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Abstract

Cellulose triacetate (CA, DS~3) was prepared sigrfrom Alfa "Stipa-tenassicima'tellulose, acetic
anhydride in acetic acid/toluene and perchlorid aghich was used as catalyst. Cellulose acetatplsam
having various DS were elaborated by saponificateaction in alkali medium. The synthesized product
was characterized by FTIR. Substitution degree @S)A was directly determined by a classical titna
method, it can also be obtained using the rafithe areas of the carbonyl ester A(C=0) peak thied
hydroxyl A (O—H) peak detected on FTIR spectra. hdge studied and discussed in the context of usage
in modification reactions, the solubility of the Camples by varying their DS. This investigationswa
based on the determination of the Flory-Huggin®raution parameterssf) using the partial Hansen
solubility parameters (HSP). HSP of Cellulose #r@lCA samples were calculated from tfen-Krevlen-
Hoftyze(VKH) method and the T. Lindvig approximation. Wave focused our work on predicting and
controlling family solvents of CA with various D# order to facilitate and to optimize the homogemno
modification reaction conditions. From results oraage of CA samples, it is conclude that theidjmtion
solubility taking the value of DS into account issgible, and then the surface modification cartively be
easily realized. We have shown that the theoresitaly is in good agreement with the experimeeistist

Keywords: Alfa "Stipa -tenassicima" Cellulose; $tla films; acetylation; substitution degresmlubility.

Introduction:

Cellulose is the natural most abundant linear pelynits isolation and purification represent onetha#
largest activitiegl]. Cellulose also is the basis of a large indug2n3], and it will be useful to look for
improvements as well as for environmental safdatyativantages are that it is renewable, biodegladab
and biocompatible and can be derivatized to yieldous useful productst] 5]. Yet, cellulose is hardly
ever used as a chemical raw material because qjoibs solubility resulting mainly from the highly
extended hydrogen bonding of its anhydroglucoseatpinits. This phenomenon has been a stumbling
block in its appropriate utilization and prevenelldose from being processable by normal melt (or
solution) technologies. This processing handicagoisventionally overcome by chemical modificatidn o
cellulose, generally accomplished heterogened@gly

The dissolution step usually proves to be cumbeesonmexpensive, or results in extensive degradatfon
the macromolecular backbone. Some solvents have fep®rted, but they are seldom useful for a wide
range of synthetic reactiofg, 8]. For example N, N dimethylacetamide (DMACc) coniiagn lithium
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chloride is a solvent system used frequently irygmtcharide chemistry and causes a faster dissolafi
the material[9-15]. However, the solubility gain is not only due tmproved activation, swelling or
breaking of hydrogen bonds, but also due to a diegien of the high molecular weight distributiontbg
pulps. All activation treatments accelerate thesalution rate, cause intra and inter-crystalliel8ng,
break hydrogen bonds and increase accessififty17]

A number of cellulose derivatives are currentlygared under heterogeneous conditions. Cellulasgses
are generally synthesized employing an anhydridb wicatalyst or an acid chloride in the preserfca o
tertiary basg18]. However, problems arise such as poor uniformligutfstitution; low yields and extensive
by product formation, consequently there is muderast in developing new acetylating methods teigdm
products with novel characteristi€g9]. For a maximum conversion of cellulose to its dhtives, it is
advisable to carry out the reaction in a homogesenedium, requiring a suitable solvent sys{éa22].
The search for new systems and process is imparstaehivironmental grounds, because problems tend to
be focused around optimization and ecological issue

Chemical modification has been used as means abwitg and enhancing solubility of cellulose arsl it
derivatives by using appropriate chemical entisash as: introducing water-soluble entities, hytrop
moieties, bulky and hydrocarbon groups, [éic The cellulose ether is commonly introduced imtduistrial
formulations in order to improve workability of tfiesh material and adherence to the substanckilas
acetate (CA) is a polymer of great importance whaosdestrial uses include yarn for the textile inays
filters, photographic films, transparent and pigieersheeting and plastic compositions such as these
for compression, extrusion, injection moulding attda lesser extent, surface coatings, etc. Thesdegf
substitution(DS)of CA, i.e. the average number of acetyl groupsgoérydroglucose unit, can range from O
in the case of cellulose, to 3 for the triacetaButose. So, it is very important to study theusxlity of
Cellulose acetate in order to enhance its progebyegrafting other each group in addition to alcgtgups.

