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 

Abstract— Baobab (Adansonia digitata L.) fruit shell was 

used as the raw material to produce cellulose. A 37.67 % of 

cellulose was successfully extracted from baobab fruit shell 

through sodium hydroxide (NaOH) pre-treatment and acidified 

sodium chlorite delignification. Cellulose was then converted to 

carboxymethyl cellulose (CMC) by etherification process using 

monochloroacetic acid (MCA), and various sodium hydroxide 

concentrations (20, 25, 30, 35 and 40 g/100 ml), in isopropyl 

alcohol (IPA) medium. The synthesized CMC yield increased 

with increasing amounts of sodium hydroxide (NaOH) 

concentration for the alkalization step.  Structural information 

of cellulose and CMC was obtained using Fourier Transform 

Infrared spectroscopy (FT-IR), and the surface morphology was 

studied using scanning electron microscopy (SEM). The 

carboxymethylation process of cellulose was confirmed by 

FT-IR spectroscopy. The presence of a new and strong 

absorption band at 1600.92 cm-1 for all CMCs samples is due to 

the COO‾ group, which substitutes OH groups at 

anhydroglucose unit (AGU). The degree of crystallinity for BFS 

cellulose was calculated to be 60.6% while the crystal size was 

calculated to be 31.12 nm. XRD analysis confirmed that CMC 

crystallinity was reduced remarkably compared with cellulose. 

The viscosity average molecular weight (Mη) of baobab fruit 

shell cellulose obtained by Mark-Houwink equation using 

intrinsic viscosity data is 51,024 g mol-1. The optimum condition 

for carboxymethylation was found to be 35 g/100 ml NaOH, 

which provided the highest viscosity average molecular weight 

(Mη=39,241 g mol-1) and degree of substitution (DS = 0.94). The 

characteristic features of synthesized CMC suggest the 

possibilities of utilization as food additive. 

 

Index Terms— Baobab fruit shell, Cellulose, 

Carboxymethylation, Lignocellulosic biomass. 

 

I. INTRODUCTION 

  Baobab (Adansoniadigitata L.) is one of the important 

commercial non-timber forest products (NTFPs) [1]. Each 

mature tree produces more than an average of 250 capsules 

which may provide at least 30 kilograms of fruits. Fruits of 

baobab are very variable in size and shape [2]. The baobab 

fruit is composed of an outer shell (epicarp) (45%), fruit pulp 

(15%) and seeds (40%) [2]. However, Baobab fruit shells 

(BFS) have no economic benefit [3], and as such they are 

often discarded wantonly around the harvesting areas and 

around the factory’s sites, thereby littering the environment 

[4].  
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Traditionally, the shells were burned and people produced 

soap from the ashes [5], or turned into baking soda [6], used 

as fishing floats [7], pots for food and drinks [8], dishes, 

vessels, souvenirs, mouse traps, jewel cases, lamp shades, 

music instruments [9] and a firewood substitute. [10]. 

  

Baobab fruit shell is a forestry biomass waste, generates 

during processing of fruit, contains appreciable amount of 

cellulose and hemicelluloses, which can be utilized into 

different uses. Most of the research has concentrated purely 

on the synthesis of activated carbon and adsorbent particles 

from Baobab fruit shell (BFS) [4], [11], [12]. This is the first 

attempt in BFS Lignocellulosic conversion. 

    

Cellulose is the most abundant natural polymer in the 

biosphere, with a global production (and decomposition) of 

~1.5*10
12 

tons per year [13]. Cellulose is a polydisperse linear 

homopolymer, consisting of regio- and enantiosele- ctively 

β-1,4-glycosidic linked D-glucopyranose units (so-called 

anhydroglucose units [AGU]) (Fig. 1) [14]. In the solid state, 

AGU units are rotated by 180° with respect to each other due 

to the constraints of β-linkage. Each of the AGU units has 

three hydroxyl (OH) groups at C-2, C-3 and C-6 positions 

[15]. A dimer of AGUs (cellobiose) can therefore be regarded 

as being the basic unit of the cellulose molecule. This also 

implies that the cellulose molecule could be considered as 

being a linear, unbranched, polymer with repeating units [16]. 

Hydroxyl groups present in cellulose macromolecules are 

involved in a number of intra- and intermolecular hydrogen 

bonds, which result in various ordered crystalline 

arrangements.  

