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Who needs clean water? ) =,

= Wide array of users: filtration = materials AND energy cost
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How do we get clean water now?

Drinking: multi-stage

Coagulation/  Granular
Flocculation media filter

Feed water Cartridge

filter

o = mm mm mm o,

Desalination: Reverse Osm03|s

1. 100-200 nm
Polyamide Layer

2. Polysulfone
support

3. Fabric support

permeance ~ 1 liter/m?/hour/bar

rejection > 98%

|
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s cleanup really important? UL

Area drinking drinking Waste
Contaminate Pb, perchlorate CECs CECs
Problem Cancer, brain damage unknown Animals,
Fish,
environment
Analyte MCL Detected “);:'ig?e ?s
chromium-6 0.03 1.3 43.3
chromium-6 0.03 1.1 36.7
vanadium 02 63 315  Detected UCMR-4 analytes: Albuquerque 2015
chromium-6 0.03 0.78 26.0
chromium-6 003 065 217 (subset of full data)
vanadium 0.2 3 15.0
vanadium 0.2 2.9 14.5
chromium 0.2 1.1 5.5
chromium 0.2 0.92 4.6 . . .
e T 4z UCMR: unregulated contaminant monitoring rule
chlorate 20 87.3 4.4
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What is GO? How does it filter? e,
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Material cost: $0.10/m? for a 100-monolayer GO membrane




How is the performance tested? ~ @&

Hydra-cell Pulsation P_feed P_retentate
Pump Dampener
] ~2” x 4” membrane
FEED (after testing)
Elow PERMEATE

sensor

—— — Permeate
>~ | returnpump

|

Measure Measure Measure
salts flow (permeance) salts
organics pressure organics
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Permeance improvements made. @&

GO thickness ~110 nm 20-50 nm

membrane
tested w/
seawater TDS
~35,000 ppm
S40, T 4r ' =40 .
9 > 8 = AS——— g
2300 4 5 83t 130 <
0 8 EZ . ;
§ 100 g 1 : .. 4110
S T
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Time elapsed (days) Net rejection maximized at 82%.

1.8” dia.



What other metrics are important? @&z

= GO adhesion to support
= Support strength

= Support permeability

= Chlorine tolerance

= (QOrganics rejection &3k AH
. . llﬁ/.
= Biofouling >NH HN< NH,
Q 0 ;
/S.i\ /S:i-O(S?i
i

Graphene oxide
delamination bound to surface
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GO adhesion and support strength

No adhesion promoter Advanced promoter, 50-100 nm
‘ ‘V..:. \ ‘. e E

400 psi
Pull at fail

U F (PES /PP) ‘A PES Marmbeane:
Nylon o .
g Nylon-difficult to functionalize for
o PES bonding to GO
UF=ultrafiltration = polyethersulfone on polypropylene PES = polyethersulfone
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Interlayer spacing affects performance @MEz.
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W ~ 5-10 um GO flake diameter
d ~ 0.7 - 1.2 nm finterlayer spacing

Observed change in permeance
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Organics rejection ) S,
Est. 60-nm thick GO layers; permeance = 0.4 LMH/bar

Rejection at 0 )
300 psi (% n /
P 0 }Kj‘(m\
O\
DMMP 94.6%

Ibuprofen 98.9% Chlorate is on EPA contaminate
candidate list (CCL-4)

Chlorate 86.2% . .
Phosphates, nitrates from agriculture
run-off

Nitrate 100%

Phosphate 96.9% Results show wide-ranging

applications are possible

Sulfate 98.7%




Additional CEC challenge ) .

= Test completed, evaluation of performance underway
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Summary of GO-membrane evolution [z

47-mm polyester, ultrafiltration supports
isocyanate linkers  Poyethersulfone support - \pmos and PEG linkers

(aq.)

APTMOS and PEG linkers

Increased strength, permeance, and rejection

13




Conclusions and Future Work ) e,

= \We created supported-GO water filtration membranes

= Permeance scales inversely with GO thickness

= |mprovements have increased robustness and permeation

= crosslinking and supports

= Tests show

= Months-long robustness

Chlorine tolerance > 1 ppm

Minimal scaling

99% sulfate rejection

High organics rejection

= Membrane process ready for scale-up
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