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Abstract:
Commercially available, blended methylhydroxyethyl celluloses with similar weight-average molar masses but
varying molar mass distributions were characterized by different techniques like steady shear flow and uniax-
ial elongation in capillary breakup experiments. The determined relaxation times t were then correlated with
the absolute molar mass distribution acquired via SEC/MALLS/DRI (combined methods of size-exclusion-chro-
matography, multi angle laser light scattering and differential refractometer). In order to describe the longest
relaxation time of the polymers in uniaxial elongation via integral mean values of the molar mass distribution,
defined blends of polystyrene standards with varying molar mass distributions were characterized. The obtained
data was scaled via different moments of the molecular weight distribution and could be correlated with the
results obtained for the methylhydroxyethyl celluloses.

Zusammenfassung:
Kommerziell erhältliche Methylhydroxyethylzelluloseblends mit ähnlichem gewichtsgemittelten Molekularge-
wicht aber unterschiedlicher Molekulargewichtsverteilung wurden mittels verschiedener Methoden wie sta-
tionäres Scherfliessen und uniaxialer Dehnung in Kapillaraufbruchexperimenten charakterisiert. Die ermittel-
te Relaxationszeit t wurde dann mit der absoluten Molekulargewichtsverteilung in Beziehung gesetzt, die durch
SEC/MALLS/DRI (Kombination von Grössenausschluss-Chromatographie, Vielwinkellaserlichtstreuung und dif-
ferentielle Refraktometrie) gemessen wurde. Um die längste Relaxationszeit der Polymere in uniaxialer Deh-
nung durch integrale Mittelwerte der Molekulargewichtsverteilung zu bestimmen, wurden defnierte Polysty-
rolblendstandards mit unterschiedlicher Molekulargewichtsverteilung charakterisiert. Die erhaltenen Daten
wurden mit verschiedenen Momenten der Molekulargewichtsverteilung skaliert und konnten in Beziehung
gesetzt werden mit den Ergebnissen für Methylhydroxyethylzellulose.

Résumé:
Nous avons caractérisé des mélanges commerciaux de méthyle-hydroxyéthyle de cellulose possédant des poids
moléculaires moyens identiques, mais dont les distributions en poids sont différentes, au moyen de différentes
techniques comme l’écoulement en cisaillement constant et l’extension uniaxe obtenue à l’aide d’un capillaire
à rupture de filament. Les temps de relaxation mesurés ont été corrélés avec les distributions en masses molaires
obtenues par SEC/MALLS/DRI (méthodes combinées de chromatographie à exclusion de tailles, diffusion de
lumière à angles multiples et réfractomètre différentiel). Dans le but de décrire les temps de relaxation les plus
longs des polymères en élongation uniaxe à partir des valeurs moyennes intégrales de la distribution en poids
molaires, des mélanges définis de polystyrènes standards possédant des distributions en poids molaires variées
ont été caractérisés. Les données obtenues ont été quantifiées au moyen des différents moments de la distrib-
ution en poids moléculaires, et ont pu être corrélés avec les résultats obtenus pour les méthyle-hydroxyéthyles
de cellulose.
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sion that correlates directly with specific
moments of the molecular weight distribution.
This determined scaling law (see Eq. 7) can be
directly assigned to blends of commercially avail-
able, blended celluloseethers to obtain informa-
tion on the MWD of these polymers. In compari-
son to small amplitude oscillatory shear this
method is faster and more sensitive. 

The results could then be correlated with
the absolute molar mass distributions obtained
via means of SEC/ MALLS/ DRI (see Fig. 8). It could
be shown in this paper that uniaxial elongation
in CaBER like experiments is a more sensitive
method for the detection of the molecular
weight distribution then steady shear flow for
samples with similar weight-average molar
mass and therefore similar flow properties in
steady shear flow experiments (see Figs. 1 and 3).
Uniaxial elongation in CaBER like experiments
also allows for a sensitive detection of non mol-
ecularly dispersed fractions of the investigated
native cellulose derivative (see Figs. 2 and 9) and
can thus predict the processability of these poly-
mers in elongational flows.

REFERENCES

[1] Clasen C, Kulicke WM: Determination of vis-
coelastic and rheo-optical material functions of
water-soluble cellulose derivatives. Progress in
Polymer Science 26 (2001) 1839-1919.

[2] Schittenhelm N, Kulicke WM: Producing homol-
ogous series of molar masses for establishing
structure-property relationships with the aid of
ultrasonic degradation. Macromolecular Chem-
istry and Physics 201 (2000) 1976-1984.

[3] Kulicke WM: Fließverhalten von Stoffen und
Stoffgemischen. Hüthig und Wepf (1986) Basel,
Heidelberg, New York.

[4] Liu YM, Shaw MT, Tuminello WH: Obtaining mol-
ecular-weight distribution information from the
viscosity data of linear polymer melts. Journal of
Rheology 42 (1998) 453-476.

[5] Shaw MT, Tuminello WH: A Closer Look at the
Mwd-Viscosity Transform. Polymer Engineering
and Science  34 (1994) 159-165.

[6] Yasuda K, Armstrong RC, Cohen RE: Shear-Flow
Properties of Concentrated-Solutions of Linear
and Star Branched Polystyrenes. Rheologica Acta
20 (1981) 163-178.

[7] Bernreitner K, Neissl W, Gahleitner M: Correla-
tion between Molecular-Structure and Rheolog-
ical Behavior of Polypropylene. Polymer Testing
11 (1992) 89-100.

[8] Bird RB, Armstrong RC, Hassager O: Dynamics of
polymeric liquids - Fluid mechanics. Vol. 1. John
Wiley & Sons (1977) New York.

