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ABSTRAK

Furfural adalah salah satu bahan kimia penting yang dapat diubah menjadi berbagai bahan kimia seperti furfuryl
alkohol dan asam levulinat. Furfural dapat diproduksi dari biomassa lignoselulosa dalam kondisi asam dengan
mengkonversikan fraksi hemiselulosa dalam biomassa menjadi gula pentosa dan selanjutnya menjadi furfural.
Reaksi degradasi furfural tidak diinginkan karena dapat mengurangi hasil furfural yang telah dihasilkan. Tujuan
dari penelitian ini adalah untuk menghitung parameter kinetika dari reaksi degradasi furfural menggunakan
metode numerik dan integral. Hasil penelitian menunjukkan bahwa nilai konstanta laju reaksi dan energi
aktivasi dari perhitungan metode numerik dan integral berbeda karena perbedaan dalam metode perhitungan.
Pada metode integral, reaksi degradasi furfural pada suhu yang lebih tinggi (170°C) sesuai dengan model orde
nol karena sebagian besar furfural telah terdegradasi dalam reaksi, akan tetapi reaksi degradasi furfural pada
suhu yang lebih rendah (150°C dan 160°C) sesuai dengan model non-second order.

Kata kunci: Degradasi furfural, reaksi kinetik, konstanta laju reaksi, orde reaksi.

ABSTRACT

Furfural is one of the important building block chemicals that can be converted into various chemicals such as
furfuryl alcohol and levulinic acid. Furfural can be produced from lignocellulosic biomass in acidic condition
which hemicellulose fraction in biomass can be converted into pentose sugar and subsequently became furfural.
Furfural degradation reaction is not desirable because it can reduce the yield of furfural that had been produced.
The purpose of this study was to calculated kinetic parameters of furfural degradation reaction using numerical
and integral methods. The results showed that the value of reaction rate constants and activation energies from
numerical and integral methods calculation were different due to the differences in calculation methods. Using
integral method, reaction order of furfural degradation at higher temperature (170°C) follows zero order because
most of the furfural had been degraded in the reaction, but reaction order of furfural degradation at lower
temperature (150°C and 160°C) follows non-second order.

Keywords: Furfural degradation, kinetic reaction, reaction rate constant, reaction order.

1. PENDAHULUAN

Furfural is one of 12 building block
chemicals that can be converted into
various chemicals [1]. The most widely
used furfural application was furfuryl
alcohol  which used for adhesive
applications in sand casting [2]. Furfuryl
alcohol can be hydrolyzed with acid to
produce levulinic acid [3]. Levulinic acid
can be converted into biofuels such as
ethyl levulinate, y-valerolactone, and 2-
methyltetrahydrofuran  [4].  Therefore,

furfural had a lot of potential as fuel and
chemicals.

Lignocellulosic biomass can be used as
reactant for furfural production. Under
acidic condition, hemicellulose fraction in
biomass can be converted into pentose
sugar and subsequently became furfural
[5]. Sulfuric acid catalyst and biomass can
be reacted at 170 - 185°C in batch resulting
furfural yield around 40-50% [4].

Furfural can be degradated at high
temperature. Formic acid and tar were
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produced from furfural degradation
reaction [6]. In furfural production,
furfural degradation reaction is not

desirable because it can reduce the yield of
furfural that had been produced.
Degradation reaction of furfural can be
evaluated to determine furfural Kkinetic
degradation reaction. Kinetics of furfural
degradation in formic acid media has been
carried out by Lamminpaa [5]. They
showed that reaction order change when
formic acid catalyst concentration change.
The method to determine reaction rate
constants and reaction orders can be
calculated using many methods. Six
methods can be used to analyze reaction
rate constants and reaction order such as
differential method, integral method, half-
live method, initial reaction rate method,
linear regression method and non-linear
regression method [7]. The differential
method can be divided into graphical,
numerical and polynomial fit methods.
Numerical and integral methods are the
simple and fast methods that can be used
to determine reaction rate constants and
reaction orders. On the other side, non-
linear regression method is more complex,
and it has a lot of assumptions. Therefore,
it is very interesting to evaluate Kinetic
parameters using nunerical and integral
method.

The purpose of this study was to
investigate kinetic parameters in furfural
degradation reaction such as reaction rate
constant, activation energy and reaction
order using numerical and integral
methods. Data from furfural degradation
were obtained from the study of Gozan et
al [8], which furfural was obtained from
empty fruit bunches acid hydrolysis that
had been treated with ammonia.

2. METHODS

2.1 Kinetic Experiments And Analytical
Method

In this study, furfural concentration data

were obtained from Gozan et al [8]. They

analyzed furfural concentration using
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HPLC which obtained from Kkinetics
experiment of empty fruit bunches
hydrolysis using a 0.5M sulfuric acid
catalyst. Furfural degradation reaction can
be showed in Figure 1, which furfural
degradated in resinification products [8,9].

Ka

AN Resinification

products

Furfural
(Ch)

Figure 1. Furfural Degradation Reaction
Scheme

From Figure 1, we can make Kinetic

equation for furfural degradation reaction:

dc
d_: = _kA'CA (1)

Where ka was reaction rate constant for
furfural degradation reaction and Ca was
furfural concentration.

2.2 Numerical Method Calculation
Furfural concentration data were taken in
the 30 to 120 minutes reaction with 30
minutes data interval. (-dC,/dt) calculation
can be done wusing three-point
differentiation formulas [7]:

e Initial point:

(ﬂ) _ _3CA0 + 4CA1 - CAZ (2)
dt /o, 24t

e Interior point:

dc, 1
<E)ti = Z_At[(CA(Hl) —Ci-n)] ()
e Last point:
(@) _ Caz = 4Cas +3Cys (4)
dt Jes 2At

where In(-dCa/dt) is furfural concentration
change per time, Cai;s iIs the furfural
concentration in the 30 to 120 minutes
reaction, and At is 30 minutes reaction
interval.

