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| TM66S SUI'TE OF MEMBRANE

A low cost, high efficiency membrane

Hydrocarbon materials
Cross-linked structure
In-house formulation control
Ease of production

Acid/alkali chemistries possible
Patented worldwide
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MEMBRANE PLATFORM

A A suite of new membrane materials.

A Ability to vary component chemicals to achieve desired

properties.
A Functional properties can be varied over a wide range.
A High water content: high conductivity.
A Cross linked: high resistance to dissolution.
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THE ITM FABRICATION PROCESS

To

Underpinned by detailed QC experience

o

Ultimate material properties can be modified by:
T Formulation
T Polymerisation route
I Hydration process

A Catalyst may be incorporated during the
polymerisation process

Input
Low cost, Chemical
hydrocarbon Purification
monomers

Polymerisation
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Hydration

()

Output
High value
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MEMBRANE ENGINEERING

Properties can be adjusted by changingWr

Increasing Hydrophilic
(or Decreasing Hydrophobic)

Increase Water Uptake
Increase Conductivity
Lower strength

Increasing cross-linker Changing Curing

Initial Conditions
Lower water content Formulation

Higher modulus A Alter polymer chain length
Increased durability Increase durability

Increasing lonic
Higher conductivity
Lower strength
Higher Water Uptake

€ or by changing
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MATERIALS TESTING

Solid technology platform

A Intermittent operation
A Durability
A Technology advantage evidence

TEST FACILITIES
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UNDERSTANDING MEMBRANE CHEMISTRY

Increasing the lon Exchange Capacity

A Rough correlation to conductivity

A Difficult to get large amounts

incorporated into membranes 250
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UNDERSTANDING MEMBRANE CHEMISTRY

Increasing the water content

A Very good correlation

oo

A Need some ionic conductor 250
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UNDERSTANDING MEMBRANE CHEMISTRY m E

Crosslinker minimises 2504
degradation
A Mass loss of membrane 20%
after a standard protocol
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MEMBRANE PERFORMANCE IMPROVEMENTS

Massive Improvement 2.4
-e-RL025k 0.125mrr
A Conductivity > 250 mSi O > | ~®N1150.125mm
A Major performance benefit .
: : >
A Major cost benefit > 1.6
A Some durability issues &
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INTERPENETRATING POLYMER NETWORK (IPN)

SEMI-INTERPENETRATING POLYMER NETWORK (sIPN) WEE

Monomer/Crosslinker

Linear or Branched Polymer Semi-IPN

F

Monomer /Crosslinker

Crosslinked Polymer Network IPN
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POLYURETHANES
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MEMBRANE FABRICATION
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FORMULATION VARIATIONS

Y

A Variations in formulation:

A Ratio of polyurethane to free radical monomers varied.

A Cross linked free radical network varied, component
constituents varied

A Polyurethane components ratios varied.

A Many variations to change water content, ion exchange
capacity, mechanical strength and electrolyser performance
available.

A Highest achieved ion exchange capacity i 1.37 mmol g1
A Highest achieved conductivity (EIS) i 66.7 mS-cm-!
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HYDRATION PROPERTIES AND CONDUCTIVITY RELATIONSHIP

Polyurethane/Free Radical IPN Comparison of Water Content and Polyurethane/Free Radical
Component Ratio
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HYDRATION PROPERTIES AND POLYURETHANE CONTENT
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MECHANICAL PROPERTIES T TENSILE STRENGTH @
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ELECTROLYSER TESTING

Y

A Small scale cells (8én

A Anode catalyst IrRuOx

A Cathode catalyst Pt

A Potentiostat for IV and EIS
characterisation

A Constant supply of ultrapure water
for testing new materials.

A Cells can be left on test for long
periods of time > 1000 hours.
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