In the present work, we describe the synthesisethfilose acetate at various DS soluble in mostmoga
solvents such as THF, starting frétia "Stipa-tenacissimatellulose of Eastern Moroccth is known that
the dissolution mechanisms of cellulose derivatfilesrs are strongly dependent on the solvent tyuatd
biopolymer structure respectively. The aim of tlsisidy was to better understand the dissolution
mechanisms of CA fibers in organic solvent systamd to better identify the influence of differen6D
values on dissolution capacities. The Hansen SdlubParameters (HSP) determined by indirect
measurements using than-Krevelen-HoftyzefVKH) method and thd&. Lindvigapproximatior{23]. have
been employed to develop a method capable of ginegliand controlling dissolution of cellulose
derivatives in different solvent conditions, takimto account DS values. The theoretical resules a
verified by experimental tests. Solubility can leproved greatly, and then the fabrication of
functionalized materials can relatively be eas#yried ouff24].

Theoretical background

An appreciation of the meaning of the solubilitygraeter in physical terms can be obtained fronudyst

of Fig. 1. Parts A and B, in a schematic fashibe, hasic assumption in the solubility parametecephis
that there is a correlation between the cohesieeggndensity (CED) (potential energy per unit vo&)rand
mutual solubility.

The CED is the energy of vaporizatiohEyi) per cmi. The solubility parameter has been defined as the
square root of the CED and describes the attrastiremgth between molecules of the mat¢#d].

w2

& = (ﬁ) = (cED)"2 (1)
Ut’

The Hildebrand parameter defined by Eq. (1) hasqaaseful for regular solutions i.e., solutionshout

molecular polarity or specific interactions, andbdaestimates of excess Gibbs energy (and consdguent

activity coefficients, etc.) It is still used foarious purposes in non-regular solutions, but toesextent has

been superseded by multi-component solubility patars[28, 29]

According to the Hansen solubility parameter thel@@], the energy of vaporization can be divided into

contributions of non-polar (dispersion) forces (wlar forces (p) and hydrogen-bonding) &g.3:
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AE, = AE,, = AEg+ AE, + AE,  (2)

The Hildebrand solubility parameter can be expresseerms of the three Hansen solubility paranseter
related to each contributigB1]:

52 =8+ 82+ 82 @)
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Figure 1 Dependence of energy content (A) and molar vol(B)en temperaturf26]

The corresponding equation for the mixing enthalay be calculated by

AH,, = O:0,(85— anz (4]
where AH,, is enthalpy of mixing per unit volumés and dp are solubility parameters of solvent and
polymer respectivel\f32]. Eqg. (5) predicts thaaH,, = 0 if s = 8p, so that two substances with equal
solubility parameters should be mutually soluble do the negative entropy factor, this is in acaamt
with the general rule that chemical and structanalilarity favors solubility. As the difference betends
andép increases, the tendency towards dissolution deesgz?].

