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Structural investigation of platinum solubility in silicate glasses
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ABSTRACT

The coordination environment of 20-200 ppm Pt in yellowish glasses from the Ga@ESAD,
(CAS) ternary was studied using X-ray absorption fine structure spectroscopy at thesége.
Analysis of the Pt-], edge region suggests that Pt in these glasses is mainly tetravalent and sixfold-
coordinated by O (with a mean Pt-O distance of 2@02 A). No evidence for Ptor Pf* was
found in any of the glasses studied, suggesting that one can not derive valence information easily
from solubility data. No second-neighbor contribution was observed arotifg palyhedra. How-
ever, bond-valence modeling suggest that these polyhedra are likely to bond mdstigg¢towhich
should promote high positional disorder of secaeighbor cations around Pt. This particular bond-
ing arrangement may explain the relatively high solubility of Pt in these relatively depolymerized
melts, as CaPt&type units.

INTRODUCTION To explore the structural origin of the enhanced solubility of

Platinum is a strategic element that is relatively insolubfét in CAS melts, we have undertaken an X-ray absorption fine
in oxide glasses (usually less than a few parts per millioffructure (XAFS) spectroscopy study of Ptin various yellow-
However, for some silicate melts containing large amounts i§f glasses from the CAS system containing trace amounts (as
alkaline-earth elements, it is possible to dissolve larger amoul®¥ @s 20 ppm) of Pt. XAFS spectroscopy was used to deter-
of Pt (i.e., >10 ppm). The Pt found in some synthetic silicafgine _the _OX|dat|c_>n state of Pt in _these glasses as well as its
glasses is derived from corrosion of Pt-crucibles by the mgRordination environment. In addition, bond-valence consid-
(Fairbairn and Schairer 1952; Ginther 1971; Higby et al. 199@jations were used to derive plausible models of the medium-
which imparts a yellowish color to glasses richest in Pt. FE&Nge struptural enylronment ground Ptinthese glasses: Finally,
example, in low-silica calcium aluminosilicate glasses/melgructural information from this study was correlated with the
prepared at one atmosphere pressure, enhanced Pt soluiffbility of Ptin these glasses/melts.
can be.observed (Dal?lé 1996; Azif et al. 1996; Amossé et al., EXPERIMENTAL DETAILS
unpublished manuscript) and may be as high as ~200 ppm as ]
observed here (Table 1). Based on indirect solubility and el&g/ass synthesis
trochemical measurements, the enhanced solubility of Pt in The nomenclature used to represent glass compositions here
Ca0-ALOs-SiO, (CAS) melts under oxidizing conditions isis Cg, wherex andy represent, respectively, the mol% $iO
related to the presence of oxidized valence states of Pt. Bad ALO; components in the glass. The glasses were prepared
pending on the interpretation of experimental solubility dathy mixing reagent grade oxides $j@l,0;, and CaCQ@in the
Pt is thought to be in the +2 (Borisov et al. 1996) or +6 (Dabtfesired amounts (Neuville 1992) (Fig. 1). The powders were
1996) valence state. slowly decarbonated at 1200 K and melted at 1900 K for 3—4

High Pt contents (above 100 ppm) are also observed in sonaeirs in a Pt crucible. The glasses were quenched from the
oxide glasses used for nuclear waste storage (Kelm and Qwseits by rapidly cooling the bottom of the crucible in water.
1991; Pacaud et al. 1991). This Pt is generated by the decayloé Pt present in the glasses derives directly from corrosion of
highly radioactive isotopes after storage for a few years. A bettke Pt-crucibles. In these glasses, the highest Pt contents were
understanding of the structural factors that govern the enhanémahd in the most yellow glasses. Chemical analyses are in
solubility of Pt* in oxide glasses will help, for instance, toTable 1.
better extract this precious element from nuclear waste glasses.

Pt-model compounds

Various model compounds representative of the coordina-
tion chemistry of Pt were investigated, including: metallic Pt,
a-PtO,, NaPt(OH);, K,PtCk, and (NH).PtCl (Bandel et al.
*E-mail:farges@univ-miv.fr 1979; Siegel et al. 1969; Takazawa et al. 1984). Metaltic Pt
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TABLE 1. Chemical composition of the glasses studied (in wt%) of the low Pt contents in the glass samples, XAFS spectra were

Glass Sio,* Al,Og* CaO* Ptt obtained by averaging four to ten individual scans for each

Cag,z 0.04(5) 53.1(3) 46.9(4) 195 sample to improve the signal-to-noise ratio.

