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The chemickcomposition of Tunisiamvheat straw was determinedemonstrating that this biomass is riciin
cellulose and holocellulose with values of 41.4% and 72%, respectiMelpcellulose and cellulose were
extracted from this biomass and converted into carboxyrhdibjocellulose (CMH) and carboxymethyl
cellulose (CMC), respectivelyith different degrees ofubstitution (DS) by varying the concentration of the
etherifying agent. The physicochemical properties and the morphology of the different products synthesized
were studied usingouriertransform infraredpectroscopyRTIR), X-ray diffraction(XRD), thermogravimetric
analysis(TGA) andscanning electron microspp (SEM) techniques. The rheological behavior oftaik CMH

and CMCsampleswas also considered and the effect of the DS on the apparent viscosity of the materials
obtained was studied. The résudemonstrated that athe carboxymethylated products exhdsit non
Newtonian thixotropic behavior and that the apparent viscosity of the aqueous solutions of CMH End CM
depenéd on the DS. We concluda that CMH and CMC with appropriate degrees of $ititson have great
potential for many applications.

Keywords wheat straw, holocellulose, cellulose, carboxymethylation, degree of substitution, rheological
properties

INTRODUCTION

The depletion of petrolewinased reserves, the rising cost and the &edc environmental
problems, such as global warmiraye the most important reasons why scientific research has been
directed towards further exploitation of natural sustainable matesiaish are composkof celllose,
hemicelluloses and lignit? Lignocellulosic biomass, which is the most abundant anddriewable
biomass on earth, has various advantageshasrenewability, biodegradability and environmental
friendliness; therefore, it can be dsasa suitable alternative for petroleubased materials as means
of overcoming environmental problems.

Wheat straw Triticum aestivurrL.), the residue after wheat harvest, is produced in large quantities
all over the world. Even with the many existingesgor wheat straw, in many regions and countries
around the world there is a surplus of wheat straw. Field burning of wheat straw to dispose of this
surplusis practicedwell.** In Tunisia, wheat accounts for 60% tb national cereal producti.’ In
2015, 1.3million tons of durum wheat was produ€euhd at a conservative straw to grain ratio of,1:1
the production of wheat straw was probably of the order ofilli®n tons dso. The wheat straw &n
extremely lowcost material, whichsiusually used for cattle feed.

Wheat straw is a biocompostteat consists mainly of cellulose (34 to 40%), hemicellulosesd¢30
35%), and lignin (14 to 15%)and this relatively high amount of cellulose emphasizes the need to use
this material as new polymer for industries. In other words, cellulospresentsilmost onehird of
the weight of all tres, vines, grasses and straws. In additionjsitconstantly reneed by
photosynthesis and growth, with an annual production estimated to be owerl@1® tons® This
represents a vast potential feedstock for a number of indystridshasgenerateda great deal of
research interest.

The use of cellulose and its derivatives in a diverse array of applications, such as fibers, films,
caatings, plastics, suspension agents and composites, continues to grow on-aigebdsis As a
regenerative raw material, cellulose can be also converted by chemical modification intsolaike
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derivatives. One modification reaction of interest is carboxymethylation. Carboxymethyl cellulose
(CMC) is watersoluble cellulose ether produced by the partial substitution of the hydroxyl groups of
cellulose with ionic hydrophilic moieties. The average numbénehydroxyls in the glucose unit that
has reacted is called the degree of substitution (DS) and CMCs are categorized accordingly. The major
markets for CMC are detergents, foods and pharmaceuticals, textiles, drilling muds, paper sizing and
coating, andniscellaneousther applicationsincluding adhesives, ceramics, latex paints, and welding
rod coatings. Carboxymethyl cellulose is used in detergents assaspénding and amtedeposition
agent, in textiles as a warp size material, in paper and pegaiuctsfor surface sing, in coatingsfor
rheology control and water retention, and in drilling muds as a-lihsisl agent. Those properties have
made CMC the mostequentlyproduced and widelysed industrial cellulose ether

Since 1980, efforts hauaeen made to search for cheaper alternatives to expensive cotton, such as
various lignocellulosic biomasses (rich in cellulose), for CMC production. Many lignocellulosic raw
materialshave beemmployed for the preparation of CM®r example, sugar beetip,'® corn husk*
rice straw*? sugarcane straw sago wastg’ wheat staw, barley straw and rice hidfl However, only
few studies have addressed the extraction and thexganiethylation of holocellulose.

