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What do we mean by...

“Functional materials for the asymmetric
threat ”
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= task restrictive
= inefficient permeability Protective
a Result ... clothing and
. over protection (not optimised) > equipment
- high burden dr_ive_s the
MISSIon

= Integration issues
= poor moisture management
= many commanders decision

_issues
W
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a Wwill result in a distinct operational advantage for the
users of that system
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o Cold war protection and sustainment requirements
are reduced by matching level of protection to
threat

= enabling superior warfighting capability,
survivability and maintenance of op tempo

Capitalise on difference to develop materials that are
more functional
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o Asymmetric threat

= “now and future” —rogue
nations/terrorist groups acting
_a%alnst national and global
Interests
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a Fighting “dirty” for extended periods

a Wide range of delivery systems (aircraft,
missiles, MLRS etc)
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Asymmetric attacks — enemy avoids Force on Force, minimise
technological advantage — enemy seeks disproportionate effects

Attacks less massive, but less predictable - unconventional
delivery

Real time intelligence — greater situation awareness
Greater ability of coalition Forces to dictate Op Tempo
NATO and Coalition Air superiority
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= Chemical protection required for <2 h

= Biological protection required for <30 min

o Liquid contact/vapour penetration
= <2 ugtotalin2h

o Direct vapour challenge
= Ctof <60 mg min m3in2h

o Aerosol penetration
= >90% reduction over existing
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(spatial and

temporal) Acceptable
= levels of

exposure

& Exposure
\ durations

Physiological
burden

Task/performance
functionality

Material requirements

o “Tailored” protection — toxic effects have
negligible impact on military task performance

1 i

o Low physiological burden (thermal, weight)

« Wo High task functionality
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Body

Feet X X v
Hands X X v
Head X X v
Respirator X X v

X —no protection
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time
o Rather than...

= no protection (combat uniform)

= |logistical burden of too much protection
that is not need most of the time
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= chemical

. liquid
. vapour
= aerosol

= biological
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Systems have the
same barrier A

~— Difference due to

Permeation (ug)
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outer shell
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Systems have the
same barrier B

Difference due to
outer shell
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different barrier
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— Air Permeability (decrease): from 48 to 9.5
cm3 cm? s

— Thickness (no change): 0.83 mm
= Challenge dosage to material at 2 h
1320 mg min m3; 5 m s*! wind speed

Cumulative penetrated dosage (mg.min.m=3) More than
Fabric System factor of 10
1h 2h /6h/ reduction of Ct
SYBIE (2 55 124 922

System A-2-AW 3 w 78
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Concentration 106 CFU mL"
Aerosol size: 3 um
Flow Rate: 30 LPM

Fabric System Fl|trat|0n0/?ff|c|ency
A-2 outer shell <1
A-2 outer shell with AW 08.938
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= Staphylococcus aureus ATCC # 6538
a Concentration: 106 CFU mL""

o Time Exposures: 24 h

Fabric System Log,, reduction

A-2 outer shell i

A-2 outer shell with treatment >4 87
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more air permeable (166%)
thinner (25%)
aerosol web that improves protection against

. direct vapour challenge
. penetration of aerosols

anti-microbial coatings to protect against
contact bacteria
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= Chemical protection required for <2 h

= Biological protection required for <30 min
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Horizon 1 glove (0.5 mm) |

military protective
equipment

= 0.50 mm (the chemical
protective glove)

= >2.0 mm (the facepiece
of the C4 respirator)

Defence R&D Canada - Suffield



Thin film nanocomposite
(0.025 mm)

o Nanocomposite materials
successfully developed into films
~25 um in thickness

Horizon 1 glove (0.5 mm)

o Benefits — replace polymers in
existing CB protective equipment —
reduce burden and improve
functionality

..
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permeable CW agent impermealk
polymer films
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AH,0 v, = 3400 Pa across membrane
— no permeation through
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. control material properties to affect
specific outcomes or responses

. study of uptake of organics,
reversible/irreversible adsorption,
colorimetric detection, reactivity /
degradation / functionalisation
properties
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absorbance units
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wavelength (nm)

—raw data — curve fit
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Integrate threat into design and match
protection requirements to threat level

Shorter duration protection requirements allow
development of protective materials with
properties more conducive to higher
functionality

Progress being made on thin nanocomposite
films and thin moisture vapour permeable
membranes (~25 um)

SPR-based sensors have real-time capability
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available all of the time...

... IS more effective than
too much protection that

IS not needed most of the
time
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