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2.  Latest developments in AEMs 

 

3.  Are there any available anion conductive ionomers ? 

 

4.  Stability challenges – backbones and functional groups 

 

5. What about electrocatalysts ? 

 

 [Off-the-record]: some data on CellEra’s cells and stacks 



                          WHERE WE ARE 

 FOUNDED IN DECEMBER 2007 
 LOCATED IN CAESAREA, ISRAEL  

Roman amphitheatre (22BCE),  
at Caesarea National Park 

Phoenician old port view (~200BCE), 
Caesarea Mediterranean coast 

Views from Haifa at Caesarea’s surroundings 



                          WHO WE ARE 

Phoenician old port view (~200BCE), 
Caesarea Mediterranean coast 

•  17 people  
      (incl. 5PhD, 4MSc, 4BSc) 
•  AEM-CCM production lab 
•  Polymer & chemical lab 
•  20 FC stations in 2 testing labs 
•  Stack & system lab 
 



                 WE ARE DEVELOPING THE AMFC TECHNOLOGY 

OH- cond. inks 
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                           WORLDWIDE AMFC RELATED RESEARCH 

*Publications with “alkaline membrane” and “fuel cell” from ISI Web of Science search engine. 



                              NEW STRUCTURED AEMs 

8 

New anion conducting pore-filling membranes: 

Choi et al.; FC Seminar (2011) 

Result at KIER 

Now being evaluated at CellEra,  
  Test #1 



  

9 
Tanaka, Miyatake et al., J. Am. Chem. Soc. 133 (2011), 10646 

Anion conductive hydrophobic-hydrophilic multiblock poly(arylene ether)s: 

IEC = 1.5mmol/gr 

                           NEW AEMs -- COPOLYMERS 

http://www.yamanashi.ac.jp/


                               NEW AEMs -- HIGHER OH- CONDUCTIVITIES 

10 
Robertson et al.; JACS 132 (2010) 3400  
Geoffrey W. Coates  

Simplified synthesis of Ammonium Functionalized Polyethylene: 

Highest conductivity @RT: 

IEC = 2.3mmol/gr 
WU=110% 



   OUTLINE: 
 

1.  About CellEra 

 

2.  Latest developments in AEMs 

 

3.  Are there any available anion conductive 

ionomers ? 
 

4.  Stability challenges – backbones and functional groups 

 

5.  What about electrocatalysts ? 

 

 [Off-the-record]: some data on CellEra’s cells and stacks 



                                 IONOMERS – NEW FUNCTIONAL GROUPS 

13 Lin et al.; Macromolecules 44, 2011, 9642  [Feng Yan] 

Imidazolium Polyfluorene Ionomer: 

Preliminary evaluation at CellEra,  
non-optimized  first test 



Gu et al.; Angew. Chem. 121 (2009) 6621 

Polysulfone quaternary phosphonium 
hydroxide as ionomer: 

14 

                                 IONOMERS – NEW FUNCTIONAL GROUPS 



                 IONOMER --  THE CHALLENGE 

15 
Ge et al.; Int. Symp. on Portable Fuel Cells 2010, Changxing, China 

Today’s available ionomers 
are limited by their IEC  

IEC=1.5 

IEC=1.9 



16 
Yanagi et al.; 220th ECS Meeting 2011, Boston, US 

IEC=0.7 

IEC=1.4 

Ionomers with IEC >3.0mmol/g 
need to be developed ! 

Another example: 

                 IONOMER --  THE CHALLENGE 
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                           ARE OH- CONDUCTIVE POLYMERS STABLE? 

Reported durability tests of OH- conductive polymers: 

Yanagi and Fukuta, ECS Trans., 16 (2), 257 (2008) 
Varcoe et al.; J. Phys. Chem. B,110 (2006) 21041. Gärtner et al.; 1st Carisma (2008) France 
 

Tokuyama PolyMaterials 

Surrey 

18 

Are those tests  
relevant ? 

Tokuyama 



19 

imidazolium 

Qiu et al.; J. Mater. Chem., 22 (2012), 1040 
Choi et al.; FC Seminar (2011) 
Pivovar et al.; AMR for DOE Hydrogen Program (2011) 

5M NaOH Soochow 

All durability tests were done in  
liquid water – not so relevant !! 

Recent examples: 

KIER 

ENREL 

                           ARE OH- CONDUCTIVE POLYMERS STABLE? 
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                   CATALYSTS FOR AMFCs: 
                   A NEARLY UNEXPLORED FIELD 

S. Mukerjee; AMFC Workshop Seminar (2011), Washington 

Scarce work done on the catalyst front for AMFC technology: 

Non-Pt studies  targeted 
ONLY for ORR catalysts !! 

Non-PGM studies focus on PEM development  



Mamlouk et al.; J.Power Sources 196, 18 (2011) 7594      He et al.; J.Power Sources 213 (2012) 169 
Scott Newcastle      Berkeley National Laboratory 

                                  ORR CATALYSTS FOR AMFCs 

Cyclic voltammograms of CuFeNx/C, CueNx/C,  
and FeNx/C catalysts in Ar saturated 0.1 M KOH 

The kinetic current density of the  
CuFeNx/C material was higher  
than a commercial Pt/C catalyst 

Cathode catalysts – Just a few studies have only now started: 

LSV response recorded at 5 mV s-1 scan rate for  
Co-based/C and Pt/C in O2-saturated 1M KOH solution  

Cell potential comparison 
between Pt/C and Co-based/C 
with air, were only 67mV. 



Anode catalysts – Fundamental studies by the TUM’s group: 

Activities of Pd-based 
catalyst are 5-to-10-times 
lower than that of the 
commercial Pt/C material  

Rheinländer et al.; ECS Trans. PRIME meeting (2012) 
Henning et al.; 6th International Fuel Cell Workshop (2012) 

Ultra-low Pt-loadings  
would involve a prohibitive 
overpotential loss of ~140 mV 

Estimated Tafel plots for  
the HOR on Pt(pc) at 80°C: 

Hydrogen oxidation  
on Pd(pc): 

HOR activity of different 
Pd-based catalysts: 

Crucial need for developing 
catalysts for HOR !! 

                         ANY ALTERNATIVE TO Pt  FOR HOR CATALYSTS? 



Anode catalysts – scarce studies (!):   A metal decorated Ni catalyst 

Best power density result published  
for a complete non-Pt cell:  70mW/cm2 

Tang DaoPing, et al.; Sci. China Chem. 2 (2010) 53 

DFT calculations to evaluate the 
effect of Cr oxide modification on the 
electronic structure of Ni surface. 

                                  HOR CATALYSTS FOR AMFCs 
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 Longevity tests :  hundreds of hours… 

CELLERA’s ACHIEVEMENTS 



State of the art – Max. power density for H2/air: ~700mW/cm2 !!  

CELLERA’s ACHIEVEMENTS 

Pt anode / non-Pt cathode 



State of the art – Non-Pt based cell (H2/air):  max. 400mW/cm2 !! 

CELLERA’s ACHIEVEMENTS 

non-Pt anode / non-Pt cathode 
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First field test, outdoors, 45C ambient 
(July 2011@Texas) 

Dario R. Dekel;  dario@cellera.biz  
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CELLERA’s ACHIEVEMENTS 

State of the art – 2 kW CellEra’s AMFC stack !! 
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Dario R. Dekel ;  dario@cellera.biz  

November 2012@Israel 


