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Abstract

Hydroxyethyl cellulose Acetate (HECA) was prepastatting from hydroxyethyl cellulose (HEC), acedithydride and
perchloric acid which was used as catalyst. Théhggized product was characterized by TEfR,NMR and*H NMR.
Substitution degree (DS) of HECA was determineaigi$iTIR spectra taking a classical titration metaod 1H NMR
spectra as reference. The DS is substantially teffeby the temperature, the time of reaction amked@ally the
equivalent number (eqg. nb.) of the acetic anhydaidéed. The thermal analysis study shows somereiiftes in Tg and
thermal degradation between HEC and HECA, morethese thermal temperatures are influenced by D&sal
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1. Introduction :

Cellulose is thenatural most abundant linear polymer. Its isolato purification represent one of the largestvais
[1]. Cellulose also is the basis of a large indugng], and it will be necessary and useful to look fapiovements and
optimization as well as for environmental safety.ddvantages are that it is renewable, biodegladainl biocompatible
and can be derivatized to yield various useful potgf4, 5]; cellulose will be the main chemical resourcetheffuture,
which will still be available when other substant®xame increasingly scarce. Yet, cellulose islharder used as a
chemical raw material because of its difficulty diissolution resulting mainly from the highly extead hydrogen
bonding of its anhydroglucose repeat units. Thisn@menon prevents cellulose from being processableormal melt
(or solution) technologies. This processing hamglisaconventionally overcome by chemical modifioatiof cellulose,
generally accomplished heterogeneo(iSly

The non solubility of cellulose in almost all commsolvents has been a stumbling block in its apjmtg utilization.
The dissolution step usually proves to be cumbeesamn expensive, or results in extensive degradatibrthe
macromolecular backbone. Some solvents have bgemtee, but they are seldom useful for a wide ramigeynthetic
reactions[7, 8]. For example N, N dimethylacetamide (DMAc) coniagnlithium chloride is a solvent system used
frequently in polysaccharide chemistry and causester dissolution of the materf@-15]. However, the solubility gain
is not only due to improved activation, swellinglweaking of hydrogen bonds, but also due to aatkgion of the high
molecular weight distribution of the pulps. All aettion treatments accelerate the dissolution redese intra and inter-
crystallite swelling, break hydrogen bonds andéase accessibilif16, 17]

A number of cellulose derivatives are currentlyga@d under heterogeneous conditions. Cellulogzseate generally
synthesized employing an anhydride with a catalysin acid chloride in the presence of a tertiaxgepl 8]. However,
problems arise such as poor uniformly of substitytiow yields and extensive by product formaticonsequently there
is much interest in developing new acetylating mdthto provide products with novel characteris{it8]. For a
maximum conversion of cellulose to its derivativitds advisable to carry out the reaction in a bganeous medium,
requiring a suitable solvent systd@0-22]. The search for new systems and process is impoota environmental
grounds, because problems tend to be focused agptimdization and ecological issues.

Chemical modification has been used as means abwing and enhancing solubility of cellulose arglderivatives by
using appropriate chemical entities such as: inicody water-soluble entities, hydrophilic moietidsylky and
hydrocarbon groups, ef6]. The cellulose ether is commonly introduced imdustrial formulations in order to improve
workability of the fresh material and adherencethie substance. Hydroxyethyl cellulose (HEC) suctoms of the
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cellulose ethers has attracted a considerabletiattef23, 24] as a retardation of the cement hydrat[@b, 26], ,
stabilizer and thickener in paint formulation, addi in order to achieve the desired rheologictdctf etc.

In the present work, we describe the synthesisrméwa cellulose derivative compound (HECA) solulvieriost organic
solvents such as THF, starting from Hydroxyethyllubese (HEC) prepared from "Stipa Tenacissima'lutese of
Eastern Morocco and acetic anhydride27. The rabspiteduct (HECA) will combine, at the same timeg firoperties of
the both most successful industrial biopolymerdluisse acetate (CA) and hydroxyethyl cellulose GJE

We studied also the effect of the temperature {fig, time of reaction (t) and equivalent numbers (dx) of acetic
anhydride added on DS variations

2. Experimental and methods

2.1. Material

Hydroxyethyl cellulose (HEC DS=1.5) was preparedNaOH/Urea aqueous solutid23] starting from cellulose
extractedn basic medium as mentioned AyEl Idrissi et al[27]using “Stipa Tenacissima” of Eastern Morocco. Aceti
anhydride and perchloric acid were purchased frddri¢h Chemical Company. All other chemicals wefeapalytical
grade and are used without further purification pacthased also from Aldrich.