In this work we chose Tunisian wheat straw as an jremsive feedstock for bibased materials
since this biomass is very rich in cellulose aegpecially in holocellulose. The firsbbjectiveof this
studywasto determime the chemical composition of thagricultural byproduct. The second oness
to extact both holocellulose and cellulose fromheat strawand to convert them applying the
carboxymethylation reaction (with different degreesuabstitutéon, by varying the concentratioof
the etherifying agent).

EXPERIMENTAL
Materials and reagents

Wheat straw was acquired from a farm in Beja (North West Tunisia). This agricultural residue was first cut
into small pieces and dried in an oven af&80or 24h, then it was milled in a kitchen blender in order to obtain
fine powder. The powder particleader 60 mesh size were collected.

All reagents and chemicals used were aquired from Sigishdch and used as resed without purification.

Chemical composition

The chemical composition of the Tunisian wheat straw was determined using the standardallechni
Association of the Pulp and Paper Industry (TAPPI) methods for different components, naoftelgnd hot
water solubility (T207 cn®8), 1% sodium hydroxide solution solubility (T212 dm), ethandltoluene
solubility (T204 cm 07), ash (T211 o® 3 )-gellultke (T203 cr®9) and Klason lignin (T222 0:88). The
holocellulose was determined by theethod described by Wiset al'® and he rate of hemicelluloses was
calclated asthe dififeence bet ween t heellulse.neacledade,ule awrage afthdee tested
samples was reported.

Isolation of holocellulose and cellulose from wheat straw
The holocellulose was extracted from wheat straw according to theldoiite metlod, as reported byVise
et al'® with some modifications. For holocellulose extraction, the dried and sieved wheat strgyw{as first
treated with 200nL of H,O at 75°C for 2 h. Furtter, the watessoluble free sample was delignified with 1.7%
sodium chlorite at pH 3-8.0, adjusted with 6M acetic acid, at &G for 2h (the delignification was repeateeé43
times until the product bame colorless).
For the preparation of cellulose, thelocellulose obtained was treated with 10% potassium hydroxide for 16
h at room temperature in order to solubilize the hemicellulose fractions. The holocellulose and cellulose obtained
were washed witla copious amount of distilled water until the fittabecame neutral, followed by dryimad
ambient temperature.

Carboxymethylation of cellulosic fractions

Holocellulose and cellulose isolated frothe wheat straw were transformed into CMH and CMC
respectively,n two steps (Figl): alkalization followed by etherification. The carboxymethylation proaedu
described by Mansoust al'’ was applied in this study with some modificatiohs the alkalization pre
treatmentabout 10g of unmodified material waseaighed and added to 6L of 1-butano] followed by 60mL
of 40% aqueous sodium hydroxide solution. THae mixture was stirred for 12 at 60°C in order to convert
the hydroxyl groups to alcoolate groups. Aftlee alkali treatmentthe etherificationreaction was conducted by
adding the desired amount of monochloroacetic acid (MCA). The etherification relastiedfor 6 h at 60°C.
Then the slurry was neutralized using glacial acetic acid whélpH reachd 6-8. The product thus obtained



was suspnded in 800mL of ethanol and, in order to obtain CMH and CMC derivatives free from salts, the
sample was washed five times using a 70% ethanol solution. The different products obtained were dried in an
oven at 50C for 24h and stored in polyethylenedm

Using the above procedure, three different derivatives per each initial product (designated CMH1, CMH2,
CMH3, CMC1, CMC2 and CMC3) were prepayed detailed in Table 1.