AG=AH —TAS (9)
By using Eg. (4) and (5) fbecomes:

MM, = 8,0, ((8us — 84)7+ (8,5 — 8,2)" + (Bus — 612)?] (8

A solvent, therefore, with given values &fs, 64 sanddnsis represented as a point in space, &rid the
vector from the origin to this point. Furthermoitehas been found on a purely empirical basis ithéjs is
plotted on a scale twice the size as that used,faands,e, then all solvents that dissolve the polymer fall
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within a sphere of radius R surrounding the paigh,(54,,ands, p) [33]. The Hansen theory may, therefore,
be considered a graphical quantification of the"tilee dissolves like” concept of solubility (figre 2).
Skaarup and Hanse[B4, 35] have developed an equation for the solubility patem‘distance’, B
between two materials (solvent-polymer) based eir tlespective partial solubility parameter compdee

1
1z

Dop = (40845~ 8457+ (8,5 —8,0) + (s —82)%| ° (D)

A region of solubility has been characterized by distance between solvent and polymer coordijags
37]. Each polymer, P, was characterized by a set obétaparameters defining the center of the solybili
sphere and an interaction radfi® (fig.2). To predict the solubility, the distanBep between the position
(845.9,5.9y5) and the center of the sphere of solubilifis, &,z 8;z) must be less than the interaction

radius’R.

Figure 2 Representation of a Hansen parameter solubilltgigpand its projections on three axial planes
(adopted fronBeerbower and Dickenttp://www.dbe.dupont.com

If the distance between the solvent and the polypusition exceed$R, the two components are not
soluble, or swelling is less than expected.

The doubling of théy scale, leading to the factor “4” in the firstrte, was intended to make the “volume
of solubility” approximately sphericdl38]. This factor is theoretically predicted Byigogine [39] when
the geometric mean is used to estimate the interaict mixtures of dissimilar molecules.

Methods for determination of solubility parameters:

Hildebrand parameters cannot be calculated diréatlpolymers from heat of vaporization data beeanis
their no volatility. However, it is calculated ugirthe indirect correlation or atomic contributiorogp
method.

Indirect methods

The determination techniques for polymer solubipgrameters have been widely described in litegatur
solvency testing (screening proceduyrd)], osmotic pressur@6], swelling valueg40— 42] turbidimetric
titration [43, 44] specific volumd45], intrinsic viscosity|46- 48], inverse gas chromatograp#®, 50]and
Matrix Assisted Laser Desorption lonization, MAL[BI1].

Correlation methods

Some of the techniques based on the correlatiohadstare dipole momef#2], refractive index52, 53]
H-bonding parametef54], surface tension55], dielectric constan{56], Flory—Huggins interaction
parametef57]. The simplest technique for the determinationafmers solubility parameters is the group
contribution method, based on the assumptionffgrdnt functional groups contributidf8].
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Atomic group contribution methods

The previous methods have been used to estimatsothbility paramete[26, 59—63] VKH [64], Fedors
[26] and Bartor[65] have reviewed these methods and tables of growesdad been given. The molar
volume of solvents and polymers can also be estigniay group contribution techniques.

Van Krevelen and Hoftyzer method (VKH)
In order to determine the total polymers solubifigrameters, using these calculations, VKH usednitiar
volumes and molar attraction constants of the mapgaunit so as to calculate the partial solubility
parameter of the polymer. The solubility parametanponents may be predicted from group contribstion
using the following equations (VKH32, 66 — 68]
X Fy
6&, = = di
TV,
[v g2
*\IIE F;:::'
b6, = 9
=5y
—
|E Ehi

(8)

o, = (10)

wl LV,

The dispersive Hansen parameter treats the moleactddn constants as additive. The polar Hansen
parameters also are additive, unless more tharpolae group is present. The molar attraction const
not applied to the H-bonding Hansen parameter.dRaéim H-bonding energy,Eis used36].