2.2. Hydroxyethyl cellulose acetylating

2 g of HEC (8, 83 mmol) were dried at 40 °C durgh and were introduced in a three-necked boteious acetic
anhydride equivalent numbers were added respegtivethe mixture 1 (8, 83 mmol); 1.5; 2; 3; 6; 2 and 15 eq.nb.
The temperature and time of reaction have beerdagspectively between (0; 25; 50; 60; 90 °C) @rg 30; 45; 60
and 90 min). The mixture was stirring for 15 mirfdve adding perchloric acid as catalyst at roomperature and a
homogenize medium is obtained. The product wasigitated in water or in diethyl ether. After thdtration under

vacuum, the product was washed three times witt e@ter (or cold ether) and dried firstly at 60 f& 24 h and

secondly in desiccators for one week witfOf The HECA samples resulted were purified a seciomé by the

dissolution-precipitation method in different salt® The samples recovered were characterized tadied using

different techniques.

2.3. HECA characterization

3.3.1 Casting

The plastic films were obtained by the casting rdthlg of the HECA samplegere dissolved in 30 ml of (DMF for
DS 1.5, THF for DS 1.5 or water for DS=0). Each solvent was elimindigevaporation process under vacuum.
3.3.2 DS determination

Volumetric method

HECA (sample 8) prepared by adding 15 equivalentber of acetic anhydride at 60 °C for 1 h, was texhavith 0.15

M (KOH/ethanol) solution for 24 h at 25 °C. Theuked solution was titrated with 0.1 M acetic asadution. The DS
value calculated is named RS

MHECDNKOH — _, 6(1)

DSref =
Msampl DN KOHM acl

In which:

DSref = degree of substitution of the reference sangzenple 8)

M HEc = HEC monomer molar weight = 228.22 g thol

DngoH = molar number variation of KOH before and aftgpanification
M g¢| = acetic liberated group molar weight = 42.04 d o

Equation 1 was used to determine the DS of a sampleh had been chosen as a reference. The DS wvélather
HECA samples were calculated by taking into accdhatabsorption band surfaces of the functionstiegisn their
structure (C= O and O-H), using FTIR spectra.

S(CO)
S(OH) sampl

(2)

DSsampl= DSref S(CO)
S(OH) ref

S (OH) and S (CO) are area of the absorption bahtte function hydroxyl and carboxyl respectively.
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NMR method:

The NMR spectra were performed on esters dissatv@MSO-d6. The different signals can be classifiethree parts:
15 HEC main chain protons are located between 3n2 gnd 5.6 ppm andHHEC proton hidden by water protons at 3
ppm (fig.3), and methyl protons appeared at 2 ppinNMR method can also be used as tool to calcutseDS of
cellulose derivatives based on protons integrations of diffierfunctions. The equation 3 obtained from this RIM
investigation may be used to deduct the DS valudEXEA samples in this case:

inec _ (16 Ha)} DS 15 DS
ICH3 3DS 3DS

B 15l CH3
3lHEC*ICH3

In witch:
IcH3= methyl protons integration

I HEC = 15 HEC protons integration

2.4. Spectroscopic measurements

The chemical structure of HECgamples were evaluated by FTIRC NMR and*H NMR spectroscopy techniques.
FTIR spectra were obtained on a Shimadzu Fourasform infrared spectrometer FTIR- 8400S usingBx Hisc
containing 2% finely ground samples. Twenty scassewiaken of each sample recorded from 4000 tocA®0 'H and
%C NMR spectra were recorded orBeuker 200 MHzspectrometer at 360 °K by Technical scientificesgsh national
centre at Rabat-Morocco, using TMS as internaldsteshand DMSO-glas solvent respectively.

2.5. Thermal analysis

Thermal study of HECA samples with various DS wasfgrmed using thermo-gravimetric analysis (TGA)Yan
differential thermal analysis (DTA) on a Shimadzli®60 simultaneous DTA-TG apparatus. The weight@amnvas
between 8 and 12 mg. Two scans were run from reonpérature to 500 °C at a rate of 10 °C/min undeogen flow.