Analysis andmeasurement

The Tunisian wheat straw, the holocellulose and thkilosk extracted were characterized by means of
FTIR, XRD, TGA and morpholdgal analysis

The prepared carboxymethlgblocellulose and carboxymethyl cellulose were characterized in terms of DS,
CMC yield and also by FTIR, XRD, TGAnorphologicaland rhelogicalanalyses

FTIR spectroscopy

FT-IR spectroscopy has been extensively used in cellulose research, sigoesents a relatively easy
method of obtaining information otie chemical changes that occur during various chemical treatments. The
specta were measured in the region 40E00 cn in a spectrophotometer (Perkin Elmer UATR Two).

X-ray diffraction

The X-ray diffractograms of untreated wheat straw, holocellulose, cellulose, CMH and CMC were recorded
on a PANalytical X"Pert ProMPD powder difractometer. The crystallinity index (Crl) of wheat staw,
holocellulose and cellulose was calculated usfiregollowing equatior®*°

cri(op) = Joozlam) . 409
JI|1|'I'2 (1)
wherelg, is the height of the 002 peaWwnhich represents both crystalline and amorphous materidl,giglthe
lowest height between the 002 and 110 peaksch represents only the amorphous material.

Step 2: Etherification
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Figure 1: Schematic representation of (a) synthetic route bbxgmehylaion of hemicelluloses and (b)
synthetic route of carboxymethylaion of cellulose; the carboxymehylation of holocellulose includes both
hemicellulosesrad cellulose carboxymethylation

Tablel
CMH and CMC preparation conditions, their degrees of substitution and their yields
; Weight of dried  Weight of : . CMH and CMC
reacton product (g)  MCA (g) De%9710N DS yieig (95)

Holocellulose 10 10 CMH1  0.78* 131.6
carboxymethylation 10 15 CMH2  1.04* 139.8
10 25 CMH3 1.37* 143.2
Cellulose 10 10 CMC1 0.43 123.6
carboxymethylation 10 15 CcmMcz2  0.88 135.4
10 25 CMC3 1.23 141.4

*Estimation of DS



Thermogravimetric analysis (TGA)

The thermal stabiy of the different materials waassessedising a NETZSCHSTA 449 F1 Jupiter
thermogravimetric analyzer. Alhe measurements were carried out under nitrogen atmosphighea gas flow
of 10cm?/min, by heating the samples at a heating rate ¢iClninfrom room temperature@600°C.

Field emission scanning electron microscopy (FEEM)

A field emission scanning electron microscope (JOEL -B3MI0) was used to follow up the surface
modification of the untreated wheat straw, holocellulose, cellulosesfilmarboxymethyholocellulose and
carboxymethyl cellulose (with different degrees of substitution). The acceleration voltage used was 15 kV. Prior
to the analysis, the samples were coated with an ultrathin gold layer in a sputter coating systdrhOE-(©n
Sputtering Device).

CMC and CMH yield

The CMC/CMH vyield was quantified on a dry weight basis. In order to determine the yield value, the net
weight of the dried CMC (respectivelyCMH) synthesizedwas divided by the weight of dried cellulose
(respetively, holocellulose) as follows"*°

CMC/CMH yield (%) = (m/my)*100 )

where m is the weight of the dried CMC (respectiveyMH) synthesizecand m is the weight of the dried
cellulose (respectivelyholocellulose).

Determination of the degree of substttan (DS) of CMC and CMH

An amount o g of CMC (or CMH) was added to 206L HNOs-CH;OH (1:1 v/v). The mixture was shaken
and was kept for B. The excess of acid was washed with a 70% methanol solution until neutrality. Thereafter, 2
g of dried sample wadissolved in 200nL of H,O and 30mL of 1N NaOH mixture. Then, the solution was
titratedwith 1N HCI. The DS of CMC and CMH was determinedthgfollowing equations®*3
DS = (0162*A)/(1-(0.058*A)) 3)
A = [(B*C)-(D*E)]/IF 4)

where A: equivalent weight of alkali required per gram of samfde amount of NaOH solution (mL)C:
normality of NaOH solution (N)D: amount of HCI solution (mL)E: normality of HCI solution (N)F: sample
weight (g).

