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Pajarito Powder, LLC manufactures materials that improve performance, reduce cost and extend the durability of fuel cells, primarily 
for Fuel Cell Electric Vehicles (FCEVs). Pajarito Powder manufactures two groups of products: 

ENGINEERED CARBON SUPPORTS (ECS) for the automotive industry that deliver improved performance and durability for 
substantially less than existing catalyst support systems, critical for cost-sensitive manufacturing of FCEVs.
PRECIOUS-METAL-FREE (PMF) catalysts for current and next-generation applications that require performance at the lowest 
possible price-per-kilowatt, with reliable stability.

Pajarito Powder’s materials perform well across several key catalyst metrics:

Pajarito Powder’s VariPoreTM manufacturing platform provides 
tailored porosity and particle size control for optimization of 
catalysts. Pajarito Powder overcomes the weakness of the 
traditionally under-engineered carbon support with more advanced 
materials and processes to improve activity, durability, and stability. 
Figure A1 demonstrates tunable pore diameter and superior 
pore size control over conventional support systems. Figure 
A2 illustrates high graphitization level - important for corrosion 
resistance, while maintaining surface areas greater than 700m2/g.

ENGINEERED CARBON SUPPORT (ECS)

ENGINEERED CARBON SUPPORT (ECS) ECS materials provide critical 
performance improvement over conventional solutions for demanding 
Fuel Cell Electric Vehicles (FCEV) applications, at significantly lower 
platinum loadings. In traditional catalyst formulations, platinum quickly 
erodes, affecting power and longevity of the system. Catalysts developed 
upon Pajarito Powder’s ECS provide vastly improved End-Of-Life (EOL) 
performance (which in some cases exceed industry standard formulation 
Beginning-Of-Life (BOL) performance), even when using low platinum 
loadings. ECS materials are inexpensive to produce and can be readily 
scaled for high volume manufacturing, all the conditions ultimately 
necessary for cost-effective, widespread fuel cell adoption. Figure B 
illustrates high EOL Open Current Voltage (OCV) performance compared to 
a commonly available industry standard catalyst; Figure C demonstrates 
the performance advantages of Pajarito Powder’s 30wt%Pt on ECS over 
60wt%Pt on conventional carbon after the standard automotive industry 
Accelerated Stress Test.

ENGINEERED CARBON SUPPORT (ECS) 
& PRECIOUS-METAL-FREE CATALYSTS (PMF) 
TECHNICAL SUMMARY OF MATERIALS

FIGURE B & C
Electrode Construction: XL Nafion membrane, 45wt% 1100 EW ionomer, Sigracet 29BC GDL
   Cathode:  0.1mg Pt/cm2  Anode: 0.05mg Pt/cm2

Operating: 100% RH, 1.5H2:2.5 Air, P=2barg
EOL: After carbon corrosion support accelerated stress test 
(5,000 cycles of 1-1.5V 500mV/S using H2:N2 in MEA) 

ACTIVITY – ECS exceeds the 
performance of platinum on carbon 
even with low loadings of platinum, 
particularly over time: 1.6A/cm2 @0.3V at 
0.1mg Pt/cm2 and OCV exceeding 0.94V.  
PMF catalyst products achieve modest, 
but industry-leading power densities for 
completely PGM-free catalysts.

DURABILITY – Optimized to resist 
carbon corrosion, catalysts built with 
Pajarito Powder’s Engineered Carbon 
Support (ECS) material show higher End-
Of-Life (EOL) performance, compared to 
standard platinum on carbon catalysts. 
ECS EOL: 0.12A/cm2 vs commercial EOL 
0.05A/cm2 @0.8V using 0.1mg Pt/cm2.

STABILITY – Strong stability over time 
is demonstrated for both Engineered 
Carbon Supports (ECS) and Precious-
Metal-Free (PMF) materials. PMF 
catalysts have been tested for over 100 
hours with no appreciable degradation.
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PATENT AND IP POSITION

Pajarito Powder’s VariPoreTM manufacturing technology, PMF catalysts and Engineered 
Carbon Supports are covered by nearly 50 U.S. and International patents, both issued 
and pending, including:

7,678,728 (US) 9,425,464 (US) 2013290185 (Australia) 8,252,711 (US) 9,570,761 (US)

The company’s intellectual property was developed in conjunction with leading 
U.S. universities and national laboratories, and with partial support by the U.S. 
Department of Energy.