2.6. Solubility:

The experimental results for the description ofgbkibility have been obtained by test solventgnhthe spatula point
of the HECA samples was added to ~3ml of each stlMeECA samples have been used in the granulan fars
prepared).

3. Results and discussion

The HEC modification

Figure (1) presents the acetylating reaction of HE{g acetic anhydride as reagent. The most irapbespects to be
considered when developing methods for the chemicalification of natural products are their simjpliand the time
required for this process.

OH
OH HOR OR
o) H H
M o . ° O
o)
9 0 0O 0 H {o 0
HO 0 RO o)
< OH HO OH * )k )J\ OR RO OH
@] n 0O 0 n
H R =H or/and COOCH3\
OH OR

Fig. 1. HEC acylation reaction.

This reaction was conducted at various molar ratiBlEC to acetic anhydride for different times d@ethperatures, the
results obtained are grouped in table 1.
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Table 1 Results and conditions of the HEC acetylatioractylation without catalyst; X: non soluble ; $diuble;

Solven
Spl. t(min) T(°C) Eqg.nb® DS.IR-TF DSMNMR EtOH THF DMSO HO
1 60 60 1 0.41 - (0] X (@) X
2 60 60 1.5 0.57 - 0] X (0] X
3 60 60 2 0.7 0.72 0] X (0] X
4 60 60 3 1.07 1.27 (0] X 0] X
5 60 60 6 1.4 - 0] 0] (@) X
6 60 60 9 1.61 - (0] (0] O X
7 60 60 12 2.24 2.4 X 0] (@) X
8 60 60 15 2.6 - X 0] (@) X
9 15 25 6 0.26 - 0] X (@) (0]
10 30 25 6 0.34 - (@) X (@) (@)
11 45 25 6 0.45 - (@) X (@) X
12 60 25 6 0.6 - (0] X (@) X
13 90 25 6 0.81 - 0] X O X
14 60 0 6 0.35 - (0] X (0] 0]
15 60 25 6 0.6 - 0] X (0] X
16 60 50 6 1.14 ; (0] X (0] X
17 60 60 6 1.4 (0] (@] (@) X
18 60 85 6 3.2 (0] (0] (@) X
S.¢@ 60 25 6 0.26 - 0] X @) 0]

b: 1 eq; a mount to acetylat one hydroxyl grougdetermined by volumetric method (ref).

FT-IR spetra

Fig. 2, shows the FTIR spectra of unmodified HEQ #&hd Hydroxyethyl cellulose acetate samples (HE@#&h
different substitution degree [DS=0.72; 1.27 and].2When the acetylating reaction takes place betwacetic
anhydride and HEC, the modification may be provgdhe carbonyl ester band apparition at 1739 emd the decrease
of OH broad band intensity assigned to alcohol graiu3480 cr.

The peaks located at ~ 2948 tand ~ 2885 cffare attributed to(C-H) and (C-H,) groups respectiveli28]. The band
located also at 1647 chtorresponds to the bending mode of the naturdlépebed watef29]. The absorbance at 1375
cm*arises from the C-CfVibration, moreover the peak at 1242'Jdm0riginated from (C-O) eserVibration.

The effect of acetic anhydride equivalent numbelded to the solution mixture is illustrated by camipg the FTIR
spectra (2), (3) and (4) presented in figure 2ntyshe experimental data, we have noted that witheasing fraction of
acetic anhydride in the mixture, the absorptiondbsurface change, and the ratio betwe@wrO) and (O-H) surfaces
increases. The experiments based on FTIR speaira tat the DS increases with increasawgtic anhydride amounts
added. The equation 1 was proposed to determin@®evalues and the results obtained are groupéabie 1.

NMR Study

First, it must be noted that the sample must béipdr The spectra represented on figure 3 showgtak attributed to
the water at ~3 ppm. The HEC methylene proton $sghatween ~3.5 ppm and ~3.6 ppm were overlappéu tve
broad ring proton signals (2.8~5.6 ppm) of the udellie skeleton. HECA synthesis was successfullyqatdy the
presence of a novel signals at 2.0 ppm and atgpii which are attributed respectively to the acptgtons and to the
methylene in to the ester.

The DS values of HECA samples were also estimasetyiH NMR technique from the acetyl protons to the total HEC
proton integrations as mentioned in section 3.8¢23), and the results are summarized in table 1.

