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Abstract Due to the increasing interest in the utiliza-
tion of renewable feedstock’s for producing the chemicals,
this paper aims to present a short review compiling some
efforts made to synthesize the sodium carboxymethylcellu-
lose (NaCMC) from cellulose isolated from various waste
biomass materials. NaCMC is water soluble etherified cel-
lulose salt produced in large quantities in crude commercial
grade for application in various fields due to its hydrophilic
character, good film forming properties, high viscosity, and
adhesive performance, etc.
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Carboxymethylcellulose - Biomass - Waste

Introduction

The annual biosynthetic capacity of nature to produce the
cellulose is estimated to be 10''-10'% tons/annum so cel-
lulose has the status of most abundant natural biopolymer.
It is an obvious thought of using the cellulose as the prom-
ising feedstock for the production of chemicals. The strin-
gent environmental regulations from the federal regulatory
authorities towards the use of hazardous feedstock’s and
depletion in natural mineral resources have also forced the
industry to explore the possibility of replacing the conven-
tional raw materials with such natural biodegradable eco-
nomical renewable materials [1]. Two strategies are popu-
lar for obtaining the industrial utility chemicals. First is the
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degenerative process in which the biopolymer degradation
is done to obtain the low molecular weight chemical enti-
ties, e.g., pyrolysis, carbonization, hydrothermal liquefac-
tion, gasification, oxidative degradation, hydrolysis, fer-
mentation, etc., and second one is the derivatization of high
molecular weight chemical entities having the biopolymer
backbone intact. The second approach is more beneficial as
it is less energy intensive process so preferred. Basic mono-
meric unit of cellulose is D-glucose [anhydroglucose unit
(AGU)], which links successively through a p-1,4 linkages
between carbon 1 and carbon 4 of adjacent units (Fig. 1).
Each AGU unit/cellulosic monomer unit has one primary
and two secondary hydroxyl functionalities which are sus-
ceptible for chemical reactions easily but the limitations
of the second process manipulation on cellulose are its
rigid, highly crystalline nature and insolubility in common
organic solvents. Despite it, many cellulose derivatives
were synthesized which are known for their wide use in dif-
ferent industrial applications, e.g., cellulosenitrate, carbox-
ymethylcellulose (CMC), methylcellulose, ethylcellulose,
hydroxyethylcellulose, hydroxypropylcellulose, cellulose
acetate, cellulose fatty esters, etc. [2]. Out of these deriva-
tives, cellulose ethers are important which has tremendous
industrial application, e.g., sodium CMC (NaCMC) is used
in food [3] as thickener, and stabilizer in various products.
It is also a constituent of many non-food products, such as
varnishes and dyes [5], and textile sizing [5]. The techni-
cal grade CMC is used in detergents [6]. A further purified
CMC have pharmaceutical applications [7]. An interme-
diate “semipurified” grade is also produced and typically
used in paper applications [8]. CMC is also used in the oil-
drilling industry as an ingredient of drilling mud [9]. CMC
acts as a stabilizer and hydrophilic agent and is therefore
used in most of the compositions of cement and building
materials because it improves the dispersion of sand in the

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12649-017-9903-3&domain=pdf

1588

Waste Biomass Valor (2018) 9:1587-1595

B COyNa*
H,C
2 ,0
H,C H OH
H o (¢} H
H OH H
OH H H
*10 H H fo) | %
H OH H,C_
_0
COz'Na" _In

Fig. 1 Structure of sodium carboxymethylcellulose (CMC)

cement, and intensifies its adhesive action [10]. In pesti-
cides [11] and water-based sprays, CMC acts as a suspend-
ing agent. CMC is added to various compositions of glues
and adhesives [12] that are used for almost any material.
The majority of water-soluble ethers are used to join pieces
of porcelain hence is used in ceramic industry [13]. As
CMC helps to increase the viscosity, it is used in plastics
too [14]. This review presents a compiled brief account on
most of efforts made in the preparation of CMC from vari-
ous biomass resources.