Calculation of the Flory parameter:
According to the regular solution theory, the rielaghip between the Flory—Huggins interaction paai@m
and the solubility parameters[89]:

¥V
Xsep = R_;‘ (85 — 5;1:’2 (11)

Peppas et al[70] have calculated Flory interaction parameters enbsis of the following proceduj47]
using the corresponding solubility parameters af t@mponents. In general, the interaction parametés
defined as:

zX  Awgp

Xse = kT =X T Xs (12)

wherez is the lattice coordination numbeft,is the number of polymer segments relative toesghAw is
the interaction energy. The termis the entropic contribution of approximately Q.3he termyy is the
enthalpy contribution and can be calculated frofulsbty parameters as shown Mikos et al[71]:
Vs
XHzﬁ[(ES_Esz_EIS.FESEP] (13)
In which Iy, is a binary interaction parameter. For the systensisting of two components with a similar
chemical structurdy, = 0. The following equation is obtained:

V
XSP:G'34_R_;EES_5P:]2 E14‘:

For the estimation of Flory—Huggins interactiongmeters Hansefy2] has used the following equation
with o = 1:

V 2z
Xop = @22 (Bus = 025)7 +0.25(8,5 — 6,5)° +0.25(85— 6,5)°]  (15)

Lindvig et al.[23] have estimated Flory—Huggins interaction paramdtera the Hansen parameters with
an optimum value of the correction constant 0.6 [23]. As mentioned, the correction constant was
different for different species pairs. According ttee Flory-Huggins model a polymer and solvent are
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completely miscible ifysp < 0.5 (1+ (MadVmp) 2. In this work the relationships used for caltalthe
Flory—Huggins interaction parameter is the Lindearection, because it was optimized accordingheo t
structure of polymer synthesized; CA (polar, H-biogd..).

Experimental and methods

Materials

Alfa “Stipa-tenacissima’cellulose fibers were dried in a vacuum oven at®Gor 48 h before use for
modifications. Toluene, Tetra-HydroFurane (THF) aytakcial acetic acid, products of Aldrich were drie
before their usedicetic anhydridevas used without any further purification. All ethchemicals were of
analytical grade and are used without further mations and purchased also from Aldrich.

Isolation of cellulose from Alfa “Stipa-tenacissima

Native Alfa “Stipa-tenacissima”fibers used in this work were purchased in Oriefgastern) Morocco.

Cellulose was extracted according to tBeldrissi et al. method[25]. Alfa fibers were cut until fine
particulate fibers were obtained. Then, the fibgese treated with a 1IN NaOH solution at 80 °C fan 2
under mechanical stirring. This treatment was diwmee times, in order to purify cellulose by renmayi
other constituents present in the fibers. Afterhetieatment, fibers were filtered and washed widath
(NaClO) and distilled water until the alkali wasngoletely eliminated and washed again with ethandl a
ether diethyl three times.

Preparation of Cellulose acetate at varying DS
The starting cellulose acetate DS~2.9 was prepdreth Alfa “Stipa-tenacissima” cellulose in

toluene/acetic acid mixture using a catalytic amtaaPerchloric acid. 1 g of AlfdStipa-tenacissima”
cellulose was activated for 1 min in toluene/acatic (10/5 ml: v/v) mixture, and 5 ml of acetichgdride
were added drop-wise into the reaction flask,rdeetion was kept at room temperature and theisolu
was kept under stirring for 15 min. the Claireusion obtained was precipitated in distillated watbe
product was recuperated by filtration under vacauna washed by distillated water frequently, anddiat
constant weight at 40 °C and stayed one week siaditor with BOs.

The cellulose acetate samples were preparedebsatbonification reaction in KOH/Ethanol solutidihus,
the normality of KOH solution should be in accordarwith the quantity of the hydroxyl groups (OH)
wanted to deacetylate. More ever, to deacetylate hydroxyl group (OH) of Anhydrous Glucose Unit
(AGU): 1 g (3.58 mmol) of tri-O-acetyl cellulose ADS~2.9) was suspended in 50 ml of 7.16° Nof
KOH solution (0.2g/50ml of KOH/ethanol) (0.4 g/50 and 1 g/50 ml for deacetylating two and three
groups respectively) in glass flask reactor equippdéth mechanic stirring and reflux condenser. The
deacetylation reaction was kept at room temperdr@4 h. Afterward, the mixture was filtered unde
vacuum and thoroughly washed with ethanol and etliethyl, dried at 40°C then putted at room
temperature in s dissicator, until constant weight. Liberated aretid (DS) quantities were determined
by the classical volumetric titration using phermhalein as indicator and compared with those obthi
using FT-IR data.