Caozs 8.9(3) 32.8(1) 55.6(7) 100

Casn 14.8(2) 31.20(8) 53.0(4) =20 ;

Caons 8.2(8) 49.9(6) 22.6(5) =50 XAFS data analysis

Notes: Syntheses conducted in air and in platinum crucibles, run dura- Extended X-ray absorption fine structure (EXAFS) spectra

tion: 3—4 hours at 1900 K. i i i d i
were normalized in absorbance using a Victoreen and a spline

*Electron-microprobe analyses done at the CAMPARIS, Paris. Data from . . 9 . P

Neuville (1992). Errors (20) are in parentheses. function (with 10 external double knots, Winterer 1996). Ener-

1 Values in ppm (ICP analyses done at CRPG, Nancy, France). gies were recalculated inkospace (wherk is the momentum

of the photoelectron) withE," (i.e., the energy whekds zero),
arbitrarily chosen at the half-height of the absorption step (mod-
eled with an arctangent function). Tkéweighted EXAFS
spectra were Fourier transformed (FT: Kaiser-Bessel type) over

Si02 thek range 2 to 10 & The resulting modulus of the FT is a

curve similar to a radial distribution function (RDF). However,

Cax.y / C#8.15 the FT contains pair correlations involving only the central
X=%Si0 2 % absorber (in this case Pt) and surrounding atoms and it is un-
=%Al -0 corrected for the phase-shifts of photoelectron waves as they
y="7Al 2U3 interact with various surrounding atoms. The last step of data
Mole% 2 analysis consists of backtransforming the real and imaginary

parts of the RDF (1-2.2 A range). Modeling of these FT-fil-
tered EXAFS oscillations using anharmonic and curved-wave
theories (Crozier et al. 1988; Rehr et al. 1986) gives average
structural parameters for the Pt environment: identity of first-
neighbor atoms, average distance between Pt and these neigh-
bors R), average number of first neighbor&)( a
Al 20 3 Debye-Waller-type factorof), and an anharmonic parameter
(Cs). The last two parameters provide a measure of relative dis-
. . . order and anharmonicity of the Pt-O pair-correlation probed.
FIGURE 1.Ca0-ALO;SIO, (CAS) ternary diagram showing the g, oy scattering O amplitude and Pt-O phase-shift functions were
glass compositions studied. calculated using the FEFF7 code (Zabinsky et al. 1995). Mod-
eling of the normalized, raw EXAFS spectra could not be per-
formed because of the presence of a multiple-scattering (MS)
represents the initial state of Btior to corrosion experiments. feature in the low-energy region of the spectra (particularly
The four other reference compounds studied contain sixfoldear 11590 eV on Fig. 2), as will be demonstrated by X-ray
coordinated Pt, with either O or Cl first neighbors around Ptabsorption near edge structure (XANES) calculations (see be-
The averag&"Pt*-O and¥!Pt#*-Cl distances are 2.00-2.06 Alow). This MS contribution adds a relatively intense peak in

v
Ca0O "

and ~2.30 A, respectively. the FT (half that for Pt-O) near 2.5 A. It arises from multiple
) paths of the photo-electron inside the Pwdits involving the
XAFS data collection central Pt atom and two oxygen first neighbors (MS path of

Data were collected at the Stanford Synchrotron Radiationder 3).
Laboratory on wiggler beam line V-1 at the Rt-edge (11.56
keV). The storage ring operating conditions were 3 GeV of elec- RESULTS
tron energy and 30-100 mA of electron current. A Si-220 double- Solubility of Pt is highest for glasses with Ca-rich compo-
crystal monochromator was used [energy resolution (FWHMitions in the CaO-AD5-SiO, ternary (Table 1). Also, the pres-
of ~3 eV at the Pt | -edge for a beam width of ~1 mm in theence of alumina in the melt increases the dissolution of Pt, in
vertical direction; the Pt |-edge core hole width is ~5 eV]. contrast to silica. Only glassesGaCags Cagas and Cas
Energy was calibrated using Pt metal foil. At all energies, tlteuld be studied by XAFS spectroscopy because they were the
monochromator was detuned by 50% to eliminate higher enest enriched in Pt (20-200 ppm Pt). However, it should be
ergy harmonics in the incident X-ray beam. The incident- apessible to carry out XAFS studies of glasses with even lower
transmitted-beam intensities were monitored with an ionizBt concentrations in the near future because of the availability
tion chamber, using Ar as the absorbing gas. Because self-abhigher X-ray fluxes on third generation synchrotron radia-
sorption is unlikely to be a problem for Pt at these relativetion sources.
low concentrations, absorbance was measured by monitorin
fluorescence yield as a function of X-ray energy using a Sterf*NES spectroscopy
Heald-type detector with Ar in the fluorescence detector ion The XANES spectrum for Ptmodel compounds (Fig. 2,
chamber. A G#0; filter (9 u absorbance) was used to minideft) is characterized by a sharp, intense Rabsorption edge.
mize unwanted fluorescence and scattered radiation. Becallk&s absorption edge is caused by the excitation of an electron
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—> = =2eV observed (labeled MS on Fig. 2, left) fot*Phodel compounds.