CMC from Banana Stem

Banana stem is well known source of cellulose, though it is
discarded as agricultural waste. So researchers had devel-
oped a method to utilize Cavendish banana pseudo stem for
preparing NaCMC. The banana pseudo stem was obtained
after harvesting the fruit. The pseudo stem was dried
completely and then powdered to pass through a 20 mesh
screen. The powder was obtained by using 8% sodium
hydroxide (NaOH) at 100°C for 3.5 h, and followed by
bleaching using 5% NaOCl at 30 °C for 3 h. The alkaliniza-
tion of cellulose was done using 5-30% NaOH at 25 °C for
1 h and then sodium monochloroacetate (CICH,COONa,
NaMCA) at 3-7 g/5 g cellulose slurry was added and the
temperature was maintained at 55°C for 3 h. The CMC
with highest degree of substitution (DS), viscosity, purity
and crystallinity, i.e., 0.75, 4033 cps, 98.23 and 38.33%,
respectively was obtained using 15% NaOH and etherifica-
tion using 1.2 g (w/w) NaMCA, respectively [15].

CMC from Sago Waste

A method was also described on the isolation of sago
pulp (57% w/w) from sago waste to get CMC by etheri-
fication using NaOH and NaMCA. The reaction param-
eters, i.e., temperature, concentration and reaction time
were optimized. The product so obtained has a high
DS of 0.821. The starting material sago pulp and the
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synthesized product CMC was characterized using Fou-
rier transform infrared spectra (FTIR). Moreover the dig-
ital photographs of sago pulp and sago waste showed the
expected rough woody structure while that of synthesized
CMC from the pulp showed a smooth surface morphol-
ogy [16].

CMC from Paper Sludge

The previous research work also describes the prepara-
tion of NaCMC from an industrial solid waste, paper
sludge as a feasible alternative for generating value-
added product. It can be considered, a good contribution
in solving environmental problems resulting from paper
sludge. It is basically a three step process including pre-
treatment, basification and etherification. The optimized
conditions for pretreatment involved the addition of 6.7%
hydrochloric acid to the paper sludge for 30 min at 70 °C.
The optimized reactant ratios for preparing CMC was:
Inpaper sludge:msodium hydroxide:msodium chloroacetate — 0.9:0.8:1 '15;
etherification at 60 °C, basification at 40 °C for 1 h. Moreo-
ver under these conditions, CMC with viscosity less than
20 mPa s, DS more than 0.50 and purity more than 90%
was obtained. FTIR and X-ray diffraction (XRD) analysis
revealed that the resulting product has high DS with low
crystallinity. Furthermore the CMC prepared from paper
sludge can be used as a water retention agent and can also
meet the quality standards of GB/T 10335.1-2005 [17].

CMC from Cotton Stalk

A previous research paper also describes the feasible alter-
native, time efficient and environmentally safe synthesis
of NaCMC from cotton stalk, an agricultural waste, using
microwave heating. Response surface methodology (RSM)
was applied to optimize the preparation of CMC. Moreover
the optimization of reaction product involved pre-treatment
and preparation processes. The optimum pre-treatment
condition involved the addition of 12% alkali to cotton
stalk for 6 min at a microwave power of 200 W keeping
cotton stalk to solvent ratio of 1:9, giving 87.52% cellulose.
The best conditions for preparation are: Mo salk cellulose:
Mgodium hydroxide:msodium chloroacetate = 1.0:1.1:1.2 with etherifi-
cation at 195.5 W of microwave power for 1.97 min. Under
these conditions, CMC with DS 0.77, viscosity 498.0 cps
and purity 92% was produced. FTIR spectroscopy indicated
the product with high DS characteristics. Scanning electron
microscopy (SEM) showed the particles length ranging
from about 12 to 100 pym and were nearly clava in shape.
However the product met the quality standards of GB/
T1904-2005 [18].
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CMC from Sugarcane Bagasse

