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ABSTRACT: In this study, cellulose sulfoacetate (CSA)
was produced with cellulose extracted from sugarcane ba-
gasse with sulfuric acid as a catalyst under homogenous con-
ditions so that the derivative could be applied as an additive
for mortar of Portland (Cimento Portland de alta resistência
inicial, CPV-ARI) cement. The IR spectra showed that only
precipitate C presented the characteristic band of sulfate
groups (807 cm�1) and was, therefore, the sulfoacetylated de-
rivative. CSA presented a degree of acetylation of 2.70 and a
degree of sulfonation of 0.063, and the presence of sulfate
groups in the derivative displaced the position of C(6) to a

lower field in the 13C-NMR spectrum and influenced reduced
viscosity as a function of concentration. The evaluation of
CSA as an additive showed that for a polymer/cement ratio
of 0.6%, an increase of 13.80% was achieved consistently, and
an increase of 21.05% in the potential tensile of adhesion
strength was also achieved. VC 2011 Wiley Periodicals, Inc. J Appl
Polym Sci 124: 510–517, 2012
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INTRODUCTION

There is an increasing demand for bioenergy in the
world, and therefore, there is a frank expansion of
alcohol production for fuel (ethanol). In this sense,
Brazil, being the largest sugarcane producer world-
wide, has also become the greatest producer of re-
sidual biomass, which is sugarcane bagasse.

In the state of Minas Gerais, sugar and alcohol ac-
tivity is concentrated in the Triangle region, with
about 70% of the industries. Currently, 36 mills are
active in the state, and by 2012, there will be 52.
Investments on the order of US$3 billion are to be
made during the period. It is estimated that in the

2012/2013 harvest, 84 million tons of sugarcane will
be processed, compared to the current 42.8 million
tons. It is also expected that in 2012/2013, 4.2 billion
L of alcohol and 4.6 million tons of sugar will be
produced.1 Each ton of sugarcane used generates
280 kg of bagasse. This industrial residue has been
used to generate electricity and to produce second-
generation ethanol. However, other possibilities that
also aim at adding value to the residue are
extremely important and should be investigated.
There are several studies in the literature on the

use of sugarcane bagasse.2–7 In sugarcane bagasse,
the cellulose fraction is more abundant, correspond-
ing to about 30–50%. This allows the residue to be
used for chemical modification with a view to pro-
ducing cellulose derivatives.8

Several cellulose derivatives can be produced
from the chemical recycling of sugarcane bagasse,
such as cellulose acetate, methyl cellulose, and cellu-
lose sulfoacetate (CSA).9–11 The cellulose derivatives
have in common increased solubility in most organic
solvents. The latter can be applied to a number of
industrial processes, such as the recovery of heavy
oils, effluent treatment, and concrete additives in
civil construction.12
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The derivative studied in this work was CSA
obtained from sugarcane bagasse. The feasibility of
producing CSA from this agroindustrial residue, as
far as we know, has not yet been investigated in the
literature nor has its use to produce additives for
civil construction.

Water-soluble CSA, produced by the direct aceto-
sulfonation of cellulose, was initially synthesized by
Chauvelon et al.13 The incorporation of sulfate
groups into the glycosidic units confers high water
solubility on the derivative. This solubility is due to
the contribution of sulfate groups, which reduces the
initial intermolecular interaction present in the juxta-
posed glucose chains (hydrogen bond); this did not
allow the solubilization of cellulose because these
interactions were initially very strong.14 Solubility in
water is one of the main parameters of using this
polymer in civil construction as a cement mortar
additive.