DS Determination (Volumetric method)
Firstly, we de-acetylated Cellulose acetate pdytial order to obtain the desired DS. Then, a sdoder

acetylation was realized totally in order to deteerthe DS of each sample recovered after thegbaid-
acetylation. The de-acetylation reaction was kdptoam temperature for 24 h under stirring, and the
resulted solution was titrated by 0.15 M acetidasblution using phenolphthalein as indicator dalpr
The normality of the white solution (basic solutaithout CA) was titrated and it was aroungoN= 0.18

M. For 10 ml of de-acetylation solution, the reswitere summarized in Table I.

275



J. Mater. Environ. Sci. 3 (2) (2012) 270-285 Elidrissi et al.
ISSN: 2028-2508
CODEN: JMESCN

Table | Preparation conditions of CA at various 23P): Partial deacetylation and (T): total deactgh

Sampl. Weight of KOH (g) in  Weight (g) of KOH in V cH3cooH DSac
100 ml of ethandl 100 ml of ethanol mi
white solution 0.0 1 12 0.0
1 0.0 1 5.2 2.9
2 0.2 1 7.1 1.7
3 0.4 1 9.0 0.9
4 0.6 1 11.6 0.1

The DS valuewas calculated using the equation16:
_ M s6u-Angor )
DS =

(16)
(msu:mp!p — Angoy- Mg, I)

In which:
DS ac = degree of substitution of acetyl group
M 46v = AGU monomer molar weight = 162 g.rifol
Anggr = molar number variation of KOH before and aftgpanification

Mac1 = acetic liberated group molar weight = 42.04 g 'mo

Spectroscopic measurements

The chemical structures of samples were evaluageldThR. FTIR spectra were obtained on a Shimadzu
Fourier transform infrared spectrometer FTIR- 84Q(3$g a KBr disc containing 2% finely samples.
Twenty scans were taken of each sample recorded4690 to 400 cm-1.

Casting

The plastic films of cellulose acetate were olgdiby the casting method, 1 g of the CA sample® we
dissolved in 30 ml of solvent according to the bdity diagram. Each solvent was eliminated by
evaporation process under vacuum.

Solubility study

The experimental results for the description ofgbkibility have been obtained by test solventsgnehthe
spatula point of the CA samples was added to ~8fmslach solvent. CA samples have been used in the
granular form (as prepared).

Results and discussion

FT-IR analyses

Figure 4 shows the spectra of the CA samples afal“Stipa-tenacissima’cellulose. Two peaks were of
great interest: the carbonyl peak at 1749and the hydroxyl peak at 3420 €mThe area of the carbonyl
peak was then recorded as well as the area peahk dfydroxyl group (OH) in absorbance modalfle ).
For the CA samples, theSwas already determined by the volumetric methoghagh of the ratio of the
areas of the OH peak for the carbonyl peatsus DR ould be plotted and the curve obtained is in agrém
with the results published Hy. Samios et al73]. The DS values of the CA samples can be calallate
using the absorption band areas of the functiomsgieg in their structure (C= O and O—H), obtairgd
FTIR spectra of any CA sample (figure BY.IR spectroscopis a very powerful tool in the characterization
of CA as it provides an alternative method for akdting theDS.

