Production and rheological properties of low-acyl gellan gum fluid gels induced by sodium and calcium ions.
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The product engineering approach is used in this contribution to deal with the lab-scale production and rheological characterization of low-acyl gellan gum fluid gels induced by either sodium or calcium ions. A commercial gellan sample, Kelcogel F ®, kindly provided by CP Kelco, San Diego, USA was used as received. Small amplitude oscillatory shear (SAOS) tests were conducted to check the consistency of different gel batches, which were rather sensitive to the type and concentration of gel-promoting ions and to the thermo-mechanical history applied during processing. This contribution also reports the different sodium and calcium contents required for several gellan gum concentrations to reach a target mechanical spectrum and a suitable zero-shear viscosity for their applications as suspending agents.

Gellan gum fluid gels showed a rather narrow linear viscoelastic range (LVR) as demonstrated by the low limiting amplitudes of shear stress in SAOS as well as by the critical shear stresses for creep compliance tests and for the onset of very shear thinning behaviour in multi-step flow curves. Their mechanical spectra were consistent with the occurrence of a faint gel-like structure from gellan concentrations as low as 0.025% wt. A wide plateau relaxation zone was observed throughout the whole available frequency window. The flat dependence of the storage modulus on angular frequency allowed an equilibrium shear modulus, Ge, to be estimated, their values spanning from just 1Pa to 200 Pa. Ge was found to scale directly with gellan concentration, according to an exponent of 2.1±0.2 (P=0.95). The gellan gum concentration dependence of the actual zero shear viscosity ((0), rather than the apparent limiting value obtained from flow curves and of the steady state compliance (Jeº) values was determined from creep compliance tests conducted in the LVR. The onset of non-linear response was rather abrupt as demonstrated by the sharp either increase of the steady state compliance (5 orders of magnitude) or fall of apparent viscosity (4 – 7 orders of magnitude). In fact, the very shear thinning zone of flow curves exhibited unstable results with poor reproducibility. This behaviour can be attributed to the size distribution of gellan gum microgel particles formed during gelation under shear.
Finally, start-up at the inception of shear and flow interrupted experiments were used to study the thixotropic behaviour of gellan fluid gels avoiding the effect of shear history. A reference maximum strain value of 3000 was selected since we faced severe difficulties to reach the steady state response, despite using an intermediate shear rate (10s-1). The results obtained were analysed as a function of the amount of overshoot, S+(1). This increased with gellan gum concentration, indicating a higher relative fall in viscosity. The rise in gellan concentration also brought about a drop in the viscosity recovery, as indicated by the decrease in both the ratio of the second (after a relaxation time of 10s) to the first viscosity peaks and in the ratio of their corresponding amount of overshoots. The results obtained revealed that gellan concentrations selected for applications as suspension stabiliser must guarantee not only a given viscosity but also a fast viscosity recovery after cessation of shear.
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