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TP 1 "Membrane":
membrane film and
electrode polymer

TP 3 "Coating":
coating methods and
electrode layers

MEA

TP 2 "Catalyst":
carbon bas. bimetallic
Pt and Pt-M catalysts

TP 4 "Cell": 
single cell and
short stack

MT PEMFC Cluster Targets
- Develop and qualify a new generation of MT (mid temperature) PEM fuel cell 
components for 2 applications for the temperature range of 100 - 150°C

Subprojects
- TP1: "Membrane"
- TP2: "Catalyst"
- TP3: "Coating"
- TP4: "Cell"

Applications
- DMFC    (MeOH/Air)
- PEMFC  (H2 /Air)

Overview
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Development Strategy
- Develop and qualify materials, hardware and processes 
first for LT (80°C), than for MT (100 - 150°C) applications
- raw materials (polymers, catalysts)
- coatings, composites (GDS, GDE, CCM, MEA)
- test cells (test hardware)
- test and qualification protocols (MEA testing procedures)

- Raw material and composite development focused on
- suitability, compatibility
- high performance
- good reproducability
- high lifetime

Development Strategy



CARISMA_030509_ZBT_20 5

Membrane (M)Anode
Gas Diffusion
Layer (GDL)

Anode
Catalyst
Layer (ACL)

Cathode
Gas Diffusion
Layer (GDL)

Cathode
Catalyst
Layer (CCL)

Anode
Microporous
Layer (MPL)

Cathode
Microporous
Layer (MPL)

GDS (Gas Diffusion System)

GDE (Gas Diffusion Electrode)

CCM (Catalyst Coated Membrane)

GDE (Gas Diffusion Electrode)

GDS (Gas Diffusion System)

MEA (Membrane Electrode Assembly - thickness: ca. 300 - 500 µm)

M (Membrane)

- 100-300 µm- ca. 10 µm- 5 - 20 µm

- polymer film

- 20 - 50 µm

- non porous
- hydrophilic
- conductive
  (ionic)

- ion cond.
  polymer

- paper, non
  woven, wov.

- 100-300 µm

- C (graphite)
- fluor. polym.

- thin layer

- ca. 10 µm

- C (carbon)
- fluor. polym.

- 5 - 20 µm

- porous
- cat. active
- conductive
  (el.+ ion.)

- Pt/C (cat.)
- ion. polym.

- porous
- hydrophobic
- conductive
  (el.+ therm.)

MEA

Component

Type

Thickness

Composition

Requested
Properties

- Pt/C (cat.)
- ion. polym.

- C (graphite)
- fluor. polym.

- C (carbon)
- fluor. polym.

- porous
- hydrophobic
- conductive
  (el.+ therm.)

- porous
- hydrophobic
- conductive
  (el.+ therm.)

- porous
- hydrophobic
- conductive
  (el.+ therm.)

- porous
- cat. active
- conductive
  (el.+ ion.)

- thin layer - thin layer - thin layer - paper, non
  woven, wov.

Datein.: AIF_BZ_ALL_PEMFC_02K

Subprojects and Components Developed

TP3

TP1
TP2
TP3

TP4

TP3

TP3

TP1

TP3

TP3

TP3

CELL

TP1
TP2
TP3

TP3

TP3

TP1: Membrane (Polymer)
 

TP2: Catalyst
 TP3: Coating (Composites)

 

TP4: Cell

MEA
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Polymer Development (TP1)

Column 1

phosphonic acid 
polymeric 

composites

MT PEMFC

Column 2 

acid-excess
acid-base 

composites

MT DMFC

Column 3 
H3 PO4 -doped 
base-excess 

base-acid 
composites

MT, HT PEMFC

Column 4 

polymer 
ionic liquid
composites

MT PEMFC

4-Column Concept and Most Promising Composite Types

Column 1

blended membrane,
phosphonated 

poly(pentafluor- 
styrol) and F6-PBI 

Column 2

blended membrane, 
sPSU and PBIOO

Column 3 
H3 PO4 -doped 
phosphonated 

poly(pentafluor- 
styrol) and PBIOO

H3 PO4 -doped 
sPSU and PBIOO 

Column 4 

tbd.
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Polymer Development (TP1)