 

Four different crystalline allomorphs have been 

identified by their characteristic X-ray diffraction (XRD) 

patterns and solid-state 
13

C nuclear magnetic resonance 

(NMR) spectra: celluloses I, II, III and IV. Cellulose I is the 

most abundant form found in nature. Cellulose II can be 

prepared by two distinct routes: mercerization (alkali 

treatment) and regeneration (solubilization and subsequent 

recrystallization). [17]. The chain ends of the cellulose 

molecule are chemically different. One end contains an 

anomeric C atom linked by the glycosidic bonds (nonreducing 

end) whereas the other end has a D-glucopyranose unit in 

equilibrium with the aldehyde function (reducing end group) 

[18]. 

The chain length of the cellulose molecule is expressed as 

the constituent of AGUs, which is commonly known as the 

degree of polymerization (DP) [20], DP of cellulose is heavily 

dependent on its source [21]. Native cellulose, isolated from 

cotton, wood, etc., has a DP ≥ 1000 while  
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Fig.1. Structure of cellulose chain [19].  

 

 
Fig.2. Unit structure of NaCMC [30]. 

 

regenerated cellulose fibers and powder have a DP of 

250-600 and ≤ 200, respectively. The DP is always an average 

value since the cellulose substrate is a polydisperse mixture of 

polymers with varying chain lengths [20].  

Carboxymethyl cellulose is a derivative of cellulose 

obtained by the chemical modification of natural cellulose. 

Purified Na-CMC is a white to cream color, tasteless, 

odourless, free-flowing powder [22], [23], [24], [25]. The 

numerous hydroxyl and carboxylic groups in CMC enable its 

ability to bind and absorb water [26]. CMC is also a 

constituent of many non-food products such as personal 

lubricants, toothpaste [27], anti-caking agent [28], paints, 

cosmetic industries [26], pharmaceutics, and mineral 

processing [29]. The molecular structure of carboxymethyl 

cellulose is shown in Fig. 2 [30].  

CMC is prepared by activation of cellulose with an 

aqueous NaOH in the slurry of an organic solvent which 

reacts with the cellulose and monochloroacetic acid (MCA) 

as an etherifying agent. The first step in the 

carboxymethylation process is an alkalization where the 

hydroxyl groups of the cellulose chains are stimulated and 

altered into more reactive alkaline form (CLL¬O¬). 

 

CLL¬OH + NaOH + H2O  CLL¬ONa + H2O       (1)                      

 

        This is followed by an etherification as in Equation (2) to 

obtain CMC and a side reaction as in (3), which results in 

sodium glycolate [31]. 

 

CLL¬ONa + ClCH2COOH
  
 CLL¬OCH2COO‾Na

+ 
+          

                                                                     NaCl        (2) 

 

NaOH + ClCH2COOH
  
 HOCH2COO‾Na

+ 
+ NaCl (3) 

                     

      Many research projects have studied the production of 

CMC from agricultural waste cellulose sources such as corn 

peel [32], sugar beet pulp [33], water hyacinth [34], palm 

empty fruit bunch [35], sago Pulp [36], milox pulps [37], 

sugarcane bagasse [23], banana tree stem [38] and durian peel 

[39]. 

 

      The purpose of the present research is to determine the 

yield of cellulose and chemical composition of baobab fruit 

shell as a biomass plant material in terms of their suitability 

for production of carboxymethyl cellulose. And the effects of 

various NaOH concentrations on produced CMC. 

 

II. MATERIALS AND METHODS 

 

A. Materials  

 

Baobab fruit capsules were collected from Gallabat, 

Al-Gadarf State. Coordinates: 12°58′N36°09′E /12.967°N 

36.150°E. Chemicals used during the present study were 

ethanol (PS PARK scientific limited), sodium hydroxide 

pellets 98% (Labtech chemicals), acetic acid glacial RPE 

(CARLO ERBA Reagents), Acetone HPLC grade 

(AppliChem),  Sodium chlorite 80% technical grade (SDFCL 

sd line chem. Limited), benzene (KOCH LIGHT LTD), 

methanol (scharlu) isopropanol (CARLO ERBA Reagents), 

Chloroacetic acid (SCR, China). All chemicals were used as 

received without further purification. 

 

B. Preparations of samples 

 

The fruit capsules were crushed, pulp and seeds were 

removed. The fruit shell were cut into small pieces and 

washed by tab water and dried at room temperature for 48 

hours. The samples were ground in the Kinematic M20 

universal mill to pass a 60-80 mesh standard sieve. The 

samples were then stored in sealed polyethylene storage bags 

and randomized by thoroughly shaking the bottle before each 

aliquot was removed for analysis. 

