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What are hydrogels?
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Need for ‘enhanced’ hydrogel properties
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Need for ‘enhanced’ hydrogel properties

Lessons from polymer nanocomposites

Materials Processing Applications
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Experimental Setup

Silica nanoparticle reinforced pAAM hydrogels
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Experimental Setup

Rotational Rheometry — Measurement of shear modulus Ch a r a Cte r i y4 a ti O n
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Chemical crosslinkers

Upper limits in enhancement of mechanical properties

2.5E+04

2.0E+04 | §

1.5E+04 -

1.0E+04 - ®

10% AAm
5.0E+03 L

1
1
¢

1

1

1

1

]

1

1

1

1

]

1

4.5E+03 :

. + -
3.86+03 é é

1

1

]

1

1

1

]

]

1

1

1

]

1

Saturation for G’ occurs at the same relative
crosslinker concentration (%C,,. = 4.76),
irrespective of monomer (AAm) concentration
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Nanoparticle-mediated enhancements

"Exceeds” chemical crosslinker-mediated enhancements
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Nanoparticle-mediated enhancements

Role of particle size and concentration
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Nanoparticle-mediated enhancements increase with
decreasing particle size and increasing particle concentration
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Nanoparticle-mediated enhancements

pseudo crosslinking due to particle-polymer interactions
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Reduced swelling ratios at higher nanoparticle concentrations,
indicating an increase in the average crosslinking ratio
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Nanoparticle-mediated enhancements

Effects of monomer and crosslinker concentration
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Attenuated effects of NPs on the hydrogel elastic modulus at
higher crosslinker (Bis) and monomer (AAm) concentrations
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Nanoparticle-mediated enhancements
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Single master curve for G’ for various monomer (AAm)
concentrations when plotted against %C,, (normalized
nanoparticle concentration) instead of %NPs
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Nanoparticle-mediated enhancements

Enhancements in thermal properties
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Experimental demonstration of correlatability between enhancements
in mechanical and thermal properties of hydrogel nanocomposites
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Conclusions & Acknowledgements

Conclusions

« Upper limits to enhancements in hydrogel mechanical properties
due to chemical crosslinking alone.

* Nanoparticle-mediated pseudo crosslinking exceeds chemical
crosslinking mediated mechanical enhancements.

* Enhancements in mechanical properties can lead to improvements
in thermal (and perhaps other?) properties of hydrogels.
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