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Overview
• Start: April 2006
• End: April 2011
• 20% complete

• Barriers addressed
– Thermal stability of 

PEMs
– High temperature, low 

RH proton conductivity
– Cost

• Total project funding
– DOE share $1.5M
– Contractor share 

$500K
• Funding received in 

Budget

FY06 $150K
• Funding for FY07: 

$300K

Timeline
Barriers

• Univ. of Southern 
Mississippi

• ORNL

Partners
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Objectives
• The objective of the work proposed herein is to 

synthesize and characterize novel neat and inorganically 
modified fuel cell membranes based on poly(1,3-
cyclohexadiene) (PCHD) . 

• To achieve these objectives, a range of homopolymer
and copolymer materials incorporating 
poly(cyclohexadiene) will be synthesized, derivatized, 
and characterized.

• Successful completion of this project will result in the 
development of novel PEM membranes engineered to 
have high conductivity at elevated temperatures and low 
relative humidity.

http://www.secid.org/images/universities/u_tenn.pdf
http://www.usm.edu/
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Approach
• Anionic polymerization and post-polymerization 

chemistry are utilized to synthesize novel thermally 
stable proton conducting membranes based on a 
potentially inexpensive hydrocarbon monomer, 
1,3-cyclohexadiene.

• Inorganic modification of these novel membranes 
via a sol/gel process is used to enhance proton 
conductivity and thermal stability.

• Thorough characterization of the membranes is 
carried out to develop structure/property 
relationships.

http://www.secid.org/images/universities/u_tenn.pdf
http://www.usm.edu/
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III: Aromatization of XPCHDIII: Aromatization of XPCHD--01020102
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IV: Sulfonation of XPCHDIV: Sulfonation of XPCHD--PPPPPP--01020102
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Sample Name Experimental Data Calculated
Formula

Degree of 
Reaction

PCHD-01 C: 83.52 %; H: 9.40 %
N: < 0.5%; O: 9.65% C6H8.05N0.03O0.52 NA

XPCHD-0102
C: 79.94 %; H: 9.38 %
N: < 0.5%; O: 2.47%
S: 3.93 %; Cl: 4.30 %

C6H8.39N0.03O0.15(SCl)0.11
~ 11 % 

crosslinking

XPCHD-PPP-0102
C: 75.91 %; H: 4.96 %
N: < 0.5%; O: 6.92%
S: 2.31 %; Cl: 10.71 %

C6H4.67N0.03O0.41S0.07Cl0.29
~ 100% 

Aromatization

XPCHD-SPPP-0102
C: 73.44 %; H: 4.00 %
O: 9.71%; S: 4.24 %
Cl: 8.24 %

C6H3.90O0.60S0.13Cl0.23
6 % 

sulfonation

Elemental Analysis of XPCHDElemental Analysis of XPCHD--
SPPPSPPP--01020102
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Task Schedule

Task Completion Date

Task 
Numbe

r
Project Milestones

Original 
Planned

Revised 
Planned Actual

Percent  
Comple

te

1
Synthesis of 6 different 
crosslink type membranes 03/31/07 100% On-Track

2
Synthesis of multiblock
copolymers 03/31/08 5%

3

Synthesis of initial statistical 
copolymers of fluorinated 
PCHD and sulfonated PaMS 03/31/07 100% On-track

4
Molecular and thermal 
characterization of polymers ongoing 30% On-Track

5
Determine properties of non-
sol-gel modified membranes 10% initiated

Progress Notes
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Future Work
• Continue sol/gel experiments with crosslinked sulfonated

PCHD materials.
• Carry out proton conductivity measurements using 

impedance spectroscopy (4 point probe) on membranes 
with and without inorganic modification.

• Select best crosslinked PCHD membrane to go forward.
• A key issue thus far with this class of membranes is 

brittleness. Improve via optimization of chemistry.

• Begin to characterize poly(α-methylstyrene)/PCHD 
copolymers (“Type B” membranes).

• Begin work on PCHD-fluorocarbon block copolymers (“Type 
C” membranes).

http://www.usm.edu/
http://www.secid.org/images/universities/u_tenn.pdf


20

Summary
• The chemistry for creation of a new class of 

inexpensive poly(cyclohexadiene)-based fuel cell 
membranes has been developed.

• The materials show promising thermal properties 
and good mechanical properties, although 
issues with brittleness need to be addressed.

• Work on inorganic modification of these 
membranes and proton conductivity 
measurements is being initiated, and other 
polymer structures based on PCHD are being 
synthesized.

http://www.secid.org/images/universities/u_tenn.pdf
http://www.usm.edu/
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