Table Il shows the relationship between 8 and the ratio of the hydroxyl peak area to the @aybpeak
area. From the data, the graph of the ratio ofptbaks versus thBS was plotted. From this calibration
curve theDSof any CA sample can be calculated onceRRHR spectrum is available.
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Table Il The ratios values of OH over CO peak aregg/Aco for CA ascalculated from the volumetric method

DSac Aok Aco Aon ! Aco
2.9 26.371 47.912 0.55
1.7 97.517 18.575 5.25
0.9 192.466 21.574 8.92

14 T T T T T T

12 4 -

104 -

A(OH)/A(CO)

0,0 0,5 1,0 1,5 2,0 2,5 3,0

Figure 3: Graph of Ay / Aco versus Dac

FTIR spectra of the AlféStipa-tenassicima’cellulose and the acetylated cellulose at vari8sCA (2.9),

CA (1.7), CA (0.9), CA (0.1) are shown in figureldcan be seen that the all spectra of cellulastate
samples show similar spectral features and no rmaerption bands result after de-acetylation, initica

no chemical reaction occurred during the celluldseacetylation process. The cellulose acetate rgpect
provide an evidence of acetylation by showing the@uction of OH frequency and the appearance of the
three new important and characteristic absorptiandb of ester acetyl group; a strong intensity band
1749 cm which is assigned to the stretching of the carbgnyup of cellulose acetate (C=0O ester), 1373
cmi' (C—H bond in an —-C—CH3 group), and 1232'qmC—-0 stretching of acetyl grouf4, 75] The band
located also at 1647 c¢htorresponds to the bending mode of the naturahpeoed watef76]. In addition,

the reduction in the peak intensity originates froMd stretching at 3420 chin CA spectra compared to
Alfa “Stipa-tenacissima’cellulose spectrum, also indicated a partial dagon. The total disappearance of
the hydroxyl absorption band is not seen eventfiersample with DS 2.9, perhaps due to adheringtureis
The absence of band at 1760-1840"cand 1700 cr confirms the absence of acetic acid and acetic
anhydride.

The absorption band around 1047 cismattributed to C—O stretching of the glucopysmang[77] and the
unchanged intensity of the peak at 902*@msigned t@-glucosidic linkages between the sugar units
suggest the non degradation of the cellulose mamsules cross the modification react[@8]. The non
degradability of cellulose chains my due to thelsp@ncentration of acid and alkaline solution ugethe
protocols, this suggestion can be affirmed by shglthe macromolecular weight variation during the
reaction steeps.

CA Solubility study
One of the main difficulties to the use of celldand cellulose derivatives in many applicatiorissipoor
solubility in organic solvents. Thus, to overcontestdrawback, we have modified the Alfa “Stipa-
tenassicima” Cellulose for the sake of synthesitiggCA with different DS. Furthermore, we havedstd
the influence of DS values dhe properties of CA samples in particular on d@hikility. A survey of the
published data on the solubility of natural polymeén various solvents shows that dissolving power
depends on the polymer and solvent structures cagply.
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Figure 4 FTIR spectra of cellulose acetate with various DS

Table lll. F4: the dispersion component of givifg Fp: polar component,,Ethe contribution of the

hydrogen bond forces to the cohesive energy offgiroand the number of group i presented in the AEC
chemical formula.

Group  Fd Fp? E, Molar Number of group i presented Repeat unit
i JPen? Jem®  Jmol'  volumes “5s=5 DS=0. DS= DS=1. DS= DS=2. DS=
”mol*  mol-* (c? molY) 5 1 5 > 5 3
- 390 24010 5500 18
COO- 0 0 0,5 1 15 2 2,5 3
-CH3 420 0 0 33.5 0 0,5 1 15 2 2,5 3
-CH, 270 0 0 16.1
- 1 1 1 1 1 1 1
>CH 80 0 0 -0.1
- 5 5 5 5 5 5 5
-OH 210 25000 20000 10
0 3 2,5 2 15 1 0,5 0
-O- 100 16000 3000 3.8
0 2 2 2 2 2 2 2
Ring 190 0 0 16 1 1 1 1 1 1 1
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Table Il presents the dispersion component ofngjwd (Fd), polar component (Fp), the contributionled t
hydrogen bond forces (Eh) to the cohesive enerdigefiroup i and the number of group i presentettien
HECA chemical formula. The Fd, Eh and Fp (tabl® Were calculated using the GCM theory. The group
contribution method (GCM) has proved, that the Isitity characteristics of CA compounds depend dyeat
on the substitution degree (DS). This approach imayextended to various cellulose derivatives with
various DS and grafted groups nature. From thédicgtion of the VKH method using successively the
equations (8), (9) and (10) and the table Ill, geetial solubility parameters or the Hansen soitybil
parameters (HSP) were calculated and regroupeabie tV. Using these results, we have represented o
figure 5 the Hansen solubility parametedg Pq, Sy, Sn Whered= (8,°+5,+3y))"]] variation of CA at
different DS.

