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Abstract:

The impact of the chain-filler size ratio on chain extension in nanocomposites is controversial. Discrepancies measured in
previous experimental studies can be ascribed to the filler dispersion and the difficulty to isolate the chain signal in SANS
experiments. The aim of our project is to study polymers conformations in nanocomposites with controlled aggregation as
function of the polymer-silica size ratio using optimized silica matching conditions.




Chains conformations in nanocomposites with coletdohggregation: effect of the
polymer-silica size ratio.

The aim of the experiment was to measure the palyfma&in signal in nanocomposites made from colladiza
and nanolatex casting. The study was performechgumwo experimental runs. The first run was deeidab
study of the conditions (matching strategy, anmgabf samples) required to measure a chain signalch
samples. In the second run, various nanocompdsitasilated with different colloidal silica (=10 nand 28
nm) and polyethyl methacrylate (PEMA) chains (Mw& @00g/mol and 100 000g/mol) were investigated. In
both sessions, samples were measured using thméigurations (resulting g-range: 1:30.3 AY).

Run 1. Two strategies were studied to measure chain cowfibon in solid samples filled with silica
nanoparticles:

(1) H-chains (5%) diluted in a H-D copolymmeatching silica nanopatrticles.

(2) Mixture of H- and D-chains fulfilling theeero average contrast conditions (ZAC).
As samples are prepared from latex beads madeeotyge of chain (H or D or H-D copolymer), befole t
annealing of solid samples the latex bead signptédominant. Hence, two kinds of annealing weueliet! to
promote latex bead dissolution:

(a) Thermal annealing under vacuum (120°C, or 150°Q86rC, for 1 week or 3 weeks)

(b) Solvent annealing followed by drying under vacuvethyl Ethyl Ketone (MEK) vapors, or a mass of

liquid MEK (two masses tested) put on the sampuleestin a saturated atmosphere for one week)

These studies were performed on matrices and nempsites (10% v/v) formulated casting a colloidallison
made of PEMA latex (Rex=23 nm, Mw=100 000g/mol) and colloidal silica Luddk 40 (Rs=28nm).
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Figure 1: (left) Copolymer matrices with 5% of Hadfs for different thermal annealing (right) Copuabr
matrices with 5% of H chains and 10% of silica rarticles for different thermal annealing. Red estthe
Guinier form factor for Rg=90A.

Using the copolymer strategy (figure 1), the clagnal was correctly measured in the high g raogéhiermally
annealed unfilled samples, despite of an incre&sieeosignal at low g. The contribution of this lapsignal is
decreased with the annealing temperature, but renfar 180°C annealing. For nanocomposites, a iboniton
of silica appears around 2:3@8". Bad matching is highlighted in spite of the cotmmatching of copolymer and
silica particles scattering length densitips,f=3,4.16%m Zandps=3,5.13%m “according to contrast variation
experiments). This sensitivity can be explainedtsylow intensity of the chain signal (about 10%nThis low
intensity is inherent to the strategy which usdeva content of H-chains to avoid the contributiohaochain
structure factor to the signal.
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Figure 2: (left) H/D matrices for different thernainealing (right) H/D matrices with 10% of silicanoparticles
for different thermal annealing. Red curves: thén@u form factor for Rg=90A.

Using the ZAC strategy (figure 2), the chain signals correctly measured until A&™ in matrices, with an
important intensity (1&m™), and like for the previous strategy, the thermahealing decreases the low ¢
contribution. For filled samples, the chain sigradisturbed at low g and can be explained by the ktio
which is not optimized in our samples. Indeed,dtattering length density of D-chains evolved cammgdo our
previous batch (7.4.1&m? instead of 5.6.18cm?). Moreover, the silica contribution increases witimealing.
The contrast seems amplified with thermal annealmdjcould be due to degradation products accuatukttthe
polymer-silica interface.
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Figure 3: (left) Copolymer samples solvent anneéligtht) H/D samples solvent annealed. Red curtyes:
Guinier form factor for Rg=90A.

Solvent annealing was investigated for both sifitching strategies (figure 3). SANS spectra arélai for the
different solvent annealing conditions. Whatevey g¢trategy used, the chain signal was correctlysared in
matrices in the high g range, but with silica naartiples the signal is dominated by another coutitim. As this
contribution is different to one observed for thatmnnealing, we suppose that samples were natqiisridried
in presence of silica, organic solvent moleculagcdoemain into samples.

According to these results, in order to measurenchignal in our nanocomposites, we chose to ueeZhC
strategy adjusting the H/D ratio according to thattering length density measured for D chains. fhieemal
annealing of samples at 120°C for one week wasteel¢o insure latex bead dissolution.

Run 2: Nanocomposites prepared with different contentsilifa nanoparticles were investigated. Two kinfls o
silica nanoparticles: Ludox TM40 (=28 nm) and Lxd&M30 (8=10 nm), and two lengths of polymer chains
PEMA 100 000g/mol and PEMA 20 000g/mol, were usetbtmulate nanocomposites. In all cases, the patym
was synthetized and used in the latex form whichaeharacteristic bead size about @=25 nm.

For nanocomposites made of PEMA 100 000g/mol tlenckignal appears at high g with the characterigti
slope of the Debye form factor (figure 4).
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Figure 4: PEMA 100 000g/mol nanocomposites anndfaletl week at 120°C (left) SM30 nanoparticlegridj
(right) TM40 nanoparticles filling. Red symbols plisy calculated chain signal (Rg=90A) and latexcbsignal.

At lower g a contribution evolving monotonously wihe silica content is observed. Surprisinglys #wolution
appears in the opposite way for both kinds of @il@anoparticles. For SM30, the low q contributinoréases
with the silica content and was previously attréalito partial dissolution of latex beads in preseaot silica
particles [1]. For TM40, the low q contribution deases with the silica content and can be attribtdean
improvement of latex bead dissolution with biggéica particles. The difference of behavior betw&w30 and
TM40 nanoparticle could be ascribed to the size fztween silica and latex particles. With TM4tk size ratio
is about 1, there is not confinement of latex beadsatrary to SM30 particles (R4/Rs=2.5) that can embed
latex particles and prevent their dissolution.
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Figure 5: PEMA 20 000g/mol nanocomposites annefalet] week at 120°C (left) SM30 nanopatrticles ridji
(right) TM40 nanoparticles filling. Red symbols plizy calculated chain signal and latex bead signal.

For nanocomposites made of shorter polymeric chafEMA 20 000g/mol, enhanced chains mobility is
expected. (This mobility favors the formation ofahsilica nanoparticles aggregates [2]). The digm#dentical
for all silica fractions in TM40 nanocompositesggasting a total dissolution of latex beads whatéve filler
content (figure 5). Below 1OA™?, a power law with an exponent 2 is observed. €hislution can be compared
to polymeric gel scattering profiles [3], and coudd attributed to concentration heterogeneitie$icaind D
chains. For SM30 nanocomposites, the filler contem$¢ an impact on the intermediate g range: inensi
increases with silica fraction. This behavior isnparable to the one observed in PEMA 100 000g/m®M30

nanocomposites. However, the difference betweenldatex bead signal and the 10% nanocomposite signal

appears less important in PEMA 20 000g/mol nanoamitgs than in PEMA 100 000g/mol. It suggests &bet
dissolution of latex beads in nanocomposites médéarter chains, which is consistent.

In conclusion, the radius of gyration of polymeaits in nanocomposites is not modified by silicaaparticles.
However, the filler impacts the latex bead dissolutand opposite behaviors were observed for rdiffesize
ratios of latex and filler.
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