 

C. Isolation of cellulose 

 

The isolation of cellulose was done according to the 

method described  by [40]. The washed and room temperature 

dried baobab fruit shell (BFS) were initially treated 4 times 

with 2% (w/v) NaOH for 2 hours and washed with distilled 

water to neutral pH. Secondly, the alkali treated BFS were 

further subjected to 4 times treatment of 2% (w/v) NaClO2 

treatment for a further 2 hours and washed to obtain neutral 

pH and dried. The white cellulose was dried in oven at 80 C˚.  

 

D. Preparation of carboxymethyl cellulose  

 

       The synthesis of Carboxymethyl cellulose followed the 

procedure described by [25]. About 15.0 g of cellulose 

powder, 50 ml of various concentrations of NaOH (20, 25, 30, 

35 and 40 % w/v) and 450 ml of isopropyl alcohol were mixed 

in the beaker for 30 min. The carboxymethylation react was 

started by adding 18.0 g of monochloroacetic acid (MCA) and 

continuously stirred for 30 min. The mixture was covered 

with aluminum foil and heated up to reaction temperature of 

55 °C in an oven for 3.5 h. Then, the mixture was separated 

into two phases. The liquid phase was removed and the solid 

phase was suspended in 100 ml of methanol (70% v/v), and 

neutralized with glacial acetic acid then filtered using 

Buchner funnel. The final product was washed for 5 times by 

suspend in 300 ml of ethanol (70% v/v) for 10 minutes to 

remove undesirable byproducts, and it was finally washed 

with 300 ml of absolute methanol. The residue from filtration 

was dried at 55 °C in the oven for overnight and then CMC 

was obtained. The yield, expressed as a percentage, was 

calculated based on the amount of cellulose using (4):            

                                                    

 

https://tools.wmflabs.org/geohack/geohack.php?pagename=Gallabat&params=12_58_N_36_09_E_region:SD_type:city
https://tools.wmflabs.org/geohack/geohack.php?pagename=Gallabat&params=12_58_N_36_09_E_region:SD_type:city
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E. Characterization of Cellulose and CMC 

 

1.  Determination of chemical composition 

The chemical composition of baobab fruit shell (BFS) 

powder and BFS cellulose was investigated. Dewaxing 

process with alcohol-benzene extraction, according to T 204 

cm-97 in a Soxhlet apparatus until the solvent was clear. The 

process took about 6 hours. Holocellulose content was 

determined by Wise’s sodium chlorite method (Wise, Murphy 

& D’Addieco, 1946). The lignin (acid-insoluble), cellulose, 

ash contents and 1% sodium hydroxide solubility were 

determined according to TAPPI standard methods T 222 

om-02, T 203 cm-99, T 211 om-93 and T 212 om-02, 

respectively.  

 

2. CMC content                                                                        
                                                                                    

      Exactly 1.5 g of CMC was added to 100 ml of 80% 

aqueous methanol solution. This mixture was stirred, kept for 

10 min and filtered. The cake was washed with 100 ml of fresh 

80% aqueous methanol and dried to obtain pure CMC [41]. 

The CMC content was calculated as follows: 

 

 
 

Where  (g) is the weight of sample before washing and W 

(g) is the weight of washed sample. 

 

3. Determination of NaCl and pH of CMC                              
                                                                           

       2 g of CMC was added to 250 ml of 65% aqueous 

methanol and kept for 5 h. 100 ml of this mixture in a liquid 

form was neutralized by diluted 0.1 N HNO3 and titrated with 

0.1 N AgNO3 solution [41]. The NaCl content was calculated 

as follows:                                 

   

 
 

Where V (ml) is the amount of AgNO3 solution and M (g) is 

the weight of the dried sample.                                         

 

The pH of a 1% solution was estimated using Hanna edge pH 

meter. 

 

F. Physical Characterization of BFS cellulose and CMC 

 

1. Determination Degree of Substitution (DS) 

 

       Degree of Substitution of BFS-CMC samples were done 

according to COEI-1-CMC: 2009 [42]. Five gram of the 

sample was weighted to the nearest 0.1 mg and taken into a 

500 ml conical flask. Now 350 ml of methanol or ethanol (80 

% v/v) was added and the suspension was mechanically 

stirred for 30 min. The sample was decanted through a 

sintered glass crucible under gentle suction. The suction of air 

through the crucible was avoided at the end of the decanting 

process. The decanted liquid was tested for chloride ions by 

the silver nitrate test. This treatment was repeated until the 

achievement of negative chloride test in the extracted liquid. 

