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* Introduction of NRC-IMI: expertise and
technological platforms

» Development of solid polymer electrolytes for:
— hydrogen fuel cells
— lithium batteries

« Conclusions
« Acknowledgments



Overview of NRC-IMI:
= Mission
e 0

NRC-IMI’s mission is to help Canadian industry to
address the challenges of a sustainable economy
and to develop solutions for national priorities by:

 Providing an advanced materials and manufacturing
RTD capacity to key industries and to regional
communities;

« Engaging industrial, academic and international
partners in the commercialization of technology to
strengthen Canada’s innovation system;

» Performing RTD research and technology
anticipating threats and opportunities for national
priorities.
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T. Greszler, GM Fuel Cell Activities, September 2006

Durability of Extruded

Membranes

m F
35 H® MNafion®M1114P .
| g @ ore Primead .
w f -
E f
g 26 /
&
o I ."I
c] ()
o & L / MEA Cycles to Failure | Cycles to Failure @
E— [ m w/o load 0.1 Alcm?
o f .I I-'r DuPont™ Nafion® (NR-111) 4000-4500 800-1000
i 2
= J.- = lon Power™ Nafion® (N111-IP) 20000+ 1800
3 -
| s Gore™ Primea 6000-7000 1300
[ Seta- - astta—oes - = — - -
o a1} 4000 G000 000 0000 12000
Cycles

Crossover leak as a function of number of humidity cycles durning inert RH cycling of
NR-111 (A), N111-IP (#), and Gore™ Primea® (m ) PFSA membranes. The N111-
IP tests were stopped before any crossover was measured. Line at 10 scem

indicates test failure criteria.




Fuel Cell Membranes

NRC-IMI's Technology
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Expertise and Capabilities
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NRC-IMI



I NI xpertise and Capabilities:

Adibmodve Processing Scale-up

5-layer cast film line
- 12.5 mm extruders (100-5009)
5-layer blown film line - 100 and 150 mm flat die
-12.5 mm extruders (100-5009) - ABCBA layer structu
- 20 mm “pancake” die (layer flat 200 mm) - On-line charagf

: im die (layflat 850 mm
ABCDE layer structure
M onolayer blown film line
50 mm die, single layer
Twin-screw compounders
Leistritz 34 mm and W&P 30mm

- ABCBA layer structure
- State-of-the-art air ring

DSM micro-compounder (5cc)
twin-screw

- Formulation development

- Preliminary investigations




m

Automotive Semi-Fluorinated PEM from
= Polymer Blends
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Chemical Structure of Nafion®
Grot, W., Du Pont de Nemours and Company, U.S. 3718627, (1968)

Structure of Hydrated Nafion® Membrane
Paddison et al. Annu. Rev. Mater. Res. 33 (2003) 289
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Processing:

Semi-Fluorinated PEM from
Polymer Blends

 Large scale twin screw extrusion for blend SEBS/PVDF/compatibilizer blends preparation
» Twin screw extrusion — melt cast for membranes forming (down to 30 microns)
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Funcionalization
+ Post-functionalization with CISO3zH in DCE

« Time and CISO3;H concentration to control the sulfonation degree

Pictures of the membrane
before and after sulfonation

TEM image of a PVDF/SEBS
membrane prepared by melt-extrusion

AFM on co-continuous semi fluorinated PEM prepared by melt-

processing. Clear phase is the hydrophobic polymer (reinforcement). Dark
phase is the hydrophilic polymer. (Right image: MD, left: TD)
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Automotive Semi-Fluorinated PEM from
= Polymer Blends

I-V curve for ~50um thick membrane (Courtesy of NRC-IFCI)
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« CCM for MEA preparation; air for |-V curve measurements.
» BOL fuel cell performance close to that of Nafion 112.
« PEMSs obtained by melt-processing technologies are robust and show very high

mechanical properties and an outstanding hydrolytic stability (6000 hydration-
dehydration cycles) with a hydrocarbon based ionomer.
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Nanocomposite PEMs
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» Use of melt-processing technologies:
— easily scalable process for mass production
— cost reduction
— improved performance compared to solvent cast membranes
(durability, humidity cycling)

