Using nanotechnology to treat wastewater from oftshore oil and gas industry —
a feasibility study
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Background and Objectives

Wastewater produced during o1l and gas extraction operations, referred as produced water (PW), constitutes the industry’s most important waste streatm
on the basis of volume. PW may has complex composition including organic or inorganic ingredients such as salts, metals, oils, phenols, organic acids,
dissolved hydrocarbons and some compounds which may be added to i1t during o1l separation process. The EU Water Framework Directive (WFD) 1s
committed to ‘zero discharge’ in response to the need for a more protective system to tackle aquatic pollution (Directive 2000/60/EC, 2000). Most o1l and
gas companies around the world are now working towards the implementation of ‘zero-discharge’ of contaminants in PW (Pollestad, 2005). Until recently
less attention was given to dissolved organics and heavy metals in PW, however, with expanding information about the environmental effects of
discharging them 1nto water bodies, current researches are paying more attention towards efficient and cost effective ways to remove these hydrocarbons
and heavy metals from produced water. Nanomaterials, with relatively large surface areas and extremely high surface reactivity, could be an inexpensive
and effective solution to remove dissolved hydrocarbons and heavy metals from produced water and can facilitate the achievement of “’a zero
environmental harmful discharge™ goal 1n o1l & gas industry.

The overall objective of this research project 1s to study the feasibility of using nano-particles to remove dissolved hydrocarbons and heavy metals from
PW. The specific objectives are (a) to review the best available technologies for offshore PW treatment, (b) to identify, synthesis and characterise potential
nano-particles for adsorption of dissolved hydrocarbons and heavy metals from PW and (c) to evaluate the efficiency and cost effectiveness of these nano-
particles.

Research Methods

Recent research by Lei1 et al. (2013) suggests that the Porous Boron Nitride (BN) nanosheets have a great potential to remove hydrocarbons from
wastewater. These BN nanosheets have been synthesised by our collaborators in Deakin University Australia. Currently batch experiments are being
carried out 1n the laboratory to investigate efficiency of BN nanosheets to adsorb dissolved hydrocarbons and heavy metals from wastewater. In addition to
BN nanosheets some other nanomaterials are also selected for this experiment including Zinc oxide (Zn0O), Iron oxide (Fe;O,) and Titanium Oxide (T10,).
In batch experiments a known mass of nanomaterials 1s mixed with synthetic produced water containing known concentrations of selected hydrocarbons
(such as Benzen, Toluene, Ethylebenzene and Xylenes, collectively called as BTEX) and heavy metals. After mixing the water samples are filtered and

stored until further analyses. Water samples will be analysed for hydrocarbons using Gas Chromatograph — Mass Spectrometer (GC-MS) (Fig. 1) and for
heavy metals using Inductively coupled plasma atomic emission spectrometer (ICP-AES) (Fig. 2).

Kuture work
Future work 1nvolves the;
» Continuation of the batch experiments

» Analysis of water samples for hydrocarbons and heavy metals with GC-
MS and ICP-AES respectively

» Comparison of efficiencies of different nanomaterials to remove
dissolved hydrocarbons and heavy metals from produced water

Fig. 1. GC-MS for analysis of
hydrocarbons 1n water samples

» Comparison of various technologies or combination of technologies
suitable for the treatment of produced water for offshore facilities
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