In the CSA synthesis from sugarcane bagasse, a
polyelectrolyte is produced, which, due to the pres-
ence of the sulfonic groups, can act as an additive.
The action mechanism of some additives is based on
the phenomenon of polyelectrolyte adsorption by
the cement particles. In this process, the polyelectro-
lyte with sulfonic groups linked to the chain adsorbs
to the cement particles and confers a negative liquid
load on them. This effect causes repulsion between
the cement particles and favors their dispersion in
water and prevents cement flocculation; this
improves the workability of the mixtures in a fresh
state.15–17 These polymers are called plastifying addi-
tives, and they allow one to use a smaller amount of
water to prepare cement mortars and concrete. This
makes them more resistant and reduces the amount
of cement used in a work (for a lower cost and
reduction of damage due to the high release of heat
during hydration) and/or increases water viscosity,
reinforcing the cohesion and stability of the cement-
based systems. These factors are essential for pre-
venting the excessive loss of water in the substrate,
which can cause failures in the adhesion mechanism;
they also improve the properties of the mixtures in
the fresh state.

The sulfoacetate derivative was characterized by
Fourier transform infrared (FTIR) spectroscopy,
determination of the degree of substitution of acetyl
groups (DSacet) through a saponification reaction,
determination of the degree of substitution of sul-
fate groups (DSsulf) by elemental analysis, 13C-
NMR, and measures of viscosity. The application of
CSA was also investigated as an additive for mor-
tars of Portland CPV-ARI cement. The evaluation of
this derivative as an additive was based on tests of
consistency, mechanical strength to the compression
of hardened mortar, and potential tensile of adhe-
sion strength.

EXPERIMENTAL

Purification of the sugarcane bagasse

The cellulose was extracted from sugarcane bagasse
according to the methodology developed by Filho
et al.8 as follows: 8 g of dry sugarcane bagasse was
kept for 24 h in 150 mL of distilled water to remove
the water-soluble extracts. Later, the bagasse was fil-
tered and kept in 150 mL of sodium hydroxide
(0.25M) for 18 h. Next, the mixture was vacuum-fil-
tered, and the bagasse was placed in reflux with
three successive changes of a mixture containing
20% (v/v) of nitric acid in ethanol, and this mixture
was changed each hour. Once the reflux had ended,
the mixture was filtered and washed with distilled
water and then dried at 105�C for 3 h.

CSA synthesis

The cellulose obtained from purified sugarcane ba-
gasse was sulfoacetylated according to the method-
ology described next, which was a modification of
the Chauvelon et al.13 procedure: 1 g of cellulose
and 20 mL of glacial acetic acid were shaken at am-
bient temperature for 10 min. This procedure was
repeated. After this first treatment, the residue was
immersed in a mixture containing 20 mL of glacial
acetic acid and 0.13 mL of sulfuric acid concentrate
and shaken manually for 1 min. Then, 10 mL of ace-
tic anhydride concentrate shaken manually for 1 min
was added to the mixture. The system was then
shaken for 30 min at 40�C. At the end of this time, a
solution of acetic acid in water (7/3 v/v) was added
to the mixture, and the mixture was shaken slowly
for 30 min. It was centrifuged to separate the residue
(precipitate A) from the supernatant. Slowly, 20 mL
of water was added to the supernatant, and it was
placed in the refrigerator for 16 h. The cellulose ace-
tate formed (precipitate B) was separated by centri-
fuging, and the supernatant was neutralized with a
solution of NaOH (4 mol/L). After neutralization,
the volume of supernatant was reduced to three-
quarters of the original volume and left to rest for
the precipitate to form (precipitate C). This precipi-
tate was washed to remove all of the sodium acetate
produced during synthesis. The CSA was then dried
in the oven at 50�C.

FTIR spectroscopy

The material, in powder form, was prepared in the
configuration of KBr pastilles in a proportion of
1:100 (w/w) and analyzed in a PerkinElmer Spec-
trum 1000 instrument (Massachusetts, USA) with
4 cm�1 resolution and 28 scans.
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Determination of the DSacet

DSacet of CSA was determined with a saponification
reaction.18

Elementary analysis

Carbon (C) and hydrogen (H) were determined with
a CHN PerkinElmer 2400 elemental analyzer. The
sulfur (S) was analyzed in the atomic emission spec-
trometry by plasma with induced argon. Oxygen (O)
was determined by the difference of the percentages
of elements determined previously.

