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ABSTRACT 
In this paper,studies on transformation of various types of waste biomass into furfural by acidic hydrolysis were presented. 

Among the studied groups of biomass,agro-food industry waste, brewing, sugar, mill industry as well as greenery and municipal 
biowaste can be distinguished.Furfural in the form of water solution was obtained by the addition of concentrated H2SO4. The 
amount of obtained furfural was 0.12-4.20 %(w/w),based on the dry weight of the sample subjected to hydrolysis. The yields of 
furfural strongly depended on the type of biomass used in the processes. Water solutions of furfural, condensates without any 
purification, were used in the catalytic reduction processes over 5 %Pd/Al2O3 catalyst. Furfuryl alcohol and tetrahydrofurfuryl 
alcohol were the only products of reactions of furfural reduction carried out at the temperature of 90 °C and under the pressure of    
20 bar of H2. Furthermore, it was concluded that the presence of other compounds in condensatesinhibited the reduction of the 
double bond in the ring of furfural and that the main product of the reaction was furfuryl alcohol. 
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REZIME 

U ovom radu, predstavljene su studije o transformaciji različitih vrsta otpada biomase u furfural pomoću kisele hidrolize. Među 
ispitivanim grupama biomase - , mlinske industrije, kao i 
zelenilo i bio otpad. Furfural u obliku vodenog rastvora je dobijen dodavanjem koncentrovanog H2SO4. Količina dobijenog furfurala 
bio je 0.12-4.20% (kg/kg), na bazi suve mase uzorka podvrgnute hidrolizi. Prinos furfural u velikoj meri zavisi od vrste biomase koja 
se koristiti u postupcima. Rastvor furfurala se kondenzacije , katalitičkog redukcionog 
procesa preko 5% Pd/Al2O3 katalizatora. Furfuril alkohol i tetrahidrofurfuril alkohol bili su jedini proizvodi reakcije redukcije 
furfurala koja se sprovela na temperaturi od 90°C i pod pritiskom od 20 bar H2. Zaključeno je da prisustvo drugih jedinjenja 
kondenzata inhibira redukciju dvostruke veze u prstenu furfurals i da je glavni proizvod reakcije bilo Furfuril Alkohol. 

Ključne reči: otpadna biomasa, furfural, furfural alkohol, tetrahydrofurfuril alkohol. 
 

INTRODUCTION 
Together with technological development, obtaining liquid 

fuels and valuable chemicals from renewable sources has 
become a priority for industry. For this reason, the use of waste 
biomass in advanced processes of  transformation, which allows 
gaining of  valuable chemicals, biofuels and biocomponents, is 
strongly investigated (Demirbaş, 2001; Yan, 2014). For 
example, any available raw materials of plant origin that are 
biodegradable, and whose processing is not prohibited by 
applicable law, may be a substrate for production of furfural. 
Plant biomass, which is a waste of the agri-food industry, 
iscomposed primarily of cellulose (30-45 %), hemicellulose (20-
35 %) and lignin (10-20 %). Hemicellulose, which contains 
pentosans, can be converted into furfural by simple acidic 
hydrolysis processes (Shittu, 2010; Win, 2005). However, the 
mechanism of furfural obtainingfrom biomass, despite many 
studies, is not yet clearly defined. It probably consists of two 
basic steps: at first hydrolysis of hemicellulose into monomeric 
pentoses takes place, and then, in the second step, pentoses 
undergo acidic dehydration to furfural (Yan, 2014). 

Furfural is an organic compound belonging to the group of 
aldehydes, of molecular formula C5H4O2. It is a natural product, 
obtained by dehydration of pentosans (Win, 2005). It is oily, 
golden liquid, characterized by irritating aromatic scent, 
reminiscent of almonds. Furfural has two functional groups: 
carbonyl group (C = O) and system of conjugated multiple 

bonds (C = C - C = C), making it a versatile building block for a 
variety of applications (Yan, 2014). 

Industrial production of furfural is currently based on 
technology developed by Quaker Oats Company in 1922 and 
requires the use of mineral acids (H2SO4 or HCl) (Yan, 2014; 
Win, 2005). However, this method only allows obtaining at most 
50 % yield of furfural. Currently, alternative methods for 
furfural production frombiomass are investigated. In those 
methods mineral acids are replaced by zeolites (O’Neill, 2009; 
Ferreira, 2013), Mobil Composition of Matter No. 41(MCM-41) 
(Dias, 2005; Dias, 2007; Zhang, 2012) or choline chloride-citric 
acid·H2O system (Zhang, 2013). However, all these studies 
relate to conversion of commercial xylose, but not strictly 
biomass. 

