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Abstract
Sugar-cane bagasse was liquefied in ethylene glycol/phthalic anhydride mixture catalyzed by sulphuric acid at
temperatures 160-220°C, liquefaction times 60-240 minutes, and ethylene glycol amounts 5-20 ml for each three grams of
sugar-cane bagasse. The residue obtained was characterized by FT-IR, X-ray diffraction, and scanning electron
microscope. The percentages of residue, average molecular weight, hydroxyl and acid numbers were determined as an
estimate of polyol value of the liquid products. Optimal conditions for liquefaction were established: reaction temperature
160°C, reaction time 180 minutes, and ethylene glycol amount 20 ml/three grams sugar-cane bagasse.
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Introduction

Biomass, including wood and other agro-based waste
materials composed of complex mixture of natural
polymeric materials such as cellulose, hemicelluloses,
polysaccharides, and lignin. A natural polyphenolic
material represents the largest parts compared to resins
and other components such as minerals which are present
in smaller amounts and differ substantially between
species. A major limitation to the use of wood and other
agro-based wastes as a chemical feedstock is the
structural and chemical variety of their components and
difficulties with their solubility in various solvents. Solubility
is an important parameter especially in the case of
cellulose, which forms highly ordered fibrils in which the
polar macromolecules attach strongly through hydrogen
bonds. These tightly packed structures prevent the
intrusion of solvents and reagents thus making cellulose a
particularly difficult material to transform chemically. One
approach to use agro-based wastes components is to
chemically derivatives the agro-based components and
thus increases their solubility in selected solvents (Andrej
et al., 2005). Aliphatic alcohols (from C; to C;) or polyols
have been known for a long time to selectively dissolve the
basic components of agriculture wastes (Rezzoug et a/,
2002). Yao et al, (1999) investigated various polyols or
their combination with other polar solvents as reagent in
biomass liquefaction, such as polyethylene glycol (PEG),
polycarbonate (PC 303), PEG/glycerin; PEG/1,1,1-Tris
(hydroxymethyl) propane (TMP), and £-carpolactone
(CPL)/glycerin. The obtained results showed that the
liquefaction reaction using PEG/glycerin achieved the
lowest residue content among all other used solvents.
Krzan et al (2005) studied the effect of different
combinations of polyols with organic acids or mineral acids
and reported that a combination of propylene glycol (PG)
as the reagent solvent and maleic anhydride as the acid
catalyst showed the best liquefaction results. The effect of
ozone pre-treatment on wood, liquefaction time,
temperature, and wood species on wood liquefaction with
polyhydric alcohols has also been investigated (Kobayashi
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et al, 2005). Various products have been made from
liquefied biomass with polyhydric alcohols (Kurimoto et al,
1999; Rezzoug et al, 2003). Epoxy resins were
synthesized from PEG/glycerol liquefied wood as epoxy
compounds such as diglycidyl ether of biphenyl and
diglycidyl ether of ethylene glycol oligomers (Kobayashi et
al, 2000). Starch, wood/starch mixture, corn bran,
bark/starch mixture have been liquefied and used to
prepare polyurethane foams (Yao, 1995; Lee, et a/., 2000).

Efforts have also been made to recover the polyols from
bio-based foams after their glycolysis degradation (Lee et
al., 2005). Polyurethane films, resins, and adhesives have
been synthesized from PEG/glycerol liquefied wood
(Kurnmoto et al,, 2001; Wei et al., 2004; Tohmura et al.,
2005). Condensation reactions of degraded lignocelluloses
components have also been investigated (Yamada et a/,
2001; Kobayashi 2004). Therefore, the goal is to determine
the optimum conditions of liquefaction process of
lignocellulosic waste and evaluation of liquefaction
products to be utilized in rigid polyurethane foam
preparation.
Materials and methods

The biomass used was sugar-cane bagasse, which was
donated by Qena of Pulp and Paper Company. Ethylene
glycol and phthalic anhydride were technical grades, were
obtained from UHDPE.Scharlau Chemie SA and Arabian
Medical Scientific Lab. Sup. Company. Whereas all other
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Fig. Tb: Typical RO difraction of the quefied
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12008

D2

1

100 II|
Il

|I [

[

2 gt 100 { |
i f |
£ ! Yoo
5 AV |
= \_‘.»l""‘“l I'.

x‘k‘ 40
e S N

28 )

Table 1. Average molecular weight, the
number average, and polydispersities

chemicals were of analytical grade.
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plane at 26 = 22.6, and l,, is the intensity of the
background scatter measured at 206 = 18.5 (Segal ef al,
1959).

