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1. Objectives

The experiments aim at understanding the formatibmybrid electrospun fibers when solutions coritajnboth
polymer and inorganic sol or nanoparticles arectej@ in an electric field. The main idea is tadgttnow this electric
field governs the organization of the hybrid inted and the nanostructure of the fibers during ghlwents’
evaporation. The expected results are fundamédotalormulating the mechanism of formation of hybfibers
according to both the processing parameters (&le@ld, injection rate) and the chemistry of tlselution
(concentration, polymer/inorganic ratio, aging time These sets of experiments are essential tgrdéders with
efficient functionalities. To our knowledge, theepent study constitutes the first example eveorted ofin situ
electrospinning and SAXS/WAXS studies.

2. Results

Briefly, the setup that we designed for these drmants led to encouraging preliminary results. d#eonstrated that
it is possible to register smultaneously SAXS and WAXS spectra along the fiber up to 55 mm from the injection tip,
indicating that the number of fibers encountering beam at the timescale of the measurement ali@iisng a
suitable signal to noise ratio, even in the unstabime of the fiber.

Previousex situ SAXS/WAXS studies on silica-PVDF-HFP electrospuemiranes showed (i) at wide angle, the
crystallisation of the polymer, and (ii) at smatigée, the organization of the silica domains witthia polymer and the
correlation lengths due to the crystallites of plodymer. Fromnin situ SAXS-WAXS experiments, we expect to follow
the evolution of both signals at successive stafézmation of the fibers. Because, in an elepinning experiment,
a fresh solution is constantly ejected from thetdiorm new fibers, recording SAXS-WAXS data alarghorizontal
line, at any time, starting from the top of theeittjon tip to the target, allows a step by stef¥aihg of the process of
formation of the fiber from the Taylor cone to tbellection of solid fibers on the counter-electrodEigure 1(a)
illustrates the behaviour of the solution (i) whenvoltage is applied and (ii) when electrospinnsg process. The
origin of the x and y axes corresponds to the caitthe top of the injection tip.

Figure 1(b) shows SAXS and WAXS spectra recordemhaly = -0.4 mm for a typical formulation contaigin
prehydrolyzed tetraethoxysilane, its sulfonated lapathe polymer PVDF-HFP and two more additives in
dimethylformamide. The background has been sulelad he signal of a drop of solution (reportedblime on Figure
la-i) is also plotted in figure 1(b).

SAXS data show that the structuration of the sifloanains within the polymer in a drop of solutigredk at 3.55 nin
Y is different than the one (peak at 3.7 Drabserved when the solution is electrospinnedt, e SAXS behavior at
low q is identical along the fibers, i.e. variougsee Figure 1b). From x = 0.5 mm to x = 54.4 e, dame upturn is
mainly observed. This latter has also been obsefwethe membrane. The correlation length at 0.7 e the
intercrystallite distances varies with the distarideere is a competition between the decreaseeomiiiter volume in
the beam and an increase of the correlation. WAXt8 dhowed amorphous contributions of the polyrhase in the
drop. From the end of the drop, the crystallinekpedue to the semi-crystallinity of the polymer eppwhen the
electrospinning process is activated. These coiwalédengths are convolved with the amorphous doution giving
shoulders and peaks at 12.1, 24 and 26.7.nm



From these observations, we can postulate thaheatery early stage of the electrospinning pracessh (i) a
crystallization of the polymer and (ii) a corretatilength between inorganic domains, similar todhe observed in
the final membranes, are achieved. These resugtdigiit the importance of the role played by thecwbspinning
parameters on the silica/polymer interface stratiom.

3. Present drawbacks and next upgrades

In order to achieve a deeper understanding ofitiees formation, we need to obtain a better sigmaloise ratio along
the whole fibers path from the tip all the wayhe target. We therefore want to suggest two maprorements to the
present experimental set-up: the nature of the evirsdbf the box and the type of target.

A plastic box cover has been designed (i) to mazentie signal/noise ratio working under He atmosph@) to allow
incident/scattered X-rays in/out of the box usipgafically designed windows and (iii) to avoid mple target effect
isolating the experiment from any close groundedaitie sources (like the nose of the source and détector
protective box itself). Initially the material seted for the windows (source and detector sidesg @&um thick
Mylar, however it absorbed so powerfully the incitbeam that we had to remove the windows. As a@emuence,
the measurements suffered from several drawbadishdlium had to be flushed more intensively and tlow
induced strong deviations of the path of the fibstsch were very difficult to detect, not to memtithe high He
consumption; (2) the detector box and the sourndete both to act as additional targets. We are planwning on
designing 2Qum-thick optical quality mica windows: the quasitstdnelium flow will allow fibers to repetitivelydopt
a controlled horizontal path.

Besides, we previously used a nail as target ieramstrongly focus the electric field and therspwtially concentrate
the fibers. This was very successful but did stipfigit the time of the measurements: after a femutes only, a set
of solid static fibers was formed and could getkthetween the injection tip and the nail. In orteicontinuously
regenerate the fibers, we intend to use a smaltingt coil as a target to continuously roll theefi.

4. Per spectives

In situ experiment could also be extended to other muitifional fibers systems, which use for example roiog-gel
chemistries or crystalline preformed anisotropiorganic nanoparticles and also polymers with d#fférphysical
properties. It would be extremely interesting todst the nanostructuration of the hybrid interfacgirty the fiber
formation, when the polymer/inorganic affinity. Thrapact of processing parameters on the fiber ftionawill be
explored as well.
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Figure 1. (a) Scheme of the fibers during the ebspinning process. (bh situ SAXS/WAXS spectra of a
silica/polymer fiber in formation recorded along-92 mm at different distance from the injectiqm t.