5 Its position depends on the type of ligand around the central
= metallic Pt Pt. In case of Cl first neighbors, the feature is shifted toward
Z lower energy values when compared to Pt-oxide model com-
g pounds (10-12 eV shift). Based on ab-initio XANES calcula-
% ‘ ‘ PtO, 1GS) tions, we are able to assign this feature to MS effects within
< \\//\ the coordination sphere of*Btas explained below.

[ ! 3 :

8 : \/ﬂ |\ LM Ab-initio XANES calculations

g \/\}t-a"\ S These calculations (using the FEFF7 code, Rehr et al. 1992;

g (NH,),P(Cl, P Zabinsky et al. 1995) were undertaken for typical;Ri@ PtCJ

- : P clusters (seven atoms) to ascertain the previous qualitative as-
| MS feature M feare signments of the XANES features (Fig. 2, right). The cluster
Pt L;;; absorption edge Pe L, absorption edge structure information is taken from the model compounds

Lsao 1100 liedo 11540 11s90  11ea0  NaPt(OH) and KPtCk. The FEFF7 code can be utilized to

ENERGY (eV) calculate XANES spectra for single-scattering events (such as

that related to a Rt O path of the excited photoelectron which
FIGURE 2. (left) Experimental Pt -edge XANES spectra collected COrresponds to a single O backscatterer) as well as for mul-
for various Pt-model compoundsight ) calculated XANES (FEFF7 tiple-scattering events (e.g., © Pt ~ O, involving several O
code) for PtQand PtCJ clusters showing the effect of Pt-O and Pt-Cbackscatterers). MS paths up to 6 A in length were included in
multiple-scattering paths near 3.7 and 4 A on the MS feature neartf@ XANES calculations for these simple Pt PtC} clus-
eV after the main absorption edge. Note also the change in tegs. Self-consistent Hedin-Lundqvist potentials were used (see
absorption edge posmo_n and intensity as a function of the F_’t'redZébinsky et al. 19951mnd the energy of the Fermi level was
?;ate ?nf? nature of the ligands (O vs. Cl), as measured experimenigy o cted by +4 eV to account for the +4 oxidation state of Pt.
9. left). All spectra were shifted by +25 eV to correspond with the ex-
perimental monochromator energy calibration. All other FEFF7
parameters were set to their default values. For each cluster
(PtG; and PtC)), the XANES spectra were calculated assum-
from the 2, core level to empty valence and continuum leving two models: first, single-scattering (SS) contributions only,
els (see Horsley et al. 1982; Mansour et al. 1984). The intémd, second, the sum of single- and multiple-scattering contri-
sity of the absorption edge has been directly related to thetions (Fig. 2, right).
density of unoccupied d states (allowed transition from 2p to Comparison of the ab-initio XANES spectra with the ex-
5d levels). However, others attribute these features to multipfeerimental spectra confirms that the experimental,Péedge
scattering effects of the ejected photoelectron wave from ttiata can be accurately reproduced assuming SS and MS ef-
central absorbing atom among its nearest and next-neafests involving only the first shell of neighboring atoms around
neighbors (e.g., Natoli and Benfatto 1986). In using the FEFH¥® central Pt. The MS feature located at ~10-20 eV above the
multiple-scattering formalism to model the Rt-edge region, absorption edge is observed only when MS paths are included
we have verified the appropriatenesstitd latter interpreta- in the calculation. Ab-initio calculations also suggest that this
tion. The characteristics and origins for these edge featuresMi® feature is affected in position and intensity by the nature of

presented below. the ligands around Pt For Cl-first neighbors, its position is
shifted to lower energies compared to that observed for Pt-O
The Pt L, -edge crest ligands (it is also less intense). In the FEFF7 calculation, this