Scanning electron microscope

The sample micrographs were obtained using JEOL
JXA- 840 an Electron PROBE micro analyzer microscope.
Samples were prepared by deposition of a thin gold film,
sputtered using a Balzers SCD 050 deposition system.
Measurements of molecular weight by Gel Permeation
Chromatography (GPC)

The GPC measurements were performed on Gel
Permeation Chromatography Agillent 1100, Germany.
Measurements were conducted at ambient temperature
using tetrahydrofuran as the mobile phase at a flow rate of
1.0 ml/ min. liquefied wood samples were dissolved in the
same solvent as the mobile phase at
a concentration of 5 mg /ml in

Uiguetocion prcess
car;l;ahf:ggrszgfs (? goge:u?;;ﬁ:rics:uggird liquefaction Mw Mn E';’('B) Determination of hydroxyl number
and 2 gramé bhthalic anhydride process Preparat/_on of phtha/at/o_n
4 ; 60 1523.8 | 219.89 | 6.929 | reagent: Weigh 111 - 116 g phthalic
were mixed according to the Time 120 | 1661.7 | 251.01 | 6.62 | anhydride into one quart brown
predesired composition (5-20 ml | (min) | 180 | 1751.7 | 271.01 | 6.463 | pottle. Add 700 ml pyridine which
ethylene glycol). The mixture was 240 | 17538 | 278.01 | 6.308 | has peen distilled over phthalic
transferred into 1L three-necked 5 2177.6 | 309.91 | 7.026 anhydride, then the bottle was
glass reactor equipped  with | Amounts 10 2010.6 | 301.9 | 6.675 shaked vi;;orously until the solution
condenser and a stirring system. (mli) 15 | 1851.7 | 301.01 | 6.484 lete dissolved. Add 16-18
The reaction was conducted at 20 | 1751.7 | 271.01 | 6.233 | WaS compiele dissolved. i
temperatures  (160- 220°C),  at 160°C | 1751.7 | 281.01 | 6.233 | 9 imidazole and swirl carefully to
different reaction times (66-240 Temp 180°C | 1765.2 | 282.11 | 6.257 dISSOI-Ve' The _reagent mus_t sta_nd
) ; : . © | 200°C | 1779.7 | 283.01 | 6.282 | overnight. A mixture of 1g liquefied
minutes). Liquefied mixture was 220°C | 1779.9 | 283.9 | 6.269 | sample and 25 ml of phthalation

diluted with acetone and filtered with
Whatman medium flow filter paper. The insoluble residue
was washed with distilled water and oven dried at 105°C
overnight then stored in desiccator. The residue content of
the liquefied lignocellulosic material was calculated by the
following equation:
RC, % = (W,/W,) x 100

Where RC is the residue content; W, is the oven-dried
weight of the residue after filtration and W, is the weight of
the initial sugar-cane bagasse (Andrej et al., 2005).
FT-IR spectroscopy

The FT-IR analysis was performed by JASCO
FT-IR-6100 Fourier transform infrared spectrophotometer
using the KBr pellet disk method for transmittance
measurements.
X-ray diffraction analysis

The degree of crystallinity of the residues was
determined by X-ray diffraction. The liquefied sugar-cane
bagasse residue was pressed into disk and analyzed with
Analytical X PERTPRO Super X-ray diffractometer. The
crystallinity index (C,l) of the liquefied sugar-cane bagasse
residue was calculated using the Segal method according
to the following equation:

Cil, % = [(l002- 1 am / | 002] x 100

Where / 002is the intensity of the diffraction from the (002)
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reagent were heated for 20 minutes
at 110°C. After that, 50 ml of pyridine and 25 ml of distilled
water were added and the mixture titrated with 1 M sodium
hydroxide solution to the equivalence point using a pH
meter. In blank titration, exactly 25 ml of phthalation
reagent, 50 ml of pyridine and 25 ml of distilled water were
added and the mixture was titrated. The hydroxyl humber
in mg KOH/ g sample was calculated by the following
equation:
The hydroxyl number (mg KOH/ g)
= [(B-A) x N x 56.1/ W] + acid number

Fig. 2: Effect of temperature on liguefaction
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Where, A is the volume (ml) of sodium hydroxide solution
after the phthalation reaction on liquefied sample; B is the
volume of the blank solution (ml); N is the normality of the
sodium hydroxide solution; W is the weight of the liquefied
sample (Mark et al., 2008).

Fig 2 Effect of BG anounis on lgusfaction
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Determination of acid number

A sample of (8-10 g) depending on the expected acid
content was dissolved in 80 ml of dioxane and 20 ml
of water at room temperature and the solution was titrated
with 0.1 N sodium hydroxide solution to the equivalence
point using a pH meter. The acid number in mg KOH/ g
sample was calculated by the following equation:

The acid number (mg KOH/ g) = (C-B) x N x 56.1 /W
Where, C is the titration volume (ml) of the sodium
hydroxide solution at the equivalence point; B is the
volume of the blank solution (ml); N is the normality of the
sodium hydroxide solution; W is the weight of liquefied
sample (Yasuji K et al, 1999).

