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Abstract

This paper is devoted to the rheological properties of cationic cellulosic fibres with different degrees of substitution and swelling.

Depending on the concentration of the fibre suspension, the system behaves as a sbkatig/l) or as a gel. The rheological character-

istics of the suspensions are directly related to the degree of substitution, the degree of swelling and the degree of fibrillation of the material.

© 1999 Elsevier Science Ltd. All rights reserved.
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1. Introduction 151 is a 2,3-epoxypropyltrimethylammonium chloride) [4].
Defibrillations of the derivatized fibres were realized under
Water soluble polymers are developed for many applica- shear using a Nanojet equipment from Haskel General
tions for their role as thickeners, gelling, emulsifying poly- Pneumatic. This step is important to increase the division
mers or stabilizers for the dispersion of solid particles [1-3]. of the fibrous material and its rheological potential. Cellu-
They are neutral or charged, most generally anionic. Our losic fibres with different average degrees of substitution
work concerns the obtention of a new system based onwere obtained depending on the experimental conditions.
cellulose, a natural and renewable polymer. The first objec- When the average value of DS was around 0.6, we found
tive was to prepare cationic cellulosic fibres playing the role that 15% (w/w) of the material become water soluble and
of a flocculating new system [4]; but the cationic fibres have has a DS= 0.7 when the DS of the insoluble fraction is 0.4.
also other properties depending on their degree of substitu-Each sample was characterized by its average DS, the
tion (DS) which impose their charge density and their degree of swelling and the fraction of water soluble material
degree of swelling in aqueous suspension. They present(Table 1).
interesting rheological properties and especially a gel-like  The xanthan sample used as reference is a commercial

behaviour which is described in this paper. one from RAme Poulenc (France).
2. Experimental 2.2. Methods
2.1. Materials The degree of swelling=(in g H,O/g dried matter) in

water is obtained by thermogravimetry on a small sample
Cationic fibres were obtained by the chemical modifica- dispersed in a large volume of water and then filtered. The
tion of cellulosic materials prepared from agricultural resi- TGA equipment is TGA-92-12 from SETARAM (France).
dues, the wheat bran previously fractionated and purified. The rheology experiments are performed with a plane-cone
The pretreatments of this residue are elimination succes-rheometer from TA Instruments with a cone of 4 cm
sively of starch, hemicelluloses and lignin. The yield in diameter, a %9 cone angle and a 1Q8m gap. All the
cellulose in our substrate was around 93%. This cellulose experiments were performed at ambient temperature if no
has a DR~ 440; it is semi-crystalline with 40% as degree other temperature is indicated. The degree of substitution
of crystallinity based on cellulose I. The reaction is was determined by potentiometry from the determination of
performed using a heterogeneous process in alkaline condithe chloride counterions and/or by microanalysis based on
tions with the reactive QUAB 151 from Degussa (QUAB the yield of nitrogen and carbon.
The scanning electron microscopy was realized on a
*Corresponding author. Tek-33-476037627; fax:-33-476547203. JSM-6100 from JEOL.
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Table 1
Some characteristics of cationic fibres in water
DS 0 0.026 0.11 02 0.31 0.3% 0.45 0.49 0.54 0.62
7 (9/9) 9.9 95 10.5 28.2 51 52 51 53.5 56.1 57
% soluble - - - - 6.75 - 15 11 - 13.5
2Samples provided by ARD company.
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Fig. 1. Degree of swelling of cationic fibres: (a) as a function of the fibre concentration in water; and (b) of the external ionic concentratiomifilm@nsta
concentration© = 9.83 g/l, DS= 0.45). Viscosities of the suspensions at I& shear rate in the same conditions are also given.