A research effort also shows the feasibility of preparing cel-
lulose from sugarcane bagasse, involving chemical proce-
dures including acid hydrolysis and alkaline treatment. The
extracted and purified cellulose was further treated with
alkali and then etherified to obtain a cost-effective additive
for coal-water slurry (CWS). The DS and intrinsic viscos-
ity of prepared sodium carboxymethylcellulose (SCMC1)
was determined. FTIR and thermogravimetry analysis
(TGA) was also done. Another sample SCMC2 was syn-
thesized from microcrystalline cellulose and a commercial
sample SCMC3 were used as references. The data so gen-
erated showed that SCMC1 had a DS of 0.857 which was
32.7 and 44.7% higher than SCMC2 and SCMC3, respec-
tively. It was also shown that SCMC1 had higher intrinsic
viscosity which indicated that it had a higher molecular
mass. The SCMC samples so synthesized were further used
as additives to prepare CWS, however their performance
were evaluated on the basis of rheological behavior and
static stability. The data revealed that due to the higher DS
and higher molecular mass of SCMC1, CWS with SCMC1
showed lower apparent viscosity and higher static stability
than others. SCMC1 could generate steric repulsive forces
and stronger electrostatic repulsive forces between the coal
particles via adsorption when added to CWS [19].

In another research work, the sugarcane bagasse was
treated by acid and alkali separately. The acid and alka-
line pulps were further submitted to a chemical bleaching
using sodium chlorite. Then these bleached pulps were
used to obtain CMC. CMC yield was 35% (pulp based).
The mass gain of CMC was 35%, corresponding to 0.70
CH,COONa group per unit of glucose residue (DS=0.70)
or 23.6% of substitution. The IR spectra confirmed the syn-
thesis of CMC. Using the IR technique DS determined was
0.63, similar to the result of DS calculated by the mass gain
(0.70), conductometric titration showed the DS to be 1.0
and according to potentiometric titration method the DS
was 0.63 [20].

CMC from QOil Palm Fronds

It is also reported to use oil palm fronds for synthesis
CMC. Oil palm fronds are obtained from the harvesting of
oil palm fruit bunches which is an agricultural waste, rich
in fiber and cellulosic compound. The reaction optimiza-
tion conditions were studied using RSM and the optimum
conditions found were, 52% NaOH and 10.7 g of MCA
(monochloroacetic acid), reaction temperature 50°C with
reaction time of 3 h and highest yield of 170.1% CMC. Oil
palm fronds CMC so synthesized at this condition was fur-
ther characterized, which showed the DS to be 1.1, purity

97.3% and viscosity of 1% w/v CMC solution to be 685 cP
and hence can be categorized as technical grade CMC [21].

CMC from Pod Husk of Cacao (Theobroma cacao L.)

A byproduct of the cacao industry, rich in cellulose, i.e.,
cacao pod husk (7. cacao L.) is also reported to be used
to synthesize the NaCMC. It was synthesized by using 20
mL NaOH at varied concentrations (11.59, 15, 20, 25, and
28.41% wiv) at 25°C for 1 h and with five various con-
centrations of sodium monochloroacetate (NMCA) sam-
ples (i.e., 3.18, 4, 5, 6 and 6.68 g, respectively) with 5 g
of cellulose at various temperatures (46.59, 50, 55, 60 and
63.41°C) for 3 h. The condition optimized using RSM are
15% NaOH with 4 g NMCA, at 55.93°C for 3 h. Extracted
NaCMC has substitution (DS) of 0.75, 2.12 g/g oil holding
capacity, 3.73 g/g water holding capacity, 56.61 lightness,
206.10 cps viscosity, and 141.60% yield [22].

CMC from Palm Kernel Cake

The main raw material for cellulose extraction is wood
and cotton linter. However, due to increasing environmen-
tal issues, gradually interest is increasing on agriculture
products and by-products as alternative cellulose resources.
Palm kernel cake (PKC) being abundant agriculture by-
product consists 20-30% cellulose, hence considered as
one of the alternative secondary resource of cellulose.
Therefore efforts are made in which cellulose is extracted
from PKC and CMC is synthesized, which is used as anti-
caking agent, emulsifier, stabilizer, dispersing agent, thick-
ener, and gelling agent. The extraction of cellulose from
PKC involved NaOH and sodium chlorite using common
bleaching and delignification technique. Under optimum
condition, carboxymethylation of extracted cellulose lead-
ing to provide the CMC with DS, product yield and viscos-
ity as 0.67, 1.6475 g/g and 66.6 cP, respectively [23].

