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Fourier Transform Ion Cyclotron Resonance Mass Spectrometry 

Characterization of Treated Athabasca Oil Sands Processed Waters
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Introduction


The extraction of bitumen from surface mining from Canada’s Athabasca oil sands depoits results in vast quantities of processed water. The current practice of storing the processed water in tailing ponds is not sustainable, and much research is geared at developing reclamation strategies.  Polar organic compounds such as naphthenic acids (i.e., the acid-extractable fraction) are suspected to be among the principal toxic components of the processed water.

Experimental


Here, we use utrahigh resolution negative-ion electrospray ionization 9.4 T Fourier transform ion cyclotron mass spectrometry (FT-ICR MS) to define the elemental composition (CcHhNnOoSs) of each of thousands of compounds found in Athabasca oil sands processed water treated by: (A) coagulation-flocculent with lime and bentonite, (B) coagulation-flocculent with lime and bentonite followed by activated carbon, and (C) combined ozonation and ultrasonication. The number of rings plus double bonds to carbon (i.e., DBE = double bond equivalents) was computed for each elemental composition.
Results and Discussion


For treatment A, little or no change in DBE distributions was observed for the various heteroatom compound  classes (i.e., OoNnSs). Treatments B and C resulted in the reduction of total naphthenic acid fraction components by 26 ± 1.4, and 89 ± 1.1 %. (see Figure 1).  For the latter treatments there was evidence for selective and substantial removal of the S and OxSy heteroatomic species at the molecular level; along with a reduction in the DBE values for all species [1].  These results provide detailed molecular-level description of the effects of attempts to remediate the high organic acid content of oil sands processed water.
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Fig. 1.  FT-ICR MS characterization of the distribution of Ox (x=1-4), S1, and OxS1 (x=1-3) heteroatom classes of oil sands processed water treated by combined ozonation and ultrasonication.