Results and discussion
Residue characterization

Time, temperature, and ethylene glycol amounts-
dependence of the sugar- cane bagasse liquefaction, were
studied. Fig. 1, 2 and 3 showed the effect of time,
temperature, and ethylene glycol amounts on liquefaction
as a function of residue percent respectively. The
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stirring of the reaction, and thus more penetration into
lignocellulosic materials components to be chemically
derivatived. It is known that lignin is very susceptible to the
liquefaction and the decomposed lignin has tendency to
undergo a re-condensation reaction (Lin et al, 1996;
Eberhardt et a/, 2007). However, an excessive amount of
ethylene glycol could effectively retard the re-condensation
of the decomposed components decreasing the
undissolved residue components.
FT-IR spectroscopy of residue

Fig.4 explains simple comparison between the
untreated sugar-cane bagasse sample and its liquefied
residue. By comparing FT-IR spectra of residue and
original sugar-cane bagasse, a broad peak at around 3400
cm represents OH groups either from cellulose or lignin.
The peak at around 2922 cm’” represents the C-H a
symmetric stretching in aliphatic methyl. An intense peak
appears at around 1734 cm™ is due to ester carbonyl
stretching (its intensity is 95.29). This absorption band
mainly arises from the carbonyl stretch in unconjugated

Fig. 4: FT-IR spectra of untreated sugar-cane
bagasse and its residue
Residue

Tntreated

W\@f

ketone, ester, or carboxylic groups in carbohydrates

undissolved residue percent (hemicelluloses) and not from
decreased steadily beyond 180 Fig. 5. SEM micrographs of the sugar- lignin (Hoareau et al, 2004,
minutes, where the residue percent canbagasse (5a), liquefied residue (5b-d) Schwanninger et al, 2004).

decreases until constant with the w\i‘”‘{ﬂ

reaction progress to be 0.878% based ¢ 3=
on the dry weight of the original
sample. However, with increasing
temperatures, the undissolved residue
decreased beyond 200°C until
constant value. On the other hand, the
residue percent showed a positive
correlation with increasing ethylene
glycol amounts. As expected, the
residue percent decreased as
ethylene glycol amount increased this
may be ascribed to the excess of
ethylene glycol which causes proper
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Consequently, the absorbance
band at 1734 cm™ in the spectra
is most likely attributed to ester
carbonyl group in xylan. Band
at 1734 cm™ in the spectra of
residue showed small shoulder
(its intensity is 64.43) is very
similar to that of natural
cellulosic fiber treated with
sodium hydroxide (Mwaikambo
et al., 2002; Sun et al, 2004).
This phenomenon of alkali
treated fibers has been
interpreted as the hydrolysis of
the ester linkages in the xylan
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(Cyran et al.,, 2004).

Xylans are closely associated with other plant cell wall
constituents, such as lignin and pectic polysaccharides, by
ferulic acid or uronic acid thought ester linkages (Sun
et al, 1998; Kacurakova et al, 1999). In the presence of
alkalis, the hydroxyl ions cause the saponification of these
ester linkages and peel off the hemicelluloses from their
neighboring lignin or cellulose into solution (Sun et al.,
1999; Xu, 2006). A band at approximately 1636 cm’ is
characteristic to C=C stretching vibration in aromatic
skeletal of lignin. This peak occurred in both residue and
original lignocellulosic materials. Peak is at around 899cm™
which is due B-glycosidic linkage. A band appears at
approximately at 1458 cm™ is due to bending vibration of
C-H of methylene group (scissoring vibration). Residue and
untreated sample showed a band at 1059 cm” which
dominates the spectrum of cellulose linkages.

X-ray analysis

The liquefied sugar-cane bagasse displayed a typical
X-ray diffraction pattern as that of cellulose | (Fig.1b). In
general, the C, of the liquefied sugar-cane bagasse
residue is higher than that of the original bagasse sample.
The crystallinity index (C,l) of the liquefied sugar-cane
bagasse residue from the optimum liquefaction conditions
was 52.38 compared with blank sample 44.44. These
results were expected because of the increasing amount of
lignin removed from the amorphous region of the liquefied
sugar-cane bagasse residue and consequently,
crystallinity increased.