Figure 5, shows that the variations of the tofakE(42.11 —21.65 MP) and the hydrogen bond solubility
parametersy=20.88 —10.78 MP) respectively for DS situated between the valuaad3 are similar and
decrease with increasing DS values. However, tter (8= 14.95 — 5.27 MP) and the dispersiorsq=
24.42 — 18.02 MP) components for DS situated in the range (0 —a8ha slight variation with DS. From
these results, we can conclude that the variatfothe total solubility paramete is imposed by the
hydrogen bond component. According to the fundaatasftthe solubility theory "like dissolve like", av
can predict, easily the best solvent of any polymer

Table IV Hansen solubility parameters of HECA at DS =0-3

DS 6d (jl/2'cm3/2) 6p (jl/2'cm3/2) 6h (J 1/2.Cm3/2) 6t 01/2'0m3/2)

0 24,42 14,95 30,88 42,11
0.5 22,12 11,47 25,56 35,7
1 20,69 9,3 21,57 31,3
15 19,70 7,81 18,35 28,03
2 18,99 6,73 15,59 25,48
25 18,44 591 13,12 23,39
3 18,02 5,27 10,78 21,65
] ; T T T T T T T T T T T T ]
40 —m—35d
4 7.7 6p i
35 7 v —4A—3h o
g \ —w— ot 1
30 .
O i \v\ j
P 25 - V\ -
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vl T m ™ i
Ze] 15 - \A |
5 | \ \A\ ]
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Figure 5: The variation of the Hansen solubility parametdr€A at different DS.
279



J. Mater. Environ. Sci. 3 (2) (2012) 270-285 Elidrissi et al.
ISSN: 2028-2508
CODEN: JMESCN

As can be seen on the figuredodecreases when DS of CA increases. Moreover,dludilty at low DS
starts in the protic solvents and leads to thetapfar the high DS; this may be due to the dimiontof the
hydroxyl group density in the material.

The combination of the partial solubility parametdi, 5, d4) variations in one graph gives important
informations to choose the appropriate solvent. 0$eful combinations cited in literature were; Henry
combination § - &) [79], theBagley et alcombination & - d), [6y = (6%+5%) Y2 [80], Hoernschemeyer
combination §, — & et ©a — &y [0a = (6%+5%) 2 [81]. The partial solubility parameters of some solsent
were reported in the literatuf87]. Using the equations 7 and 15, we can calcufeelistance B and the
Flory-Huggins interaction parametgys between the solvent (S) and CA (P).The resultsanemarized in
table 5, where the molar volume is equal tg=\Wi/d, (M is the molar weight and d is the densifythe
solvent respectively),

Figure 6, presents the variation offbetween some solvent systems and CA polymer witarent DS.
The Dsp decreases for all solvents except the DMSO; itvsha constant Bbetween (DS~2.0 and DS~3),
where, in this stage (DS ~ [2.0; 3.0]) the solupilvas not influenced by the variation of DS. Tlaene
variations than B-were observed for the Flory-Huggins interactiorapagterysp.