Reaction rate constants can be calculated
using the formula:
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dc
In (—A) = Inky + a.InC, )

dt

The plot between In (-dCA/dt) and InCa
can produce reaction rate constant (k) and
the reaction order (o).

Activation energy can be calculated using
the Arrhenius:

Eq
k =A.exp <_ﬁ>

where Kk is reaction rate constant, A is the
pre-exponential factor, Ea is activation
energy (kJ/mol), R is gas constant
(kd/mol.K), and T is reaction temperature
(°K).

(6)

2.3 Integral Method Calculation

Kinetic parameters calculation using
integral method is a trial method of
reaction order to determine reaction rate
constant value based on the suitability of

graph.
e Zero order reaction rate constant
calculation:
CA = CAO - kt (7)

The plot between Ca and t can produce
reaction rate constant (k).

» First order reaction
calculation:

rate constant

®)

The plot between InCao/Ca and t can
produce reaction rate constant (k).

e Second order reaction rate constant
calculation:

1—kt+1 9
== ©

A CAo

The plot between 1/Cp and t can

produce reaction rate constant (k).
Activation energy calculation can be
calculated using reaction rate constants
between two reaction temperatures:

2.3 (R)log (k2 /k1)
(1/T2) — (1/Ty)

E, = — (10)

where K is reaction rate constant, A is the
pre-exponential factor, Ea is activation
energy (kJ/mol), R is gas constant
(kJ/mol.K), and T is reaction temperature
(°K).

3. RESULTS AND DISCUSSION
Reaction rate constants from simultaneous
model in Gozan et al [8] were compared
with numerical and integral methods in
this study. Table 1 showed reaction rate
constants and activation energies which
calculated using numerical and integral
methods.

Table 1. Reaction rate constant and activation energy evaluation with numerical and integral

methods.
Parameters Gozan et al [8] This study
Method Non-lln.ear Numerical Integral zero Integral second
regression order order
150°C 0.04 2.83 0.0003 0.1082
Reaction rate constant ~ 160°C 0.22 1.55 - -
170°C 0.16 5.73 0.0008 0.1480
Activation energy (kJ/mol) 98.21 53.685 76.318 24.372
Reaction rate constant, reaction order and calculation, there are error value in

activation energy calculation using zero,
first and second order integral method was
carried out at reaction temperature of
150°C, 160°C and 170°C. Based on the
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reaction rate constant and reaction order at
160°C. In addition, error value was also
obtained in determining reaction rate
constant using first order integral method.
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Therefore, in this study reaction
temperature of 160°C and first order
integral method were not evaluated.

Based on Table 1, reaction rate constants
were higher using numerical methods at
temperatures of 150, 160, and 170°C
which are 2.83, 1.55 and 5.73. In addition,
reaction rate constants calculation using
zero order and second order integral
methods produced values at 150°C
reaction temperature were 0.0003 and
0.0008 and at 170°C reaction temperature
were 0.1082 and 0.1480. Reaction rate
constants value wusing numerical and
integral methods at 170°C is higher than
the temperature of 150°C and 160°C. This
can be happened because reaction rate
constants were affected by reaction
temperature  according to  Arrhenius
equation. On the other side, Gozan et al [8]
showed lower reaction rate constants at
temperatures of 150, 160, and 170°C,
which are 0.04, 0.22 and 0.16.

Activation energy of furfural degradation
reaction was also calculated based on
numerical and integral methods and
compared with Gozan et al [8]. Activation
energies produced in this study were lower
than Gozan et al [8]. Numerical methods,
zero order integral and second order
integral methods produced activation
energies values which are 53.685, 76.318,
and 24.3372 kJ/mol. However, Gozan et al
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[8] obtained 98.211 kJ/mol in activation
energy.

The difference in reaction rate constant
and activation energy values that produced
in this study can be due to differences in
the calculation method. Numerical method
is a differential method that evaluated
uncertainty data, but integral method is a
method that smoothed data. On the other
side, non-linear regression method is a
method that minimizes errors between
measured value and data [7].

Based on numerical calculation method,
reaction order at temperatures of 150, 160
and 170°C were 2.84, 2.48 and 3.84.
Higher reaction order value (0>2)
indicated that the effect of reactants which
are water and furfural had high impact on
the rate of furfural degradation reaction.
Higher reaction temperature produced
higher reaction order and accelerated the
rate of furfural degradation reaction.
Integral method analysis of reaction order
can be seen in Figure 2. Based on Figure 2,
zero order integral method model suitable
to furfural concentration data at 170°C
with R-square value about 0.99. This
happened because at temperature of 170°C
most of furfural had been degraded, so that
there is almost no effect of reactant in the
reaction which produced a zero-order
reaction equation. Furfural degradation can
produce formic acid and tar [6].
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Figure 2. Reaction order analysis using integral method (a) Zero order at temperature 150°C,
(b) Zero order at temperature 170°C, (c) Second order at temperature 150°C,
(d) Second order at temperature 170°C.

4. CONCLUSION

The purpose of study was to calculate
kinetic parameters of furfural degradation
reaction using numerical and integral
methods. The results showed that the value
of reaction rate constants and activation
energies from numerical and integral
methods calculation were different due to
the differences in calculation methods.
Based on integral method, reaction order of
furfural degradation at higher temperature
(170°C) follows zero order because most of
the furfural had been degraded in the
reaction. On the other side, the order of
furfural degradation reaction at lower
temperatures (150°C and 160°C) follows
non-second order integral method.
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