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Scale Up of Extended Thin Film Electrocatalyst Structures (ETFECS)
Project: Fuel Cell R&D
NREL Team: Hydrogen Technologies & Systems Center and Chemical and Materials Science Center

Accomplishment: NREL has synthesized >1 gram of platinum (Pt) ETFECS (nanotubes) for use as novel fuel cell catalysts.
These materials represent the cumulative yield of four individual batch syntheses (each >250 milligrams yield). The average
relevant physical and electrochemical properties of the four batches (when tested with graphitized carbon nanofibers to aid
dispersion) are:

e Electrochemically available surface area (ECA) of 47.0 m?/gp
o Specific activity (is>?""? ) of 820 pA/cm?p,
e Mass activity (im>° "% ™)) of 300 mA/mge (individual batch values also presented in Table 1).

Table 1. Physical and Electrochemical Properties of Four Individual Batches of Pt Nanotubes Synthesized from
Silver Nanowire Template and Average Properties

Mass (mg) ECA (mZge) j DOVIRTre) (A jem2,) i, O9VOR 120 (10 A fmgier)
Batch 1 >250 38.6 1040 400
Batch 2 >250 53.0 630 340
Batch 3 >250 45.6 970 450
Batch 4 >250 51.0 640 330
Average >250 47.0 820 390

Context: NREL had previously shown the high potential of ETFECS as synthesized by galvanic displacement for fuel cell
applications. These novel materials, synthesized by NREL, commonly surpassed DOE’s 2015 specific activity target for
electrocatalysts, and had ECAs up to 40 m2/gpt, a value significantly higher than that demonstrated for other extended
surface catalysts, which had been limited to ~10 m2/gp,. Typical batch sizes of ETFECS for research and development had
been in the tens of milligrams. While these quantities were sufficient for the limited testing and evaluation necessary for
catalyst development, these small quantities limited repeat testing and tests that required larger quantities, such as electrode
optimization and fuel cell testing. Scaling up from tens of milligrams to gram level resulted in several challenges related to
larger reactors and homogeneity of the reaction environment. As can be judged from the reproducibility among the four
similarly prepared batches in Table 1, significant challenges remain in controlling and optimizing reaction conditions.

Applicable DOE Technical Target: On an average basis, the material synthesized exceeded DOE’s 2015 catalyst targets
for specific activity (is>°""? ™ = 720 uA/cm?) and approached the 2015 catalyst targets for mass activity (in"° '~ ") = 440
mA/mgp;). Batch 3, in fact, met DOE's 2015 targets for both specific and mass activity. This is the first time NREL has met
both DOE targets with ETFECS.

Significance of Accomplishment: By producing these materials at gram quantity, NREL has shown the viability of scale up
and produced sufficient material to allow further validation of properties, as well as in-depth electrode optimization and fuel
cell testing.

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.
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