Shells (CS) is a by-product of some food sector companies. The main objective of this study was to 
contribute to the development of previous research regarding the chemical composition of CS and to optimize the amount of 
CS liquefied by polyols in order to test the head of the material for the production of high added value products from the 
liquefied material. The liquefaction was performed in a double shirt reactor heated by oil using a mixture of ethyleneglycol 
and glycerol catalyzed by sulfuric acid. Different experiences were carried out related to different parameters:: particle sizes, 
temperatures 140-200 ºC and time 15-120 min. Initial chemical composition was also determined. Results showed that CS is 
a material in which Klason lignin is the major component (with around 49.4 %), followed by celluloses (with around 35.0%) 

and extractives in ethanol (9.64%). Optimal conditions to attain the best liquefaction yield were 180ºC, 60 min and a 60-80 
particle size. 
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I. INTRODUCTION 

 

Currently, the plant Kingdom offers an inexhaustible 

source of bioactive natural compounds that finds 

application in a variety of areas, such as food, 

pharmaceutical and cosmetic industries. Initially the 

investigation was directed only to the pure 

compounds isolated from active molecules. However, 

studies [1] show that mixtures of natural compounds 

are more active than their isolated forms thanks to 

their synergistic activity. In addition, the increasing 
demand for biologically active molecules, has 

encouraged the search for new sources of natural 

molecules [2]. In this perspective, the large amount of 

waste generated by anthropogenic activities 

represents an exploitable and valuable resource for 

the production of bioactive compounds [3]. European 

chestnut (Castanea sativa Mill.) belongs to the 

angiosperm family of Fagaceae. Their seeds represent 

one of the most important food sources of rural areas 

for many centuries. Chestnuts are consumed all 

around the world and thousands of tons of crop 
wastes are generated annually by the Europe‘s agro-

food sector. This has originated several studies about 

the possible uses as these residues that involve 

significant economic and environmental management 

costs [4]. Only in 2016 various Mediterranean 

countries produced in processed products about 

143,256 tons of chestnuts (Castanea sativa Mill.). The 

main European producers are Italy (36%), Greece 

(22%), Portugal (19%) and Spain (11%) [5]. In 

Portugal, the production of chestnut culture is mostly 

centred on the North ca. 86.6%, in the Centre ca. 

9.2% and in the Alentejo ca. of 4.2%. In the region of 
Trás-os-Montes, where 81% of all national nut export 

market is produced about 53 million euros were 

generated in 2016, with a growth trend since then [6]. 

Nowadays, a large part of seeds is used either for 

fresh consumption or for preparation of products such 

as chestnut purée, marron-glacé, and chestnut flour 

which can be applied in gluten-free diets. The 

chestnut industry generates tons of waste such as 

leaves, pruning and burrs of chestnut trees, as well as 

chestnut shells. These residues are usually left in the 

soil and can cause damage to crops as they can 

promote the growth of insect‘s larvae [7], or they are 

burned in the field, having a negative impact on the 
atmosphere since it represents a major source of toxic 

emissions (some of these similar to dioxins, for 

example, CO, NOx, long-chain/aromatic 

hydrocarbons, polychlorodibenzodioxins, PCDDs) 

[8] and on the land if pesticides and heavy metals 

remain in the composition of the ash [9]. These 

residues are also often used in composting processes 

[10].  

Biomass is the most abundant renewable resource on 

earth and has proven to be a promising replacement 

to fossil oil applications. The concept of biorefinery 
uses the same lines as the petroleum refining, 

producing various fuels and chemicals. The biomass 

of these products is rich in cellulose, hemicelluloses 

and lignin which enables its use in the production of a 

wide variety of products and high value chemicals 

[11]. Through hydrolytic processes (catalysed by acid 

or bases) it is possible to degrade the cell walls of 

lignocellulosic materials in order to obtain mixtures 

of oligomeric and monomeric sugars, such as xylose, 

mannose, galactose, arabinose, and hydroxycinnamic 

and acetic acids from the non-cellulose 

polysaccharides. Being possible, its use to obtain 
products high value-added products like bio oil, 

biogas or other biobased chemicals with a wide range 
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of industrial applications [12,13]. Gasification, 

