Shear-thickening behaviour in aqueous solutions of
hydroxypropylcellulose crosslinked by superchaotropic
Keggin polyoxometalate H4[SiW12040]
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Cellulose ethers (CEs) such as hydroxypropylcellulose (HPC) are low-cost, widely available,
water-soluble, biocompatible, semiflexible polymer known to either show Newtonian or
shear-thinning behavior. Recently, nanometer-sized ions such as Keggin-type
polyoxometalates (POMs) have recently emerged as powerful gelating agents for non-ionic
cellulose ethers (CEs), including HPC [1]. Due to their low charge density and weak
hydration, these POMs interact with CEs through a water-mediated “superchaotropic” effect,
releasing their hydration water and leading to bulk water structure recovery [2].
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Here, we show that addition of superchaotropic POM H4[SiW12040] in millimolar
concentrations to HPC solutions induces shear thickening behavior. To demonstrate this,
we investigated HPC polymer of different molecular weights using rotational and oscillatory
rheology. For HPC with low molecular weights, steady shear experiments reveal Newtonian
fluid behavior. Addition of H4[SiW12040] leads to an increase in the zero-shear viscosity of
HPC and appearance of shear thinning at high shear rates. However, for HPC with Mw >
700 kDa, we observed Newtonian plateau at low shear rates followed by shear thickening
i.e., an increase in viscosity at higher shear rates. We studied in detail the effect of HPC and
H4[SiW12040] concentration on the appearance of Newtonian/shear-thinning/thickening
behavior. Additionally, we also determined the effect of salt and temperature on the extent
of shear thickening. The shear behavior of HPC/H4[SiW12040] solutions is related to shear
induced structural changes, where the formation of new interchain crosslinking on shearing
contributes to shear thickening.
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