Since carboxymethyholocellulose is a mixture afarboxymethylateaellulose and hemicelluloses, the DS
determinaibn formula described above (E8) can only give an indication of the DS values of CMHat is
why, in the present work, the determined valueshefdegree ofsubstitution of carboxymethyiolocellulose
were estimated.

Rheological measurements of CMH and CMC
Rheological measurements were carried out using a controlled speed rotating rheB@ateRfeotec)
using a cone and plate geometry. It is well knowthinliterature thathe rheological properties of CMC depend
strongly on concentration dron the temperatureluring measuremerft-?? For this, aqueous solutions of CMH
and CMC were prepared in 4% w/v concentratand all the experimental measurements were conducted at a
controlled temperature of ZE+1°C. The appar ent vsheamateswad cglculated)fronathe v ar i o
shear i ng dshe sheasmts (ID)8&s)follavs'
q = U/ D (5)

RESULTS AND DISUSSION
Characterization of extracted cellulose and holocellulose

The chemical composition of Tunisian durum wheat straw, used as an agricultpradingt, was
determined and presented in Table 2. The data show that the material studied presents a high amount
o f -cellllose (41.4 per 100y of dry material) against a low amount of lignin @per 100y of dry
material). It is also obvious that thelocellulose content in the Tunisian wheat straquige high (72
g per 100g of dry material). The high levels of cellulose and holocellulose in this biomass make it a
good source for cellulose and holocellulose extraction.



Table 2
Chemical composition of Tunisian durum wheat straw in w/w (%) compaited w
data fom previously published studies

Composition Tunisian durum wheat straw Khiari et al*
Solventextractives 6.4+1 4.69.2
Hot water solubility 12+0.8 14

1% NaOHsolubility 39+0.7 41-42.8
Ash 4+0.5 4-9
Klason lignin 12+0.8 11-21
Holocellulose 72+1.2 -
U-Cellulose 41.4+1 3345.5
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Figure2: Characterization of Tunisian wheat straw, holocellulose and cellulossliypéa) FTIR and (b) XRD

The daracterization ofhe holocellulose and cellulosextractedfrom this biomass was done by
FTIR spectroscopy, Xay diffraction, thermogravimetric and morphaicgj analy®s. The differences
between the wheat straw powder, holocellulose and cellulose can be seen in all thterctations
carried out.

FTIR spectroscopy

The FTIR spectra of wheat straw, holocellulose atidlose fibers are shown in Figure 2
The main results revealed tsappearancef the peak at 1520 chtorresponding t€=C stretching
of the aromaticing, confirming the total removal of lignin after the delignification process. The bands
at 1730 and 1245 chassigned to the acetyl ester groups of the hemicellyldsegeased in intensity
in holocellulose andlisappearedn the cellulose fibers afiethe treatment with KOH. The band at
1640 cnit is assigned to the C=C stretchingtleé aromatic rings of lignin in the case thie untreated
wheat strawbut it is also present in the speodif holocellulose and cellulose; in this case, this band
related to the bending mode of adsorbed water. The characteristic band vibration of the glycosidic ring
appeared in the 110000 cn region is characteristic dhe b-1,4 glycosidic linkage between the
sugar units. The dominant absorption peaks around 3338 and 29k8ettributed to the stretching
of 1 OH groups and the-8 bond ini CH,, respectively”



XRD analysis

The chemical treatment to which the wheat straw fibers were subjected resulted in chXng®s in
diffraction patterns (Fig2), which indicate modifications ithe crystalline structure of durum wheat
straw upon chemical conversionHholocellulose and to cellulose. The crystallinity index (Crl) of the
three samples was calculated and the value was found to be 46%, 51.23% and 56.63% for untreated
wheat straw, holocellulose and cellulose fibers, respectively. The results show thag, theri
chemical extraction of the holocellulose and/or the cellulose from untreated wheat straw, the
crystallinity of the samples increases due to the removal of amorphouseihdnsic compounds
such as lignin and hemicellulosetiring the bleaching anthe alkali treatments carried out in the
extraction process.

