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PFOA (Perfluorooctanoic acid)
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Concerns and Challenges

* Bioaccumulation; long-range transport
e Exposure through soil, water, dust

* Linked with human and animal health
* Phased out, but ubiquitous

* Resistant to degradation; stable
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Remediation Strategies for PFOA & PFASs
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Photocatalysis
Sonochemical degradation
Advanced oxidation

Adsorptive immobilisation
(in situ)
e.g. activated carbon



Graphene Materials

* Single layer of graphite

e 2-Dcarbon sheet

e High surface area

e Versatile surface chemistry
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Project Aims

* Develop graphene-based materials with
capabilities for immobilisation of PFOA.

e Evaluate efficiency of prepared materials
for PFOA-sorption, and compare with a
commercial remediation agent.

* effect of pH
 effect of ionic strength F FF FF FF F
 effect of PFOA concentration
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Materials Used

Commercial adsorbent:

e RemBind™ RemB

(mixture of activated C,
gibbsite and kaolinite)

Prepared graphene adsorbents:
e Graphene oxide GO

* [ron-modified graphene FeG



Synthesis of GO & FeG
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Marcano, D. C., et al. (2010). "Improved Synthesis of Graphene Oxide." ACS Nano 4(8): 4806-4814.

Cong, H.P, et al. (2012). "Macroscopic Multifunctional Graphene-Based Hydrogels and Aerogels by a Metal lon Induced Self-Assembly Process." ACS Nano 6(3): 2693-2703.
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Structural Characterisation

GO: SEM and TEM i
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Idealised Structure of Graphene Oxide

Additional characterisation:
* XRD spectra
* FTIR spectra



Surface Characterisation

Specific surface area (25 °C)

Adsorbent Specific surface area
GO 434.6 m?/g
FeG 242.4 m?/g
RemB 123.4 m?/g
Kaolinite! ~25 m?/g

1Avena, Marcelo J., et al. (2001). "Methylene blue
dimerization does not interfere in surface-area

measurements of kaolinite and soils." Clays and clay

minerals 49.2: 168-173.

Surface zeta potential (25 °C)

Surface zeta potential (mV)
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Experimental methods & PFOA analysis

/f

i Radiochemical Analysis:
]
C Isotopically labelled (**C) PFOA, (ARC Inc., USA)
= = P : 14 .
Liquid scintillation B-counting measures **C activity.
::.: 0 0 0 o
\20/ '\:j '\ff/" Specific activity = 2035 MBg/mmol

Note: PFOA concentration calculations were

Weigh Spike PFOA solutions Shake (48 hrs), centrifuge, .
deorbante (10 mM Cacl, remove aliquot for analysis corrected for any sorption that occurred on the
background electrolyte) reaction vessels during batch sorption.
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PFOA sorption: equilibrium time
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PFOA sorption: effect of pH
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PFOA sorption: effect of ionic strength

% PFOA adsorbed
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PFOA sorption: effect of concentration (isotherm)
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Summary

v' GO & FeG successfully adsorbed PFOA FeG > GO
v’ Surface area did not correlate with sorption performance
v Effect of pH and ionic strength
* Efficiency of GO {, with 1 in pH
* FeG & RemB resistant to changes
v No saturation of binding sites to concentrations up to 650 pg/L PFOA
v’ Binding related to non-ionic interactions with surfaces

* Hydrophobic interactions
* Possible role of Important role of minerals Fe, Al, Si
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