13C-NMR

The 13C-NMR spectra of the CSA sample, in the
solid state, were measured in a magnetic field of
7.04 T with a cross-polarization/magic angle spin-
ning spectrometer 7 mm test tip of a Varian INOVA
unit (Vernon Hills, Illinois, EUA). The measurements
were performed in the Chemistry Department at the
University of Coimbra in Portugal with a 4.5 kHz
rotation, 13C 75.43 MHz frequency, contact time of
0.7 ms with pulses of p/2 (a 4 ls length), and a
waiting time of 1 s to perform another cycle.

Determination of the reduced viscosity

The reduced viscosity of CSA was determined with
an Ostwald viscosimeter. Six determinations were
performed at a temperature of 25�C for each dilu-
tion. The solutions were prepared in water in a con-
centration range of 0.2–1.9 g/L and filtered before
measurement.

Studies of CSA application as an additive in civil
construction

The mortars were prepared from Portland CPV-ARI
cement according to the Brazilian technical standard
NBR 7215,19 which corresponds to ASTM C 109. The
mortars were prepared by the mixture of the compo-
nents, cement, sand, and water, in amounts of 1000,
3930, and 700 g, respectively. The polymer was pre-
viously solubilized in water and added to the
cement/sand/water mixture at polymer/cement
ratios of 0.2, 0.6, and 1% (m/m). The reference mor-
tar was prepared without addition of the polymer.

The consistency of the mortars was measured
with a table to determine the consistency index,
according to technical standard NBR 7215.19

The tests of mechanical strength to compression
were performed in a machine of tests of mechanical
strength to compression Emic DL60000 (São José dos
Pinhais/Paraná), where three hardened mortar refer-
ences without additive and three hardened mortars
of the samples with additives were broken at 7 and

28 days of curing, according to the technical stand-
ard NBR 7215.19

The tests to determine the potential tensile adhe-
sion strength were performed in an instrument for
pulling out and measuring the adhesion in mortars
(Pavitest digital model, Belo Horizonte, Minas Ger-
ais), according to the technical standard NBR 15258/
2005.20

RESULTS AND DISCUSSION

CSA synthesis and FTIR spectra

According to Chauvelon et al.,13 acetylation and sul-
fonation can be performed simultaneously, depend-
ing on the molar ratio of acetic anhydride to cellu-
lose. The amount of acetic anhydride used reached
25 mol/mol of anhydroglucose. This value exceeded
that used by Chauvelon et al.13 The structure and
chemical composition of the cellulose sources may
have been responsible for the differences because we
used sugarcane bagasse cellulose, and Chauvelon
et al.13 used microcrystalline cellulose and cellulose
from maize and wheat bran to obtain the derivative.
The use of the same amount used in the Chauvelon
et al.13 work resulted in a large amount of superfi-
cially acetylated material and a low amount of sul-
foacetylated material, with only 6% of the initial cel-
lulose being converted into sulfoacetylated
derivative. The modification of this method enabled
the production of three derivatives, which were
evaluated with the FTIR spectra shown in Figures 1
and 2. Table I shows the assignments of the main
absorption bands in CSA.
The FTIR spectra of the materials produced had a

band at approximately 1750 cm�1, which confirmed
that all of the products were acetylated. With regard
to the physical aspect of the materials produced,
precipitate A presented a fibrous structure, which

Figure 1 FTIR spectra for the materials produced: precip-
itates (a) A, (b) B, and (c) C.
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was very similar to the original cellulose. Also, this
material was not water soluble, which may have
indicated only a superficial modification without
any significant alteration of its crystalline structure.
With regard to precipitates B and C, they were
obtained in powder form. Although the physical
aspects of precipitates A and B were visually differ-
ent, their FTIR spectra were similar. These materials
were also water insoluble. On the other hand, pre-
cipitate C presented greater changes in its FTIR
aspects and solubility in water compared to precipi-
tates A and B. Initially, it can be pointed out that
precipitate C presented the highest degree of substi-
tution compared to the acetyl groups among the
three materials because its FTIR spectrum presented
greater intensity of the band attributed to the car-
bonyl group compared to the band attributed to the
stretching of the hydroxyl group at approximately
3500 cm�1. Moreover, the fundamental aspect
observed for this material was its increased water
solubility. The main reason why this material was

