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Study of Sugarcane Bagasse Pretreatment with

Sulfuric Acid as a Step of Cellulose Obtaining
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Abstract—To produce sugar and ethanol, sugarcane processitftem are include, pulp and paper production andymts

generates several agricultural residues, beingvsared bagasse is
considered as the main among them. And what to db this

residues has been subject of many studies andierpes in an
industry that, in recent years, highlighted by #idlity to transform

waste into valuable products such as electric po@ellulose is the
main component of these materials. It is the mostroon organic
polymer and represents about 1.5 X?1@ns of total production of
biomass per year and is considered an almost inskbée source of
raw material. Pretreatment with mineral acids i® af the most
widely used as stage of cellulose extraction fragmdcellulosic

materials for solubilizing most of the hemicellidosontent. This

based on fermentation [5-7]

The sugarcane bagasse as well as any other typtamf
biomass is composed by cellulose, hemicellulosgsinl, and
small amounts of extractives and mineral salts. Jthectural
components are distributed in a lamellar strucfi@dle The
main component is cellulose, which is an inexhalstand
biodegradable natural raw material characterizeihtgyesting
properties such as hydrophilicity, chirality, broatiemical
modification capacity and

study had as goal to find the best reaction timsugfarcane bagasse POlymorphs. Chemically, cellulose is a linear natyolymer

pretreatment with sulfuric acid in order to minimithe losses of
cellulose concomitantly with the highest possiblemoval of

hemicellulose and lignin. It was found that the tbime for this

reaction was 40 minutes, in which it was reachedoss of

hemicelluloses around 70% and lignin and cellul@seund 15%.

Over this time, it was verified that the celluldsss increased and
there was no loss of lignin and hemicellulose.

of anhydroglucose units linked at the one and foarbon
atoms byB-glycosidic bonds. The hierarchical structure
cellulose formed by networks of hydrogen bonds ketwthe
hydroxyl groups has been the subject of intensearet for
over 100 years, marked by frequent controversy dher
results and a consistent supply of new insightseddy from
the beginning, the progress was connected to thedunction

Keywords—cellulose, acid pretreatment, hemicellulose removaRnd continued development of methods for strucaunmalysis

sugarcane bagasse

I. INTRODUCTION

N recent years, there has been an increasing trevetds

more efficient utilization of lignocellulosic agiodustrial
residues and among them, sugar cane bagasse, & iwdlke
process of sugar and ethanol extraction, is onéh@fmost
abundant low-cost lignocelullosic material [1]. Brazil,
during the 2010/2011 harvest, more than 625 miltmms of
sugarcane were crushed, which generated arounang&n
tons of sugarcane bagasse [2]. An absolute minimiuabout
70% of all bagasse is needed to generate heataawer po run
the sugar milling process [3] and the remainder ¢ten
stockpiled. The stockpiled bagasse is of low ecaooralue
and constitutes an environmental problem to sugis and
surrounding districts, especially if stockpiled fextended
periods, due to the risk of spontaneous combusigmurring
within the pile [4]. Thus, several processes amutlpcts that
utilize bagasse as a raw material have been repadktaong
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Regardless of the application of lignocellulosictenals, it
is required a preliminary processing to separate ttiree
macromolecular fractions, particularly the lignivhich can be
considered the main physical barrier for making fibers of
these materials (mainly cellulose) cemented togethibese
processes modify the lignocellulosic material bgrdption of
cell wall structure of plant biomass, removing,ubdlizing or
depolymerizing the lignin. The kinds of processepehd on
the material used and the proposed purpose ofdahdosic
fractions utilization and may be mechanical, phgkic
biological or chemical. The development of pretmeeit
processes strong enough as to separate the cell
arrangement and mild enough as to avoid a signific
chemical degradation of biomass components is #ecige
for today’s chemical industry [10]. For the novetpeatment
methods it is advisable to use cheap and easilgvezable
chemicals and low-cost equipment. The use of enmientally
friendly and low energy-intensive approaches is hkig
desired. The chemical cooking process is the miffistiemt
and most used to perform the separation of ligholosic
components of vegetal biomass [11]. It resultshltamgement
of the inner surface area of substrate particlespraplished
by solubilization and/or degradation of hemicelkdoand
lignin. Prior research on the hydrolysis of bagamsa similar
materials has concentrated on the use of low caraten
mineral acids [12-19]. To carry out this procebg, thoice of
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acid and its concentration depend on the sample &y the
purpose of the hydrolysis. The most utilized onesutfuric
acid.

