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Abstract:

The use of inorganic acid catalyst in furfural synthesis from
biomass cause equipment corrosion and waste disposal since
waste of the inorganic acid catalyst can damage environment.
To overcome these issues, organic acid catalyst could be
considered as an alternative. The purpose of this work was to
examine the utilization of organic acid derived from tamarind
as catalyst and compare it with sulfuric acid catalyst. Mikania
micrantha (MC) was used as a feedstock. As much as 50 g dry
MC was pulverized to 70 mesh and mixed with 50 g sodium
chloride. This mixture was added into tamarind extract at ratio
of 1:6 (w/v) in a three neck round bottom flask equipped with
condenser, stirrer, and thermometer. The reaction was
performed at 100-120°C and for 0-330 min. Crude furfural
was extracted by adding 50 ml chloroform. After extraction
two layer were occurred, the bottom layer was furfural and
chloroform, and the top layer was rich in water. Furfural and
chloroform was separated by distillation process at 60-70°C.
The furfural obtained was characterized by aniline acetate
reagent, density test, infrared spectrophotometer, and GC-MS.
The results confirmed that organic acids from tamarind
extraction can be used as a catalyst in furfural formation.

Keywords: Mikania micrantha, tamarind extract, hydrolysis,
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I. INTRODUCTION

Lignocellulosic biomass is the most plentiful renewable
resource and promising raw material for producing
biochemical and biofuel-based commodities [1]. It consists of
42-54% cellulose, 22-28% lignin, and 23-36% hemicellulose.
The most common type of hemicelluloses is xylan, a polymer
of pentose sugar (xylose) which is generally found in
dicotyledonous plants [2,3]. One of the dicotyledonous
biomass is Mikania micrantha (MC).

MC is known as one of the most rampant weed species in the
world because of its fast-growing characteristics, surrounding
other plants which can cause the plants to lack sunlight and
die [4]. The main chemical composition of MC is pentosan,
holocellulose, and lignin with each composition of 49.54-
56.04%, 14.05+0.18%, and 23.54+0,89% [3,5]. Biomass with
high pentosan content is suitable as a precursor of furfural.
Furfural is an intermediate compound for chemical and
biofuel-based industry. It can be used in the production of
antacids, paints, and additives in fuels [6].

Furfural is industrially produced through hydrolysis and
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dehydration by strong thermal acid catalyst. The strong acid
catalyst used is usually inorganic acid which can cause
corrosion to the equipment and release residue which can
contaminate the environment. To overcome these issues and
have a more environmentally friendly process, an organic acid
catalyst can be considered as an alternative [5]. The use of
organic acid from bilimbi acid as catalyst in the furfural
formation from MC can produce furfural yield of 7.2% [5].
The mechanism of furfural formation is shown in Fig 1.

The utilization of organic acids from tamarind has never been
reported before. In fact, tamarind extract contains high
organic acids such as tartaric acid, oxalic acid, citric acid, and
maleic acid [8]. Therefore, this work was emphasized in the
use of tamarind extract as a catalyst in furfural production
from MC, and compare it with sulfuric acid catalyst.

Il. MATERIALS AND METHODS
I1.I. MATERIALS

MC was obtained from Kampung Susuk Medan. All
chemicals used in this work such as sodium chloride (NaCl),
sulfuric acid (H2SO4), aniline (CeHsNH,), acetic acid
(CH3COOH), and chloroform (CHCI3s) were supplied by RJ
Medan.

I1.11. PREPARATION OF MC POWDER

Before processing, stems and leaves of MC were separated,
then washed with water to remove dissolved impurities. Then
each part of stems and leaves were cut to a size of £ 1 cm.
After that, each stem and leaves were dried in an oven at
100°C for 4 hours, then pulverized using ball mill for 5 hours.
Then the product was sieved to size of 70 mesh in order to
obtain uniform powder size [5]. The powder with a
composition mixture of stems and leaves 1:1 was used as raw
material in furfural synthesis. It was stored in a closed plastic
vessel at room temperature.