more water soluble was that, besides being acety-
lated, sulfate groups were also incorporated into the
glycosidic units. This could be proven by the pres-
ence of a band at 1238 cm�1, a band of a sulfate
ester attributed to the S¼¼O and ACOSO3 stretching
in the cellulose sulfate infrared.21 This band was
present in all of the materials evaluated, with greater
intensity for precipitate C. The presence of this band
was noted through the expansion of the spectrum of
FTIR, shown in Figure 2. The presence of sulfate
groups could be better evaluated by means of the
band in the 810 cm�1 region.22 For precipitate C, a
band was observed at 807 cm�1; this indicated that
the sulfate groups were localized at position 6 of the
glycoside ring.
Therefore, analyzing the FTIR spectra, we concluded

that precipitate C was the sulfoacetylated derivative
because the characteristic bands of the acetyl and sul-
fate groups were seen. Moreover, this derivative pre-
sented high solubility in water compared to the others.
This was attributed to the presence of sulfate groups,
which diminished the initial intermolecular interaction
in the juxtaposed glucose chains (hydrogen bond) and
did not allow the cellulose to become soluble because
these interactions were initially very strong. Consider-
ing this finding, we performed the later characteriza-
tions and the study of its application in civil construc-
tion only with precipitate C.

Determination of the degree of acetylation and sul-
fonation of the CSA

DSacet of CSA was determined by a saponification
reaction, and the value obtained was 2.70 6 0.08,
which corresponded to 42.20% of the acetyl groups.
This value characterized precipitate C as a trisubsti-
tuted acetylated derivative. On the other hand,
DSsulf was determined by a theoretical calculation
from the results obtained by elementary analysis,
shown in Table II, and the value obtained was 0.063.
It was also estimated that there was a sulfate group
for 16 units of anhydroglucose. Table II shows the
percentages of carbon, hydrogen, oxygen, and sulfur
for samples of cellulose acetate and CSA.
Comparing the percentages of sulfur of the two

samples analyzed, we perceived that, for CSA, this
percentage was approximately 5.5 times greater than
for cellulose acetate, which presented only 0.12% S.
This small percentage of S for the cellulose acetate
sample could be attributed to the synthetic route of

TABLE I
Assignments of the Main Absorption Bands in CSA

Wave number (cm�1) Assignment

3490 m(OAH) cellulosic
2960 m asymmetric (CH3)
2880 m symmetric (CH3)
1750 m(C¼¼O) of ester
1634 d of water
1429 d asymmetric CH2

1370 d symmetric CH3

1321 d CH2

1238 d axial (C¼¼O)
1157 m(CAO)
1120 m(CAO)
1052 m(CAO)
807 d SAOAC
909 d angular (CH2)
606 CAO of acetyl groups

Figure 2 FTIR spectra for the materials produced (1400–
500 cm�1 region): precipitates (a) A, (b) B, and (c) C.

TABLE II
Results Obtained by Elemental Analysis

Sample C (%) H (%) O (%) S (%)

Cellulose acetate 47.99 5.53 46.33 0.12
CSA 44.75 5.50 49.10 0.65
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preparation of the cellulose acetate, which used sul-
furic acid as a catalyst. This percentage was not
enough to characterize the material as a sulfoacety-
lated derivative because the derivative, which pre-
sented a DSacet of 2.84 6 0.06 (43.40% acetyl groups),
was not soluble in water; this was different from the
sulfoacetylated derivative. Thus, it was classified as
what was described by the literature, which was
that cellulose acetates are usually insoluble in water
for a degree of substitution greater than 1.22 On the
other hand, for CSA, even with a degree of acetyla-
tion higher than 1, 0.65% S was sufficient to change
the physical and chemical characteristics in relation
to the acetylated derivative, for instance, water solu-
bility, which could be attributed to the contribution
of the sulfate groups.