CMC from Bean Hulls

Binary and ternary complexes of Ni**, Cu?*, Ag® and
UO%Jr were synthesized with sodium salt of carboxymethyl
cellulose (P-NaCMC) obtained from bean hulls. Pyridine
(py) was also used as secondary ligand. The structures
of the synthesized binary and ternary complexes were
determined by elemental analysis, spectral data (IR, mass
and solid reflectance) as well as magnetic susceptibility
measurements, thermal and XRD analysis. IR spectrum
of P-NaCMC showed the change in selected vibrational
absorption bands upon coordination with metal ions and
revealed that the coordination mode of py ligand is the
ring nitrogen while of P-NaCMC to be the two vicinal
uncarboxylated diol groups (2- and 3-hydroxyl groups) of
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the glucopyranose rings in addition to the carbonyl oxy-
gen atom of the carboxylate group. The mass spectra also
confirmed the structure of the synthesized compounds.
The geometrical structures for the metal complexes were
also determined by the magnetic moment measurements
and solid reflectance spectral data. A mechanism for deg-
radation of P-NaCMC and its metal complexes were also
evaluated by thermal studies. Antimicrobial activities of
P-NaCMC and its binary and ternary complexes were stud-
ied using agar disc diffusion method against Gram-positive
bacteria (S. aureus and S. pyogenes), Gram-negative bac-
teria (P. phaseolicola and P. fluorescens) and the fungi; F.
oxysporum and A. fumigates. The results revealed that all
the synthesized metal complexes, especially Cu®** ternary
complex have higher antifungal and antibacterial activities
than others [24].

CMC from Durian

Carboxymethylcellulose (CMC,) was obtained from durian
rind by carboxymethylation using sodium monochloro-
acetate (SMCA) and varied concentrations (20-60 g/100
mL) of NaOH. The chemical structure of the cellulose and
the synthesized CMC was characterized using FTIR spec-
troscopy. Then, the properties of the CMC, materials were
determined. The highest viscosity and DS (0.87) was found
to be at 30 g/100 mL NaOH concentration. Moreover the
crystallinity of CMC, was found to decline after synthesis
in comparison to cellulose. The CMC, films were prepared
and tested, and found that 30 g/100 mL NaOH-synthesized
CMC, film had highest tensile strength (140.77 MPa) and
water vapor transmission rate (220.85 g/day m?). The per-
cent elongation at break is the only property unaffected
by NaOH concentration and therefore did not have a rela-
tionship with the DS values. It is believed that this new
biopolymer will be a value addition to agricultural waste
and is also useful for industrial utilization as a film-forming
agent, binding agent, sustain release agent, gelling agent,
and metal absorber [25]. The CMC was also synthesized by
durian seeds having good quality to be used as filler [26].

CMC from Ewinia chrysanthemi

Ewinia chrysanthemi strain 3665 was reported to produce
an extracellular carboxymethylcellulase aerobically in a
mineral salts medium containing various carbon sources
at low levels. Moreover the production of this activity was
increased by varying the reaction conditions which finally
reduced the growth rate. The obtained results suggested
that with continuous culture the production was controlled
by the means of mechanism similar to catabolite repres-
sion. Other factors might be responsible for the regulation
of carboxymethylcellulase production [27].
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CMC from Eucalyptus globulus

CMC with different DSs were reported to be obtained from
E. globulus pulps in heterogeneous medium from milox-
delignified using media made up of 2-propanol and mix-
tures of NaOH:MCA:cellulose. Purity grade of CMC sam-
ples so synthesized was higher than 99.2% suitable for the
applications such as paints, ceramics, textiles, adhesives,
cosmetics, foods and pharmaceuticals. Rheological behav-
ior, solubility and molar mass of the synthesized materials
were also determined and examined with respect to their
total DS. The dynamic and transient tests applied for this
purpose showed coherent results. At higher concentrations
higher shear thinning was observed with the lowest DS.
Higher structuration degree resulted lower shear compli-
ance. Lower DS showed more resistance to both flow and
viscous deformation for a given concentration [28].