Each structural component of the lignocellulosictenal
behaves differently in acidic medidhe hemicelluloses are
hydrolyzed much more rapidly in acidic media thatiuose,
due to, mainly, the amorphous character of the telinloses
front of the crystalline nature of cellulose. Moveo, the
furanosidic rings are hydrolyzed faster than thearmsidic
rings on account of higher tension angle in thef@mnation of
the rings with five carbon atoms as compared taithgs with
six carbon atoms, that are free of tensiddnder acid
conditions, the degradation of lignin
substitution reactions and broken links, usuallgomepanied
by condensation reactions that prevent lignin diggm and,
consequently, it is eliminated in small proportiofitius, the
final product from an acid treatment is rich inlgklse and
[8]. The aim of this study was to obtain the bestation time
for the pretreatment of sugarcane bagasse withurgulécid
targeting a smaller loss of cellulose and a higleenoval of
hemicellulose and lignin.

Il. METHODOLOGY

A. Pretreatment with H,SO,

In order to minimize losses of cellulose and inseeghe
extraction of hemicellulose and lignin, a kinetimdy was
performed to determine the best parameters for shep.

is producey b

volumetric flask containing the hydrolyzed materias stored
for later analysis of carbohydrates and organidsaci

C.Determination of Carbohydrates

The levels of celobiose, glucose, xylose, arabinard
acetic acid present in the filtrated solution oifusic acid
hydrolysis 72% of lignocellulosic materials wereabaed
through HPLC. A small sample of the solution wéteffed in a
Sep Pak C18 cartridge and then examined for itsecds of
celobiose, glucose, xylose, arabinose and acetitthoough
high performance liquid chromatography (HPLC), a
chromatograph Shimadzu applying a model CR 7A céifra
index detector Shimadzu model RID-6A, for a column
which was used Aminex HPX 87H (300 mm x 7.8 mm, BIO
RAD. The mobile phase was,80, 0.005 mol/L with a flow
of 0.6 mL/min, at 45C. The concentrations of glucose and
celobiose were converted into cellulosic pulp. The
concentrations of xylose, arabinose and acetic acide
converted to hemicelluloses. The masses were divitle to
their dry weight of the original material and mplieéd by the
hydrolysis factor. The conversion factors from glse and
celobiose to cellulosic pulp are 0.90 and 0.95peegvely.
Similarly, xylose and arabinose were converted to
hemicellulose using the factor 0.88. The conversamtor of
acetic acid to acetyl group is 0.72. The conceioimatof the
compounds were determined due to the calibratiovesu
drawn for each component.

D.Determination of furfural and hydroxymethylfurfural

Bagasse (15,00 g) and:$D, (10% v/v) were placed, under a  the fyrfyral and hydroxymethylfurfural in the fiteed

consistency of 10% (w/v), in a polypropylene beakéth a
capacity of 4 L. The reaction was carried out ierthal bath
with heating ramp and when the temperature reagféd® C,
the time counting started. It was conducted reastiin the
times of 0, 5, 10, 20, 30, 40, 50 and 60 min. b end of
each reaction time, the material was washed wittilléd
water until pH neutral and characterized for theedeination
of chemical composition and profiles of componemd anass
losses as a function of time.