Figure 4, presents the ring carbon of HECA DS =(8anple 7), in DMSOat 360°K. The signals at 21 ppm and ~170
ppm in the®*C NMR spectra indicate the presence of the acetdigcarbon and the carbonyl ester respectivelg. Th
assignments of the other peaks are, accordin@i téhou et al[23] andJuli et al. [24], attributed to the HEC carbon
region (60 — 105 ppm).
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Fig. 2. FT-IR spectra of unmodified HEC (1) and HE®ith DS=0.72 (2), DS=1.27(3) and DS=2.4 (4)
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Fig. 3.'"H NMR Spectra of HECA DS = 2.4
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Fig. 4.°C NMR Spectra of HECA DS = 2.4 (sample 7)

The substitution degree (DS) in the HECA samplesei@ses with increasing respectively the acetigdnidte equivalent
numbers, and the reaction time as shown in thedigua) and (b).

At 80 °C, the process runs at a higher rate andHEBE€A obtained have a higher degree of substitutiam the samples
obtained at room temperature (c). From above exmais, the non variation of the degree of subgiituat low
temperature from 0 to 20 °C (figure 5. c) was nofEde DS values increase exponentially with andase in the
reaction temperature.

Fig. 5. (a) Acetic anhydride equivalent number,t{lme and (c) temperature reaction controlled daton of HEC
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Thermal study

The effect of the acetylating on the thermal betrawif HEC was also studied by TGA and TDA in thenperature
range from 35 °C to 500 °C. Figure 6 Shows the T&® TDA Thermograms of unmodified HEC (a), HECAhwit
DS=0.72 (b) and HECA with DS= 2.4 (c). From the abéigure, it can be seen that the thermal degi@ad&tmperature
of HECA increases with increasing DS values. TheCH#arts to decompose at 280 °C, while the acetylBf=C DS =
0.72 (b) and DS = 2.4 begin to decompose respégtate312 °C and 327 °C. At 50% weight loss, theaeposition
temperature occurs at 330 °C for unmodified HEC 348 °C for HECA (DS = 0.72) and at 355 °C for HE(2S =
2.4). This increasing in the decomposition tempeeaimplied that the thermal stability of HECA ioraimportant than
that of HEC, and increases with the DS values. ISimesults were also observed in the case ofloshuand cellulose
acetatg30].

Fig. 6. Thermograms of unmodified HEC (a), HECA OS2 (b) and HECA DS= 2.4 (c).

The TDA Thermograms of unmodified HEC (a), HECA B®.72 (b) and HECA DS = 2.4 (c) are presented also
figure 6. The first endothermic phase transitioryne attributed to the glass transition temperafligg. Then, Tg of the
unmodified HEC appeared at ~62f&1], while, the Tg values of HECA (DS=0.72) and HEA¥SE2.4) are higher than
HEC value. It can be suggested that the acetyl pyri@H;) in the HECA samples influences the intermolecular
interaction and a diminution in crosslink density.

The thermal degradation of HEC showed two peal3l&t°C and 333 °C attributed to the degradatiothefcellulose
non modified part and cellulose modified part respely, because this phenomenon is influencedhey DS of the
Hydroxyethyl group contained in HEC main chain. Tinerease of the exothermic peak temperature &t big could be
explained by the disappearance of the hydrogen ibgndnd the ordered regions, though this suggestidinbe
correlated by the XRD data.
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Conclusion

Resuming the carried out investigation we can aaiethe following:

1- Samples HECA with various DS were fabricatedrfrol EC which was prepared from cellulose extractedasic
medium using «Stipa Tenacissima" of Eastern Morodde resulted compounds were characterized bytrggeopy
techniques (FTIR, NMR). The DS values were obtaifrech direct titration method, especially the FTdRd NMR
techniques respectivelyhe effect of acetic anhydride equivalent numbelded to the reaction mixture, the temperature
and the time of reaction have respectively a hifluénce on the DS value.

2- HECA samples thermal behaviors were investightethermogravimetric analysis (TGA) under nitrog&he results
indicated some differences in glass transition &najure (Tg) and thermal degradation of HEC and MEtbese
thermal temperatures were influenced by the DSeglThe HECA cellulose derivative exhibited morathesistant
property compared with starting HEC; we can coreltistat HECA is thermally more stable material th#BC and
common cellulose. Specific focus should be placednodification of the cellulose backbone as a medrenhancing
solubility and stability.
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