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ABSTRACT KEYWORDS
Thefirst synthesis of a cellulose derivative goes back to alittle more than Wound dressing;
a century with the development of industrial production of nitrocellul ose, Hydrofibre;
which has promoted the devel opment of ethers and esters of cellulose. The Cellulose;
carboxymethylcellulose is a derivative occupies an important place in the Cellulose- derivatives;
industry processing and enjoys a wide field of food and pharmaceutical Carboxymethylcellul ose;
usage; The hydrophilic character of itsfibersand their adsorption capacity Celulosic membranes.

fact that either at the base of drug composition and design of awide range
of tissue dressings. These dressings are used to treat the wounds of sev-
eral natures; they are constituted of supports to which has been added to
the fibrous layer carboxymethylcellulose whose role is to suck the mol-
ecules produced by the bacteria and wound exudate. In this sense we set
the target to conceive a wound dressing using the cellulose contained in
stems of the esparto, annual vegetal, widely used in Algeria; To do this,
two types of extraction were carried out: one, by alkaline delignificationin
the presence of temperature, followed by a bleaching with hypochlorite
and alkaline purification; the other by direct extraction with organic solvent
(acetone) using the Kurchner. Method; The cellulose extracted is subse-
quently guenched in a solution of 30% sodium hydroxide dried to obtain an
akali-cellulose and treated it in an excess of mono chloro acetic acid (MCA),
thereby to prepare for the CMC, main component of our wound dressing
hydrofibre. The different characterization results (identification, humidity,
purity tests, degree of substitution, etc.) showed that the CMC obtained is
comparabl e to that which are commercially available and could then meet
our goal. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION with dressings application of plastersrespondsto vari-

ous stages of cicatrization of awound™. Inour study

Unliketocommon belief, awound hedlsfasterand ~ effortsare madeto take an activeinterest on dressings
better inahumid environment thanindry. Thisisthere- it would be possiblefashioned from aderivative cellu-
forenot appropriatetowoundtoletit dry air because |losefromthevegetable“alfa-Stipa tenacissima L” While
thecicatrization under thescabisdower, itisbest served  the countenance of pure cellulose 25 to 30% in esparto,
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islessthan that of cotton which can reach 94%%3, but
that doesin no way discouragetheinitiatives, respect
of themarket val ue of thetwo materials.

Of formula(C,H,,0,),, cellulose hasdegree of po-
lymerization up valueof 14 000,

Main component of theplants, cdlluloseisthe most
abundant organic matter on the Earth (morethan 50%
of thebiomass)®®. Thispolysaccharideexistsnaturaly
and showsan amost unlimited resources of renewable
raw material§9. Cottonisthe most important source.
Therest of vegetables, such asthe esparto, the cellu-
loseis 35 to 45%/2 to dependency the species, age
and different other factors. Thispolymer, and particu-
larly derivativesthereof, aredefined asmaterial of fu-
ture, par excellence Resulting from renewable energy
sources and allowing to obtain biodegradabl e prod-
ucts, they would allow create new materials (and so
new procedures) and protecting environment: most
worry of thiscentury. Also, it would stimulatethein-
dustriesinvariousdomains:. the paper mill, packaging,
hedthcare (plasters, prosthesis), construction (compos-
ite) or carrying (air)®.

Important industrial raw material, cellulose used:
either intheform of crudefiber in the manufacture of
pulp or, upon transformation into thechemica industry,
for themanufactureof artificid fibers(celuloseacetate,
viscose, rayon® and variousderivatives(cdluloid, cdl -
lophane, etc.) or explosives such ascellulosenitrate,
nitrocd lulose. Deputy microcrystdlineformit may serve
asabinder or for themanufactureof transparent rolling
papers. it d so used in thedesign of therma and acous-
ticinsulation (intheform of panels). For any use of
cellulosederivatives and the property redly important
relatesitssolubility. Thissolubility affectsitsbehaviorin
heterogeneous mediaCdlluloseisinsolubleinwater but
the presence of hydroxylated functionsgivehim ahy-
drophilic character naturefrom which hydro colloid,
however, wecan solubilizein acids, basesor inorganic
complexes(Schweitzer liquor)*!. TheCMCisobtained
from pure cellulose that we have prepared using the
followingsteps.