B. Chemical Characterization

The chemical characterization of samples was paddr
using the analytical methodology developed for sucgne
bagasse by [20] and validated by [21]. Samples.@d g (dry

weight) of pretreated bagasse (ground to 20 meste w

transferred to a beaker of 100 mL to be treatetd ®it mL of

72% (w/w) HSO, under vigorous stirring in a bath at 45.00 £

0.50 °C for 7 min. The reaction was stopped by rgl&0 mL
of distiled water, and the sample was
guantitatively to a 500 mL Erlenmeyer flask. Thrg volume
of water inside the Erlenmeyer flask was raise@d#d mL. For
a complete hydrolysis of the remaining oligomefre flask
was sealed with aluminum foil and autoclaved fom3@ at a
pressure of 1.05 bar at 121°C. After decompressibithe
autoclave, the flask was removed from it, cooledraom
temperature and the reaction mixture was filteratl a
transferred to a 500 mL volumetric flask which wasnpleted
using the water wash of the material retained erfitter. The
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transferre

material for the sulfuric acid hydrolysis with 72%f
lignocellulosic materials were analyzed through I@Rising a
chromatograph Shimadzu model C-R7A detector withJ&h
visible Shimadzu SPD model — applying a column RR-18
(C-18) of 125 mm x 4 mm (Hawlett-Packard), and fe t
mobile phase a solution of acetonitrile—water u8/)( with
1% of acid acetic, at a flow of 0.8 mL/min to 28. The
middle areas of chromatograms for furfural and
hydroxymethylfurfural were converted into cellulosnd
hemicellulose using the conversion factors 1.37 ar2b,
respectively (experimental values).

E. Determination of insoluble lignin

The insoluble material retained on the filter papeas
washed with about 1.5 L of distilled water to remaesidual
acid (until pH near 7) and dry in oven at 105°Cilurgnstant
mass. The percentage of insoluble lignin was catedl in
gplation to the mass of dry lignocellulosic matedescounting
the mass of ashes (inorganic compounds).

F. Determination of ash content

The materials resulting from the step of deterngnin
insoluble lignin were placed in a previously casgnand
weighed porcelain crucible. Subsequently, the btiasi
containing the samples were capped and pre-calcated
temperature of 800°C for approximately 1 h. Thée, ltd was
removed and the material was calcined for 2 h 8°80After
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calcination, the crucible was cooled in a desiccator and the
mass of ash was determined by weight difference.

G.Determination of solublelignin

The amount of soluble lignin was determined by measuring
absorbance at 280 nm in a UV-visible spectrophotometer
Perkin ElImer model Lambda 25. An aiquot of 5.00 mL of the
hydrolyzate obtained in the step of chemical characterization
was transferred to a 100.00 mL volumetric flask with 50.0 mL
of distilled water and 2.00 mL of NaOH 6.50 mol/L (final pH
near 12). After shaking, the volume was completed with
distilled water and the resulting mixture was analyzed in the
spectrophotometer.

I1l. RESULTSAND DISCUSSION

A.Lossof weight

The first assessment after any stage of lignocellulosic
materials treatment was the yield measurement, which is a
parameter for the process classification and crucialy
dependent on raw material and on the conditions employed in
the treatment. The total yield might be measured as the ratio
between the mass of material obtained after the treatment stage
and the initial mass used to perform the same. Industrialy it is
more appropriate to assess the sorted or cleaned yield, i.e., the
yield of the material after the removal of wastes (material not
shredded) and impurities of vegetable origin (sand, stones and
metals) [22]. However, in this work, due mainly to the small
mass used in the reactions, it was determined only the total
yields of the treatments, i.e., it was taken into consideration the
amount of waste. In Table 1 is showed the yields and loss of
mass obtained for each reaction of bagasse in the different

times carried out.
TABLE |
YIELDS AND LOSS OF WEIGHT IN THE DIFFERENT TIMES OF
ACID PRETREATMENT OF SUGARCANE BAGASSE

Time InitiaAlmass Final mass Yield Lossof mass
reaction  (g) © CORN(O)