In this article, the usefulness of various types of waste 
biomass as a raw material for the production of furfural were 
determined.Particular attention was dedicated to research of the 
usefulness of waste biomass from the sugar, milling and malting 
industries in the considered process. However, due to a large 
amount of bio-waste from agriculture and urban green, this 
paperalso presents the results of production of furfural from 
these cheap raw materials. In the research, traditional method of 
furfural production by acidic hydrolysis was used. The 
composition of the products of biomass acid hydrolysis was 
monitored in a quantitative manner by using of HPLC-UV-Vis 
and GC-FID techniques, and also qualitatively by GC-MS 
techniques. Obtained condensates were used, without 
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purification, in the process of catalytic reduction carried out 
under a high H2 pressure and at elevated temperature. This was 
to demonstrate the usefulness of condensates, in which besides 
furfural, other products of acidic hydrolysis of biomass were 
presented, asa substrate for the furfuryl alcoholor 
tetrahydrofurfuryl alcohol production. 

MATERIAL AND METHOD 
Preparation of furfural; Furfural was obtained by acidic 

hydrolysis of waste biomass. Each time 25 grams of the waste 
biomass, dried to a constant weight, wasused.The sample of 
biomass was placed in a 1 L round bottom flask and 33 mL of 
sulfuric acid (VI) (95 % H2SO4, analytically pure, P.P.H. 
"Stanlab" Sp. J.) and 92 mL of deionized water were added. The 
mixture in the flask was distilled andcondensates were collected 
in a receiver. The first 10 mL of forerun was discarded and the 
further fractions were collected in an amount of 40-50 mL, and 
subjected to HPLC and GC analysis. For the chosen samples of 
condensates, after neutralization (pH = 7) with saturated sodium 
carbonate solution (Na2CO3 analytically pure POCh Gliwice 
SA), catalytic tests were performed. 

Chromatographic analysis of hydrolyzates; Each sample 
was filtered and analyzed using HPLC (LaChrome,Merck-
Hitachi, column: Kromasil 100 C18, mobile phase: acetonitrile / 
phosphate buffer = 5:95 (v/v), pH = 4.5, Cphosphate= 0.01M, UV: λ 
= 210 nm) to determine the concentration of furfural. 
Additionally,  qualitative composition of the samples 
wereanalyzed by Perkin Elmer GC–MS (model Clarus 580 with 
MS Clarus SQ 8 S) equipped with an Elite-5MS capillary 
column (30 m length, 0.25 mm i.d. and 0.5 m film thickness). 
The operating conditions of the GC–MS analysis were: Electron 
Impact at 70 eV; 35–350 m/z mass range; injection port 
temperature 250 °C; interface temperature 300 °C; column oven 
temperature programme: 35 °C for 7 min, ramped at 3 °C 
min−1to155 °C, ramped at 20 °C min−1to 300 °C with 3 min hold; 
heliumcarrier gas (flow rate of 30 cm3min−1); 1 µl injection 
volume; 1:200 split ratio. 

Preparation of catalyst; A catalyst containing 5 wt.% 
palladium was prepared by the impregnation of Al2O3 (Fluka, 
143 m2/g) with an aqueous solutionof PdCl2 (POCH, anhydrous, 
pure p.a.), acidified to around pH 5 using concentrated HCl 
(CHEMPUR, 35–38 %, pure p.a.). The water was evaporated 
atan elevated temperature (T = 60 °C) under a vacuum. 5 % 
Pd/Al2O3 catalyst was dried in air at 110 °C for 6 h, calcinedat 
500 °C for 4 h in an oxygen atmosphere (O2, Air Products,     
99.5 %, at a rate of 20 mL min−1), cooled in argon to room 
temperature (Ar, Linde 5.0, at a rate of 20 mL min−1), then 
reduced in ahydrogen atmosphere (H2, Air Products, Premium 
Plus, 99.999 %, at a rateof 20 mL min−1) for 2 h at 300 °C before 
catalytic measurements were taken. The linear temperature 
increase rate was 20 °C min−1between each thermal processing 
step. 

Hydrogenation of furfural; Hydrogenation of furfural in 
aqueous solution (0.1 M L−1, 25 mL) was performed in a 50 mL 
autoclave (Parr Company) at a temperature of 90 °C and under 
20 bar of H2 pressure. The reactionswere conducted with equal 
amounts of catalyst (mcat=0.5 g) ineach experiment. The mixture 
was stirred at 500 rpm. The autoclavewas flushed with argon 
(Ar, Linde 5.0, at a rate of 20 mL min−1, at 20 °C, for 15 min) to 
remove the air. It was then flushed again withhydrogen (H2, Air 
Products, Premium Plus, 99.999 %, at 20 °C, for15 min). The 
autoclave was pressurized with hydrogen to 20 bar,and the 
temperature gradually raised to 90 °C with a heating rateof 20 °C 
min−1. The reaction was sustained for 2 h. 

After the reaction, the autoclave was cooled to room 
temperature in a controlled manner using a water bath. The 

reaction mixture was filtered and analyzed using HPLC to 
determine the concentration of furfural, as previously described. 
Products offurfural hydrogenation were also screened for using 
GC-FID (Hewlett Packard 5890 A; packed column 8 % 
Carbowax 1540 on Chromosorb W; injection port temperature: 
170 °C, injectionvolume: 5 µl; FID detector temperature:       
250 °C; column oven temperature: 190◦C; He (Linde, 99.999 %): 
30 mL min−1). The liquid products were additionally analyzed 
using a Perkin Elmer GC–MS (the method is described in the 
text above). 