1.1 TAMARIND EXTRACTION

Extraction of tamarind followed the procedure carried out by
Taslim et al. [5]. Tamarind fruit that has been freed from the
shell and seeds and were put into a perforated container and
then washed to remove dissolved contaminants using water
streams. Then, the cleaned flesh of tamarind and water in a
ratio of 1:2 (w/v) were blended using a blender to produce
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tamarind juice. Afterward, the juice was filtered with
Whatman filter paper no. 41. The normality, acid number, and
pH of tamarind filtrate were analyzed and stored in a
refrigerator at 0°C.
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Fig 1. The mechanism of furfural production [5,7]
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[1.IV. FURFURAL SYNTHESIS

As much as 50 g MC powder was mixed with 50 g NaCl. The
mixture was added into tamarind extract at ratio of 1:6 (w/v),
in measuring cup of 1 L. The total volume of the mixture was
set to 750 mL by adding distilled water [5]. The mixture was
then fed into in a three neck round bottom flask equipped with
condenser, stirrer, and thermometer. The reaction was
performed at 100-120°C and for 0-330 min. Crude furfural
obtained was extracted by adding 50 ml chloroform. After
extraction two layer were occurred, the bottom layer was
furfural and chloroform, and the top layer was rich in water.
Furfural and chloroform was separated by distillation process
at 60-70°C. The upper layer was rich in water and the lower
layer was the mixture of furfural and chloroform. The lower
layer was further distilled to purify furfural by evaporating
chloroform compound. The volume of purified furfural
obtained was collected and recorded.

I. V. FURFURAL IDENTIFICATION

The furfural obtained was identified by color test of aniline
acetate reagent (1:1), density test, FTIR (Fourier Transform
Infra Red), and GC-MS (Gas Chromatography - Mass
Spectrometer).

I11. RESULTS AND DISCUSSION
I11.1. PRELIMINARY ANALYSIS OF MC

Based on preliminary analysis in this study, the water content

of mixture of leaves and stems of MC was 84.54%. The
pentosan level of MC was 55.02%. This value was very
similar to that reported in the literature at 56.04% [3].

LI, EFFECT OF REACTION TIME ON FURFURAL
YIELD

The influence of reaction time on furfural yield at various
temperatures revealed that yield increased significantly during
initial phase and decreased after longer reaction time, as in Fig
2. Results indicated that, furfural was formed at reaction time
of 30 min for reaction temperature of 120°C when using
tamarind extract as catalyst, while for the reaction temperature
of 100°C and 110°C, furfural was formed at reaction time of
60 min and 90 min. In all reaction temperature tested, furfural
yield was initially increasing and peaked at reaction time of
270 min. At minute 300 till minute 330, furfural yield
gradually decreased. For 20% sulfuric acid catalyst furfural
was formed within 30 min and subsequently increased until
180 minutes at reaction temperature of 120°C.

The yield increase implies that xylose was highly accessible in
the biomass. As reaction progresses, acetyl groups in
hemicellulose decompose into acetic acid. However, longer
reaction time also triggers side reaction in which furfural is
degraded into small molecule and furfural resinification. In
addition, furfural may also experience a condensation reaction
with xylose to produce insoluble polymers such as humin [9].
As the result, furfural yield decreases when reaction time is
too long.
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Fig 2. The effect of reaction time on furfural yield at various temperatures
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Table 1. Catalysts comparison in furfural synthesis

Catalyst Volume pH Acid number Highest yield Condition
(ml) (mg/g) (%)
Tamarind extract 600 2.6 14.01 7.18 (100°C, 270 min)
20% Sulfuric acid 600 0.2 200.4 135 (120°C, 180 min)

Based on Fig 2, it can be deduced that the highest furfural
yield for tamarind extract catalyst at 330 minutes and
temperature of 120°C was 7.18%, while for sulfuric acid
catalyst a yield of 13.5% has been reached in 180 minutes at
the same temperature. This is because the rate of the
hydrolysis reaction was affected by the presence of H* ions in
solution, so the larger content of H* ion, the faster the reaction
rate will be achieved, and produced more hydrolysis products
[10]. The content of H* ion in sulfuric acid catalyst indicated
by acid number which value was 14.3 times greater than
tamarind extract catalyst. The pH of 20% sulfuric acid catalyst
was 0.2 while the tamarind extract catalyst was 2.6. Table 1
presents a comparison of the catalyst used in the furfural
production

[11.11l. FURFURAL IDENTIFICATION
I1.111.1. Aniline acetate reagent test

Aniline and acetate in a ratio of 1:1 (v/v) reagent test is a
qualitative analysis that identify the presence of furfural with
the change in sample color to brick red when added with
aniline acetate reagent [5]. From the results obtained at 120°C,
for tamarind extract catalyst and sulfuric acid catalyst, the
color of sample changed from yellowish to brick red. The
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brick red color shown by sulfuric acid catalyst was darker
than tamarind extract catalyst. This indicates that furfural
contained by using sulfuric acid was greater than by using
tamarind extract catalyst.