(min)
0 15.00 13.35 88.99 11.01
5 15.00 12.07 80.44 19.56
10 15.00 11.58 77.23 22.77
20 15.00 11.30 75.36 24.64
30 15.00 11.24 74.91 25.09
40 15.00 10.89 72.62 27.38
50 15.00 10.55 70.30 29.70
60 15.00 10.41 69.37 30.63

Analyzing Table 1, it was verified that there was adeclinein
yields, and hence, an increased loss of weight in function of
reaction times. In other words, a higher reaction time provided
a higher remova of components. Nevertheless, this loss of
weight may be considered small when compared with other
treatments that use chemicals such the ones that utilize NaOH
or the kraft process, whose losses of weight might reach
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around 50%. This indicates that acid pretreatment is more
selective than the others processes. In acid medium occurs,
preferably, the removal of hemicelluloses. They have lower
molecular weight and are present in lesser extent in the
lignocellulosic materials than cellulose and lignin, i.e., their
removal do not affect significantly the final yield and this can
explain the low rate of weight of loss in the pretreatment
reactions. The graph of Fig. 1 makes clear the phenomenon of
weight loss versus time. It shows that the relationship between
weight loss and reaction time was not linear, mainly because of
structural complexity presented by the bagasse. The way in
which cell wall components are organized and their physical
structures do not allow that their elimination follow a pattern,
mainly on account of access to these components by the
sulfuric acid.

Loss of mass

BoNN Wow
m oo ;N oo u

—#—Loss of mass

Loss of mass(%)

i
o

o wuw

o 10 20 30 40 50 60

Time {min)

Fig. 1 Graph of loss of weight versus the reaction time.

B.Chemical characterization

Table Il presents the values of the chemical composition of
the materials produced at different times of pretreatment.

TABLE Il
CHEMICAL COMPOSITON OF THE MATERIALS OBTAINED IN THE
DIFFERENT TIMES OF BAGASSE PRETREATMENT WITH SULFURIC

ACID
Time  Cellulose Insoluble  Soluble Hemicellulose
reaction (%) lignin (%) lignin (%)
(min) (%)
0 47.44 23.43 7.31 21.20
5 50.17 23.47 6.38 18.38
10 51.98 24.58 6.55 15.96
20 53.88 26.02 5.72 13.93
30 53.96 26.18 5.59 12.68
40 53.78 25.90 6.87 10.57
50 55.06 29.57 571 9.18
60 53.21 28.37 6.07 11.37

8

The chemical characterization of the materials shows that
there was a growing decline in the percentage of
hemicelluloses and, only at the last time tested (60 min), this
percentage increased, indicating that there was no loss of this
component. Such behavior was different for cellulose and
lignin, whose percentage values presented a growing profile up
to 50 minutes. The lack of structural similarity among the three
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components is responsible for the behavior diffegeriThe
hemicelluloses were more easily degraded by salfadid
because they are amorphous molecules. The cellllasea
majority crystalline character and so, its struetis not so
easily broken by a mineral acid, especially whén at low
concentrations, as in this workhe low lignin removal was
caused for the condensation reactions that occderuacid
condition. These reactions are undesirable becaheg
prevent the lignin solubilization in acid mediunroBf of this
was that the insoluble lignin content was incregginmost of
the times studied, meaning that it was not veryifremtiduring
treatment with sulfuric acid. This culminated imajor loss of
hemicellulose than cellulose and lignin, as carmlbserved in
Fig. 2. Hemicelluloses reached loss of more th& {80 and
60 minutes), while for the other two componentg, liggest
loss was approximately 20%, also in the highestesim
employed. Considering the purpose of this work, ltdes of
cellulose can be considered satisfactory until tthee of 50
minutes, since with 60 minutes there was an inectas the
amount of loss, that, until then, remained neadgstant. On
the other hand, there was no alteration in theevalulignin
loss from 40 minutes of reaction, i.e., this is tinee limit for
removal of lignin. Reactions with longer times waube
unsuccessful. Considering the lignin as the maimidrain the
process of cellulose obtaining, for the step of-tpeatment
with sulfuric acid, the reaction time of 40 minutesuld be
ideal.