CMC from Pine Needles

In a previous research paper, forest waste resource, i.e.,
pine needles and their carboxymethyl forms were modified
with 2-acrylamido-2-methylpropanesulphonic acid to pre-
pare hydrogels in the presence of N, N-methylene bisacryla-
mide and ammonium persulfate as accelerator-initiator.
The hydrogels so developed are cost effective, efficient and
biodegradable supports for the removal of Cr®* from waste
water. A thorough study of Cr®" adsorption was carried
with respect to temperature, time, pH, and ionic strength.
The hydrogels so synthesized were characterized by FTIR,
SEM, and nitrogen analysis. Their water uptake capacities
before and after sorption of the metal ion was conducted
with a view to evaluate their use in the removal of toxic
ions from waste water. The thermodynamic parameters
such as DHO, DSO, and DGO of adsorption have also been
evaluated to understand the adsorption mechanism. The
biodegradability tests for the pine needles based hydro-
gel and carboxymethylated needles were conducted which
showed that pine needles based hydrogel are more efficient
sorbent but carboxymethylation increased biodegradability
of the pine needles. However even after loading of the ionic
species the polymeric supports are biodegradable hence
will not generate any waste even after their use [29].

CMC from Posidonia

The previous report is available on the value addition to
the sea biomass, i.e., by using Posidonia which is abun-
dantly accumulated every year on the beaches of Tunisian
coasts and which must be cleaned every summer. Hence it
can be used as raw material for the preparation of absorb-
ing materials. Therefore three cellulosic qualities of varied
purities are prepared from Posidonia wastes. From these
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synthesized cellulosic materials six qualities of NaCMC
are synthesized, which differ by their substitution degree.
Their performance evaluation was done in terms of absorp-
tion and retention capacities. With this point of view, three
types of liquids, i.e., the deionized water, the synthetic
urine and the salt solution were used and their perfor-
mances are evaluated and compared with those of some
commercially available absorbent materials like industrial
cellulosic pulp and super absorbent used in local indus-
tries. However the study shows a decrease in the retention
and absorption capacities with increase in the purity of the
material and for the synthesized NaCMC these capacities
increase simultaneously with the DS [30].

CMC from Sugar Beet

A reported research is available on the conversion of sugar
beet pulp cellulose to CMC by etherification. The films of
different emulsions containing CMC from sugar beet pulp
cellulose were coated on mandarin surfaces as a hydro-
philic polymer while beeswax, paraffin wax and soybean
oil; CMC with DS of 0.6670; Emulgin PE, oleic acid,
triethanolamine and sodium oleate were taken as hydro-
phobic phases. Emulsifying agents along with hydrophilic
polymer in mandarins coating maintain their quality as well
as extend postharvest life. The mandarins were stored at
75% relative humidity and at 25 °C in a chamber, at regular
intervals samples were taken for analysis. Then the coated
and uncoated samples were investigated and their effects
were compared in terms of changes in weight loss, pH, sol-
uble solids, titratable acidity and ascorbic acid with storage
time to determine the deterioration time of the sample by
multiple regression analysis. The coatings of hydrophilic
polymer decreased the soluble solids and titratable acid-
ity loses, lowered reduction in pH, delayed ascorbic acid
loss, lowered weight loss, extend the storage period until 27
days. Finally it was concluded that the emulsion prepared
by the mixture of soybean oil, CMC, sodium oleate and
water was suitable for the coating of mandarins [31].

In another research report the sugar beet pulp cellulose
was converted to CMC by etherification. The reaction con-
ditions were optimized and the flow behavior of CMC from
sugar beet pulp cellulose was determined and found that the
behavior of CMC solutions was pseudo-plastic. The rheo-
logical properties were shown to be affected by concentra-
tion, temperature and shear rate. Moreover the flow behav-
ior of CMC solutions was found to be most adequately
described by the power-law model. The experimental data
so generated were fitted by mathematical models to predict,
the flow behavior index, the consistency coefficient, and the
apparent viscosity as a function of temperature and concen-
tration [32].