[9] Anna SL et al.: An interlaboratory comparison of
measurements from filament- stretching
rheometers using common test fluids. Journal of
Rheology 45 (2001) 83-114.

[10] Anderssen RS, Mead DW, Driscoll JJ: On the
recovery of molecular weight functionals from
the double reptation model. Journal of Non-
Newtonian Fluid Mechanics 68 (1997) 291-301.

[11] Leonardi F, Allal A, Marin G: Molecular weight
distribution from viscoelastic data: The impor-
tance of tube renewal and Rouse modes. Journal
of Rheology 46 (2002) 209-224.

[12] Nobile MR, Cocchini F: Predictions of linear vis-
coelastic properties for polydisperse entangled
polymers. Rheologica Acta 39 (2000) 152-162.

[13] Maier D et al.: Evaluation of models combining
rheological data with the molecular weight dis-
tribution. Journal of Rheology 42 (1998) 1153-1173.

[14] Carrot C, Guillet J: From dynamic moduli to mol-
ecular weight distribution: A study of various
polydisperse linear polymers. Journal of Rheolo-
gy 41 (1997) 1203-1220.

[15] Graessley WW, Struglinski MJ: Effects of Poly-
dispersity on the Linear Viscoelastic Properties
of Entangled Polymers. 2. Comparison of Viscos-
ity and Recoverable Compliance with Tube
Model Predictions. Macromolecules 19 (1986)
1754-1760.

[16] Meissner J, Hostettler J: A New Elongational
Rheometer for Polymer Melts and Other Highly Vis-
coelastic Liquids. Rheologica Acta 33 (1994) 1-21.

[17] Laun HM, Schuch H: Transient Elongational Vis-
cosities and Drawability of Polymer Melts. Jour-
nal of Rheology 33 (1989) 119-175.

[18] Münstedt H, Laun NM: Elongational Properties
and Molecular-Structure of Polyethylene Melts.
Rheologica Acta 20 (1981) 211-221.

[19] Haas R, Kulicke WM: Flow Behavior of Dilute
Polyacrylamide Solutions through Porous-
Media .2. Indirect Determination of Extremely
High Molecular-Weights and Some Aspects of
Viscosity Decrease over Long-Time Intervals.
Industrial & Engineering Chemistry Fundamen-
tals 23 (1984) 316-319.

36 Applied Rheology
Volume 15 · Issue 1

Applied Rheology Vol.15-1.qxd  18.03.2005  11:21 Uhr  Seite 36

This is an extract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org

This is an extract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org



37Applied Rheology
Volume 15 · Issue 1

[20] Kulicke WM, Böse N, Bouldin M: The role of poly-
mers in enhanced oil recovery. Water-Soluble
Polymers for Petroleum Recovery, Plenum Press
(1988) New York.

[21] Fuller GG et al.: Extensional Viscosity Measure-
ments for Low-Viscosity Fluids. Journal of Rhe-
ology 31 (1987) 235-249.

[22] Harrison GM, Remmelgas J, Leal LG: Comparison
of dumbell-based theory and experiment for a
dilute polymer solution in a corotating two-roll
mill. Journal of Rheology 43 (1999) 197-218.

[23] Arendt O: Rheo-optical study of polyurethane
solutions in extensional flows. Applied Rheolo-
gy 7 (1997) 259-265.

[24] Bazilevskii AV, Entov VM, Rozhkov AN: Breakup
of an Oldroyd liquid bridge as a method for test-
ing the rheological properties of polymer solu-
tions. Polymer Science Series A 43 (2001) 716-726.

[25] Entov VM, Hinch EJ: Effect of a spectrum of relax-
ation times on the capillary thinning of a fila-
ment of elastic liquid. Journal of Non-Newton-
ian Fluid Mechanics 72 (1997) 31-53.

[26] Anna SL, McKinley GH: Elasto-capillary thinning
and breakup of model elastic liquids. Journal of
Rheology 45 (2001) 115-138.

[27] Clasen C, Fontelos MA, Li J, McKinley GH: The
beads-on-string structure of viscoelastic
threads. Journal of Fluid Mechanics, submitted.

[28] Kulicke WM, Clasen C: Viscosimetry of Polymers
and Polyelectrolytes. Springer (2004) Heidel-
berg.

[29] Ressia JA, Villar MA, Valles EM: Influence of poly-
dispersity on the viscoelastic properties of linear
polydimethylsiloxanes and their binary blends.
Polymer 41 (2000) 6885-6894.

[30] Anderssen RS, Mead DW: Theoretical derivation
of molecular weight scaling for rheological para-
meters. Journal of Non-Newtonian Fluid
Mechanics 76 (1998) 299-306.

[31] Doi M, Edwards SF: The Theory of Polymer
Dynamics. International Series of Monographs
on Physics. Vol. 73, Clarendon Press (1989) Tokyo,
Cambridge.

[32] Nguyen H, Boger DV: Kinematics and Stability of
Die Entry Flows. Journal of Non-Newtonian Fluid
Mechanics 5(1979) 353-368.

[33] Thielking H, Roessner D, Kulicke WM: Online
Coupling of Flow Field-Flow Fractionation and
Multiangle Laser-Light Scattering for the Char-
acterization of Polystyrene Particles. Analytical
Chemistry 67 (1995) 3229-3233.

[34] Stelter M et al.: Investigation of the elongation-
al behavior of polymer solutions by means of an
elongational rheometer. Journal of Rheology 46
(2002) 507-527.

Applied Rheology Vol.15-1.qxd  18.03.2005  11:21 Uhr  Seite 37

This is an extract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org

This is an extract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org