Normally three treatments were sufficient. The sodium 

carboxymethyl cellulose was transferred into the same 

crucible and the adhered extraction liquid to the substance 

was displaced with acetone. The sample in crucible was dried 

to constant weight in an oven at 110 C and cooled in 

desiccators and weighed after 2 h. A lot of attention was paid 

during weighting every time because of the fact that sodium 

carboxymethyl cellulose is hygroscopic in nature.  

 

        Now 2 g of the bone dry substance obtained with the 

above mentioned alcohol extraction procedure was weighed 

to the nearest of 0.1 mg and taken in a silica crucible. Initially 

the material was charred carefully with a small flame and 

afterwards with a large flame for 10 min. Cooled and then 

moistened the residue with 3–5 ml of concentrated sulfuric 

acid. Heated cautiously until the fuming was finished. After 

some cooling, about 1 g of ammonium carbonate powder was 

distributed over the whole content of the crucible. Heated 

again, initially with a small flame until the fuming was 

finished and then at a dull red heat for 10 min. The treatment 

with sulfuric acid and ammonium carbonate was repeated if 

the residual sodium sulfate still contains some carbon. The 

crucible was cooled in desiccators and weighed. Instead of 

adding ammonium carbonate and heating further with a flame, 

the crucible could be placed for 1 h in an oven at about 600 C. 

The sodium content of the alcohol-extracted sample was 

calculated by (7(: 

 

 
 

Where, a = weight of residual sodium sulfate, b = weight of 

the alcohol-extracted dry sample. 

Degree of substitution was calculated by )8(: 

 

 
 

2. Determination of Moisture Content 

 

       The moisture content of the CMC was determined 

according to ASTM D 1439-0 [43]. About 3 g of the sample 

was placed in an open sample bottle and heated in an oven at 

105 °C for 2 h. The sample was then cooled, and the bottle 

was closed and weighed. The sample was then replaced in the 

oven for 30 min, cooled and reweighed. This procedure was 

continued until the mass loss was not more than 5 mg for 30 

min drying time. The percent moisture, M, was calculated 

using (9) as follows: 

 

 
 

3. Determination of the viscosity average molecular weight 

(Mη) 

 

      The ratio of the viscosity of a polymer solution to that of 

the solvent is called relative viscosity (ηr). This value minus 1 

is called the specific viscosity (ηsp), and the reduced viscosity 

(ηred), or viscosity number, is obtained by dividing ηsp by the 

concentration of the solution (C). The intrinsic viscosity, or 

limiting viscosity number, is obtained by extrapolating ηred to 

zero concentration. [44]. 
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The intrinsic viscosity as functions of average molecular 

weight are usually represented by widely used 

Mark-Houwink-Sakurada empirical equation 11. [33]. 

 

  aKM        (11) 

 

 Cellulose samples were dispersed in pre-cooled 6% 

NaOH/4% urea system [45] and cooled at    12 °C for 24 h. 

The range of concentration investigated was from 0.01 – 

0.002 (g/ml). The viscosity of cellulose samples were 

measured at 25 °C using an Ubbelodhe viscometer. To 

estimate intrinsic viscosity (η), Huggins and Kraemer plots 

were equipped. Average molecular weight of the cellulose 

samples was determined using the relation between intrinsic 

viscosity [η] and viscosity-average molecular weight. The 

Mark-Houwink constant, K and α for cellulose were 2.45 × 

10
−2

 mlg
−1 

and 0.815, respectively [46]. The degree of 

polymerisation (DP) of cellulose pulp was determined from 

intrinsic viscosity (g) data [37] using (12). 

 

DP
0.905 

= 0.75 [η]         (12)  

 

      Intrinsic viscosities of CMC samples were obtained by 

dissolving the samples in 0.5 N sodium hydroxide (NaOH) 

solution, followed by dilution series. The range of 

concentration investigated was from 1.0 – 0.2 (g/dL). The 

flow times, t, were recorded with reproducibility ± 0.2 s. 

Mark-Houwink constant, K and α for CMC were 5.37 × 10
−4

 

dLg
−1 

and 0.73, respectively [47].  

 

4. Fourier transform infrared (FTIR) spectroscopy 

 

       FTIR analysis was carried out using a Shimadzu ir 

prestige 21 spectrometer. The samples were dried in an oven 

at 60 °C. About 0.2 mg of sample and 2 mg of KBr were 

mixed and ground finely and the mixture was compressed to a 

form a transparent disk. [48] A total of 46 scans were taken 

from 400-4000 cm-1 with a resolution of 6 cm-1 for each 

sample. 

