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The synthesis of carboxymethylcellulose was investigated using effluents containing short cellulose fibers. Car-

boxymethylcellulose was synthesized according to the slurry process using different amount of sodium hydroxide

and  different incubation times at 30 ◦C after the etherification reaction as  variables. Characterization of the prod-

uct was  conducted by Fourier transformed infrared spectroscopy, X-ray diffraction, degree of substitution, average

degree of polymerization, water imbibing capacity, color, rheological properties, apparent viscosity and trace ele-

ments  content. Incubation time slightly increased the yield of the reaction and the  degree of substitution during

the  first 12 h. The reaction yield and degree of substitution both decreased when the initially concentration of NaOH

was  increased from 7.0 g/mL to  10.5 g/mL. The carboxymethylcellulose obtained was darker and had lower hydration

properties than commercial samples. Trace elements content suggests that the product could be only used in paint

factories or  building materials industries.
© 2014 The Institution of Chemical Engineers. Published by  Elsevier B.V. All rights reserved.
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rated; as a consequence, a management alternative is
. The most widely researched non-conventional man-
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 required qualities for this polymer. CMC  was syn-
from sago waste (Pushpamalar et  al., 2006), cellulosic
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, 2005)  is  used for large scale production of CMC.
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d in alcohol–water–sodium hydroxide system. The

tep is  the etherification with monochloroacetic acid.
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tant properties of the  CMC, such as type of solvents
alar et al., 2006) sodium hydroxide concentration,

ure, monochloroacetic acid concentration and reac-
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 the moment no information is available about the
he reaction when the reaction mixture is incubated
after the etherification reaction at different sodium
e content. Thus, the purpose of this work is to  explore
t of these variables on the yield of the  reaction, degree
erization and degree of substitution of CMC  obtained
F from paper recycled sludge. We also evaluated the
f the  CMC  obtained by analyzing the trace element
rheology, color and water imbibing capacity.

aterial  and  methods

hemical  reagents

icals used were of analytical grade. Deionized water
l conductivity around 0.055 mS/cm) was used for
bsorption assays. Commercial carboxymethylcellu-
fix S.A, Buenos Aires, Argentina) with a degree of
zation of 1405 and degree of substitution of 0.92 was
eference (CMCR).
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fluent flow at the  critical points process. The total cel-
ntent was determined according to the colorimetric
escribed by Gottipati and Mishra (2011).

ludge  effluent  analysis

ical oxygen demand and sedimentable solids at 10
in were determined according to  the ASTM methods

CF  recovery

to obtain the solid fraction of the crude SCF, 45  mL  of
e effluent from the cyclone was decanted and cen-
or 5 min at 3500 ×  g  (Rolco CM 2036, CABA, Argentina).

 obtained was washed three times with distilled
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ulose content. The dried crude SCF has a  brownish
 cotton appearance with fine in particle size.

arboxymethylation  of  crude  SCF

 synthesized according to the slurry process (Heinze
hella, 2005) with some modifications using dry crude

 raw material. Briefly, 50 mL  of isopropanol, 2 g of
y SCF in 20 mL  of sodium hydroxide (7 g/100 mL  or

 mL)  were mixed in a  250 mL  reaction vessel. After
 hour at room temperature, 10  g of solid monochloro
id in 8 mL  of isopropanol was slowly added and the

 were stirred for 3 h at 55 ◦C. The reaction mixtures
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solid fractions were neutralized with acetic acid
0 mL). The substances obtained were dissolved in
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pernatants were precipitated with ethanol, washed
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e reaction mixtures were assayed each 3 h for yield,

 substitution and degree of polymerization. The yield
alculated according to  the following equation:

mCMCt
mSCF

�
× 100 (1)

CMCt  is the mass of CMC  obtained at different times
F is the mass of SCF used as raw material (2 g).

pectroscopic  characterization

ransformed infrared spectroscopy and X-ray diffrac-
 carried out to verify the success of the  synthesis. The

s were carried out in a  Nicolet IR200 instrument (Ther-
tific, WI,  USA) in  the transmission mode between 500

 cm−1.  The powdered dried solids were mixed with
 bromide (1/100 g/g) and grounded in an agate mor-
ty eight scans were collected at room temperature
 spectrum at a  resolution of 4 cm−1.  Deconvultion
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Fig. 2 – Spectroscopic characterization. (a) Infrared spectra, (b) X-ray diffraction pattern. Short cellulose fibers (SCF),
commercial carboxymethylcellulose used as reference (CMCR) and carboxymethylcellulose obtained after 21 h  of incubation
(CMC).
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Fig. 3 – Effect of shear rate on the apparent viscosity of 1%  w/v aqueous solution of commercial carboxymethylcellulose
used as reference (CMC ) and carboxymethylcellulose obtained after 21 h  of incubation (CMC).
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Table 2 – Hunter’s parameters (L*, a* and b*), total color change (1E) and trace elements content of the commercial
carboxymethylcellulose used as reference (CMCR), carboxymethylcellulose obtained after obtained after 21 h of
incubation (CMC), degree of polymerization (DP) and degree of substitution (DS).

L* a* b* 1E Pb (mg/L) Cr  (mg/L) Cd (mg/L) As (mg/L) DS DP

CMCR 92.64a 0.03a 5.83a 0 5.2a 1.7a 1.1a 0.8a 0.92b 1405b

CMC 66.57b −1.47b 3.33b 26.16 22.8b 11.0b 1.3a 1.4a 0.71a 877.54a

Values in the same column with some letter in common are not significantly different (P > 0.05).
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 degree of substitution both decreased when the ini-
centration of sodium hydroxide was  increased from
to 10.5 g/mL. The degree of polymerization was not
by the incubation time and sodium hydroxide con-
n.
MC obtained was darker than the reference and the
f Cr and Pb exceeds the maximum allowed by regula-
nism. The hydration properties were also lower  than
ence.
ts of the present work demonstrates that it is  possible

 CMC using crude SCF as raw material and provides
 alternative way for generating a  value added prod-
ontributing to solving, at least in part, some of the
ental problems derived from paper industry.
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