35 T T T T T T T ;
v/
ﬁ% 30 7] : v/ N
e | v/
8 257 A v/ ]
= | °
<
A \o
St
é 15 \:io\ i
D197 —m— Tetrahydrofurane (THF) ~a —, ]
% 1 —e— Acetone . ]
2 57—-A—DMSO T
c% 1—v— Water 1
o T T T T T T T T T T T T T
0,0 0,5 1,0 1,5 2,0 2,5 3,0
D SAC

Figure 6: Dsp Of solvents at various DS of CA.

According to the Flory-Huggins model, both polynagrd solvent are completely miscibleyi < 0.5 (1+
(Vms/Vmp)llz)2 where V,; and V,, are respectively the molar volume of the solvertt polymer. It's known
that the molar volume is equal tq,¥ M/d. however, the molecular weight of polymersésy important,
so, Vu be come higher than that of the solvent witch el@se the solubility of polymer in each solvent.
Also, that may be the good explication to undeitidue relation ship between the degree of polyraticn
(DP) and solubility of polymers. In the present ware suppose that ¥>>> Vs, consequently the good
miscibility of CA and the solvent will be reacheidyg < 0.5.

A good correlation is noted between the theore(iiigl7) and the experimental solubility studieah/I1).
The factors determining the solubility of CA wetadied at different levels; at the supramolecutael the
solubility of CA in solvents depends on the totalubility parameter ), in particular the hydrogen bond
solubility parametersdf) (Figure 5). The introduction of acetate group esmkhe macromolecules
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hydrophobic (molecular level) and insoluble in wateore than DS increases the Flory-Huggins intemac

parameter s, increases and the solubility of the polymer intevadecreases, which explain the
precipitation of cellulose acetate in water. Thpagimental tests are in agreement with the prexdistand

anticipations of theoretical study.
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Figure 7: the variation of the Flory-Huggins interaction graeter vs. D&.

Table VI Experimental results of cellulose acetate solyb{i= insol. ; O= sol.)

DSca Solven
Acetone THF DMSO HO
0.1 X X X X
0.9 X X O O
1.7 X O @) X
2.9 O @] O X

The results obtained in this study are in goodexgent with the literature data as published’bideinze et

al. [82]. The cellulose acetate starts to dissolve inomeefrom a degree of substitution around 2.2 to 2.7
depending on the molecular weight of the polymédre Folubility of the cellulose acetate with DS~Mh9
water was observed. For the cellulose acetate D8R0 (cellulose), the theoretical results indidhsg the
cellulose is soluble in water, so, the non soltpitioted on the experimental test may be due tdithetic
effect. Thus results indicate the possibility to difip the cellulose acetate at the DS up then 1.7
homogeneously in THF.

Conclusion

Resuming the carried out investigation we can eatethe following:

- Cellulose acetate (CA) Samples with various Denwprepared starting from cellulose extractedkalia
medium using Alfa “Stipa-tenacissima” of Easternrbtro. The resulted compounds were characterized by
spectroscopy techniques. The DS values of acetglatere obtained from direct titration method, ticey

be determined by spectroscopy techniques espeéidllR. No degradation has been occurred during the
process of deacetylation of CA in the alkali medium
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- The Flory-Huggins interaction parameters of GA)(have been determined using the partial Hansen
solubility parameters (HSP). The HSP of differesuinples were calculated from than-Krevlen-Hoftyze
(VKH) method and the T. Lindvig approximation. At supramolecular level the solubility of CA sansple
in solvents depends on the total solubility parames,), in particular the hydrogen bond solubility
parameters®). We have identified in general, the influenceD$ values on dissolution capacities in
organic solvent systems. It was found that wittreasing DS, the solubility phenomenon increasks. T
dissolving power depends on the polymer and solstattures respectively. Furthermore, the HSPbean
employed to develop a method capable of prediaimd controlling dissolution of cellulose derivatvia
different solvent conditions taking into accourgithDP values. The theoretical studyhat we conducted
and the experimental test are in good agreemeoitn Enese results the control of solubility is pbksiand
the fabrication of functionalized material can tedely be easily carried out in homogenous medium.
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