It is also observed that the cellulosgtracted from wheat straw (Fig@b) had a type | crystal
structure (characteristic peaks at 2d=16.0A, 2 2
structure of cellulosé’

TGA

The TGA curvesof untreated wheat straw, holocellulose and cellubbgdeacted are presented in
Figure3. For allthe materials, it is observetthatan initial low weight loss occurs in the range of 35
150°C, owing tothe dehydration of adsorbed moisttfre

Many studies related to the decompasitiof lignocellulosic material®®’ reported that the
decomposition temperature of hemicelluloses, cellulose and lignin were in the ranges3a62805
400 and 1600 °C, respectivelyand this is due to the differences inithehemical structures.
Looking atthe TGA curve for untreated wheat straw, it is obvious that the decomposition of this
biomass indicates several stages, showing the presence of different components (moisture,
hemicelluloses, cellulose and lignin).

The deomposition temperatures of the wheat straw, holocellulose and cellulose2@&ie)
295.89 and 335.32C, respectively, proving that the thermal stability of the material increased after
the chemical treatmentappliedduring cellulose extraction. At laghe residue still present at 600
for the extractedcellulose isof only 1.56% while it amountedo 4.43% for the wheat straw anad
4.11% for the holocellulose.

SEM analysis

Characterizing substances by scanning electron micrgdtap become anffeecient technique to
follow the changes that occur in the surface morphology of a given material due to chemical reactions.
Figure 4 presents the SEM micrographs of wheat straw fiber surfaces at different steps of chemical
extraction. These micrographsosh significant changem the fiber surface morphologiebhe wheat
straw powder (Fig4a) consists of fiber bundlesich in noncellulosic particles surrounding the
surface of cellulose fibendbinding them dgether.
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~~~~~~ holocellulose|
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Figure 3: TGA curves for wheat straw, holocellulasg|ulose fibers, CMH3 and CMC3



Figure 4: SEM of (a) untreated wheat straw; (bphellulose andc) extracted cellulose fibers

The holocellulose (Figdb), with its cleaner surfagendicates the removal of lignin and some other
extractives during delignification with acidified sodiummarite. It can be seen in Figure #at, after
the alkali treatment, the hemicelluloses and other residual extractives areederfrom the
holocelluloseand the material turrfsom fiber bundles into individual fibers with reduced diameters.

Carboxymethylation of cellulose and holocellulose

Cellulose and holocellulose extracted from Tunisian wheat straw were exposdie to
carbxymethylation reactionas already describedbove. The holocellulose is a combination of
hemicelluloses (mixture of polysaccharides) and cellulose (a glucan polymer) and the
carboxymethylation of this material includes two types of reactimermicelllose carboxymethylation
(Fig. 1a) andcellulose arboxymethylation (Figlb). The hemielluloses were presented in Figure 1
by an idealized xylan structyrgiven that xylans are the predominant hemicellulose polysaccharides
in herbaceous bioma$s.

In the present work, only the etherifying agent was selected to be variable in order to obtain
carboxymethyl cellulose (CMCand carboxymethyholocellulose (CMH) with different degrees of
substitution. The effect of monochloroacetic acid (CICBOH) concentration orthe degree of
substitution (DS) is presented in Table dnd the data show thaby increasing the MCA
concentrdbn, the DS of the prepared materials increases evidently. For instance, when the
concentration of MCA was 16/10 g of dry cellulose (respectivelfolocellulose)the DS was 0.43
(respectively 0.78), whereas the DS increased to 1.23 (respectively) when the amount of MCA
was increased to 2§/10g of cellulose (respectivelyolocellulose). This increase is possibly due to
the larger availability of the acetate ions at higher concentrations in the proximity of cellulose or
hemicellulose moIecuIe2§,obvioust in the case of holocellulose/hich is a mixture of cellulosend
hemicelluloses.

The yield of carboxymethyl cellulose and carboxymethglocellulose synthesized is also
presented in Table 1. The results provided indicate that increth&MCA concentratiorcausedhe
percent yield of CMC (respectivelMH) to increase This can be explained by the increase in the
substitution of protons othe hydroxyl groups of cellulose and hemicelluloses (in the case of
holocellulose), as the MCA concentration increases, by the carboxymethyl grithpa higher
molecular massThereforethe higher the number of carboxymethyl groups attachedttoetfulose or
holocellulose the higherthe mass othe carboxymethylated material and thuke percent yield
increases evenly.