80
Loss of components

70

The concentration of acetic acid, which is generdte the
hydrolysis of the acetyl groups of the hemicelleksshowed a
fast increase at the start of hydrolysis (until Butes) and
then, it tended to stability. In the case of glegowith 50
minutes of reaction, its concentration doubled;hwanother
big increase of this value in 60 minutes. This éraallows
affirming with more certainty that the best reawtitime,
aiming a low cellulose removal concomitantly witte thighest
possible removal of hemicellulose, is 40 minutestflital is
one of the decomposition products from the hydislysf
arabinose and xylose. Previous researcher dataihdioated
that the rate of xylose degradation is much slothan that
leading to the formation of furfural [24-26]. Inehpresent
work the formation of furfural was low in the firimes of
reactions. Nevertheless, after 30 minutes, the ohteirfural
formation started increasing faster, indicatingt tthee xylose
and arabinose degradation is higher in the higiivest of acid
treatment. It was not detected the presence
hydroxymethylfurfural (product of glucose degradaji and
others sugars and carboxylic acids.One aspectstimild be
emphasized is that the high concentrations achjeszkcially
for the xylose in the highest reaction times empthywas due
to the scale used. The average volume of hydragsaias
50.00 mL, making the sugars stay more concentrateldrger
scales, the concentration values would be lowenlse the
volume of hydrolyzed would be greater.

of

TABLE IlI
COMPOSITIONOF THE HYDROLIZATES

|
@
Q

50 —e— Cellulose
Hemicellulose

—— Lignin

Loss of components (%)
&
Q

N R ——

z0 za =0 60
Time {(min)

Fig. 2 Graphic of loss of components in functiorredction time

C.Hydrolyzate characterization
The results in Table 3 confirm what was observedhim

Time  Glucose Xylose Arabinose Acetic Furfural

reaction  (g/L) (g/L) (g/L) acid (g/L)

(min) (g/L)
0 0.68 1.91 1.96 1.97 0.00
5 1.51 10.7( 3.8C 5.74 0.3€
10 1.80 21.73 4.36 7.64 0.45
20 2.5¢ 41.2¢ 5.2t 8.7z 0.6¢
30 3.1C 51.5¢ 5.82 9.17 0.74
40 4.37 64.31 6.50 9.19 1.06
50 9.91 81.2: 6.8¢ 9.2t 2.3C
60 15.10 81.50 7.04 9.31 2.60

analysis of loss of components (Fig. 1). The cotve¢ion of
xylose in the hydrolysates was always higher tihan of other
sugars, showing the greatest loss of hemicelluldsesn
cellulose during treatment with sulfuric acid. Tigi into
account that the arabinose, acetic acid and furfama also
generated by the breakdown of hemicellulose chathis,
difference is even greater. It can be seen thatdheentration
of xylose increases relatively rapidly until 50 mi@s. This
period has been interpreted as representing theolygis of
the easy-to-hydrolysis fraction of the xylan. Thedtolysis
then proceeded at a slower but measurable rats. fériod
has been interpreted as representing the hydralfsiee hard-
to-hydrolysis fraction of the xylan [23]. This faobnfirms that
from 50 minutes of reaction the hemicellulosic ch& no
longer affected. The same phenomenon can also tiEeddn
the results obtained for arabinose and acetic awibse
concentrations also remained almost constant #itertime.
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IV. CONCLUSION

The best time of reaction found to pretreatmersugfarcane
bagasse with sulfuric acid was 40 minutes. Thoughaid
occurred removal of hemicelluloses in longer reactiimes,
the lignin loss became constant with 40 minutes,, ithe
removal of hemicellulose and lignin after this timeuld not
be satisfactory and it would not be possible toréase
significantly the purity of cellulose in the matdriBesides, the
cellulose loss raised with 60 minutes of reaction.
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