pyrolysis and liquefaction can be used to obtain 
thermochemical conversions of lignocellulosic 

materials leading to the producing of different 

products [14]. For the production of adhesives, 

plastics or polymers,lower temperatures can be used 

in liquefied reactions using a solvent or mixture of 

solvents and an acid or basic catalyst, these 

conditions allows the conversion of larger molecules 

that can be re-condensed through conventional 

polymerization techniques. The most used solvents 

are phenol [15] and polyalcohol [16-19]. This 

liquefaction at low temperatures and pressures may 

be one of the best ways to develop sustainable 
production of chemicals in a new future [20]. The 

liquefied product obtained from different kinds of 

biomasscan be used to produce polyurethane foams, 

such us, cornmeal [21], cork [22, 23], sugar bagasse 

[24], wood [25], coffee grains [26], soy wool [27], 

wheat straw [28] or cork rich barks from Pseudotsuga 

Menziesii and Quercus Cerris [29, 30]. The objective 

of this study is to find a process to transform this 

waste into valuable added products through 

liquefaction with a mixture of ethylene glycol and 

glycerol and contribute to the development of 
scientific knowledge regarding the chemical 

composition of CS. The polyalcohols used can be 

produced from renewable sources, since glycerol is a 

by-product of biodiesel production and ethylene 

glycol can be produced from bioethanol. 

 

II. EXPERIMENTAL  

 

2.1. Material 

Chesnut Shells(CS) used in this study are wastes 

produced in the company Agromontenegro based in 

Portugal (Carrazedo de Montenegro), which is a 
forest management company. The samples were 

milled in a Retsch SMI mill and sieved in a Retsch 

AS200 for 20 minutes at a speed of 50 rpm. Four 

fractions > 40 mesh (> 0.420 mm), 40-60 mesh 

(0.420 - 0.250 mm), 60 – 80 mesh (0.250 - 0.177 

mm) and < 80 mesh (< 0.177 mm) were obtained and 

dried at 105ºC for at least 24 hours afterwards. 

 

2.2. Chemical Composition 

The CS was characterized regarding the ash content, 

extractives (in dichloromethane, ethanol and in hot 
water), cellulose, lignin and hemicelluloses [31]. 

The fraction of 40-60 mesh is used for chemical 

analyses following Tappi T 264 om-97. The average 

chemical composition of each sample was 

determined, obtained in triplicates. The extractives 

are non-structural organic compounds and can be 

removed from the sample without changing their 

structure. Some are soluble in polar solvents, other in 

nonpolar or semi-polar, others may be soluble in 

more than one type of solvent. Therefore, the 

extraction should be conducted along the same 

sequential order, which if agreed to be in ascending 

order of polarity, because if this order was amended 

the content of extractives obtained in each of the 
solvents would be different. The extractives content 

in dichloromethane, ethanol and hot water were 

determined by Soxhlet extraction according to Tappi 

T 204 om-88 [31]. The extractive content was 

determined by Soxhlet extraction using about 3 g of 

each sample: 150 mL of Dichloromethane (DCM), 

ethanol and water as solvents; extraction time was 6 

hours to DCM and 16 hours to ethanol and water. The 

extractive content is determined in relation to the dry 

mass.  

Lignin content in CS free of extractives was 

determined by Klason method with 72% H2SO4 
(according to Tappi T 204 om-88) [32].  

The holocellulose was determined by the acid 

chloride method. The α-cellulose was determined 

according by holocellulose hydrolysis. 

The hemicelluloses content was determined by 

difference. 

 

2.3. Polyalcohol liquefaction 

Liquefaction was done in a double shirt reactor (600 

mL) heated with oil. The samples (40-60 mesh) were 

introduced in the reactor with a mixture of glycerol 
and ethyleneglycol 1:1, catalyzed by sulfuric acid 

(3% based on solvent mass). Temperatures and time 

ranged from 140ºC-200ºC and 15-120 min, 

respectively. Liquefied samples were dissolved in 

methanol and filtered. The insoluble residue was 

determined gravimetrically. 

 

III. RESULTS AND DISCUSSION 

 

3.1.  Chemical Composition 

Aiming a better understanding of the results the 

general chemical composition of the CS has been 
done. Table I presents the CS chemical composition. 