IHLILIL FTIR analysis

The results of the FTIR analysis in Fig 3 show the functional
groups found in furfural. Based on Fig 3, the higher
absorption occurred at wave numbers 1675.98 cm™? and
1671.21 cm? respectively for tamarind extract catalyst and
sulfuric acid catalyst. Absorption in that area indicates the
presence of C=0 carbonyl functional groups. C-H aldehyde
bonds absorb in the region of 2853.97 cm on the tamarind
extract catalyst and 2849.45-2810.62 cm* on the sulfuric acid
catalyst. As for aromatic C-H bond, absorbed in the area of
3019.63 cm? for tamarind extract catalyst and 3021.24-
3133.92 cm! for sulfuric acid catalyst. C-O-C bond absorb in
the region of 1019.07-1277.01 cm for sulfuric acid catalyst.
For sulfuric acid catalyst, the presence of aromatic C=C was
shown at vibrations of 1567.77 cm™. Based on furfural
vibration values from the litarure, it can be confirmed that the
compound produced in this study was furfural [11].
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Fig 3. FTIR analysis using tamarind extract and sulfuric acid catalyst
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LI Furfural density test

The density analysis results obtained in this work at 120°C
and 270 min for tamarind extract catalyst was 1.1567 g/cm?
and for sulfuric acid catalyst was 1.1603 g/cm? close to the
standard furfural density value based on the literature. In the
literature, the value of furfural density at 25°C was 1.16 g/cm?
[11,12].

HLHLIV. GC-MS analysis

The results of furfural analysis with GC-MS can be seen in
Fig 4 and 5. Fig 4 shows a quantity result of furfural
compound from hydrolysis process using GC. This is shown
at peak 4 (Fig 4a) with a retention time of 7.604 min and area
of 62.99% for tamarind extract catalyst, while for a
20% sulfuric acid catalyst, it is shown at peak 1 with a
retention time of 8.975 min and area of 100% (Fig 4b). Mass
spectroscopy is usually used to investigate the molecular
weight of a chemical compounds and the molecular structure
based on the result of fragmentation patterns. The results of
mass spectroscopy from GC-MS are shown in Fig 5.
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Fig 4. Gas Chromatography Analysis: (a). tamarind extract catalyst, (b) 20% sulfuric acid catalyst
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Fragmentation patterns were the result of the shooting of high-
energy electrons. During the energy range, the furfural cation
(CsH402*, m/z = 96) decays into four dissociation channels
with the formation of a branch ion for both catalysts as
follows: C4H30* (m/z = 67), C3Hs* (m/z = 39), C,H,0* (m/z =
42), and CyH,* (m/z = 26). With a base peak at m/z 96 which
is the value of the mass/charge ratio for furfural. This is
depicted in Fig 5a and 5b.

The dissociation mechanism started from the loss of CO
groups and H ions from furfural cations to produce m/z = 67

(C4H30") fragment ions, within the same energy range, there
was also a slight increase in m/z = 39 (CsHs*) ions. Then the
fragment ion m/z = 42 (C,H,O") appearred as a result of
further description of the cation m/z = 67. Then, losing CsHs*
as the dissociation channel of the fragment m/z = 67 (C4H30")
will form the fragment ion m/z = 26 (C.H,") [14]. The
fragmentation patterns and names of the elements produced
by the roselle extract catalyst and the 20% sulfuric acid
catalyst are shown in Table 2.
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Fig 5. Mass spectroscopy analysis from GC-MS : (a) tamarind extract catalyst, 20% sulfuric acid

The obtained base peak value approaches the standard furfural
molecular formula which is 96.0841 [12,14] with a
fragmentation value (m/z) that corresponds to the standard
furfural m/z value.

Table 2. Fragmentation patterns for tamarind extract catalyst
and 20% sulfuric acid catalyst

Compound m/z Elements composition
96 CsH4O," (Furfural)
67 C4H30 (2-Furyl)
Furfural 42 (C2H20)* (Ketene)
39 CsHs* (Cyclopropenyl)
26 CoH2* (Acetylen)
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IV. CONCLUSION

Based on the results of the analysis, organic acid from
tamarind can be used as a catalyst in furfural synthesis from
MC with the highest yield of 7.18% at 120 °C and 270 min.
Analysis using FTIR identified aldehyde group that
represented the presence of furfural in wavenumber 2853.97
and 2849.45-2810.62 cm™ respectively for tamarind extract
catalyst and sulfuric acid catalyst. Analysis using GCMS
showed furfural compounds at a retention time of 7.604 and
8.975 min for the tamarind extract catalyst and sulfuric acid
catalyst, respectively, with a mass/charge (m/z) value of 96
which corresponds to the standard furfural m/z value.
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