1. Preparation of the plant!*¥,

2. Determination of thetotal amount of celluloseac-
cording to the Kushner and Hofer method™4

3. Délignification and pulping the esparto

4. Determination of theamount of purecellulose,*¥

5. Determination of degreeof polymerization and com-
parison with that of the cotton cellulose,

6. Obtainingcarboxymethylcdluloseby theLilienfred
and Bayer method(*®

7. Characterization of ether obtained. Then, weclean,
until neutral pH and pass the product, through a
plan plastic screenwhich hasvery smal meshszes,
s0 asto enablethe manufacture of afibrous mem-
brane.

MATERIALSAND METHODS

The esparto used comes from Djelfa, semi-arid
steppeof Algeria Thetest specimenscons st of samples
taken from differents bundles of esparto grass. This
material is2 yearsold, picked in July 2009; thisveg-
etal, growsgeneraly,inthenatural state (without any
contribution forestry) on asoil depth of 13to 25 cm,
limestone (up has 60%)1¢, to 80% sandy, witharain-
fal of 250mm 300mmi*”. Thestems of esparto arecut
into twigsand stored inthelaboratory roomfor 24 hours
inorder for conditioning the vegetal beforethe deter-
mination of itschemica composition.

Chemical analysisof theesparto
Elemental composition

Determining the capacity in cellulose must go
through achemical anaysisof the vegetal whichwe
summarizeinthefollowingtable:

TABLE 1: Chemical composition of esparto

Desig Mois Rate Of Lignins Extra vaer  Hémi-
nation ture cellulose H,SO ctives solubles — Cellu

224 substances  loses
Content 15 485 18 32 298 1,95 18

%

Theminera content and the extractsare measured
according to TAPPI method-T.12m -59. Theratio of
lignin by themethod of SHORGER' and the rate of
cellulose according to the method of Kushner and
Hofer, For the quantification of extractives, theveg-
etd wastreated usng asoxhl et with aacetone solution.
The achievement of 42.85% of tota cellulose (based
on dry weight) Situated theesparto wel | behind thelinen
and cotton whose capacity can reach 94 to 99%!8.

Deter mination of theamount of cellulose a
42.85%isthetotal amount of celluloseintheveg-
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etal; wetreat this part, with asolution of sodium hy-
droxideat 17, 5%, for theremovefraction of “o’’; Then
thefiltratewastreated with dilute acetic acid to assess
the celluloses “B” which is less important for us rela-
tively toitsdegree of polymerization; By subtractionis
obtai ned the capacity degraded cellulosefibrilswhich
isdesignated by “y” Cellulose a isthe ordered part of
the polymer and whose congtitutionissimilar to that of
crystalinecotton cdlulose; thisfractionisbeingusedin
pharmaceutical preparations'®. Oneof important fea-
ture is the D we determine it by the viscosimetric
method.

Evaluation of thedegreeof polymerization

Theoreticaly, For cotton, the number of glucopy-
ranose unitsisapproximately 15,000, whereasthe cel-
lulose of wood and annual plants, it can reach 10000.
In our work wereferred with the characteristics of cot-
ton of Sidi Ameur (M sila) or the degree of viscosimet-
ric polymerization determined in thelaboratory is980.
For thetests, wetook the previoudy purified cellulose
and performed by the conventional method using the
Brokfield viscometer and repeat the same operations
that were conducted on samples of cotton quoted
above theresultsaresummarizedinthefollowingtable

TABLE 2: Viscositiesand degreesof polymerization of cel-
lulose

Caractéristics > Kinematic Relative Degree of

Material 4 viscosity  viscosity polymerization
Esparto 8,42 3,008 360
Coton 2,3 0,809 985

