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Abstract—Renewable chemicals such as furfural, HMF 
levulinic acid and formic acid were produced from lignocellulosic 
biomass (hazelnut shells) under the FeCl3 catalyst. Prior to the 
catalytic conversion of biomass, three different pretreatment 
methods (acid, alkali, Liquid hot water) were applied to hazelnut 
shells to investigate their effect on the productivity of these fine 
chemicals. Alkali pretreated biomass was converted more 
efficiently compared to of the other pretreatment techniques. This 
might be related to the effective removal of lignin from hazelnut 
shells during the alkali pretreatment; thus exposing cellulose and 
hemicellulose to an efficient catalytic conversion.  

Keywords—Biomass, FeCl3, pretreatment, furfural, catalytic 
conversion 

I.  INTRODUCTION  
In recent years, the production of some value-added 

chemicals from renewable sources, such as biomass-derived 
carbohydrates, has gained interest. Lignocellulosic biomass, 
such as agro-industrial residues, is potential sustainable 
feedstock to produce monomeric sugars for further conversion 
to bio-based chemicals. However, the presence of lignin makes 
the access of enzymatic or chemical catalysts to cellulose or 
hemicellulose difficult, thus, reducing the efficiency of the 
hydrolysis, and further conversion of monomeric sugars into the 
chemicals. Therefore, an effective pretreatment method is 
necessary to liberate carbohydrates from the lignin barrier [1].  

Metal salts show higher catalytic activity than other types of 
acid catalysts. Some metal salts can powerfully hydrolyze 
carbohydrates into valuable feedstock chemicals. The catalytic 
efficiency was related with the acidity of the reaction media due 
to the addition of the metal chlorides. But it is more dependent 
on the type of metal chloride [2]. It has been shown that 
pretreatment of hemicellulose in the presence of FeCl3 results 
in its effective dissolution into monomeric and oligomeric 
sugars [3]. 

The aim of this study was to investigate the effect of 
different pretreatment techniques (liquid hot water (LHW), acid 
and alkali) on the catalytic conversion of hazelnut shells in the 
presence of FeCl3 catalyst.  

II. MATERIAL AND METHODS  

A. Material  
Hazelnut shells, used in this study were purchased from 

Trabzon, Turkey. The dried materials (9% moisture) were 
grounded by grinder and screened with a sieve shaker to obtain 
particle sizes between 0.224-0.850 mm. The Aminex HPX 87H 
column, used in the HPLC studies, was purchased from Bio-
Rad Laboratories (California, USA). All chemicals used were 
standard analytical grade. The standard reagents of xylose, 
glucose, furfural, HMF, levulinic acid and formic acid, were 
purchased from Sigma-Aldrich.  

B. Pretreatments 
Alkali pretreatments were conducted in a high-pressure 

stirred 160 mL-stainless steel reactor. Approximately 5 grams 
of dry hazelnut shells were mixed with 50 mL 1.5% (w/w) 
NaOH solution for 30 min at 120°C in a Teflon liner.  

Dilute acid, pretreatments were conducted in a high pressure 
stirred 160 mL stainless steel reactor. Approximately 5 grams 
of dry hazelnut shells were mixed with 50 mL %1 (v/v) sulfuric 
acid (H2SO4) solution for 10 min. at 120°C in a Teflon liner.  

LHW pretreatments were conducted in the same stainless 
steel reactor, where 5 grams of dry hazelnut shells were mixed 
with 50 mL of distilled water and the mixture was held at 160 
°C for 15 min. 

The vessel was heated until desired temperature and 
pretreatment time was initiated. The solution was kept liquid 
under N2 atmosphere. After the pre-treatment, the content of the 
reactor was cooled down to 80 °C. Then the wet material was 
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filtrated for solid recovery and washed with distilled water until 
the wash water’s pH was neutral (pH= 7.0). 3) 

C. Catalytic Conversion of Pretreated Biomass 
The catalytic conversions of the solid fraction of the 

pretreated biomass were performed in a high temperature-high 
pressure stainless steel reactor (PARR,USA) with 0.01M FeCl3 
at 180°C and for 15-30-60-90-120 and 150 min. The solution 
was kept liquid under N2 atmosphere. At the end of the 
treatment, the resulting slurry was collected and filtered using 
filter paper to separate the solid and liquid fractions for further 
analysis. Compositions of liquid products were analyzed by 
high-performance liquid chromatography (HPLC) [4]. Molar 
product yields were calculated based on the initial mole content 
of cellulose/hemicellulose in the biomass. Glucose, HMF, 
levulinic acid and formic acid production yields were calculated 
based on the cellulose content of hazelnut shells. Xylose and 
furfural were calculated considering the initial xylan amount 
present in hazelnut shells.  

