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Overview - Program

Timeline Funded Partners

Project Start Date:  Oct 1, 2015 LANL (P. Zelenay): catalyst
Project End Date: Sep 30, 2017 synthesis and fuel cell testing
Budget

Total Funding: $1,251,000

Advent Cost Share: $252,000 (20%)

DOE Funds Spent FY16* $292,000
*(Includes $225,000 to LANL)

Barriers (FCTO-MYRDDP, 2014)

A. Durability: new membrane approach

B. Cost: elimination of reformer, lower PGM
C. Performance: highly active anode catalyst
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Relevance

Objective: Demonstrate direct dimethyl ether (DME) oxidation at high
temperature MEA significantly better than direct methanol fuel cells (DMFC)

Program Targets

Key Performance Indicator Current DMFC Target Hi T Direct DME
Maximum power (>) 0.180 W/cm? 0.270 W/cm?

Total precious metal loading RNl WidnE 3 Mgpgu/cmM?

Degradation rate 19 uV/h ata 0.2 A/cm? 10 uV/h ata 0.2 A/cm?
Loss in start/stop cycling 1.5 mV/cycle; cycle 0.75 mV/cycle; cycle

Anode mass-specific activity NV 1R 75 A/g at 0.5V

Benefit: carbon neutral auxiliary power for trucks and transport; extended
run backup power
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Approach - Overview
. e Run high temperature MEAs at LANL
This e Compare Pt anode w MeOH, DME (160 °C —

period 1. Benchmark 180 °C)

W e Use both PBl and TPS HT MEAs

e Make gas diffusion electrode (GDE) with )
PtRu, run with DME
e Compare to LANL ternary anode catalyst
e Evaluate PBI and TPS DME cross-over and
performance
/
\

e Optimize anode GDE for mass transport
¢ Refine cathode, if needed
Adjust reaction conditions
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Approach — Milestones — Phase 1

3 months '
Complete ‘
M1
eBenchmark lab
performance
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3 months '

Complete ‘

M2

ePower with Pt
and DME

eDefine reaction
envelope (T, H,0
stoich, flow)

3 months '

A

M3

eDemonstrate 1.5x
(75 A/gat0.5V)
improvement
over DMFC anode
activity

3 months

M4

eSelect best PBI
or TPS for scale-

up

I
4

Go/No Go

o5 cm? cell exceeds best
DMFC

eTotal PM <4.5 mg/cm?

* Anode mass-specific
activity 75 A/g @0.5V



Approach — Milestones — Phase 2

3 months ' 3 months ' 3 months I 3 months
‘ M8
¢DME Hi-T MEA
M7 >DMFC per Slide 3
targets

o|f DME cross-over
impacts cathode, select

M6 alternative cathode
sImprove mass catalyst
transport

M5

| 5 ¢<50% vs. DMFC
eScaleto 50 cm

eMass transport < DMFC
using H, gain as
reference
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Pre-Program Idea Basis
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DME vs. methanol fuel cell performance.
Anode: 4.0 mg,,.,., cm2PtRuPd/C (HiSPEC® 12100);

DME 40 sccm, bp 26 psig; 1.8 mL/min 0.5 M or 1.0 M

MeOH.

Cathode: 2.0 mgcm2 Pt/C (HiSPEC® 9100); air 100
sccm, bp 20 psig. Membrane: Nafion® 212 (DME),
Nafion® 115 (MeOH); cell: 80 °C.
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Temperature dependence of DME fuel cell performance.
Anode: 4.0 mg,.,,, cm2PtRu/C (HiSPEC® 12100); DME 40
sccm, bp 26 psig.

Cathode: 4.0 mg cm™ Pt black, air 500 sccm, bp 20 psig.
Membrane: Nafion®212; cell: 80 °C.



Accomplishments and Progress (1)

Milestone 1: “down-scaled” MEA at LANL within expected variation

Standard Advent TPS vs LANL tested TPS

1.0 &
0.9 ﬂ\':‘ Advent | -
k Specs. Avg
0.8 14 Advent T1100W |  |Advent | Internal Sub Casket
. T=180 °C T1100W
p=14 psi, T=180 °C 4l «— a5 Diffusion Electrode
0.7 stoich: 1.2/2 p=3 psi i
45 cm? cell stoich: 1.2/2 Catalyst
0.6 5cm? cell —
20.5 I Membrane
"“u . — - maximum curve {Advent-45) T~ |
’ ~ h
03 | —=—Average (Advent-45) ~J Components of standard high temperature MEA including internal sub gasket,
’ which was extended for testing 5 cm® MEAs in a 45 cm’ test cell
LANL-TPS
0.2
o1 — -minimum curve [Advent-45)
0.0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 11

