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Working at the atomic, molecular and |
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supramolecular levels, in the length scale of
approximately 1-100 nm range, in order to
understand and create materials, devices and
systems with fundamentally new properties and ,
functions because of their small structure.
Definition from http://nano.gov
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Case Study: Nano-selenium for Hg capture . cnium S R g o
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Case Study: Nano-enabled Hg capture
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that the mercury (which is in vapor form) can be
( dealt with properly. But the tubes do occasionally

so mercury could be released in homes or elsewhere,
posing a small risk to children.

crack or break, and the recycling rate is currently low,
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Nanoselenium as a
Platform Technology

Technologies for permanent
Hg sequestration

ordered gas channels
for lows pressure drop

Power plant flue gas capture

Cartridge-based air-cleaning
for NASA spaceflights
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Case Study: Graphene-based
Environmental Barriers
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- first observed in 1962 (HP Boehm)
- first isolated in 2004 (Geim, Novoselov)
- led to the Nobel Prize, 2010 (Geim, Novoselov) 2,456

Exhibits: atomic thinness; high electron mobility;
high conductivity, optical transparency
tunable bandgap

Pristine monolayer graphene
is typically fabricated by:

ph . 2 - mechanical exfoliation, or
AWUre... g S a0 - chemical vapor deposition
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and used on substrates for
electronic applications

Porous polymers by replication
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TOXICANT EXPOSURES IN RHODE [SLAND:
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High-Volume-Production Graphene-Based Materials

. H,S0, (intercalant) Rapid thermal
oxidizing agent(s) annealing

Natural
flake graphite
Few-layer
Graphite oxide graphene
Wet sonication Graphene
oxide
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Environmental Barrier Technologies

Many environmental technologies are based on containment

Engineered barriers are used to prevent toxicant release or transport to zones
where human exposure is likely

Environmental barriers include:

= geomembranes for landfill liners and caps [Rowe 2004]
= shipping and recycling of wastes containing volatile mercury [Johnson, 2008; Lee, 2009]
= Dbarriers to “leachables and extractables” in food, beverage, and pharmacy products

= vertical subsurface barriers, horizontal vapor intrusion barriers

= functional layers in personal protective equipment
for hazmat workers or military personnel
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Graphene-Based Vapor Barriers
[Guo, Hurt et al., ES&T, 2012]
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Water permeates “unimpeded” through
graphene oxide films

oxidized pristine
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(Nair et al., Science, 2012)
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Breathable toxicant
barriers based on
multilayer graphene

oxide films ="a

= |n dry state, graphene oxide films
reject all molecules (incl. He)

" |n wet state, graphene oxide films
reject molecules / substances with
hydrated diameter >9 A

Open questions

- Barrier performance against small
molecule toxicants

- Barrier performance during active water flow

- Practical suitability in breathable fabrics
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= Developed custom
device for membrane
testing with active water flux

= Selected TCE and ethanol
as models of small molecule
toxicants
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Results:

Breathability and
Toxicant Permeation
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Flux (mol cm2s)

Results: TCE permeation performance relative to other materials
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Modelling: What toxicant and film properties govern permeation?
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Graphene Environmental Barriers: Summary

> The ideal graphene sheet is a perfect molecular barrier

> Commodity graphene nanosheets can be practical barriers as multilayers (> 10).
Most attractive for ultrathin/light applications

> Graphene oxide films have enlarged intersheet “gallery” spaces and show
complex behaviors in wet conditions

> Graphene oxide films show ultra-high “breathability” (water permeation),
and exclude agents larger than 0.9 nm (bacteria, viruses, particles, most molecules)

> Barrier performance against small molecule toxicants depends on water solubility
(effective for TCE, less effective for EtOH)

> Graphene oxide offers promise as an active layer in breathable
protective technologies, but more work is needed
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