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Report:
Sol-gel processing has gained interest during the past 15 years. A good control of such
chemistry and especially the gelation kinetics is an important objective for several
applications (ceramic and thin film synthesis, reduction in permeability of filters and
porous rocks,). In addition, there is a growing interest in studying the gelation of
negatively charged polymers by zirconium because this crosslinker has a lower toxicity
than chromium commonly used up to now.
In that context, Chauveteau et al (1999-2000) have developed an original approach
and a new model for predicting crosslinking of polyacrylate solutions by Zr-lactate
(Zr-La) solutions under shear flow. The complete understanding of gelation process
requires to determine the Zr speciation both in Zr-La dilute aqueous solutions and
in polymer gels. In a first series of Zr k-edge XAS experiments (cf ESRF report
99), the effects on Zr species of the Zr-La concentration in aqueous solutions and in
polyacrylate gels, was investigated. In mother Zr-La solution (72000 ppm), Zr ions
are condensed as dimers where the two Zr dodecahedron which are linked by hydroxyl
edges are stabilised by 6 lactates as suggested by chemical analysis ([Lactate]/[Zr]=3).
After dilution at pH=6, tetramers become the dominant species at 1400 and 800 ppm
concentrations. At much lower concentrations, corresponding to that used for gelling,
associations between tetramers are observed. Zr species in gels formed at very low
Zr concentrations are mainly dimers showing that when carboxylates replace the
lactates, associations of tetramers and even dimers can be broken. All these EXAFS
results were compared successfully with molecular modelling (ab-initio calculations
using DFT) (Rose et al, submitted).
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But the 9 runs carried out in 99 did not allowed to analyse the Zr speciation as a
function of time after dilution and at the end of gelation.
Thus in 2000, Zr K-edge EXAFS experiments have been carried out with Si (111)
monochromator crystals by using the fluorescence detection mode due to the very low
concentration of Zr in liquid or gel samples (36 and 72 ppm). The effects of ageing
after dilution at 72 ppm (t=20, 120 and 360 mn) on Zr speciation were analysed at
20◦ C for both pH 5 and 6. Similar Zr speciation kinetic experiments were performed
in presence of polymers at a Zr concentration of 36 ppm. During these experiments
the temperature was maintained at 20◦ C±0.2. After each ageing time, the samples
were put quickly in a cell to be freeze-dried using liquid nitrogen to block the Zr polymerisation. Due to the extremely low Zr concentrations, ten scans of 40 minutes were
recorded for each sample. The noise-to-signal ratio was low for all solutions and gels.
Ageing effect after Zr-La dilution
EXAFS results concerning Zr-La solutions at [Zr]=72 ppm, pH=6 and 5, indicate that
Zr polymerisation is a slow process. For both pH after 20 and 120 mn it seems that
dimers of Zr are still the dominant species in solution as observed in mother Zr-La
solution. This is suggested by the number of Zr atoms (NZr ) around each Zr located at
a distance of 3.6Å, found to be close to 1. Oligomerisation of dimers to form tetramers
becomes detectable only after ageing time estimated between 120 and 360 mn. At
pH=6 NZr is equal to 1.6±0.3 while at pH 5 NZr =1.3±0.25. These NZr values (1.6
and 1.3) suggest that the solution contains a mixture of dimers and tetramers, with
an oligomerisation slower at pH=5 than at pH=6.
Ageing effect on the Zr speciation during gelling
The analysis of the Zr speciation during the gelling of polyacrylate solutions at pH
6 indicates that Zr dimers are the major species (NZr =1) as well after 40 and 120
minutes. After 540 minutes, NZr slightly increases up to 1.3, suggesting that the polymerisation of Zr occurs but without knowing that if this polymerisation concerns free
dimers or dimers bridging two polyacrylate groups on the polymers.
The very satisfactory and important result is that we were able to determine in situ Zr
speciation at extremely low concentrations both in aqueous solutions and in polymer
gels. Moreover all EXAFS results obtained concerning oligomerisation of Zr and pH
effects are in good agreement with both ab-initio molecular modelling and interpretation of rheological studies, giving reliable way to control polymer gelling.
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