CMC from Date Palm Rachis and Posidonia oceanica

The studies shows that lignocellulosic materials like an
agricultural residue (date palm rachis) and a marine waste
(P. oceanica) can be used as starting material for the prepa-
ration of different qualities of CMC and thus contribute to
biomass valorization. The carboxymethylation reaction of
the extracted cellulose was carried out in presence of 40%
NaOH and monochloroacetic acid, in n-butanol as solvent.
The DSs of the synthesized CMCs varied from 0.67 to 1.62
for P. oceanica and between 0.98 and 1.86 for date palm
rachis. The spectroscopic techniques, i.e., CP-MAS '*C
nuclear magnetic resonance (NMR) as well as acid-base
titrations were conducted for the synthesized CMCs which
confirmed the purity and conversion of the original raw
materials to CMC with varied DSs. The study gave clear
information about the structure and the application of the
synthesized cellulosic derivatives in different areas [33].

CMC from Water Hyacinth

Water hyacinth, originating from South America has
become world’s major free-floating aquatic weed of tropi-
cal and subtropical regions. The plant regenerates from
seeds as well as fragment owing to rapid increase in plant
population. It is however a fiber, rich in cellulosic com-
pounds and hence can be derivatized into cellulosic ethers
or CMC. Therefore a reported research study investigates
how we could attain and characterize CMC from water
hyacinth. The synthesis of CMC involves four main steps,
firstly the isolation of a-cellulose from the water hyacinth,
secondly alkalization of cellulose with NaOH, thirdly car-
boxymethylation of alkalized cellulose by chloroacetic
acid and finally the purification of the synthesized CMC by
removing undesirable compounds. Hence 15 samples are
synthesized by varying the concentrations of NaOH and the
isobutyl—ethanol mixture. The characterization is done by
FTIR and DS was determined. FTIR proves that CMC is
produced in the experiment as transmittance peak at 1400
and 1600 cm™' indicating ether and carboxyl functional
group, respectively. The highest DS, i.e., 1.76 is obtained
with the highest purity of 93.24 [34].

CMC from Agave lechuguilla and fourcroydes

Agave lechuguilla (lechuguilla) and fourcroydes (henequen)
belonging to renewable feedstock containing about 80%
cellulose, 5% hemicellulose and 15% lignin are used as
the raw material for attaining new products by chemical
functionalization. Cellulose isolated from agave plants was
converted to cellulose derivatives by chemical modifica-
tion reactions like carboxymethylation, sulfation, acety-
lation, tritylation. Subsequent carboxymethylation of the

@ Springer



1592

Waste Biomass Valor (2018) 9:1587-1595

trityl derivative and selective oxidation of the primary
hydroxyl functional groups of carboxymethylated products
with TEMPO/NaB1/NaClO were also carried out success-
fully for cellulose which are typical reactions for it. Chemi-
cal treatment of these agave fibers with n-octanol/aqueous
NaOH yields to an activated expanded gel-like material
with improved accessibility soluble in DMA/LiCl (cellu-
lose solvent) as well as in the new solvent DMSO/tetrabu-
tylammoniumfluoride. The synthesis of the products were
confirmed by of 3*C NMR, 'H NMR, HPLC, GPC and « by
solubility testing [35].

CMC from Cotton Fibers

In present paper cellulose is extracted from short cotton
fibers and then CMC samples were successfully synthe-
sized from alkaline cellulose, in the presence of 30% NaOH
followed by etherification with 40% monochloroacetate
(MCA) and further purified. The highest DS of 0.7 for
the sample was obtained with isopropanol as solvent. The
obtained CMC sample was glossy. The samples of CMC
were characterized by SEM and FTIR techniques. Interest-
ingly, the CMC powder was easily soluble in water. Hence
the obtained product has the potential to be used in phar-
maceutical applications and food additives [36].

CMC from Cotton Linters

Preparation of CMC from indigenous cotton linters is also
reported. Special attention was given on method of purifi-
cation to remove the non-cellulosic materials. Hence a two
step method for purification of cotton linters was estab-
lished for the synthesis of water soluble CMC with 0.89 DS
and viscosity of 235 cp (0.5% solution) [37].