D. Analytical Methods 
The chemical composition of raw and pretreated hazelnut 

shells were determined according to NREL methods [5]. 0.3 g 
solid was hydrolyzed by 3 ml of 72% (w/w) H2SO4 at 30°C for 
60 minutes, then, the reaction mixture was diluted to 4% (w/w) 
and autoclaved at 121oC for 60 minutes. Lignin content was 
determined by the remaining solid residue; cellulose and 
hemicellulose amounts were determined by the analysis of the 
filtrate using High Performance Liquid Chromatography 
(Agilent 1100). The HPLC system was equipped with a Bio-
Rad Aminex HPX-87H column (300 mm × 7.8 mm), and a 
refractive index detector. The analytical column was operated 
at 60°C with a mobile phase containing 0.005 M H2SO4 solution 
with a flow rate of 0.6 ml/min.  

III. RESULTS AND DISCUSSION 
Effect of pretreatment methods on the resulting solid 

composition of hazelnut shells is given in the table I. The raw 
material initially contained 51.25 % lignin, 16.67 % 
hemicellulose and 13.30 % cellulose. Alkaline pretreatment 
was found to be the most effective method in the removal of 
lignin from the biomass resulting in a significant decrease from 
51 to 36%, while the other two techniques showed no major 
impact on delignification. 

All the pretreatment methods resulted in a significant 
hemicellulose removal.  The highest decrease was achieved by 
the dilute acid pretreatment reducing hemicellulose content 
from 13.30 to 7.78%, followed by LHW and alkali 
pretreatments. 

 

 

 

 

 

 

 

TABLEI. EFFECT OF PRETREATMENT OF HAZELNUT 
SHELLS ON THE LIGNIN, CELLULOSE AND HEMICELLULOSE 

PERCENTAGE 

 Lignin(%) Cellulose (%) Hemicellulose 
(%) 

Raw material 51.25±1.64 16.67±0.77 13.30±1.16 

Alkali 
pretreated 

36.87±0.77 25.76±0.24 10.08±0.13 

LHW pretreated 54.83±0.89 20.00±0.15 8.48±0.10 

Acid Pretreated 60.01±1.55 21.61±0.18 7.78±0.13 

A. Effect of Pretreatment methods on the Total Conversion of 
Hazelnut Shells 
The total conversion of biomass was based on the solid 

fraction obtained after the catalyst-mediated reaction.  Effect of 
pretreatment methods on the total conversion of hazelnut shells 
is shown in Figure 1. The highest total conversion was obtained 
in unpretreated raw material followed by alkali, LHW and acid 
pretreated raw materials. The conversions was found as 43.79 
%, 37.65 %, 32.55 % and 28.64 %, respectively. The results 
might seem as if the pretreatment methods were not effective in 
the conversion of the biomass, since the highest conversion was 
exhibited by the unpretreated sample. However, it should be 
noted that these conversion percentages were obtained for the 
solid fractions of the pretreated slurries. Considering the 
compositions of these solids (shown in Table 1), this trend 
clearly indicates that the major portion of soluble sugars present 
in the biomass were readily extracted during the pretreatments, 
leaving the solid residues with high, non-convertible lignin 
content. 