3. Results and discussion
3.1. Characterization of the cellulosic fibres

The first characteristic of the material is the average

Degree of swelling for cationic fibres in ethanol/iwater (v/v) solvents degree of substitution. At this point, we have demonstrated

that in our experimental conditions, the average degree of

substitution of the derivative must be lower than 0.3 to

Table 2

(Co=79N)

Solvent 7 (g H,O/g)
0/100 57.9
50/50 47.7
75125 34.7

remain completely insoluble (Table 1). This limit depends
on the experimental conditions adopted for the derivatiza-
tion (especially, the hydroxide concentration which controls
the initial degree of swelling of cellulose) [5]. The related
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Fig. 2. Viscosity of suspension: (a) as a function of concentration and shear rate in water; (b) Flow experiment at 10.89 g/l showing the existeldce of a 'y
stress, DS= 0.45.
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Fig. 3. Influence of suspension concentration and DS (one run of defibrillation) on the yield stress.
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Table 3 of ethanol as a non-solvent in Table 2. The degree of

Determination ofa and 8 parameters relating viscosity with suspension swelling remains high in the presence of ethanol (34.7 g

concentration and shear rate, respectively HZO/g for a EtOH/HO mixture 75/25 V/V).

DS a at10 st B%at 2% B%at 1.5% It must also be mentioned that suspensions are stable in
water over a critical concentration in the range of 3—-5 g/l; in

02 257 - 0.74 other words, there is no sedimentation of the fibres.

0.35 2.99 -0.68 -0.81 T . ;

054 3.49 —0.79 _ 076 At the end, the cationic fibres were dried and redispersed;
the swelling was demonstrated as reversible as well as the
38 parameter in the range of 0.1-1005—0.8< 8 < —0.6 in the viscosity of the suspension [4]; this interesting characteristic

range of concentration (0.5-3%) and for the different DS. is also directly related to the electrostatic repulsions.

Table 4 3.2. Rheology of cationic fibre suspensions

Evolution of the viscosity (in mPa. s) of the suspension as a function of Flow and dvnamic experiments were realized for fibre
temperature (comparison with the behaviour of a xanthan in solution, y p

solvent: HO: ¥ = 300 s %) suspensions in deionized water. Fibers with different aver-
age degrees of substitution (3S0.2, 0.35 and 0.54) but

T(C) also different degrees of defibrillation characterized by the
20 35 50 60 number of runs through the Nanojet equipment were inves-
tigated.
Xanthan 2 g/l 490 400 270 -
Cationic fibres .
DS=0.45; 21 g/l 3500 5000 6000 - 3.2.1. Flow properties _
DS=0.45; 15 g/l 740 880 980 1100 From the beginning of this work, one understands that

these cationic fibres were not only ion exchanger materials
(or even cationic flocculants) but also a thickening polymer-
important parameter is the degree of swelling expressed adike substance. The rheology of the relatively diluted
the water content in gram of water per gram of dried mate- suspension was first tested in flow experiments. These
rial. It depends on the concentration of the suspension andsuspensions are non-Newtonian over 3 g/l at least and
on its ionic concentration (Fig. 1). This is related to the ion present a yield stress when the concentration increases in
exchanger properties of the suspended fibres. The degree othe range of 10 g/l (Fig. 2).
swelling decreases to a plateau over NaCl 0.1 M and the In Fig. 2(a), the evolution of the viscosity (mPas) as a
value stabilizes to 33 g 4@/g which remains much higher function of the suspension concentration and of the shear
than for the underivatized initial cellulose (9.9 g®ig). rate in water is given for a suspension of fibres with a DS
The viscosity of the suspension decreases under the samequal to 0.45. But, the viscosity is strongly influenced by the
conditions. These salt effects are due to the screening ofionic concentration as shown in Fig. 1(b). In addition, in salt
electrostatic interactions. excess, a Newtonian plateau appears for these suspensions
The suspension was examined in the presence of anin the range of 3" when the salt content is higher than
organic solvent; the results are given for different contents 0.1 M.
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Fig. 4. Rheological characterization of fibre supensions£D52, one run of defibrillation) for different concentratiof®= 5 g/l G” > G’ for v < 1 Hz;
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Fig. 5. Elastic modulus of suspension determined as a function of polymer concentration for different DS. Condi@r175Hz, one run of defibrillation.