Delignification process

To eva uatethe mechanica strength of cellulosefi-
berswhichwould servetothedesign of thefibrousmem-
brane, wecarried out achemical ddignificationinthe
presenceof temperature. Weusefor thispurposealabo-
ratory autoclave, and for cooking, asolution of sodium
hydroxide (NaOH) at 25%. Therodsof espartoarehairy
and covered onwaxes, That could hinder ddlignification;
For thismechanical brushingisperformed and apre-
treatment withinabrineof 30g/1, withtheamtoim-
provethepenetration of cooking chemicasandtheir re-
actionswith thefibersby swellingand minimizethe con-
sumption. Thefiringsare carried according to the pa-
rametersthat summarized asfollows. (TABLE 3).

—== Fyl] Paper
TABLE 3: Parametersof delignification

Concentration Tempera

Of the ture C(t)ionlileng Level ggg&loe
cooking liquor  Level (mn) _
% °C) (mn) H=L/V
25 150 105 60 5

3testsfiringsare conducted under the same condi-
tions, which leadsto the production of pulp withthe
phys cochemica characteristicsfollowing averages:

TABLE 4: Physicochemical characteristicsof pulp

Yield .

Kappa Cellulose Minerals : Unburnt
p(;:p number % % Whiteness %
55,84 22,33 4281 2,31 72 1,12

The cellul ose obtained has a degree of whiteness
equal to 72 °C?, Thisimpliesthe presenceof incrust-
ing substancesand for obtaining apurified cellulosewe
treated the pul p with asolution of sodium hydroxide
(NaOH) at 8% concentration and we have performed
a two bleaching stages with sodium hypochlorite
(NaOCl), theresidueiscollected, weighed and dried
inanoven at 105 °C until constant weight is achieved
yield: 24%.

Deter mination of themechanical strength

Themechanical propertiesof thefibersareof great
importancewhen it comesto setting thefieldtouse. In
our case, the polymer must betransformed, to be used
in the design of adressing, it must meet both good
strength, good absorbency and especidly flexibility. To
measurethe strength of thefiber we proceeded to mak-
ing handsheetsdoughwithaweight equa to 70 g/m2 of
purecdlulose, for this, thefibersareenergeticaly dis-
persed inwater at aconcentration of suspension equa
to 3.5% filtered then pressed by aroll of 10 Kg and
driedinair for 72 hours (in aconditioned room). This
handsheet was transformed into paper strips 200mm
long and 15mm wideand used astest piecefor tridlson
adynamometer. Wenotethen thetensilestrength, which
isthetensonforceto whichthestripisbroken andwe
deducethe el ongation which characterizesthe prop-
erty of extensbility 2.8% for our fiber against anelon-
gation of 5% on cotton of Sidi Amer outcomeredlized
inacharacterization have been the subject of an congres
presented at the International Symposium on Wood
Sciencesheldin Montpellier October 24, 2004. The
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mechanica strengthisfairly good.
M easur ement of thedegr ee of polymerization

The same procedureisadopted for the character-
ization of pulp obtained by cooking asthat by Kurschner
extraction; theresultsare summarized inthefollowing
table:

TABLES5 : Mechanical properties of cellulose

Breaking Kinematic Relative

) ) Degr ee of
Designation Ie(nn?;h Viscosity viscosity polymerization
Vaue 2390 9,04 3,008 395

The parameters are somewhat better than onthe
celluloses obtai ned by organi ¢ solvent extraction, this
can be explained by degradation of the polymer dueto
reactionsof acid (HNO3) a elevated temperature. The
feature values, would logically encourage the use of
cotton cellulose, but reasoning with an economic char-
acter recovery, we would choosethe esparto because
itisabundantinAlgeriaanditsareaof useisrestricted
to themanufacture of pulp, anarchicfodder and some
crafts.