 
Fig.  1. Effect of pretreatment of hazelnut shells on the total conversion 

B. Effect of Pretreatment methods on the Glucose Yield from 
Hazelnut Shells 
Effect of pretreatment method and catalytic conversion time 

on the glucose yield from cellulose in hazelnut shells is 
illustrated in Figure 2. In general, the amount of glucose 
increased with the increasing reaction time. The highest glucose 
yield of 3.71% was obtained for LHW - pretreated biomass after 
150 min catalytic conversion.  
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Fig.  2. Effect of pretreatment of hazelnut shells on the yield of glucose   

C. Effect of Pretreatment Method on Xylose Yield from 
Hazelnut Shells 
The xylose yield from solid fractions of hazelnut shells, 

which were subjected to different pretreatments methods, is 
shown in Figure 3. The highest initial xylose yield was observed 
for the unpretreated raw material. This is in consistence with 
the chemical composition given in Table 1, since the highest 
hemicelulose fraction was present in these solids. As the 
reaction time proceeded, the xylose yield decreased 
significantly for all samples. This clearly demonstrates that the 
liberated xylose monomers were further transformed into other 
fine chemicals (especially furfural) as a result of the catalytic 
conversion with FeCl3 The maxiumum decrease in xylose yield 
was observed in the unpretreated biomass going from 20.44 % 
to 1.24 %. No xylose was detected during the conversion of acid 
pretreated biomass. 

 
Fig.  3. Effect of pretreatment of hazelnut shells on the yield of xylose 

D. Effect of Pretreatment methods on Formic Acid Yield from 
from Hazelnut Shells 
Figure 4 shows the effect of different pretreatment methods 

on the production of formic acid from cellulose in hazelnut 
shells. Increasing reaction time resulted in an improved formic 
acid yield for all differently pretreated biomass samples. The 
most efficient conversion of 3.72%. was achieved for LHW- 
pretreated biomass after 150 min reaction time.  

 
Fig.  4. Effect of pretreatment of hazelnut shells on the yield of formic acid  

E. Effect of Pretreatment on Levulinic Acid Yield from 
Hazelnut Shells 
Levulinic acid is a fine chemical produced from glucose 

monomers during the biomass conversion. Figure 5 illustrates 
the effect of different pretreatments of hazelnut shells on 
levulinic acid yield from cellulose. Levulinic acid formation 
slightly increased for the first 120 min conversion time The 
production rate considerably increased from 120 minto 150 
min. The highest levulinic acid yield of 0.63% was obtained for 
LHWpretreated biomass after 150 min reaction time.  

 
Fig.  5. Effect of pretreatment of hazelnut shells on the yield of levulinic 
acid  

F. Effect of Pretreatment on HMF Yield from Hazelnut Shells 
The HMF yield increased with increasing reaction time for 

all pretreated biomass samples (Figure 6). Pretreatment 
methods seemed to have no significant effect on the HMF yield 
from hazelnut shells, since almost the same values were 
recorded for all the samples.  
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Fig.  6. Effect ofl pretreatment of hazelnut shells on the yield of HMF  

G. Effect of Pretreatment on Furfural Yield from Hazelnut 
Shells 
Figure 7 shows the effect of pretreatments on furfural yield 

from hemicellulose. In all conversions, furfural yields increased 
up to 120 min reaction timeand then decreased due to possible 
conversion of furfural to other substances (such as furfuryl 
alcohol). The highest furfural yield of 16.76% was reached 
during the conversion of unpretreated biomass. All pretreated 
samples exhibited lower furfural productivity, which is 
connected to the decreased hemicellulose content upon the 
pretreatment of the biomass.  

 
Fig.  7. Effect of  pretreatment of hazelnut shells on the yield of furfural  

CONCLUSION  
This study showed that different pretreatment methods have 

different impact on the catalytic conversion of biomass. The 
glucose and xylose amounts in the reaction medium decreased 
with increasing catalytic-treatment time due to their conversion 
into other chemicals (such as HMF and furfural). HMF 
productivity increased as the reaction time proceeded for all the 
pretreatment methods. Higher formic acid yields were obtained 
from samples pretreated with acidic and alkaline solutions, 
while furfural production was greater for unpretreated and 
alkali pretreated biomass. Major impact of the pretreatment 
methods was observed for levulinic acid production. Levulinic 
acid yield increased from % 0.14 to % 0.63 in LHW pretreated 
hazelnut shells. We believe that the present work provides a 
valuable insight on the choice of pretreatment method on the 
catalyst-mediated production of value added chemicals from 
agricultural wastes. 
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