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4) Conclusions and outlook

Wet organoclay (80% of water) is dispersed in 
uncured PDMS by propeller mixer (500RPM; 
30min) before water is evaporated under 
reduced pressure (16h at 80°C).

3) Composite  preparation and characterization

2) Organoclay synthesis 

1,5eq. PDMS-N+(CH3)3 /Na+, 1g of Cloisite®Na+/100ml H2O, 
16h, 80°C, the product is washed from excess of surfactant 
with hot water, filtrated and kept wet. TGA is carried out 
under He at 20°C/min and XRD on dried ground powder .
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This work aims at optimizing the dispersion of montmorillonite MMT in a poly(dimethylsiloxane) (PDMS) matrix curable by hydrosilylation reaction (Sylgard 184-Dow 
Corning). The applied strategy is two-fold. First, a surfactant containing a short PDMS chain has beencationically anchored onto the natural MMT via an ammonium moiety. 
Secondly, water has been used as a vector for the dispersion of the clay. Indeed, literature reported on the beneficial effect of hydroxyl or polar groups on dispersion of clay in 
silicon-based matrices as in the case of the use of alcohol ammonium surfactant1, of siloxane matrices curable by condensation2 or containing polar groups3. Morphological, 
thermal and mechanical properties of the composites have been assessed by optical (OM) and transmission electron microscopies (TEM), by thermogravimetrical analysis 
(TGA) and by dynamical mechanical (DMA) and swelling analysis (G), respectively.   

• Water forms H-bonds with organoclay and matrix that ease the 
incorporation of matrix in clay galleries. 

• Try other methods of dispersion than ultra-sonication.

Wet organoclay and Pt catalyst are dispersed by ultra-sonication (10 min) in 
organic solvents (1ml THF; 0,075 ml acetone and 0,5mg catalyst/g PDMS) 
then PDMS is added and blend by ultra-sonication 10 min. Solvents were 
evaporated under reduced pressure for 16h at 80°C. The curing agent is 
added to crosslink for 8h at 100°C. A sample with MMT/Na+ have been 
prepared for sake of comparison.

Dried organoclay is dispersed at 3wt% in uncured 
PDMS by propeller mixer at 500RPM during 30min. 
Viscosity values are obtained at 12RPM by 
viscometry (with cone and plate geometry). 

When water is present in the galleries

Both surfactant and dispersion process are not efficient enough to destroy the 
organized structure of clay. The enhancement of viscosity is not significant and 
aggregates as large as 50µm are still observed by OM. 

This process leads to a composite having a much higher viscosity and containing 
smaller aggregates as observed by OM. Water seems to make the clay dispersion 
much more easily, may be through hydrogen bonds with the resin that eases its 
incorporation. But the breakdown of clay stacks is not thermodynamically stable 
and collapses to some extent (drop of the viscosity) when dried.

When water is present in the gallery and resin is diluted in THF
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The MMT/PDMS-N+(CH3)3 produces good interactions between the filler 
and the matrix making the composite stiffer and acting like some extra 
crosslinking points as attested by the smaller rate of swelling in heptane. 
The silicone nanocomposite degrades at the same temperature than 
unfilled resin but the presence of organoclay seems to favour the 
depolymerisation, such a property may found application in PDMS 
recycling.

TGA under He, 
15°C/min
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The dispersion of the wet filler 
and the PDMS resin in THF 
allows for reaching a under-
micrometric breakdown of clays 
stacks. The higher viscosity  
attests for the lower scale 
organization of the clay in the 
nanocomposite. TEM micrograph  
shows an homogeneous 
distribution of 100nm-thick stacks 
of clays (never seen before in 
hydrosilylated PDMS). Finally, 
the 3wt% cured composite has 
preserved a rather good  
transparency. 

1st unfilled PDMS, 2nd filled 
with MMT/Na+ (3wt%) and 3rd 

filled with MMT/PDMS-
N+(CH3)3 (3wt%) 

The mechanical properties have been assessed by dynamical mechanical analysis at ambient 
temperature with a frequency of 1Hz. 

Cloisite®Na+ (SCP, Texas, US), a commercial sodium MMT, has been ion-
exchanged with a newly synthesized w-ammonium functionalized 
poly(dimethylsiloxane) PDMS-N+(CH3)3 that is able to promote good chemical 
interactions with the PDMS matrix. The quaternary ammonium cation allows for 
graftting efficiently the surfactant on the clay platelets. The obtained organoclay
contains 51wt% of surfactant as evaluated by thermogravimetrical analysis (TGA) 
and its interlayer spacing is significantly increased as shown by the X-ray 
diffractogram (XRD).

• The PDMS surfactant produces good interactions between the filler and 
the matrix that enhance the mechanical properties. 

• Use a longer MMT/PDMS-N+(CH3)3 surfactant to further optimize dispersion.
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When organoclay is dried

Clay Viscosity (mPa.s) 
- 4980 ± 0.2% 

MMT/PDMS-N+(CH3)3 5320 ± 0.5% 

 Viscosity (mPa.s) 
Before drying 12420 ± 2.7% 
After drying 8380 ± 0.4% 

Viscosity (mPa.s) 
9670 ± 0.3% 

After drying

Clay G (%) 
- 102 

MMT/Na+ 127 
MMT/PDMS-N+(CH3)3 93 

G = swelling rate in heptane
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