FTIR spectroscopy

The FTIR spectra of the CMH and CM@mples prepareate shown in Figure &nd allthespectra
demonstrate that the chemical carboxymethylation of cellulose and holocellulose has been successful.
This is confirmed by the appearance of an extra absorption band centered at 15®Gilbutel to the
stretching vibration of the C=0 carboxylate group8QONa").***! In Table 3,the main FTIR
spectral data aheprepared CMC and CMH are grouped.
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Table 3
Main absorption bands in prepared CMH and CMC and their assignment

Wavenumber (cif)

CMH CMC Assignment

3352 3329 O-H stretching

2920 2922 C-H stretching

1595 1595 C=0 region(CMC indication)
1410 1412 CH, bondng (CMC indication)
1323 1322 OH in plane bending

1089 1103 C-O-C asymmetry bridge stretching
1042 1052 C-O symmetry stretching alcohol
895 895 b-glycoside linkage

XRD analysis

The crysallographic behavior of CMH and CMC was studied byrdy diffraction (XRD) and
presentedn Figure 5 It is noted that the three typical crystalline peaks of cedtulqalreadybserved
in Fig. 1) disappeared after carboxymethylatievhich indicates that the products obtained have an
amorphous structure. This refers to the carboxymethyl gringisubstitute the hydrogens atoms of
the hydroxyl groups existing cellulose andholocellulose®™

The X-ray patterns of carboxymethyl cellulose and carboxymdibigcellulose revealed that all
the carboxymethylation reactions were successfyly t he presence of a peak
finding is in agreement with th¥RD resultsreportedfor various grades of CMC in the literaturé?



TGA

As may be noted ifigure3, introducing carboxymethyl groups in the cellulose and hemicelluloses
chains redued the thermal stability of the polymer. As expected, the conversion of cellulose to CMC
and holocellulose to CMH through the carboxymethylation reaction modifies the molecular structure
and bonding energy of the materiahd then affectgs thermal behaor. In this study, we chose to
study only the thermogravimetric properties of carboxymethylated samples with the highest degrees of
substitution, namelyCMC3 and CMH3.

The first weight lossassociated witlthe dehydrationof the samplesis remarked orthe TGA
curvesin the temperature rangem 30 to 180°C for CMC3 and CMH3and wascalculatedo reach
approximately 21% and 17%, respectively. This high water contéhesynthesizednaterials is due
to their strong hydrophilicity. The hydrogen bentbrmed betweenhe water molecules anthe
polymer chains cannot be neglectdetywere probably formed between® and hydrophilic OH and
COONa groups.

The second weight loss for CMC3 and CMH3 occurred in the temperatureframg&80 to 380
°C, and anounted ta37% and 64%, respectivelin the carboxymethylated samplethis weight loss
was due to the decarboxylation of CQfPoups in CMC and CMH anithusto the loss of C@ Also,
the residue of samples CMC3 and CMH&s83.4% and 17.28%, respectively

SEM analysis

The SEMimages of CMCs and CMHs synthesized via carboxymethylation modification of
cellulose and holocellulosevith different degreesfosubstitution are given in Figuré. The SEM
micrographs of the etherified cellulosic fibers with tbevest DS (CMC1 and CMH1) show a clear
change in the surface of cellulose and holocellulose fibers after the chemical modification; the fiber
surfacetransforms froma relatively smoothsurface toa rougherone This change results from the
heterogeneoumtroduction of the voluminous carboxymethyl grouggo the fiber surface. For those
two products, the fiber structure is still present and identifiable, but the more the degree of substitution
increases, the more the morphologytioé synthesized produstchanges and the fiber structure no
longer exiss.