* Incorporation of inorganic nanofillers
— good dispersion in the molten polymer
— improve thermal stability, dimensional stability, fuel crossover
— clay nanoparticles o T
— silica nanoparticles =, e

o @ Nanocomposite melt-extruded
= PEMs (top with sepiolite; left:
with silica nanopatrticles).
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Autometie Nanocomposite PEMs:

/ " Conductivity at Low RH
——

Proton conductivity measured at T=80°C at 30 and 50%RH
for 5wi% composite PEMs containing silica nanoparticles

0.045 ®800C, 50% RH ® 800C, 30%RH
0.04
0.035
0.03
0.025
0.02
0.015
0.01 1
0.005 1

Conductivity (S/cm)

* Conductivity of composite PEMs is higher than Nafion at 80° C and low RH.
* Higher dimensional stability; volume change reduced by 35%.



Automotive Nanocomposite PEMS:

= Conductivity at Low RH
——

Proton conductivity measured at T=80°C at 30 and 50%RH
for 5wi% composite PEMs containing functionalized clays

0.035 B 800C, 50%RH m3800C, 30%RH

0.030
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0.020
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* Conductivity of composite PEMs is higher than Nafion at 80° C and low RH.
* Higher dimensional stability; volume change reduced by xx%.
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Solid Polymer Electrolytes
for Li Batteries

Current activities focus on the development of electrolyte components to
improve performance and enhance safety of all solid Li-batteries:

Technology limitations:
« Liquid or polymer gel electrolytes:
— flammability issues
— low mechanical and dimensional stability
 Solid electrolytes:
— low conductivity at room temperature
— battery operation: 70-90° C
— costs related to heating system

NRC-IMI’s approaches:
 Design of innovative multi-components solid electrolytes
* Incorporating components with different functionalities:
— conductivity enhancers
- safety additives

» Use of well-established expertise in polyelectrolytes design and
melt-processing technologies (industrially scalable processes)

Polymer
“—o—>
Tiosid 3o e

Electrolyte

Basic structure of an all solid
sState lithium battery

25 micron thick fne/t—
extruded nanocomposite
polyelectrolyte (NRC-IMI)



New lithium conducting
polymers and copolymers

Additives:
Limit crystallinity
(polymer blend and nanofillers)

Additives:

Overcharge protection
(Redox shuttles, shutdown additives)

Additives:
Flame retardants

Additives:
Conductivity enhancers
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Conductivity at room temperature for a thermoplastic-based solid electrolyte
prepared by melt-extrusion at NRC-IMI.

Conductivity is two orders
of magnitude higher than

3.00E-04 . .
conventional solid polymer

2.50F-04 / electrolytes.
2.00€-04 /\

1.50E-04 / \
1.00E-04
R _\/

0.00E+00

Conductivité {S/cm)

0 10 20 30 40 50 60 70
Additive concentration (%)

« Conductivity sufficient for operation of battery systems at room temperature.



Automoiv | Separator Technologies

CNRC-IMI 1.0kV 8.7mm x1.00k SE(L) 7/28/2010

Electrospun nanofibers

— Adr P " 4
IMCNRC 1.0kV 9.9mm x30.0k SE(L) 3/1/06 1.00um

CNRC-IMI 1.0kV 11.5mm x80 SE(L) 09/08/08

Porous membranes 18 Polymer foams
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VMP3 multi-channel potentiostat
1260 Solartron impedance analyzer

Mbraun LabMaster glove box with
H,O/O, analyzer

In-Plane and through-plane cells for
conductivity measurements



Energy Storage Devices
Anhydrous Facility
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In operation... Spring 2011!
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* NRC-IMI is ready to partner with developers, integrators and end-users to better
understand and help exploit advanced polymer-based technologies for the
production of energy storage devices.

« The R&D resources at NRC-IMI are accessible to industries as well as research
laboratories that wish to conduct collaborative projects with an integrated approach
in order to benefit from technical support, or to carry out feasibility studies in the
development of a process.

« Visit us: NRC Automotive Office, Booth #13 (Wednesday, September 15t)
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Polymer Systems Group

Thank you for your attention!
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