 

5. X-ray diffraction (XRD                                                        
                                              

     The crystallinity of baobab fruit shell cellulose (BFSc) 

studied using an X-ray diffractometer (Shimadzu X-ray 

Diffractometer XRD-7000) equipped with Cu-K radiation 

(= 1.1541874 Å) in the 2θ range 10.090º - 80.103º. The 

operating voltage was 40 kV, and the current was 40 mA. The 

samples were scanned within the high angle 2θ range to get all 

characteristic diffractions of the materials at 0.5 scan speed 

and 0.014 increments. The empirical method [49] was used to 

obtain the crystallinity index of the samples CI, as shown in 

Eq. 13: 

 

 
 

Where I200 is the maximum intensity of the principal peak 200 

lattice diffraction at 2θ =22.006 for cellulose I, IAM is the 

intensity of diffraction attributed to amorphous cellulose  at 

2θ =18.3 [50].   
 

       The crystalline size (d) were determined using the 

mathematical relationship between the peak width (full width 

at half maximum, FWHM) of the diffraction peaks and the 

crystal size ( d) is known as the Scherrer equation [51]  

 
 

Where, K is the constant 0.94, θ is Bragg’s angle, and B is the 

intensity of the full width  at half of the maximum (FWHM) 

corresponding to a high intensity peak of the diffraction plane 

200. [52]. 

 

6. Scanning electron microscopy (SEM) 

 

       TESCAN Vega3 XMU scanning electron microscope 

was used to observe the morphology (granule surface and 

shape) of the cellulose and CMC from Baobab fruit shell.  

 

III. RESULTS AND DISCUSSION 

 

A. Chemical composition of BFS biomass and BFS cellulose 

 

      Pretreatment BFS powder by 2% NaOH causes the 

breaking of intramolecular hydrogen bonding which directly 

changes the bonding network and strength. Since there is no 

complete removal of hemicellulose and lignin, the 

alkali-pretreated fibers undergo bleaching treatment with 2% 

acidified sodium chlorite that further decreases the 

hemicellulose and lignin content [53].                         

     The investigated baobab fruit capsules contains 17.88% 

pulp, 43.78% seeds, 3.95% fibers and 34.39% shell, which 

agree with literature [54]. The composition of baobab fruit 

shell (BFS) biomass is given in Table I. The major 

components were found to be holocellulose 59. 0 %, the 

acid-insoluble lignin (Klason) is 37.44%, α-cellulose 34.73%, 

hemicellulose 24.27%, ash 2.43% and extractives 5.61%.  It 

should be noted, that on average, nut shells and fruit stones 

tend to contain more lignin, and less cellulose content than 

wood [55]. The extracted cellulose fibers from baobab fruit 

shell showed an average of 37.67 % of yield, the average 

molecular weight of BFS cellulose dissolved in NaOH/Urea 

solution is approximately 51,024 g/mol. The composition and 

viscosity of the fibers after bleaching is quite suitable for the 

production of carboxymethyl cellulose [13].                           

                                 

        

B. Synthesis of CMC and CMC yield 

 

      CMC was obtained by alkalization of cellulose with 20, 

25, 30, 35 and 40% (w/v) NaOH, in the presence of isopropyl 

alcohol, followed by carboxymethylation process using 

monochloroacetic acid (MCA). Mercerization functions as a 

swelling agent [32], and simultaneously dissolves 

alkali-soluble lignin and some amount of hemicellulose [53]. 

The swelling causes fibrilization and a decrease in the degree 

of polymerization of cellulosic fibers  
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Table I Chemical composition of baobab fruit shell (BFS) and 

BFS cellulose 
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Fig. 3. BFS CMC yield 

 

that increase the contact surface area. [53]. 

The effect of varying the concentration during 

mercerizeation of the cellulose pulp appeared to have a 

variable effect on the produced CMC characters. The results 

provided that increasing of NaOH concentrations affected to 

increase the percent yield of CMC (as shown in Fig. 3). This 

observation could corroborate substitution of carboxymethyl 

group from carboxymethylation because of the higher 

molecular weight than hydroxyl group of carboxymethyl 

group [29].  