\ | [Alem?] HT PEM Membranes
Region of interest

TPS = higher solids, lower acid, pyridine
PBI = lower solids, higher acid, imidazole

Good agreement between Advent (45 cm?) and LANL (5 cm?) testing
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Accomplishments and Progress (2)

Milestone 2: Define reaction envelope (i.e., H,O range)

N % . -
)
e oo
0.8 — = il [ -
-—-—h——“-——__ ‘-‘-Il-‘-.---
e —

0.7

0.6

0.5 —o— LANL-TPS-humidifier 40 degrees C 20 psig
E .
w 0.4 =i=LANL-TPS-humdifier 60 degrees C 20 psig

0.3 ——Advent TPS no RH 0 psig

0.2

0.1

0
0 0.05 0.1 0.15 0.2

i [Alcm?]
TPS MEAs with different water content in hydrogen fuel at 180 °C.
For the 40 °C and 60 °C humidifier case, anode backpressure 26 psig,
cathode backpressure 20 psig. Air/H, stoich 2/1.2. MEAs at 5 cm?
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Accomplishments and Progress (2)

Milestone 2: baseline DME oxidation with Pt anode
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18

16

TPS MEAs with different DME:water stoichiometry at 180 °C.
Anode: Pt/C, 1 mg/cm?;, DME 500 sccm; backpressure 30 psig.
Cathode: Pt-alloy/C 1 mg/cm?; air 500 sccm; backpressure 30 psig.
MEAs: 5 cm?
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Accomplishments and Progress (3)

Comparison baseline HT PEM DME oxidation with Nafion®

0.8

0.7 #—Nafion PtRu/c 80 degrees C

i e PBI Pt 180 degrees C

0.5
% 0.4
0.3
- Nafion 14

01 PBI 13

0
0 20 40 60 80
Specific Current [A/g ;]

Comparison of PBl and Nafion-based MEA in DME fuel cells.

PBI MEA at 180 °C: Anode: Pt/C, 1 mg/cm?; DME 500 sccm, backpressure 30 psig; DME:H,0
=1:2.4. Cathode: Pt-alloy/C 1 mg/cm?; air 500 sccm, bp 30 psig.

Nafion 212 MEA at 80 °C: Anode: PtRu black 4 mg/cm?, DME 40 sccm (saturated with H,0),
bp 26 psig. Cathode: Pt black 4 mg/cm? ; air 500 sccm, backpressure 20 psig.

Higher T operation confirms increase in fuel cell performance
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Accomplishments and Progress(4)

Initial PtRu HT PEM DME oxidation
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o ; St 0.
o ©-Pt/c DME:water=1:2.4 S <
05 © w :
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W/8 bem

PtRu vs. Pt: PBl-based MEA DME fuel cell performance at 180 °C. .

Pt/C: Anode: Pt/C, 1 mg/cm?; DME 500 sccm, backpressure 30 psig. Nafion PtRu 14
Cathode: Pt-alloy/C 1 mg/cm?; air 500 sccm, backpressure 30 psig. PBI Pt 13
PtRu/C: Anode: HiSPEC® 12100 PtRu/C 1.9 mg/cm?; DME 500 sccm,
backpressure 20 psig. Cathode: Pt-alloy/C 1 mg/cm?; air 300 sccm,
backpressure 20 psig.
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Response to Previous Year Reviewers
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Collaborations




Remaining Challenges and Barriers
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Proposed Future Work

T T S

Incorporate PtRu and
PtRuPd anode
catalysts, vary

electrode structure
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5&6

Demonstrate 1.5x (75 A/g at
0.5 V) improvement over
DMEFC anode activity

5 cm? cell exceeds best DMFC
Total PGM < 4.5 mg/cm?
Anode mass-specific activity
75A/g@0.5V

Scale to 50 cm?
Mass transport < DMFC using
H, gain as reference; then
improve mass transport 50%

If DME crossover impacts
cathode, select alternative
cathode catalyst

Select best of TPS or
PBI MEAs; optimize
reaction conditions and
catalyst layer

Optimize GDL and
electrode layer on GDL

Consider the new PGM-
free cathode catalysts
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Technology-to-Market
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Summary




LANL logo used with permission by LANL
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DME Feed with Controlled DME-to-H,0

DME Water
Pressure regulator '—X
HPLC pump Air
Inlet pressure gauge |
Flow meter Cathode backpressure and flow rate
controlled by fuel cell test station
Cell
| -}
- 160°C | <
Preheater | Cathod .
athode ven
180° C .
Anode Outlet pressure & Anode vent

Backpressure regulator

HPLC pumps precise H,0 into DME stream
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Critical Assumptions and Issues




Publications and Presentations
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