The chemical characterization showed that CS is a 

material in which Klason lignin is the major 

component (ca. 46.4 %), followed by cellulose (ca. 

32.9%) and extractives in ethanol (ca. 9.64%). 

Although the values obtained for the ashes 1.57% are 

higher than the values obtained for CS by Costa-

Trigo et al. [33] 0.58 ± 0.10% but similar to the value 

obtained by Blasi et al. [34] 1,14%. Results obtained 

for the extractives in ethanol, 9.05% are higher than 

the values obtained for CS by Costa-Trigo et al. [33] 
5.34 ± 0.40%, similar to the value obtained by Yao et 

al. [36] 8%, but lower for the value obtained by 

López et al. [35] and He et al. [37] 12% and 32%, 

respectively. Klason lignin are similar to the results 

obtained by Costa-Trigo et al. [33] and López et al. 

[35] which obtained 44.31± 1.03% and 45.9%, 

respectively.  

A lower value was obtained by studies conducted by 

Yao et al. [36] and He et al. [37], with 28.5% and 

23%, respectively. The cellulose presented showed a 

yield of 32.86%, similar to the value obtained by He 

et al. [37] 28%, higher than the result obtained by 
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López et al. [35] 24.3% but lower than the result 

obtained by Yao et al. [36] 48%. The determination 
of the chemical composition will allow us to better 

understand the possible uses of CS. 

 

 
Table I: Chemical Composition of CS (% dry material). 

 

3.2 Liquefaction 

Fig. 1 presents the liquefaction yield (%) variation 

with the different fraction (mesh). In these tests a 

temperature of 180°C, a time of 60 minutes and the 

CS/solvent (glycerol) ratio of 1:10 was used. 

 

 
Fig. 1 Liquefaction yield (%) with fraction (mesh) for CS. 

 

Fig. 1 leads to the conclusion that the CS size affects 

the efficiency of liquefaction. Despite the fraction 

sizes <80, 60-80 and 40-60 showing similar 

liquefaction yields, between 80% and 88%, the 
fraction 40-60 shows a significantly higher yield 

of88%, but the fraction sizes >35 and 35-40 shows a 

lower yield 34% and 50%, respectively. Temperature 

optimization was done between 140°C and 200ºC. In 

these tests the particle size of bark used was < 80 

mesh, a time of 60 minutes and the CS/solvent ratio 

of 1:10. The results obtained are described in Fig. 2. 

 

 
Fig. 2 Liquefaction yield (%) with the temperature (C) for CS. 

Fig. 2 shows that liquefaction yield increases with the 

temperature reaching a maximum value of 91% at 

200C. It is possible to predict that this increase will 

stabilize at higher temperatures, but even if there is an 
increase, it is not energetically profitable doing tests 

at temperatures much higher than 200C. 
The last variable optimized was the time of 

liquefaction. Time optimization of liquefaction was 

made between 15 and 120 minutes, keeping constant 

the granulometry (< 80 mesh), the temperature 

(180C) and the CS/solvent ratio of 1:10. The results 
obtained are given in Fig. 3. 

 

 
Fig. 3 Liquefaction yield (%) with time (minutes) for CS. 

 

The liquefaction yield increases, reaching a 

maximum at around 75 min (ca. 95%). The 

prolongation of the reaction does not increase 

liquefaction percentage, at 120 minutes. As we can 

observe in Fig.3 the maximum result of liquefaction 

yield obtained was 96%. 
 

IV. CONCLUSION 

 

Chestnut shells composition was leaded by Klason 

lignin (46.4 %), followed by cellulose (32.9%) and 

extractives in ethanol (9.64%). 

The studies carried out on the liquefaction of 

Chestnut shells, allows us to conclude that the best 

conditions of liquefaction are obtained for a particle 

size 40-60 mesh, temperature of 200 °C and a time of 

120 minutes allowing to obtain a percentage of 

liquefaction of ca. 96%. Nevertheless, an economic 
study has to be made in order to determine the best 

conditions to achieve a good product with lower 

costs, shows that it is possible good liquefied 

conditions using fraction sizes 40-60 mesh, 

temperature of 180 °C and a time of 75 minutes 

(percentage of liquefaction of ca. 95%). 
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