The effects of Phosphorous on Fe and Ni activity in silicate melts:  Jacobs et al.


THE EFFECTS OF PHOSPHOROUS ON Ni AND Fe ACTIVITY IN A SILICATE MELT.  K. E. JACOBS1, R. O. COLSON2, T. R. HENDRICKSON, A. M. FLODEN, D. HOLDER, K. M. MALUM, M. K. B. NERMOE M, MOORHEAD STATE UNIVERSITY, MOORHEAD  MN,

 1jacobsk@mhd1.moorhead.msus.edu, 2colson@mhd1.moorhead.msus.edu

Introduction:  Solution properties of cations such as Fe or Ni in silicate melts depend upon the polymerization of the liquid as well as on direct interactions between the cation and other components in the melt [1].  The high Fe concentrations in the P-rich member of an immiscible pair suggests that there may be a strong interaction between Fe and P and that P may be important in silicate melt immiscibility [2,3]. With the present experiments, we address whether or how much P influences silicate melt polymerization and whether or how much P interacts directly with Fe or Ni in the silicate melts.

Previous experiments have demonstrated that electrochemical methods can be used to measure the effects F and Cl have on oxide ion activity in a silicate melt.  Oxide ion activity was then interpreted as reflecting silicate melt structure and polymerization [4].  Here, we use this same technique to ascertain the relative effects of P on melt polymerization and on the activities of the cations of Ni and Fe.

Experimental:  Silicate melt samples of a diopsidic composition or diopside plus 5wt% P2O5 (CaO(MgO(2SiO2 +5wt%P2O5) with 0.3wt% of either FeO or NiO were mounted on Pt loops in a Deltech gas furnace in a CO2 atmosphere.   A type S thermocouple was used to measure temperatures that were regulated to 1500 degrees Celsius. Reagents, provided by Fischer Scientific, were mixed in appropriate proportions and ground with methyl alcohol to form a thin slurry which then dried on the loop.

The cyclic voltammetry method, as explained in [5], was used to measure the effects of P on Ni and Fe activity in the melt.  An electrical potential was applied between the reference and working electrodes, with the

resultant current reflecting the energy state of either Ni or Fe in the melt.  The position of the peak in the current is directly related to the activity in the melt.  The current which resulted as the species in the melt were reduced or oxidized is illustrated in Figs 1 and 2 (current related to oxidation-reduction reactions other than the Fe and Ni reduction of interest was removed by subtracting current derived from “blank” experiments in which there was not Fe or Ni, in the manner of [5].
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Fig 1.  P2O5 in the melt has no significant affect on the peak position (and thus the activity) of Ni2+ in the melt.
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Fig. 2  P2O5 in the melt strongly affects the peak position (and thus the activity) of Fe2+ in the melt.  The shift in peak position corresponds to approximately a factor of 3.7 change in Fe activity in the melt.

Results:  Example electrochemical curves are shown in Figs 1 and 2, demonstrating a strong dependence of the Fe reduction peak on P in the melt but lack of a dependence of the Ni reduction peak on P.  Results for other temperatures are shown in Fig. 3.  

The lack of a dependence of the Ni peak position on P suggests two things.  It suggests first that P, when present at 5wt% concentration, does not effect the structural environment or activity of the cation Ni2+ in the melt.  However, the Ni peak position also depends on the activity of the oxide ion in the melt [5], which in turn reflects the structure of the silicate melt [6].  Thus, the absence of a shift in the Ni peak also suggests that 5wt% P2O5 has little effect on the silicate melt structure.  The presence of P did, however, have a substantial effect on the activity, and presumably the structural environment, of the Fe oxide ion.  There was an observable peak change of approximately 100mV.  This corresponds to a change in the activity of divalent Fe of about a factor of 3.7.  The divalent iron is substantially more stable (lower activity) in the more P-rich melt, consistent with its affinity for the Fe-rich member of an immiscible pair[2]. 
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Conclusion: P in a silicate melt greatly effects the activity of Fe. The affect on the activity of Fe is due to direct interaction between P and Fe and not to the indirect effects resulting for changes in melt polymerization.  P has little effect on the activity on Ni in silicate melt.
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Fig 3.  Dependence of Fe and Ni peak position on P2O5 as a function of temperature.
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