CMC from Lantana camara

Lantana camara being a weed is a threat to the ecology
and therefore demands its management. Hence utilization
of this cellulosic biomass as chemical feedstock to isolate
a-cellulose is also reported. Further modification of this
extracted cellulose to CMC by carboxymethylation reaction
under varied reaction conditions with respect to maximum
DS was conducted. The optimum conditions for the car-
boxymethylation reaction were therefore: concentration of
aqueous NaOH 3.24 mol/AGU, 20% (w/v), concentration
of MCA 2.05 mol/AGU, time 3.5 h and temperature 55 °C
with isopropyl alcohol as the solvent to yield CMC of DS
1.22. The effect of reaction conditions on apparent viscos-
ity of the synthesized CMC was also studied. The rheologi-
cal behavior of the optimized product (1 and 2% solutions)
showed their non Newtonian pseudo-plastic behavior [38].
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CMC from Orange Peel

Extraction of cellulose by 10% NaOH at 35°C for 22 h
from delignified orange peel was also reported. The effects
of temperature and concentration on the viscosity of cellu-
lose solutions extracted from orange peel and were exam-
ined at temperature range 20—-60°C and a concentration
range 1-10 kg/m>. Combined effects of concentration and
temperature on the viscosity were determined by 28 dif-
ferent models, which were fitted to the experimental data
and then model parameters were determined via nonlinear
regression analysis. The cellulose so extracted from orange
peel was then converted to CMC and then rheological prop-
erties of the synthesized CMC were determined by using
a rotational viscometer at five varied temperatures (10,
20, 30, 40 and 50°C) and six concentrations (10, 15, 20,
25, 30, 35 kg/m3), and found that CMC solutions exhibits
pseudo-plastic behavior. The power law model fits well the
shear rate and shear stress data which was among the com-
mon rheological models. With concentration the consist-
ency index increased and decreased with temperature. At
constant spindle speed, as a function of shearing time, the
apparent viscosity was measured. The CMC solutions were
described by the Weltman model and found to exhibit thix-
otrophic behavior [39].

CMC from Rice Straw, Wheat Straw and Sugarcane
Straw

CMC was reported to be prepared from agricultural wastes
like rice straw and wheat straw. Firstly the cellulose was
extracted from these agricultural wastes and then converted
via its acidic form of CMC to CoCMC by reacting it with
Co(II) chloride. Hence 1.0 g of the acid form of CMC was
reacted with 5.0 g of Co(II) chloride in 250 mL of water at
90°C for 8 h. A maximum content of cobalt, i.e., 7% in the
CoCMC product was recorded from both the sources [40],
but the CMC obtained from sugarcane straw presented a
low DS (0.4) demonstrating the carboxymethylation reac-
tion not to be very effective due to the presence of lignin
[41].

CMC from Kudzu Root

A new starch source having reasonably wide distribution
which is available plentiful, particularly in the hilly region
in southern of China was also studied for the synthesis and
characterization of carboxymethyl derivatives of kudzu
root starch. The reaction parameters were optimized to
attain the DS of 0.91 with a reaction efficiency of 65.3%
after 3 h. The synthesized CMC was characterized by *C
NMR which showed a peak at 6 = 177.85 ppm assigned to
carbonyl carbon. Wide angle X-ray diffractometry revealed
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that carboxymethylation reduced starch crystallinity but
TG and derivative TG showed improvement in thermal sta-
bility after carboxymethylation. IR spectrometry showed
new bands at 1597, 1415 and 1323 cm™! which was due to
starch that has undergone carboxymethylation [42].

CMC from Office Waste Paper

Mixed office waste (MOW) paper pulp has been used to
synthesize CMC which has varied applications. MOW
was deinked prior to carboxymethylation and then yielded
80.62+2.0 with 72.30+1.50% deinkability factor. Then
the pulp so obtained was converted to CMC by alkalization
followed by etherification using NaOH and CICH,COONa,
respectively, in an alcoholic medium. The optimum con-
ditions at which maximum DS (1.07) was attained were
0.094 M of NaOH and 0.108 M of CICH,COONa, 50°C
temperature and time 3 h. Further rheological studies were
conducted for the optimized CMC product which showed
the non-Newtonian pseudo plastic behavior. The synthesis
of the product was confirmed by NMR, FTIR and SEM
[43].