13C-NMR

Figure 3 shows the 13C-NMR spectrum of CSA. The
resonance lines for the derivative could be attributed
to C¼¼O (175 ppm), C(1) (101 ppm), C(6) (65 ppm),

and CH3 (21 ppm). The set of resonance lines
located at 70–82 ppm belonged to C(2), C(3), and
C(5). According to the literature,22 the sulfate groups
in CSA derivatives are located in the preliminary
function of alcohol in the glucose units. The FTIR
band at 807 cm�1 confirmed this observation. The
chemical displacement of the resonance line of 13C-
NMR to C(6) provided additional information on
changes compared to the spectrum of 13C-NMR of
cellulose acetates. For instance, a commercial cellu-
lose triacetate shows a resonance line in 63.4 ppm,23

whereas that of the CSA was at 65 ppm, which sug-
gested that the substitution of the sulfate group in
relation to the C(6) of the glucosidic ring displaced
the resonance line to the low field.
The spectrum of 13C-NMR could also be used to

confirm DSacet obtained by chemical means. When
the resonance line of C¼¼O (175 ppm) was expanded
and when the region of 170 ppm to 175 ppm was
analyzed (Fig. 4), the contribution of three lines of
resonance to the carbonyl carbon was clearly per-
ceived. This deployment in three lines was due to
the substitution of acetyl groups in C(6), C(3), and
C(2), which confirmed the high degree of acetylation
obtained by chemical means.

Reduced viscosity

Figure 5 shows the reduced viscosity as a function
of the concentration for CSA. The reduced viscosity
increased for more diluted concentrations, less than
1 g/L; this indicated the effect of polyelectrolyte due
to the presence of ionic sulfate groups, as already
reported in the literature.13

Application of CSA as an additive in civil
construction

Aqueous solutions of CSA were tested as an addi-
tive in mortars of Portland cement. The polymer/

Figure 3 13C-NMR spectrum of the CSA.

Figure 4 13C-NMR spectrum of the CSA for the region
from 170 to 175 ppm.

Figure 5 Determination of the reduced viscosity in water
at 25�C of the CSA.
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cement ratios evaluated were 0.2, 0.6, and 1% (w/
w), which were within the commercially recom-
mended range, that is, between 0.05 and 1.2%.24 For
this purpose, we evaluated the workability by meas-
uring the consistency index, the mechanical strength
to compression, and the potential tensile of adhesion
strength compared to the reference without the CSA
solution.

The 0.2% polymer/cement ratio proved adequate
for promoting increased mechanical resistance to
compression and workability of the system, without
any significant alteration of the potential tensile ad-

hesion strength, whereas the 1% ratio showed
improved workability of the system, the potential
tensile adhesion strength, but the mechanical resist-
ance to compression was diminished. Considering
these ambiguous behaviors, the best CSA dosage
considered was 0.6% polymer/cement because this
ratio presented satisfactory results in all of the tests
performed, which is discussed later.
The value of the consistency index of mortars

with CSA and of the reference without the polymer
were 163.60 6 0.50 and 176.30 6 0.65 mm, respec-
tively. In other words, the addition of the aqueous

Figure 6 Consistency index test: reference mortar (a) before and (b) after the test and mortar with the polymer (0.6%) (c)
before and (d) after the test.
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solution of CSA resulted in a 13.80% increase in the
consistency index compared to the reference. This
increase was due to the improved mixture of mortar
components because of better system lubrication;
this was possibly based on the phenomena of polye-
lectrolyte adsorption by the cement particles. In this
process, the polyelectrolyte with sulfonic groups
linked to the chain adsorbs to the cement particles,
giving them a negative liquid load. This effect pro-
vokes repulsion between the cement particles, favor-
ing their dispersion in water and thus improving the
fluidization and workability of the system.17,24,25,26

Figure 6 shows the mortars after the consistency
index test. A homogeneous aspect and fluid of the
mortar was seen, containing CSA.

