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Introduction (Background)

▪ Furfural is a valuable platform chemical with extensive 

applications as a bio alternative for petrochemicals.

▪ Applications of furfural;
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Introduction (Background)

▪ Furfural is derived from the hemicellulose of some hard wood 

lignocellulose biomass

▪ Two methods of furfural production

1. Direct method- Acid catalyzed conversion of untreated 

lignocellulose 

2. Indirect method- Acid catalyzed conversion of  pre-treated feed 

materials 

▪ Pre-treated feed materials 

1. Hemicellulose hydrolysate- fractionated hemicellulose component

2. Xylan - polymeric component of the hemicellulose converted to 

furfural

3. Xylose -monomeric pentose compound
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Introduction (Xylan Versus Xylose)

• This study will provide critical information on the kinetics of furfural 

formation from pre-extracted xylan and further on the comparison of 

the kinetics of furfural production from xylan and xylose

Xylan Xylose

Polymeric compound Monomeric compound

(C5H10O5)n +side chains C5H10O5

Two step process One step process

No relevant kinetic study Significant kinetic study
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Introduction(Furfural production overview)

Biomass Hemicellulose

Xylan Xylose

Furfural

Furfural 
degradation 
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Aims and objectives

AIM

•  To analyze and compare the kinetics of furfural formation from 

xylan and xylose

OBJECTIVES

▪ To examine separate experimental data  for xylan and xylose 

conversion to furfural within a specified range  of conditions

▪ To select appropriate kinetics models from literature that best 

describes the experimental data

▪ To compare selected models for the two conversion processes
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Methodology (Process selection)

Feed 
preparation

Catalyzed 
reaction

HPLC 
preparation 
and analysis

Conditions Range

Low Medium High

Temperature (oC) 140 155 170

Acid concentration (wt %) 0.5 1 2

Solids loading (wt %) 4 8 14

Feed stock Xylan and Xylose

Summary of experimental conditions
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Methodology (Experimental set-up)

Formic acid

Unreacted Sugars

Furfural

Acetic acids

Humins
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Methodology (Kinetics models)

Xylose Xylan
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Modelling

▪ Kinetics modelling  was done with python 3.6 with spyder UI

▪ Assumption of first order reaction based on literature

  𝑟𝐴 = −k𝐶𝐴   (1)

▪ Arrhenius equation 

k = Ae
−E

RT𝐶𝐻+   (2)

▪ Optimization 

1. Nelder-Mead method 

2. Minimization of sum of squared errors 

3. R2 = 1 −
Sum of squared error residual (SSEres)

Sum of squared error total (SSEtot)
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Results and discussion (Kinetics models and 
parameters ) 

• Scheme 1 – Xylose conversion                    Scheme 2 –Xylan conversion

Feed k0 k1 k2

A Ea  

(kJ/mol)

A Ea 

(kJ/mol)

A Ea 

(kJ/mol)

Xylan 7.75 x108 55 2.96 x1011 98 1.20x1011 120

Xylose - - 4.64 x1010 95 3.77x 102 28
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Results and discussion (Statistical analysis)

p-values

Xylose feed (g/100g) Xylan feed (g/100g)

Variables Xylose 

g/100g 
Furfural g/100g Xylose g/100g Furfural g/100g

Temperature (oC) (T) 
0.0000 0.0000 0.0000 0.0000

Solids Conc (wt%) (S) 
0.5200 0.0400 0.4100 0.0660

Acid Conc (wt%)  (A)
0.0000 0.0005 0.0000 0.0180

TXS
0.6000 0.0800 0.2400 0.6600

TXA
0.4770 0.1780 0.6500 0.0580

SXA
0.4800 0.6700 0.1900 0.1800

R2

0.9600 0.8700 0.9300 0.7800
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Results and discussion (Experimental conditions)

▪ Furfural production was found to be dependent on two main conditions

• Temperature

• Acid concentration
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Results and discussion (Effect of experimental 
conditions)
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Results and discussion (Side reactions)

▪ Products of reaction

• Furfural

• Humins

• Formic acid

• Acetic acid

▪ Degradation reactions 

• Condensation reaction

•  Resinification reaction

Furfural + Pentose precursor (intermediate)              Furfural Pentose

nFurfural                (Furfural)n
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Results and discussion (Acid concentrations 
effect rate of conversions)
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Results and discussion (Yields)
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Conclusion

• Over all, the selected models described the reaction sufficiently.

•  Both models determined there were no significant side reactions from 

xylan and xylose. 

• Temperature and acid loading demonstrated significant effect on the 

reaction and the reaction mechanism. 

• The xylan conversion process was generally faster due to the higher 

acid concentrations compared to the xylose conversion process. 

• Finally, higher furfural yields were recorded for xylan compared to 

xylose at all conditions investigated in this study due to the extent of 

furfural degradation for the xylose feed reaction

• Recommendations

• Extend study to xylan from different plant sources
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Thank you!

Questions?
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