Scanning electron microscope

The SEM images of the liquefied residue are shown in
Fig. 5a & 5 (b, ¢, and d). The surface of the fibers is rough
and many small fragments of cell wall components are
present due to the mechanical processing. As seen most
small fragments attached on the surface of the residue
fibers have been removed but the liquefied bagasse
residue mostly remained in its original fiber bundles.
Characterization of liquid product FT-IR spectra

Figure 6 showed the FT-IR spectrum of liquefied
sample polyol at different liquefaction conditions. A broad
peak around 3400 cm” represents OH groups either from
cellulose or lignin. An intense peak appears around 1704
cm™ is due to carbonyl group in phthalate ester. A band at
approximately 1636 cm™ is characteristic to C=C stretching
vibration in aromatic skeletal of lignin. The bands of
benzene rings at 1607, 1514, 1459, and 1118 cm™ were
noticed which indicate the presence of lignin degradation
products. Liquid samples showed a band at 1062 cm™
which dominates the sPectrum of cellulose. Peaks around
1431, 1371, 1164 cm  indicate the presence of cellulose
degradation products in liquid sugar-cane bagasse.
Measurement of molecular weight by (GPC): The average
molecular weight, M,,, the number average, M, and the
polydispersities were gathered in Table 1. The effect of
time, temperature, and ethylene glycol amounts on
molecular weight is presented in Table 1, showed an
increase in molecular weight with times, and had slightly
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higher M,,, M, at 180 minutes On the other hand, the
liquefaction conducted at different temperatures showed
slightly no change in average molecular weight and average
number molecular weight. However, liquefaction conducted
with different amounts of liquefying agent showed reverse
trend with decreasing amount of ethylene glycol and M,,, M,
increased. This can be explained on the possibility that a re-
condensation reaction of decomposed lignin can be favored
under low ethylene glycol amount.

Fig &: FT-IRspectrum of lguid sugar-cane
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Hydroxyl number

The time, temperature, and ethylene glycol amounts
dependence on hydroxyl number results in the liquefaction
is shown in Fig.7, 8, and 9 respectively. Hydroxyl number
showed a positive correlation with prolonged time beyond
120 minutes, where the hydroxyl number steadily
increased until constant value. However, the liquefaction
dependence on temperature showed an inverse
relationship, the steadily decrease of the Hydroxyl number.
These results may be due to either the dehydration or
thermal oxidative degradation or due to the reaction
between ethylene glycol and dissolved lignocellulosic
components. Yao et al. (1999) and Yamada et a/. (1995)
reported that alcohol-D-glycosides were produced by the
alcoholysis between polysaccharides and some alcohols
under the same conditions of temperature and catalyst
(sulphuric acid) concentration. The same condensation
reaction possibly took place in liquefaction process.
Carboxylic groups are ordinarily present in the same
components of lignocellulosic material and can also be
formed by oxidation of carbohydrates and lignin. The
esters produced by dehydration between the carboxyl
groups and ethylene glycol molecules in the presence of
sulfuric acid have the potential to reduce the hydroxyl
numbers of liquefied lignocellulosic material. However,
rates of oxidation of carbohydrates and lignin are probably
lower than that of alcoholysis under 160°C, since a smooth
decrease in hydroxyl numbers was recognized after 160°C.
On the other hand, the effect of ethylene glycol amounts on
liquefaction, as a function of hydroxyl number, showed an
increase in the hydroxyl number as ethylene glycol
amounts increased. Less proper amount of ethylene glycol
amounts may cause re-condensation of liquefied
lignocellulosic components and hence re-condensation
reaction will be accelerated.
Acid number: The results of time, temperature, and
ethylene glycol amounts effect on liquefaction as a function
of acid number were presented in Fig.10, 11, and 12
respectively. As expected the introduction of mineral acid
in the liquefaction as catalyst of etherification and
esterification reactions, the acid number (mg KOH/g
sample) decreased as liquefaction time increased
(Rezzoug et al,, 2003). The decrease of the acid value with
the increasing in the temperature may be attributed to the
production of alcohol-D-glycosides by alcoholysis between
polysaccharides and some alcohols under the same
conditions of temperature and catalyst (sulphuric acid)
concentration. The esters produced by dehydration
between the carboxyl groups and ethylene glycol
molecules in the presence of sulphuric acid have the
potential to reduce the acid numbers of liquefied
lignocellulosic material. As expected the acid numbers
decreased as ethylene glycol amount increased and this
may be ascribed to the excess ethylene glycol which
causes prolonged liquefaction extent and consequently,
more extent of etherification and esterification reactions in
the presence of sulfuric acid as catalyst.
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Conclusion

The liquefaction of sugar-cane bagasse using ethylene
glycol system showed a strong influence on time,
temperature and ethylene glycol amounts. This liquefying
system is recommended for liquefaction of lignocellulosic
materials due to its retardation effect on liquefaction
component. This system showed higher hydroxyl nhumber
at 180 minutes, 160°C, and 20 ml ethylene glycol for each
three grams of sugar-cane bagasse. In our future study, we
will synthesize polyurethane rigid foams using liquefied
product to investigate their mechanical, thermal, and
physical properties.
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