The mechanical strength to compression of the
hardened mortar with polymer at a 0.6% ratio
remained virtually constant in relation to the refer-
ence. With this dose, there were increases of 3.84%
at 7 days of curing and 0.31% at 28 days of curing in
the compressive strength of the hardened mortar
when compared to the reference.

The adhesive properties of the mortar with poly-
mer were evaluated. The sample containing CSA at
a 0.6% ratio and the reference, that is, without poly-
mer, presented a potential tensile adhesion strength
of 0.69 6 0.20 and 0.57 6 0.19 MPa, respectively.
The mortar with the polymer showed an increased
potential tensile adhesion strength of 21.05% com-
pared to the reference; this indicated an increased
adhesion of mortar to the substrate. This result
shows the alteration of the characteristics of the mor-
tar modified with polymer also in the hardened
state. These modifications, also observed in the fresh
state, were the result of the improvement in the dis-
persion and homogenization process of the mixture,
which frequently leads to an improvement in the
mechanical properties.27 The value of potential ten-
sile adhesion strength for the mortars modified with
polymer, 0.69, was higher than the values found for
the classification of mortars for tile setting and cov-
ering, according to Brazilian norm NBR 15258/
2005.20 Among those, the mortar with the best per-
formance presented a resistance of adherence higher
or equal to 0.3 MPa.

The results show that the cellulose extracted from
sugarcane bagasse was a reasonable alternative for
the production of CSA and that this polymer could
be efficiently applied as an additive for mortars in
civil construction because it increases the workability
and adhesive properties of the mortars without a
negative impact on the mechanical strength.

CONCLUSIONS

It was demonstrated that by adaptation of the Chau-
velon et al.13 procedure, it was possible to synthesize

CSA from sugarcane bagasse cellulose. An aqueous
solution of CSA 0.6% w/w presented the best poly-
mer/cement ratio to be used as an additive in mor-
tars of Portland (CPV-ARI) cement. For this dosage,
a significant increase of 13.8% was observed in the
consistency index and an increase of 21.05% was
observed in the potential tensile adhesion strength
of mortar with polymer compared to the reference.
These results show that the CSA produced from sug-
arcane bagasse cellulose could be effectively used as
an additive to improve the workability and adhesive
properties of mortars of Portland CPV-ARI cement.
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Abastecimento de Minas Gerais. http://www.portaldoagrone-
gocio.com.br/conteudo.php?id¼25930 (accessed July 16, 2009).

2. Martin, C.; Klinke, H. B.; Thomsen, A. B. Enzyme Microb
Technol 2007, 40, 426.

3. Wang, Z. M.; Li, L.; Xiao, K. J.; Wu, J. Y. Bioresour Technol
2009, 100, 1687.

4. Gurgel, L. V. A.; de Freitas, R. P.; Gil, L. F. Carbohydr Polym
2008, 74, 922.

5. Shaikh, H. M.; Pandare, K. V.; Nair, G.; Varma, A. J. Carbo-
hydr Polym 2009, 76, 23.

6. Liu, C. F.; Sun, R. C.; Zhang, A. P.; Ren, J. L. Carbohydr
Polym 2007, 68, 17.
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15. Ott, E.; Spurlin, H. M.; Grafflin, M. W. Cellulose and Cellulose
Derivatives; Ed.; Interscience: New York, 1943.

16. De Buen, U. N.; Guevara, N. G.; Grau, G. J. WO Pat. 006397
(2003); U.S. 6,660,077 (2003).

516 NASCIMENTO ET AL.

Journal of Applied Polymer Science DOI 10.1002/app



17. Mehta, P.; Monteiro, J. M. P. In Concreto—Estrutura, Proprie-
dades e Materiais; Ed.; Pini: São Paulo, Brazil, 1994.

18. Filho, G. R.; Monteiro, D. S.; Meireles, C. S.; Assunção, R. M.
N.; Cerqueira, D. A.; Barud, H. S.; Ribeiro, S. J. L.; Messadeq,
Y. Carbohydr Polym 2008, 73, 74.

19. Associação Brasileira de Normas Técnicas. NBR 7215: Cimento
Portland, Determinação da resistência á compressão; Associação
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