 

C. Degree of substitution (DS 

 

       The Degree of Substitution (DS) is the average number of 

hydroxyl groups in the cellulose structure substituted by 

carboxymethyl or sodium carboxymethyl groups at the carbon 

2, 3 and 6. Each anhydroglucose (β-glucopyranose) unit has 

three reactive (hydroxyl) groups so theoretically DS value can 

be in the range from zero (cellulose itself) to three (fully 

substituted cellulose) [23]. Commercial products have a DS in 

the range of 0.4 to 1.4, with a DS of 0.7 to 0.8 perhaps the 

most common [56]. Below approximately 0.4 the polymer is 

swellable but insoluble, above this the polymer is fully soluble 

with its hydroaffinity increasing with increasing DS [22].  

       The degree of substitution  (DS) of CMC obtained in this 

work were in the range of 0.34- 0.94, as presented  in table 

(2).The DS of CMC increased with increasing in 

concentration of NaOH and attained a maximum DS of  0.94 

at an alkali concentration of 35% due to the availability of 

more -OH groups.  NaOH causes saponification of 

intramolecular hydrogen bonding between hydroxyl groups 

and oxygen atoms, as well as intermolecular ester bonding 

that binds both the lignin and hemicellulose [53]. Above 35% 

NaOH the DS value decreased. The reason for this 

observation is that an undesired side reaction happened which 

dominated the CMC production. Sodium glycolate was the 

product of such undesired reaction. With further increasing of 

NaOH concentration, more reduction in DS value was 

observed. It can be explained by degradation effect of high 

concentration of alkali reagent on CMC polymer chains [23]- 

[29]. It must be noticed that DS value is affected by cellulose 

source [23]. In terms of CMC purity and NaCl content, there 

is no a consistent trend for all the CMC samples. 

 

Table II Characterization of BFS carboxymethyl cellulose 

 
Parameters  NaOH Concentration w/v 

20% 25% 30% 35% 40% 

CMC yield % 122 123.46 130.46 146.09 164.21 

Purity % 92.03 91.94 88.01 89.90 86.20 

NaCl Content% 0.33 3.27 3.10 3.04 3.13 

Moisture % 5.57 6.18 5.35 8.32 9.58 

pH solution 1% 6.43 6.50 6.40 7.1 7.5 

 DS 0.34 0.41 0.68 0.94 0.91 

Intrinsic 

viscosity [η] 

0.3092 0.6892 1.0594 1.2118 1.1905 

Molecular 

weight g/mol 

6,038 18,113 32,639 39,241 38,299 

                                                       

D. Viscosity average molecular weight (Mη) 

 

      The average molecular weight (Mη) is an important 

parameter of cellulose. It affects swelling, dissolubility of 

cellulose in the solvents, its structure and other properties 

[57].  Fig. 4 and 5, displays the Huggins and Kraemer plots 

for BFS cellulose and synthesized CMC in NaOH, at 25 °C. 

Extrapolation of both reduced [ηred] and inherent [ηinh] 

viscosities to zero concentration provide the intrinsic 

viscosity [η] [58]. The [η] values could be estimated from the 

intercept of the plots [59].  

      Intrinsic viscosity, a measure of the hydrodynamic 

volume occupied by a molecule, is a measure of the capacity 

of a polymer molecule to enhance the viscosity [33]. The 

average molecular weight of BFS cellulose isolated by 

acidified sodium chlorite method is 51,024 g/mol.  The 

molecular weights of CMC synthesized with different NaOH 

concentrations were listed in Table II. The intrinsic viscosity 

of CMC increased with increasing NaOH concentration up to 

35 % of NaOH concentration.  

      The intrinsic viscosity of CMC solution increased as the 

DS increased. This is because of greater amount of 

carboxymethyl groups substituted on the hydroxyl groups of 

the cellulose polymer [58]. Moreover, these carboxymethyl 

groups which act as a hydrophilic group increased the ability 

of CMC to immobilize more water in the system [58]. 

       

Fig. 4 Huggins and Kraemer plots for BFS cellulose in 

NaOH/urea system. 

Composition BFS BFS cellulose 

Ash 2.62 0.17 

Extractive 2.98 No data 

Acid-insoluble lignin  37.44 10.36 

Holocellulose 59.20 No data 

α-cellulose 34.27 71.35 

Hemicellulose  24.93 14.93 

Moisture 3.24 2.66 
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Fig. 5 Huggins and Kraemer plots for BFS CMC  in 0.5 N 

NaOH solution.  

 

However, beyond 35 % of NaOH concentration used in the 

carboxymethylation synthesis causes the intrinsic viscosity of 

CMC to decrease. This is due to the effect of polysaccharide 

degradation at higher concentration of NaOH [28].  