RESULTS AND DISCUSSION 
Furfural yields, obtained in reported studies, were in the 

range 0.12-4.20 % (w/w). The highest concentration of furfural 
was observed inthe samples obtained from wheat and spelt bran 
while the lowest concentration was determined in 
condensatesobtained for blue spruce needles. The average 
content of furfural in the test samples was 1.73 %(w/w). The 
yields of furfural estimated for all types of biomasses used are 
presentedin Figure 1. 

 
Fig. 1. The yields of furfural obtained from various type of 

waste biomass expressed as a percentage by mass, based on the 
dry weight of the raw material 

 

The condensates were also tested by GC-MS for the presence 
of other compounds of biomass decomposition which could 
occur by the action of concentrated H2SO4. The results of 
theanalysis are shown in Table 1. In all analyzed condensates,in 
addition to furfural, acetone was also present, but only in trace 
amounts. Other compounds present in trace amounts in the 
condensates obtained by the hydrolysis of biomass were: formic 
acid, methyl acetate, 2-butanone, acetic acid, etc. Based on the 
results of qualitative analysis of obtained condensates, it was 
found that the lowest quantity of those compounds were present 
in the distillates of rye bran, spelt bran, oat straw and hazel 
leaves. There is only limited amount ofinformation in the 
literature about hydrogenation of furfural over catalysts based on 
Pd (Lesiak, 2014), although the usefulness of such systems in 
various hydrogenation reactions realized in liquid phase is 
known (Witońska, 2013).  From our earlier studies we know that 
the incorporation of a second metal, such as Cu into supported 
palladium catalyst,can modify activity and selectivity of those 
systems in reduction of furfural (Lesiak, 2014). Such 
modification in catalytic properties of palladium systems, 
especially modification of selectivity in reduction of furfural, 
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Table 1. The qualitative composition of condensates. The results of 
the analysis byGC-MS 
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maple leaves   X X  X X X  X 
oak  leaves X X X X X   X  X 
blue spurce 

needles X  X X X   X  X 

apple peels X  X X X   X X X 
potato peels X  X X    X   crumbs X  X  X X X X X  walnut shells X  X X    X  X 
sugar beet 

pulp X  X X    X   
sugar beet  

leaves X  X X    X  X 

wheat bran X  X   X X X   rye bran X  X     X   oat bran X  X  X   X   spelt bran X  X     X   
wheat X  X  X   X   brewer’s spent 
grain X  X  X   X   
barley X  X  X   X   oat straw   X X    X   flax straw X  X X X   X  X 

corn cobs X  X  X   X   apple trees  
leaves X  X  X X X X   

hazel  leaves X  X     X   corn  leaves X  X  X   X  X 
 

may berelated to presence of other compounds in reaction 
mixture and over lap competitive reactions. Two of the obtained 
condensateswere used as a substrate in the catalytic reaction over 
5 % Pd/Al2O3 system (Tab. 2). From the presented results, it can 
be concluded that supported palladium catalyst shows 
particularly high activity in the studied process of furfural 
reduction. The hydrogenation of water solution of pure furfural 
leads to the formation of tetrahydrofurfuryl alcohol (THFA) as 
themain product.However, the presence of additional compounds 
in reaction mixture may influence the activity and the selectivity 
towardsindividual reaction products.  

 

Table 2. The results of catalytic furfural reduction over 
5%Pd/Al2O3 in water phase 

Reaction medium X [%] SFA [%] STHFA [%] 
0,1 M furfural* 100 19 81 

Condensate from 
hydrolysis of oat straw 

100 65 35 

Condensate from 
hydrolysis of flax straw 

65 69 31 

X – furfural conversion, SFA – selectivity to FA, STHFA – 
selectivity to THFA, furfural* - commercial compound 

 

In the case of using condensate from hydrolysis of straw as 
substrate increase in selectivity towardsfurfuryl alcohol (FA) 
was detected. It is worth noticing, that the presence of other 
compounds in condensates inhibited the reduction of the double 

bond in the ring of furfural and the main product of the 
reaction was furfuryl alcohol. 

CONCLUSION 
It is possible to obtain furfural from all tested 

samples of biomass. Depending on the used biomass, 
various amounts of furfural in condensates were 
determined. Moreover, depending on the used biomass, 
furfural was obtained with adifferent degree of 
contamination. Based on the results of catalytic 
reduction of furfural, it can be concluded that the 
amount of impurities present in the condensate has a 
significant influence on the course of the reaction. In 
this regard, the most promising for further research are 
those types of biomass, from which condensates 
containing not only a large amount of furfural, but also 
trace amounts of other compounds can be obtained. 
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