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Multifunctional hybrid porous materials: 

Role in energy based applications 



Motivation: triple phase boundary found 

in the catalyst layer of a PEMFC 

3 

S. Litster, G. McLean, Review, PEM fuel cell electrodes, J. Power Sources 130 (2004) 

This new material requires: 

 
1. Ionic conductivity to transport 

protons to and from the PEM 

membrane 

2. Electrical conductivity to move 

the electrons to and from the 

external circuit 

3. A material that allows for 

the flow of O2 and H2 gases 

4. A scaffold to hold the catalyst 



Previous work: Nafion/graphite 

nanohybrid system 

4 

Graphite oxide and Nafion suspension was cast into a nanocomposite (5wt% GO)  

The take advantage of Nafion’s high water permeability to flow hydrazine solution, 

reducing the well dispersed GO into graphene sheets 



Previous work: Nafion/graphite 

nanohybrid system 

5 

Seema Ansari, Antonios Kelarakis, Luis Estevez, Emmanuel P. Giannelis; Small 2010; 6 (2):205-9  

Results: well dispersed graphite sheets in a 

Nafion polymer matrix – a nanocomposite 

with both electronic and ionic conductivities 



Ice templating to induce porosity: 

Basic mechanism 

6 

A liquid suspension is dipped in liquid 

nitrogen which produces a growing ice 

front in the water. 

The ice front forces the particles away 

from itself as the water crystallizes. 

Sylvain Deville, et al., Science, 311, 515 (2006) 



Ice templation – Control knobs 
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A liquid suspension is dipped in liquid 

nitrogen which produces a growing ice 

front in the water. 

The ice front forces the particles away 

from itself as the water crystallizes. 

The ensuing structure can be 

controlled by varying the ice front 

speed as well as nanoparticle size. 

Removing the ice crystal template via 

sublimation leaves behind the 

resulting structure. 

Sylvain Deville, et al., Nature Mater., 8, (2009) 



Plan: Use Ice templation in conjunction 

with nanohybrid systems 
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GO sheets and Pt 

salt easily disperse 

in the aqueous 

Nafion suspension 

After solidification, the 

imbedded GO sheets 

and Pt salt undergo 

dual in situ reduction 

via hydrazine  

Resulting in well 

dispersed graphene 

sheets with platinum 

nanoparticles  



Results: Macroporous materials 

with imbued properties 

9 

Nafion scaffold provides ionic 

transport, graphite provides 

electric conductivity and Pt NPs 

are used for catalysis 
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EDAX results confirm reduction of 

the chloroplatinic acid into Pt 

Composite foams before reduction Composite foams after reduction 
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Tunable mechanical properties 

Polymer based scaffolds 

allows the foams to have 

tunable mechanical 

properties 

 

Increasing heat treatment 

temperatures correlate 

with increasing moduli 

 

Differences exist between 

Nafion neat and Nafion 

graphite scaffolds 



Various geometries possible via 

molds with different heat fluxes 

12 

Luis Estevez, Antonios Kelarakis, Qianming Gong, Eman Husni Da’as, Emmanuel P. Giannelis; J. Am. Chem. Soc. 2011; 133 (16):6122–25 
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Current work: High surface area carbon 

scaffolds that include smaller mesopores 

Plan is a hierarchical porous carbon (HPC) materials carbon, whose macroporous 

walls are made up of a mesoporous carbon foam 

Note: work is currently under submission 
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SEM characterization of hierarchical 

carbon scaffolds reveal monolithic nature 



15 

Macroporous Structure resembles 

interconnected fishbone-like walls 
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Higher magnification SEM images 

Macroporous structure can be clearly 

seen via SEM characterization 

Walls of the macroporous carbon 

scaffold now contains mesopores 

resulting in a hierarchical network 
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TEM characterization reveals 

mesoporous carbon material 

Closer inspection of macroporous 

walls reveal mesopores under TEM 



BET & Raman characterization 
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Tunable mesoporous pore sizes 
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KCU 12-11 (~14nm) 

KCU 20-11 (~20nm) 

KCU 8-11 (~9nm) 
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Hierarchical meso/macroporous carbon 

materials broaden applications 

Carbon-sulfur 

cathode in a 

lithium ion 

“rocking chair” 

battery 

mechanism 

Open 

architecture of 

HPC has 

potential as a 

high power 

EDLC 

Tunable pore size provides a good platform material for fundamental investigation 

 

Efforts are currently underway to explore these potential applications 
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Hierarchical meso/macroporous carbon 

materials broaden applications 

Efforts are currently underway to explore these potential 

applications  
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