Prepar ation of carboxymethylcellulose

Theprincipa aim of our work isinrealitytoget a
cellulose derivativefor preparing ahydrofiber wound
dressing, for useon exudingwounds?Y, Themain com-
ponent of these dressingsisthefibrous membrane con-
sigingof carboxymethylcellulose (CMC)#; TheCMC
isthemost important cellulose derivative; Itsgeneral
formula[C6H702 (OH) x (OCH2COONa)] y,

wherenisthe degree of polymerisation, y = degree
of substitution, x =1.50t02.80y =1.50t00.2; (x +y
=3.0), werepresent the CM C asthe configuration be-
low (Figurel).

Figure 1l: Formulaof CMC. (ImageN°SIN 466 CAS [9004-
32-4] (O1V- Oeno 366 - 2009).

Itisacellulosic derivative containing carboxym-
ethyl groups (-CH 2-COOH) linked to some of the
hydroxyl groups of the glucose monomer of themain

chain polymer®l, The degree of substitution of these
groups depends on the method of preparation, but re-
mansgenerdly intherangefrom 0.6t0 0.95 per mono-
mer unit derived®. Thisderivativeisgeneraly inthe
formof granules, powder or finefibersodorless, white
toydlowish; Itsfield of applicationiswideand varied
(cosmetics, pharmaceutical, food, and other). At our
level itwould beused asthemain e ement inthedesign
of hydro fiber dressingsfor to carefor the bedsores
and wounds, especially caused by burnsasinternal fi-
brous membrane whichisin direct contact with the
wound.

Synthesisof CMC inthelaboratory

To preparethe carboxméthylcellulose, we used the
portion of 4 cellulose fibers obtained from alkaline cook-
ing. The synthesiswas carried out according to thefol-
lowing protocol:

Alkaization of thecellulose: Soaking withinaso-
dium hydroxide sol ution at concentrationsranging from
5t050%), b). Wringing and e imination of excesshy-
droxide, followed by drying®, c). Etherification with
monochloro acetic acid in the presence of isopropanol
or water?, d). Filtration and neutralization with acetic
acid, e). Purification with acohol (methanol) and dry-
ing of the residue (because it contains up to 40%
glycolatesf). Characterization of the CM C obtained.

Preparation of thealkali cellulose

Themain step withinthe processof synthesisisthe
reaction of alkali cellulose obtaining, which drivesthe
modification of thecrystdlinestructureof celluloseand
increasestheaffinity of thefibersby chemical swell-
ing™; Alsoisit necessary that thelength of thefibers,
inthe pulp ishomogeneoudly aspossible, because of
different lengthsprovokedifferent reaction rates. At our
leved, thefibershave been separated (open), cut greater
or lesser uniformly, treated for five hoursin sodium hy-
droxide solutionsat concentrationsranging from5to
50%; the processis achieved according to the reac-
tion:

[CeH705(OH)3],, + n NaOH ———
[CeH,05(0OH), ONaln + n H,O )

which can be performed with or without solvents®. Iso-
propanol isthe appropriate sol vent, but We can also
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usedistilled water; Thereactionisexothermicand lib-
erates, nearly 41.5 kcal per mole. After each operation
weédiminatethe excess of hydroxideby filtration and
pressing. Theresultsof absorption of alkali by thefi-
bersare shownin thetableand graph below (TABLE
6, Figure2).

TABLE 6: Amount of NaOH absor bed

Concentration of NaOH % Amount of NaOH absor bed

0 0
5 0,12
10 0,22
15 0,35
20 0,45
25 0,55
30 0,6
35 0,65
40 0,68
45 0,7
50 0,71
=-0,0003x* +0,0283
Y § Rz=0>,(9988 "
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Figure?2 : Absorption of NaOH by cellulose fibers

Thetest specimensof alkai cellulosethusobtained
aretreated with solutions of monochloroacetic acid
(99.8%) at concentrationsof 35, 40 and 45%. For each
test themixtureisvigoroudy stirred on ahot plate pro-
vided with magnetic stirrer at atemperature maintained
at 70-75°C for four hours as the solvent we used dis-
tilled water, according thefollowing reaction:

[CgH;05(OH),0N,] + nCICH COONa ——»

[C6H702(OH)ZOCH COONa] + nNaCl (2)
(with digtillated water as sol vent)
The CMC gel issubsequently filtered and sepa-
rated from the solvent and the pH adjusted to 7 after
which the product was purified with methanol and dried

—= Fyl| Paper
at 70 °C for one hour!?29,

Char acterization of theCM C obtained
Solubility

Twoo gramsof CMC synthesized are mixed with
100ml of digtilled water and mixed strongly, weobtain
avisocouscolloida solution but no dissolution No reac-
tion with 96% ethanol; These propertiesallow usto
identify the product.

Sodium chloride

The CM C synthesized A sampleof isweighed and
placed in a250 ml beaker to which we add 50 ml of
water and 5 ml of H202 (30%), then we place the
beaker inawater bath, stirring to reach afluid solution.
After 20 min (no dissolutionisreached), weadd 5 ml
of H202 and continuethehesting until completedisso-
lution. Wecool the beaker and add to 100 ml of water
and 10 ml of HNO, and we place it on a magnetic
gtirrer for 10 min. We determinethetitlewithAgNO,
0.1 N; Thecapacity of sodium chlorideisthen given
in% asfollows:

C = (AN %584, 5)/ [G x (100 - B)] ©)
where: C= is the percentage of NaCl, A = volume of
AgNO3 solution added (ml); N =normdlity of AgNO3;
G =weight of used sample (g), B = moisture, deter-
mined (in%).

Sodium glycolate

A sampleof carboxymethyl celluloseisdissolved
into acetic acid (50%), precipitated with acetoneinthe
presence of sodium chlorideand filtered. Thefiltrate
containing the sodium glycolate (asglycolic acid) is
treated with dihydroxynaphthal eneto removethe ac-
etone. Theresulting color ismeasured at 540 nmwitha
spectrophotometer caibrated using solutionsof known
concentrations.

Degr eeof substitution

Thedegree of substitution (DS) hasamaximum
vaueof 3. Thesubgtitution of thehydroxyl groupsby
the carboxy-methyl takes placetheoretically at C-2 of
the glucose molecul €239, The DS of CMC was de-
termined by the standard method ASTM D 143934,
The DS achieved would belessthan 0.4 because the
CMCswels, butisinsolubleinwatert®.

A scanning e ectron microscope (SEM) wasused
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to characterize the appearance of the dry fibers of

samplessynthesized. (Figure3: a b, ¢, d)

X1.888 18am

a, b, ¢, d : Carboxymethylcellulose dried fibers magnified under the SEM
Figure3: Representationsof microscopical dried fibersof CM C synthesized

In comparison to the appearance of the fibers of
samplestaken at thelaboratory level Convatec of Lille
(Euro-Pharmat - Lille- 09, 10 & 11 October 2012),
our test pieces comein avery adequate appearance.
We can clearly seethat the entanglement of fibersprom-
isesared opportunity to stay and trap the molecul es of
exudates, when putting the membranein contact with
thewound.

CONCLUSON

With much caution onemight concludethat there-
sultispositive, thesyntheseswerecarried out success-
fully and the samplerealized with the alkali-cellulose
obtained with the solution of NaOH (30%), in pres-
ence of acetic acid (M CA 40%), hasthe highest DS.
The CM C obtained exhibitsagood enough average of
brillianceand solubility inwater solubility that could be
improved by repesting the process of transformation of
cellulose, especially sncewemust consider thevaria-

tionsin propertiesresulting from different needed trest-
ments, We could a so improvethevalue of the degree
of polymerization and the capacity of the purecdlulose
of esparto. That would alow usbefixed on the effec-
tivenessandtheyield of theprocess, So, if it wasto use
thisvegetal for obtaining aproduct of asuch impor-
tance, we canto proposeto improvethe conditions of
vegetation by aforestry contribution.
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