Promising Polymers (PAEPO/PATEPO g/h/i + PWN2010)
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Polymer Development (TP1)
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DMFC MEA Development (TP1, TP3)

DMFC Performance: SFS001-PBIF6 (col. 2)

Anode: 2 mg cm-2 (35wt%) Pt-Ru/V on TGP-H -60
Cathode: 3,3 mgPt cm-2 (30wt%) Pt/Vulcan on F.CX190
Membrane: Nafion 117 or Polymer Nr. 3 (SFS001-PBIF6--Nr.3) with 13,5% PBI
Conditions: 2M MeOH, 80-110°C, 2 bar, air

Nafion 117 Polymer Nr. 3

 

(SFS001-PBIF6-Nr.3) 
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I-V curve, sPSU-PBI

I-V curve, Nafion 115

MeOH- Cros., sPSU- PBI

MeOH-Cros., Nafion 115

        Tcell= 130°C;  c(MeOH)= 1 M
              pa= 2.8 bar, pc= 4 bar
                 λ(MeOH) = 2 , λ(air) = 4 
Anode: 3 mg PtRu/cm²; GDL: SGL 10BB
Cathode: 1 mg Pt/cm²; GDL: Freudenberg
                             A= 25 cm²

DMFC MEA Development (TP1, TP3)

DMFC Performance: sPSU-PBI membrane (col. 2)
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PEMFC MEA Development (TP1, TP3)

PEMFC Performance: PWN2010-PBIOO, H3

 

PO4

 

doped (col. 3)
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PEMFC MEA Development (TP1, TP3)

PEMFC Performance: H3

 

PO4

 

-Doped sPSU-PBIOO Acid-Base Blend
 (HT-PEM 140 -

 
180°C Hydrogen/Air) 

H3 PO4 -doping degree: 280%
active area 25 cm², gases: H2 , air 1bar (absolute), lambda: 1.5

rel. humidity: 0% (operation with dry gases)
Standard GDE (JM); anode: 2,5 mg PtRu/cm2, cathode: 3 mg Pt/cm2
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Pt-M alloys on Vulcan substrate (ORR, ORR + MeOH)

Catalyst Development – Pt Alloys (TP2)

• Particle size in the range of 3‐7 nm for Pt, PtNi & PtAu and 30‐50 nm for PtCr
• ~15 mV less overpotential for ORR observed at Pt60

 

Cr40

 

/C compared to Pt/C
• Highest methanol tolerance during ORR for Pt60

 

Au40

 

/C  

0.5 M H2

 

SO4 0.5 M H2

 

SO4

 

+ 0.5 M CH3

 

OH

Pt/C PtNi/C PtCr/C PtAu/C

100 nm100 nm 100 nm 100 nm
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SEM image of 
HGS 20 wt% Pt

Cross-sectional cutting of 
HGS (shell) with 20 wt% Pt

TEM image of 
HGS 20 wt% Pt 

Pt on HGS substrate (HGS: hollow graphitic sphere)

Max-Planck-Institut für 
Kohlenforschung 

Max-Planck-Institut für 
Eisenforschung

Catalyst Development – HGS Substrate (TP2)

Particle Properties

 
- diameter: 300 nm
- wall thickness: 40 nm
- avg. pore diameter: 4 nm
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Performance Results

- very good 
performance 
achieved 

- M262 + M190: 
ZBT standard 
(Nafion NR212)

HGS Performance and Activation/Ageing (40% Pt/HGS, cath.)
Performance Curves during the Activation/Ageing Process

(Catalyst: 40 % Pt/HGS, M263)
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Hardware
- ZBT cell type 1, water cooled, 50 cm2, NR212
- cat. cathode: 0,36 mgPt/cm2 (40 % Pt/HGS) 
- cat. anode: 0,18 mg/cm2 (40 % Pt/C)

Operating Conditions
- cell temperature: 80°C
- rel. humidities: 70 % anode, 90 % cathode
- stoichiometries (> 5A): anode 1,5 (H2); cathode 2,5 (air) 
- no overpressure (open cell outlet)