Representative Papers:
1. Highly stable precious metal-free cathode catalyst for fuel cellapplication

10.1016/j.jpowsour.2016.07.087
2. Oxygen Binding to Active Sites of Fe–N–C ORR Electrocatalysts

Observed by Ambient-Pressure XPS 10.1021/acs.jpcc.6b11721
3. Spectroscopic insights into the nature of active sites in iron–nitrogen–

carbon electrocatalysts for oxygen reduction in acid 10.1016/j.
nanoen.2016.03.025

4. PGM-free Fe-N-C catalysts for oxygen reduction reaction: Catalyst layer
design 10.1016/j.jpowsour.2016.06.098

5. Structural and mechanistic basis for the high activity of Fe–N–C catalysts
toward oxygen reduction 10.1039/C6EE01160H

6. Effect of silica morphology on the structure of hard-templated,
non-precious metal catalysts for oxygen reduction 10.1016/j.
apcatb.2016.05.038

7. Modeling of Low-Temperature Fuel Cell Electrodes Using Non-Precious
Metal Catalysts 10.1149/2.0311510jes

Please visit www.pajaritopowder.com/resources for links to these papers.

PAJARITO POWDER TECHNICAL SUMMARY OF MATERIALS

PRECIOUS-METAL-FREE (PMF) CATALYSTS
Pajarito Powder’s world-leading precious-metal-free catalysts feature patented 
formulations and manufacturing processes which results in high surface area, 
uniform structure and low impurity content. It is designed for stability and 
continuous operation in air and good durability. Figure D, to the right, reflects 
technical progress improvements in current densities over a two-year span, 
improving to more than 0.1 ampere per cm2 at 0.8V with an OCV of 0.957V. While 
less active than platinum on carbon, rapid improvements to the power density of 
the completely precious-metal-free PMF catalyst provides a near-term solution 
for a low-cost catalyst for moderate power density applications and the potential 
for the long-term replacement of precious metals. Organic precursors provide the 
building blocks for Pajarito Powder’s manufactured carbons using the VariPoreTM 
process. The result is a specialized material that achieves high relative activity, with 
exceptional stability and good durability – with manufacturing costs substantially 
lower than platinum-based catalysts. 

After significant reengineering efforts to identify the stable active sites of precious-
metal-free oxygen reduction catalysts Pajarito Powder has produced catalysts 
with unprecedented performance and stability. Figure E, below and to the right, 
demonstrates the stability of the PMF catalysts over tests of more than 100 hours.  

ARPA-E Award DE-AR0000688 
(Awardee) Pajarito Powder, LLC
ProtonOnSite
EWII Fuel Cells (formerly IRD)
Northeastern University 
University of New Mexico

ELECTROLYZER CATALYSTS

Pajarito Powder has recently begun developing electrolyzer catalysts. While work is in the early stages 
of development, evaluation samples are available to select customers and partners. In addition to Proton 
Exchange Membrane (PEM) electrolyzers Pajarito Powder is also developing catalysts for Anion Exchange 
Membrane (AEM) electrodes under an ARPA-E cooperative agreement (Award DE-AR0000688) in conjunction 
with several partners. While AEM technology is less well developed than PEM, AEM electrolyzers offer the 
potential of lower capital and total cost, becoming highly cost-competitive with existing solutions of cylinder 
delivery and storage. Achieving the cost-competiveness of AEM electrolyzers requires reducing the amount of 
platinum required without sacrificing performance, a key aspect of Pajarito Powder’s ongoing ARPA-E work. 
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FIGURE D – PMF TECHNICAL PROGRESS
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FIGURE E – PMF

FIGURE E
Materials: 211 Nafion, 45wt% 1100 EW, 25BC GDL
Anode: 0.05mg/cm2 Pt/C
Cathode: 3mg/cm2 PGM-free catalyst
Operating: 90% RH, 1.5H2:2.5 Air, P=1.2bar

FIGURE D
Materials: 211 Nafion, 45wt% 1100 EW, 29BC GDL
Anode: 0.05mg/cm2 Pt/C
Cathode: 3mgNPC/cm2 PGMf catalyst or 0.1mg/cm2 JM HS9100
Operating: 100% RH, 1.5H2:2.5 Air, P=2bar


