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Summary

• Materials for polymer fuel cells
• Highly functionalized nanotubes for drug

delivery



Polymer fuel cell (PEMFC)



ChoiceChoice
AcidAcid--doped doped polybenzimidazolespolybenzimidazoles (PBI) (PBI) --based based memmem--
branesbranes are particularly appealing, chiefly because of are particularly appealing, chiefly because of 
their high proton conductivity at low humidification.their high proton conductivity at low humidification.

AimAim
ToTo obtainobtain membranesmembranes ableable toto operate at operate at 
temperaturestemperatures aroundaround 120120ooC, under C, under lowlow or no or no 
humidificationhumidification..

ProblemsProblems
Leaching of the free acid in presence of water: Leaching of the free acid in presence of water: 
–– causes a drop of proton conductivity during   causes a drop of proton conductivity during   

operation;operation;
–– limits the use of PBIlimits the use of PBI--based membranes at based membranes at 

temperatures higher than 150°C.temperatures higher than 150°C.



StrategiesStrategies

1. Synthesis of new PBI-based polymers, with a higher 
number of basic N-groups with respect to commercial 
PBI (Celanese);

2. Preparation of PBI-based composite membranes:
– nanoscale SiO2;
– silica functionalised with acid or basic moieties. 



ExperimentalExperimental

• Membrane preparation by solvent casting (MSA/TFA 
mixture)

• Doping with H3PO4 (75 wt%)

• Leaching: elution test by washing with water/MeOH
(1.0 M) at 80oC up to the complete removal of free
acid (ICP)

• Conductivity measurements before and after 
leaching as a function of: 

– humidity at 120oC (RH: 20÷70%); 

– temperature at RH=50% (T: 60-120oC)
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PolyPoly--2,2’2,2’--((mm--phenilenephenilene))--5,5’5,5’--bibenzimidazolebibenzimidazole PolyPoly--2,2’2,2’--(2,6(2,6--pyridine)pyridine)--5,5’5,5’--bibenzimidazolebibenzimidazole

PolyPoly--2,2’2,2’--(2,5(2,5--pyridine)pyridine)--5,5’5,5’--bibenzimidazolebibenzimidazole

PolyPoly--2,2’2,2’--(2,2’(2,2’--bypyridinebypyridine))--5,5’5,5’--bibenzimidazolebibenzimidazole

PolyPoly--2,2’2,2’--(3,5(3,5--pyrazole)pyrazole)--5,5’5,5’--bibenzimidazolebibenzimidazole

PBI_4NPBI_4N PBI_5N_2,6PBI_5N_2,6

PBI_5N_2,5PBI_5N_2,5

PBI_6N_bipyPBI_6N_bipy

PBI_6N_pyraPBI_6N_pyra

1. DevelopmentDevelopment of new of new PBIPBI--basedbased polymerspolymers
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1. DevelopmentDevelopment of new of new PBIPBI--basedbased polymerspolymers

n = H3PO4/ monomer unit
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The acid doping The acid doping levellevel beforebefore and after and after leachingleaching
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1. DevelopmentDevelopment of new of new PBIPBI--basedbased polymerspolymers
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1. DevelopmentDevelopment of new of new PBIPBI--basedbased polymerspolymers

SigmoidalSigmoidal behaviourbehaviour: N: N--N N interspacinginterspacing, , monomermonomer basicitybasicity, , percolationpercolation??
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1. DevelopmentDevelopment of new of new PBIPBI--basedbased polymerspolymers

Factor 102
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a) The first a) The first approachapproach: commercial : commercial nanosizednanosized SiOSiO2 2 ((HiHi--SilSil))
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2. Composite Composite PBIPBI--basedbased membranesmembranes

Dilution

Not homogeneous



b) b) SynthesisSynthesis of new of new functionalisedfunctionalised silicasilica via solvia sol--gel gel routesroutes

Acid filler SiOAcid filler SiO2 2 _ H_ H22POPO44
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2. Composite Composite PBIPBI--basedbased membranesmembranes



SiOSiO2 2 _ H_ H22POPO44
The The presencepresence of of covalentlycovalently bondedbonded acid acid unitsunits couldcould partiallypartially
balancebalance the the lossloss of of freefree acidacid

SiOSiO2 2 _ _ ImIm
The The presencepresence of of highlyhighly basic basic unitsunits, , similarsimilar toto BI, BI, couldcould improveimprove
the acid the acid retentionretention of the membrane and in the of the membrane and in the meanmean time the time the 
filler/filler/polymerpolymer compatibilitycompatibility

b) b) SynthesisSynthesis of new of new functionalisedfunctionalised silicasilica via solvia sol--gel routegel route

2. Composite Composite PBIPBI--basedbased membranesmembranes

IdeasIdeas::
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2. Composite Composite PBIPBI--basedbased membranesmembranes

TuningTuning the filler the filler 
structurestructure



FillersFillers distributiondistribution in the membrane: in the membrane: SEM_EDXSEM_EDX analysisanalysis

PBI + 30 PBI + 30 wt%wt% SiOSiO2 2 _ _ ImIm

PBI + 30 PBI + 30 wt%wt% SiOSiO2 2 _ H_ H22POPO44

Si-map

10 µm

(A) (B)

(C) (D)10 10 µµmm

Back-scattered

2. Composite Composite PBIPBI--basedbased membranesmembranes

Homogeneous



Functionalised SiO2 (wt %)
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2. Composite Composite PBIPBI--basedbased membranesmembranes

~50% reduction of 
the acid leaching!

EffectsEffects of the of the fillersfillers on the acid on the acid leachingleaching
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Filler Filler effectseffects on the on the protonproton conductivityconductivity
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2. Composite Composite PBIPBI--basedbased membranesmembranes



PBI PBI –– X wt% SiOX wt% SiO2 2 _ Im_ Im

Functionalised SiO2 (wt%)

0 10 20 30 40 50

σ
12

0°
C
 (S

 c
m

-1
)

10-6

10-5

10-4

10-3

10-2

10-1

100

HiSilTM (wt%)
0 10 20 30

σ 8
0°

C
 (S

 c
m

-1
)

10-3

10-2

10-1

SiO2-Im

SiO2-H2PO4

as-doped

after leaching

2. Composite Composite PBIPBI--basedbased membranesmembranes

Factor 103!

No dilution!
Active filler

50% RH



ConclusionsConclusions

• The acid leaching can be reduced (and the 
residual conductivity increased) by a proper
tailoring of the monomer repeat unit.

• The dispersion of functionalised silica strongly
reduces the acid leaching. 

• Residual conductivity 1000 higher than the pure 
PBI is observed, even in presence of small 
amounts of filler with imidazole units.
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CN functionalization route: towards the “nano-oil”

Carbon nanotubes (CN) for drug delivery
The problem: toxicity/solubility
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Thermogravimetry
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MWCNTs as purchased MWCNTs highly functionalized

Nature Materials: to be submitted

Solubility properties and morphologyA: acetone
B: acetonitrile
C:benzene
D:chloroform
E:DMSO
F:DMF
G:ethanol
H:toluene
I:water



Viscosity
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Thermal analysis and conductivity
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