Figure 6: SEM of carboxymethylated cellulose (CMC) and canmethylatecholocellulose (81H) obtained
with different degrees of substitution
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Figure 7:Rheograms of aqueous solutions of prepared CMC and CMH \ffignatit degrees of substitution

Table 4
Effect of DS of CMC and CMH on the apparent viscosity at varébaarrates
Apparent viscosity (d) in cent
Sh(iglr)rate Carboxymethyl cellulose Carboxymethyholocellulose

DS=0.43 DS=0.88 DS=1.23 DS=0.78 DS=1.04 DS=1.37

170 46.19 274.46 1201 - 520.58 239.08

200 49.53 269.46 1108 - 489.74 224.08

300 46.89 240.38 903.03 - 417.94 182.04

500 43.16 201.42 694.57 18.73 342.96 158.55

700 45.67 174.04 585.02 22.42 300.53 155.52

1000 36.66 138.05 476.93 18.77 248.20 139.54

Rheological properties of prepared CMCs and CMHs

The rheological properties of any material are generally regarded as important parameters to
determine its performance and to predict most of its agjgita Since the carboxymethyl celluldse
used in many industries in aqueous solutions, it sei@teresting to study the viscometric and
rheological properties of the carboxymethylated products already synthesized.

The rheograms of aqueous solutionsGMIC and CMH are depicted in Figureand the results
indicate that all the aforementioned materials presentNwawvtonian thixotropic behavior. This
reveals the heterogeneity of the molecular structure of the solutibih are not amenable to regain
(rebuilding of structure) the initial state immediately upon removal of the external, theafter a
period of rest.

The effect ofthe degree of substitution olea ppar ent vi scosity (d) of
CMC and CMH was studied and the reswiere presented in Table Kis clear from the data of this
table that by increasing the DStbk synthesizeatarboxymethyl cellulose, the apparent viscosity also
increases, and this is true regardless of the shear rate. For exatglshearate of 300 s*, the
apparent viscosity increases from 46.89 to 24@38to 903.03 centipoise as the DS increases from
0.43 to 0.8&ndto 1.23, respectively. However, the apparent viscosity of carboxyntatlodellulose
has a different behavior according to DV&hile it can be seen clearly that by increasing the DS from
0.78 to 1.04the apparent viscosity increasts a DS equal to 1.37he viscosity drops obviously and
this is probably due to the intraacromolecular hydrophobic interactions.

CONCLUSION

Tunisian wheat straw is an agricultural-psoductavailable in large quantities and contains high
amounts of holocellulose (72%) and cellulose (41.4%); it therefore has great potentialsidbas
feedstock for producingarboxymethylated products. Chemicabtraent of this biomass with sodium
chlorite eliminates ligninresulting inholocellulose. An alkaline treatment of the holocellulose using
potassium hydroxide removes the hemicelluloses and the product obtained consists of cellulose.

The carboxymethylédn of the holocellulose and of the cellulose isolated from the biomass was
performed under heterogeneous conditionsalialization using NaOHfollowed by etherification



with monochloroacetic acid (MCA). The modification reaction converts holoosbulinto
carboxymethylholocellulose (CMH)andcellulose into carboxymethyl cellulose (CM@) has been
shown that, by increasing the MCA amount, the extent ot#neoxymethlation reactionincreases
with an increasinglegree of substitign (DS).

The chemical structure, crystallinity and morphologytbé CMH and CMC samples synthesized
were investigated according tthe DS. FTIR spectroscopy confirmed the occurrence of the
carboxymethylation reaction for all the products by the presence of thd shracteristic of the
carboxylate groupd-urthermore, Xay diffraction demonstrated a decrease in the crystallinity of the
carboxymethylated produgtsompared to the untreated produétlso, the SEM observations showed
that the morphological stcture was significantly affected by the carboxymethyl content in the
sample.

The CMH and CMCobtainedfrom wheat straw are watspluble and rheological studies showed
that the aqueous solutions of these material©i@neNewtonian with different degrees of thixotropy.
The results from this study reveal that loast CMH and CMC can be successfully prepared from
wheat straw and that these ether derivatives are suitable, in accordanteinids, fora wide range
of industrial applicationssuch as surface sizing in the papeitextile industries, an idea that will be
studied and detailed in a further study.
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