CMC from Corn Husk and Cob

Corn husks and corn cob which have been used on a small
scale as a fuel for direct combustion in cooking and heat-
ing, were reported to be used as chemical feedstock for
large-scale production of CMC, which is a more modern
concept. Cellulose was extracted from the corn biomass
and etherification reaction was carried out by the treatment
of cellulose with NaOH and monochloroacetic acid. The
reaction conditions were optimized against the NaOH con-
centration, monochloroacetic acid concentration, reaction
temperature and time. The DS was also determined. The
produced CMC was characterized by using FTIR spectra
and X-ray diffractogram. High purity food-grade CMC was
successfully produced and used as an additive for pharma-
ceutical and food industries [44, 45].

CMC from Grapefruit Peel

The cellulose was isolated from grapefruit peel and con-
verted to CMC .The empirical equations were developed
as a function of temperature and concentration to predict
the viscosity of cellulose from grapefruit peel. CMC solu-
tions exhibited pseudoplastic rheological behaviour. It was
found that the consistency index values increased with
the concentration while the opposite trend was observed
with temperature. The activation energy calculated with
the Arrhenius model indicated that CMC solutions were
most sensitive to temperature change at low shear rates.
CMC solutions exhibited thixotropic flow behaviour at

varied concentrations. This study provides essential data
for design of processes relating CMC solutions from grape-
fruit peel within the temperatures (10-60 °C), the concen-
trations (15-35 kg/m3) and the shear rates (1.32-13.2 s7)
studied [46].

CMC from Kenyan Biomass

M. sinensis, E. crassipes and C. papyrus biomass can be
used for the synthesis of microcrystalline cellulose and
carboxylmethylcellulose with different DSs and degree
of crystallinity by varying reaction parameters. The car-
boxymethylation conditions for cellulose from M. sinensis
were: pure isopropyl alcohol as the solvent medium, 6.0 g
of sodium monochloroacetic acid, NaOH concentration of
10 mL of 17.5%, reaction period of 120 min and reaction
temperature of 50 °C. Overall, the better flow properties of
the microcrystalline celluloses are dependent on source,
variations in particle shape, size, and surface area of the
powders which are directly related to the process of partial
hydrolysis of the original cellulose [47].

CMC from Cellulosic Wastes of Textile Industry

CMC was synthesized from a textile waste of textile and
garment industries (cellulosic rag) via single step to seven
step carboxymethylation. Low substituted to high substi-
tuted products were obtained. In this way, it was possible
to produce low cost and different grades of substituted
carboxymethylated cellulose. The structure of CMC and
grafted CMC were investigated by FTIR, '*C NMR and
SEM. The DSs of CMC from one to seven reaction steps
were 0.90-2.84, respectively. Similarly, CMC content
and molecular weight of CMC were 72.60-85.00% and
153,886-252,231, respectively. The prepared CMC was
used as a sizing agent to develop the physico-chemical
characteristics of fabric and yarn as well. Grafting of pre-
pared CMC film with methyl methacrylate (MMA) mono-
mer increased their strength 86.11%, although decreased
rigidity and moisture content due to the incorporation of
hydrophobic MMA monomer was observed [48].

Conclusions

The cellulose extracted from varied lignocellulosic waste
biomass can be converted to CMC by doing alkaliniza-
tion using NaOH followed by etherification by monochlo-
roacetic acid (MCA) under heterogeneous condition. The
various properties of CMC depend upon three major fac-
tors: molecular weight of the polymer, DS and also on
the distribution of carboxyl substituent’s along the poly-
mer chains. DS varies by varying the reaction parameters

@ Springer



1594

Waste Biomass Valor (2018) 9:1587-1595

like NaOH %, monochloroacetic acid molar ratio, reac-
tion temperature and time. The produced CMC have been
characterized by using various spectroscopic techniques,
viz., FTIR spectra, NMR, SEM, X-ray diffractogram, etc.
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