- time

- number of
  "activation"
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- time
- number of
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Performance Curves during the Activation/Ageing Process
(Catalyst: 40 % Pt/HGS, M263)
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- ZBT cell type 1, water cooled, 50 cm2, NR212
- cat. cathode: 0,36 mgPt/cm2 (40 % Pt/HGS) 
- cat. anode: 0,18 mg/cm2 (40 % Pt/C)

Operating Conditions
- cell temperature: 80°C
- rel. humidities: 70 % anode, 90 % cathode
- stoichiometries (> 5A): anode 1,5 (H2); cathode 2,5 (air) 
- no overpressure (open cell outlet)
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Comparison of Performance Curves
(ZBT Standard - 40 % Pt/HGS - 20 % Pt/HGS)
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MEA types

- M190: ZBT Standard
- M262: ZBT Standard

- M263: 40 % Pt/HGS
- M265: 40 % Pt/HGS

- M211: 20 % Pt/HGS

Activation/Ageing/Stability Results

- catalyst activation is necessary 

- very good electrochemical stability (slow ageing)

- activation and ageing procedure
- in situ CV, H2 /N2 , 80°C, 50 - 1.400 mV
- in total: 1.000 cycles (5 x 100 + 1 x 500)

- M265 + M263: 
40 % Pt/HGS, cathod. 
(Nafion NR212)

- M211: 
20 % Pt/HGS, cathod. 
(Nafion NR212)

Catalyst Development – Carbon Substrate (TP2)
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MEA Preparation Process Development (TP3)

MEA Development at ZBT: State of the art 
(SFE, AWN, VPE; 14.03.2012)
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Hardware (cell, MEA)
cell: ZBT (cell 1), water cooled, 50 cm2 
cathode: 40 wt% Pt/C, 0,36 mg/cm2 Pt
anode: 40 wt% Pt/C, 0,18 mg/cm2 Pt
membrane: NR212 (M262), NR211 (M282)

Operating Conditions
cell temperature: 80°C
relative humidity: 70% (A), 90% (K)
stoichiometry (from 5A): 1,5 (A); 2,5 (K)
gas pressure: open outlets (no overpressure, both sides)

Main Results

 - very good perfor- 
mance with ZBT 
MEA´s achieved 

- M262: 
Nafion NR212, 50 µm

- M282: 
Nafion NR211, 25 µm 
(data not yet reprod.)

- cell type 1 
- ZBT flow fields 
- 50 cm2

ZBT MEA Performance: State of the Art (LT MEA)
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GDL 
(ca. 200 µm)

MPL 
(ca. 60 µm)

Catalyst Layer
(ca. 5-10 µm)

GDE Analysis - SEM/EDX
(UDE, Dr. Myronova)

GDE Development - top view on galvanically 
coated GDS (FEM, Dr. Baumgärtner, fem_189)

GDS Development - SEM, cross section, 
MPL on upper side (FILK, M. Langer)

GDS Development - SEM, top view 
on MPL (FILK, M. Langer)

GDS Development and GDE Preparation by Galvanic Coating of GDS

GDS and GDE Development (TP3)
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High Performance Test Cell - HPTC (TP3)
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HPTC Performance for air/O2 operation (PC MEA, LT, cell type 2, 25 cm2)
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Main Results
- excellent performance achieved 
with PC MEA, better than with 
commercial MEA´s

- current densities up to
- 4.000 mA/cm2 (air)
- 7.000 mA/cm2 (O2 )

- power densities up to
- 1.400 mW/cm2 (air)
- 2.200 mW/cm2 (O2 )

- extreme thermal loads 
of the MEA tested 
(ca. 10 W/cm2)
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Cell Concept Development and Component Characterization

New MT Cell Concepts (TP4)

- MT PEM cell cooling by evaporating water
- ultrasonic water atomization
- characteriz. by Particle Image Velocimetry (PIV) 

- membrane humidification by evaporated water
- no extra coolant needed (one-piece bipolar plates)
- gas circulations
- water condensation, cloosed water loops
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