Furthermore, the intrinsic viscosity of CMC was found to 

have the same trend as DS for the increase in the 

concentration of NaOH [58] 

 

E. FT-IR spectroscopy analysis 

 

      Infrared spectroscopy is one of the most versatile 

techniques used in chemistry and certainly one of the most 

important analytical methods available. It is a versatile 

experimental technique and it is relatively easy to obtain 

reliable spectra from samples in virtually any state. 

The IR-spectrum of BFS cellulose gives very typical peaks for 

a number of special groups. As shown in figure 6, the band at 

669.30 cm
-1 

is OH out-of-plane bending band [33]. An 

absorption band observed at 896.89 cm
-1

 corresponding to 

β-glycosidic linkage. [60]. The prominent band at 1058.92 

cm
-1

 represents ring vibration and C–OH bending. The band 

at 1163.08 cm
-1

 is attributable to the C–O and C–O–C 

stretching. There are C–H bending vibration bands at 1377.17 

cm
-1

. The band at 1318 cm
-1

represents OH in plane bending or 

CH bending. The peak at 1423 cm
-1

 shows CH2 bending. The 

characteristic peak at 1625 cm
-1 

is –O– tensile vibration band 

neighboring to H group. 

 

 
Fig. 6. IR spectra of BFS cellulose. 

 

The peak at 2902.87 cm
-1 

is due to the stretching of C–H [61]. 

A broad absorption band at 3417.86 cm-1 was due to the 

stretching of -OH groups, which was directly related to inter- 

and intra-molecular hydrogen bonding [53]. The additional 

peaks at wavelength of 2339.65 cm
-1

 and 2139.06 cm
-1 

might 

be done to the existence of the contamination [35], due to CO2  

during treatment, processing  or from breathing. The 

absorption peaks around 3400, 2900, 1430, 1370, 890 cm
-1 

are associated with the characteristics of native cellulose I as 

seen in all cellulose spectra [36].  

     The peak area of CMC was less than the area of the peak 

that appeared for cellulose confirming the reduction in 

hydrogen bonding [53]. The IR spectrums of CMC produced 

using different NaOH concentration (Fig. 7-11) are similar to 

each others. All the synthesized CMC samples have shown 

the typical absorptions peaks of carboxymethylated cellulose. 

Salt of carboxyl group had wave number about 1600 cm
-1

 and 

1400 -1450 cm
-1 

[62]. the broad absorption band at 

3401-3423.65 cm
-1

, due to the stretching frequency of the 

–OH group, suggesting that the OH groups at C2, C3, and C6 

on the pyranose ring in CMC were substituted by CH2COO – 

[32]. The band at 2899.01-2927.94 cm
-1

 attributable to C–H 

stretching vibration [63].  The presence of a new and strong 

absorption band at 1600.92 cm
-1

 for all CMCs samples is due 

to the COO- group [28]. The bands around 1403 – 1421.54 

and 1323.17 – 1327.03  cm
-1

 are assigned to –CH2 scissoring 

and –OH bending vibration, respectively [48]. The band 

around 1058 cm
-1

 is due to ˃CH–O–CH stretching [61], at the 

β-glycosidic bonds [53].  
 

 
Fig. 7. IR spectra of BFS CMC alkalized with 20% NaOH 

 

 
Fig. 8. IR spectra of BFS CMC alkalized with 25% NaOH 
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Fig. 9. IR spectra of BFS CMC alkalized with 30% NaOH 

 

 
Fig. 10. IR spectra of CMC alkalized with 35% NaOH 

 

 
Fig. 11. IR spectra of BFS CMC alkalized with 40% NaOH 

 

F. XRD Analysis  

 

       X-ray diffraction (XRD) analysis is a special technique 

for estimating the degree of crystallinity in polymer [41]. 

Cellulose is semi-crystalline in nature [64]. The crystallinity 

of cellulose was related to inter- and intra-molecular 

hydrogen bonding [65]. Cellulose I can be transformed to 

cellulose II by treatment with an aqueous sodium hydroxide 

solution. The major difference between cellulose I and II is 

due to the hydrogen bonding between the cellulose chains 

[66].   

      X-ray diffractograms of BFS cellulose and synthesized 

CMC with various NaOH concentrations (20, 25, 30, 35 and 

40%) were presented in Fig. 12. The XRD pattern of BFS 

cellulose showed typical reflections characteristic of 

polymorphous structure of cellulose I, at 2θ = 14.97, 16.19, 

22.006, and 34.222° that belonged to planes [110], [1ī0], 

[200], and [004], respectively (Fig. 12, curve 1) [67], [68]. 