In flow experiments, the yield stress was determined; it parameters are in the same range as for polymers in a
appears as soon as the concentration becomes higher than semi-dilute regimeq ~ 3.4; 8 ~ — 0.8).
critical valueC” in the range of 5 g/l but depending on the The last series of experiments concerns the role of
DS and the degree of fibrillation (Fig. 3). At the same time a temperature. It is well known that usually with a water
gel-like behaviour is shown in dynamic experiments. The soluble polysaccharide the viscosity decreases when the
viscosity of the suspension is non-Newtonian in all the range temperature increases. The exception should be with amphi-
of the shear rate covered whatever the tested concentrationphilic polymers [6]. In these experiments one compares the
especially in water. Then, the viscosity of the suspensions behaviour of the suspension with that of a xanthan solution
depends on the fibre concentrati@®) é@nd on the shear rate  (Table 4). The originality of these suspensions is that their
() following a relation similar to that proposed for a poly- viscosity increases when temperature increases due to the

meric solution swelling of the fibres. This is an advantage for application;
the level of the viscosity remains lower at the same weight
n oc C*yP. concentration than that of xanthan in an aqueous solution.

The parametera and 8 were determined from the depen-
dence ofp with C at a given shear rate and dependence with 3.2.2. Dynamic measurements
shear rate at a constant concentration (Table 3). These The dynamic moduli @ and G") were determined in
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Fig. 6. Role of the number of defibrillation runs on the dynamic moduli of the suspensions. Conditioasd.2SC= 10 g/l; T=25°C.



612 M. Rinaudo et al. / Polymer 41 (2000) 607—613

100 T J _
F —
L +
! n llllll.-
 guuuumumunf
n
» AAAA
AAAAAAAAAAAAAAAAAA aaa,
1 oAy |®Glmun
E unn DU“ QG" 1 run
5 goobf
é; 10 nunusnﬂ AG 3 runs
&) i unUDFD s
° gggoo”
- AA
Aa
LN AAAAAAAA
AApapnanpanaaansass
! I e . — N i
0,01 ol 1 "

frequency (Hz)

Fig. 7. Role of the number of defibrillation runs on the dynamic moduli of the suspensions. Conditiorsd.BS C = 10 g/l; T= 25°C.

different conditions. A gel-like behaviou3( > G” over a the contrary for DS=0.35, this effect is negative. The
large range of frequencies) appears over a critical concen-interpretation comes from the larger degree of swelling
tration C*. The elastic plateau strongly depends on the and the ability of disruption of this material under shear
suspension concentration, the DS and the degree ofwhich then loses its performances due to a too large degree
defibrillation. Fig. 4 shows the existence of the critical of breaking of the fibrillar structure (see Table 1). The
concentration separating the solution behaviour from that results are represented in Figs. 6 and 7.

of a gel-like behaviour over 5 g/l. The influence of suspen-  The last interesting result is that the gel-like behaviour is
sion concentration on the elastic modulus is shown in Fig. 5 increased when temperature increases just as mentioned for
for the three investigated degrees of substitution. The viscosity (Fig. 8). This is again an advantage compared with
medium with fibres having a DS of 0.35 is still a suspension other physical gels such as carrageenan or gellan based on
with nearly no soluble fraction but having a large swelling H-bonds whose performances decrease when temperature
degree which favours the gel-like behaviour; a DS of 0.54 is increases [7,8].

too large and the cellulosic material partially soluble and a

DS of 0.2 is not in the optimum efficiency with one run of

defibrillation. When the microfibres are mechanically defi- 4. Conclusion

brillated by three runs through the device and when

DS= 0.2, the rheology of the suspension is optimized. On In this paper, the rheological properties of cationic fibre
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Fig. 8. Role of the temperature on the elastic modulus (expressed by th&@igsc) of suspensions with different DS. Conditio®= 20 g/I; 0.17 Hz; one
run of defibrillation.
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