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Motivation and Background
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Motivation P

Oil spills significantly impact:
— - Wildlife habitats
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Current Technology

Polyurethane
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Original Coated sponge
sponge

- 30 grams of oil per gram of
polymer
- selectivity if coated

- Environmentally harmful
- Complex processing for
selectivity

- High volume needed

Zhou, et al., Ind. Eng. Chem. Res., 2013. 52 (27)

Spongy graphene
,; ._\ ’\\l - y‘\ y g water

- 70 grams of oil per gram of
graphene
- excellent selectivity

- Very expensive

- Not scalable manufacturing
- Very low density

- Poor mechanical properties

Bi, et al. Adv. Funct. Mater., 2012. 22. p. 4421-25

- 80 grams of oil per gram of
CNT

- excellent selectivity

- Very expensive

- Complex, resource
intensive processing
- Very low density

Hashim, et al., Sci. Rep., 2012. 2:363. p. 1-8
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Laser-Induced Graphene @

=|_aser ablation of
polyimide

A=10.6 ym

= Controllable properties

= Cost effective and
scalable
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Design Goals
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Main Objective: @/@;j
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Design a LIG sponge for oil sorption

Design Goals:
e Develop atomistic model to understand
nanoscale interaction of oil-graphene ‘
e Develop model to understand bulk fluid flow
of oil through porous graphene
e Determine a relationship between LIG pore

size and oil sorption
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Technical Approach:
Nanoscale Modelling

THE DEPARTMENT of MATERIALS SCIENCE AND ENGINEERING



Des

1on

lat

imu

S

ign

Periodic Boundry

Aipunog oipoliad

0
Z
i
L
L
Z
0
Z
L
0
V4
q
L
U
Z
u
U
0
)
4
<
i
=
q
2
®
=
V4
Lu
2
=
14
q
o
Lu
0
L
T
=




e\Q LR SI\T B

Simulation Results
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Simulation Results s

Octane Binding Energy vs Distance
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Technical Approach:
_ Fluid Flow Modelling
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Fluid Flow Modeling Background @

Goal:

Implement Darcy’s Law to understand bulk fluid flow through porous media.

2 2 0 0 0* 9° 2 Fe’
8‘P+81P W A VA a;+ a; & -t
) & 0X Y Rel\odX” 0Y DaRe N Da

vl

Key Assumptions:
« Air omitted from inside porous graphene (space initially empty)
« Effects of gravity are omitted

Y = stream function; X,Y = coordinates; w = vorticity; Da = Darcy Number; F = geometric
function; U,V = interstitial velocity components; € = porosity; Re = Reynolds Number; v =
velocity vector;
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Results From Fluid Flow Modelling
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Technical Approach:
Experimentation

THE DEPARTMENT of MATERIALS SCIENCE AND ENGINEERING



\1\1,1)\517},
Qé\ e

] 8 /ﬁ
Experimental Procedure
nggh Place Weigh
original sample
: : saturated
sample partially in |
(LIG+PI) octane sample

Subtract Weigh Exfoliate
for mass remainder graphene
of LIG of PI from Pl
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Experimental Findings s

Graphene wetting Capillary within Linear octane
characteristics graphene absorption v. time
e Verified oleophilic e Increases absorption e Supports graphene
behavior allowing captured sheet spacing is too
e Verified hydrophobic gases to exit the small for alkane bulk
behavior system absorption

Oil Sorption of LIG Sample

Oil sorbed [mg]

+ Experimental
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Conclusion
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Conclusions @

« LIG currently has a lower oil absorption than other
carbon-based oil sponge technologies

* Oil sorption is independent of porosity

* The interlayer spacing in the graphene is too small to
allow bulk absorption

« Octane layers form over graphene surface

* Current LIG sponge technology has potential if
device is open on both sides
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Future Work waz;ggg

(a)

« Compare oil sorption of LIG with different
pore characteristics

« Fabricate ideal design using open
backside of LIG

« Test sorption with crude oil

* Investigate mechanical stability during
sorption and recovery

« Investigate LIG samples with graphene
sheet spacing greater than 3.4 A
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BP Deepwater Horizon Oil Spill

Method Cost Volume Selectivity = Recovery = Environmentally Safe
Corexit 9500 ~$1 billion* ~21.1 m3* Yes No No
Polyurethane | $0.513 billion** | ~902,000 m3** No No Yes
CNT sponge | $91.3 billion*** ~43,500 m3*** Yes Yes Yes

LIG sponge  $2.52 billion*** ~2,640 m3*** Yes Yes Yes

What this table neglects:
« Corexit is dispersant which breaks down oil into smaller pieces to be further

broken down by microbes

« Spongy graphene can we reused at least 10 times with >99% capacity

« LIG can approximately retrieve 80% of oil back. In the case of the BP oil
spill over $300 million.

* - No specification of oil dispersed
** - Assumption: polyurethane only absorbed oil http://www.bp.com/en/global/corporate/gulf-of-mexico-
restoration/deepwater-horizon-accident-and-response/

***- Assuming each unit of volume is used 10 times offshore himl



BP Deepwater Horizon Oil Spill - Summary

Method Cost Volume Selectivity = Recovery  Environ-
mentally
Safe
Corexit 9500 $$ + v 2 4
Polyurethane $ +44++ 4 v
CNT $3%% >4+ v v (4
LIG 559 + 4 (4 v v