The absence of doublet in the main peak at 2θ = 23° indicates 

the absence of any cellulose II [36]. The crystallinity index 

was calculated by the Segal method [49] and crystallite size 

was calculated for the three main crystal reflections (110, 1ī0 

and 200) by means of the Scherrer equation. Table III.   

       Most of the earlier studies on the crystalline structure of 

cellulose I have used lower 2θ range, especially when the 

powder diffractometer method was used. The other lines were 

either too weak or overlap each other so that positions of these 

lines were difficult to define. As we used a wide 2θ range in 

this study, there are peaks at 2θ 43.711, 64.083 and 77.217. 

Chen R. 1998 [69], reported that The diffraction lines at 

above 2θ = 40 degrees are difficult to assign with specific 

lattice planes as many lines are close to each other. 

      The diffraction spectra of CMC samples show a 

destruction of the crystalline structure of the original cellulose 

[64]. The characteristic peaks for native cellulose have almost 

disappeared and transformed into an amorphous phase [64]. 

All of spectrum had lower peak of intensity (au) values than 

cellulose (Fig. 12, curve 1) indicating that were less 

crystalline [31]..  The decrease of crystallinity on the 

alkalization and carboxymethylation process of cellulose 

were due to the cleavage of hydrogen bonds and this also 

results in the extending the distance between cellulose 

molecules. As shown in fig. 12, curve 2-6, it is also observed 

that the degree of crystallinity of cellulose I (more crystalline) 

was changed to cellulose II (more amorphous) [65]. This can 

be confirmed by the shift that occurred for peaks of 200 in 2θ 

=22.006° in cellulose I, to ~ 2θ = 20.2° in CMC. 

 

 

Table III. Crystallinity Index and crystallite Size of BFS 

cellulose 

 
Crystallinity 

% 

Crystallite size (nm) 

14.97(110) 16.188 (1  10) 22.006 (002) 

60.6 41.82 58.63 31.12 

 

 
Fig.12. XRD patterns of BFS cellulose and CMC. 

 

Shifting of the peaks was attributed to the increase in the 

distance between the cellulose molecules by the destruction of 

the 1-4 glycosidic bonding [53], [63]. Reported that the 

crystallinity of CMC decreases with the increase of the degree 

of substitution. Therefore CMC has excellent solubility as 

lower crystallinity represents higher solubility [41].   
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G. SEM analysis 

      SEM analysis is a technique for examining granules 

morphology since it has a large depth of field, which allows a 

large amount of sample to focus at one time. The SEM also 

produces images of high resolution, which means that closely 

spaced features can be examined at high magnification [70].   

      Fig. 13 (a-f) represents the morphological structures of 

BFS cellulose and synthesized CMC. BFS cellulose showed 

coarse particles of different sizes with rough surface, may be 

caused of using strongly chemicals and high temperature in 

cellulose extraction process [71]. The surface morphology of 

prepared CMC can be clearly seen that the obtained products 

are rod-like (or ribbon shaped) and surfaces are more 

extended, rough and collapsed which is similar to other 

reported images for a typical CMC molecule [29], [64], [70].  

 

Figures13a. SEM image of synthesized CMC by 20 g/dL 

NaOH. 

 

 
Figures13b. SEM image of synthesized CMC by 25 g/dL 

NaOH. 

 

 
Figures13c. SEM image of synthesized CMC by 30 g/dL 

 
Figures13d. SEM image of synthesized CMC by 35 g/dL 

NaOH. 

 

 
Figures13e. SEM image of synthesized CMC by 40 g/dL 

NaOH. 

 

 
Figures13f. morphological structures of BFS cellulose 

IV. CONCLUSION 

      Baobab fruit shell is an abundant agricultural waste. The 

present study reveals the potential of BFS as a source of 

cellulose. The isolated cellulose can be derivatized by typical 

chemical modification reactions like carboxymeth- ylation. 

The analysis result supported that the carboxym- ethylation 

was achieved. The carboxymethylation was significantly 

affected by NaOH concentration. The DS value of CMC 

increased with increasing of NaOH concentration in the range 

of 20 to 45 g/100 ml and declined after synthesized with 35 

g/100 ml NaOH concentration. Also, the viscosity average 

molecular weight of CMC depended on the NaOH 

concentration. The crystallinity of CMC decreased after 

modification. 
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