The absorption edge is more intense for therddel com- feature results froma @ Pt ~ O scattering path of the ejected
pounds considered than for metallic Pt. Also, the energy poghotoelectron within the Pt@luster. This path has an effec-
tion of the absorption edge feature is shifted toward hightive length R of about 3.7 A. For the PsCluster, the same
energies with increasing Pt-oxidation state by ~2 eV (Fig. @jpe of MS contribution is detected but with a greater length
left). There is also a weaker but significant variation in the afR = 4.0 A), because of the larger ionic radius of CI compared
sorption edge and its intensity depending on the nature of theD (1.7 and 1.4 A, respectively). Because the energy posi-
ligands (O vs. Cl) around P{Fig. 2, left). When Pt has oxy- tion of XANES features is correlated with®Rsee Natoli and
gen nearest neighbors (aiPtO, and NaPt(OH), model com- Benfatto 1986, among others), the MS feature for thesPtClI
pounds), the absorption edge is more intense (sharper) ahiter should therefore be located at a lower energy compared
shifted by ~2 eV to higher energy values (Fig. 2, left) relativte that for Pt@, which is what we observe.
to Pt* with chlorine nearest neighbors [as inPKCl; and

(NH,),PtCk model compounds]. XANES for the Pt-glasses
For the Pt-glasses studied (Fig. 3), the RXANES spec-
MS feature tra are similar to those observed fot*# model compounds

In addition to the absorption edge, a feature located betwdenPtO,, NaPt(OH)]: the Pt Ly-absorption edge is intense and
12 and 24 eV above the maximum of the absorption edgecentered around 11569.5 eV. This suggests that Pt is mainly
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FIGURE 3.Experimental Pt-|, edge XANES spectra collected for  FIGURE 4.FT of thek®-weighted extended EXAFS spectra for the
the Pt-containing CAS glasses. The spectra are consistent with ithedel compounds. Note the strong Pt-Pt correlation for metallic Pt
presence of Ptcoordinated by six O atoms, as suggested by theoreticadar 3 A (in the FT, distances are uncorrected for backscattering phase-
XANES calculations (cf. Fig. 2, left). shifts).

tetravalent in the glasses studied. No significant amounts of The absence of Pt-Pt contributions near ~3 A in the FT for
metallic Pt or any other reduced or highly oxidized Pt-specit®e Ca3.and Ca ,sglasses (Fig. 5, left) rules out the presence
(such as Pt P#*, or Pt*) were detected (indicating they areof significant amounts<(10% of the total Pt atoms) for metal-
absent or present at concentrations less than 10 at%). In alidiPt in these samples. This result is in agreement with the
tion, the MS feature located at ~20 eV above the absorptiEANES results (presence of an intense absorption edge shifted
edge is observed, like in the NaPt(@HBhda-PtO, model com- toward higher energy). In contrast, the FT values calculated

pounds (Fig. 3). from the EXAFS spectra of the glasses (Fig. 5, right) show an
intense peak centered around 1.7 A (uncorrected for backscat-
EXAFS spectroscopy tering phase-shift). This contribution arises from O atoms first

The FT values for the model compounds (Fig. 4) show aeighbors around Pt, like in the NaPt(@H)odel compound.
intense contribution centered around ~1.7 A [as in NaP{{OHpitting of EXAFS oscillations for the Gg and Cassglasses
anda-PtQy)], ~2 A [K,PtCL and (NH),PtCL] and ~3 A (metal- gives 6.6+ 1 oxygen atoms around Pt at an average Pt-O dis-
lic Pt). In the FT values, distances are uncorrected for batince of 2.08-2.02 0.02 A (Table 2). The Pipolyhedra
scattering phase-shifts. This contribution is due to the presest®w relatively little radial distortion (the anharmonicpa-
of first neighbors around Pt (O, ClI, or Pt, respectively). Thameters are nearly zero). The EXAFS-derived average Pt-O
larger ionic radius of Cl compared to O causes the Pt-Cl peadiktance for the glasses studied is consistent with that observed
to shift to longer distances compared to Pt-O pairs. These mddel PO, polyhedra in crystalline NaPt(OHJBandel et al.
compounds show little evidence for next-nearest neighbdr879). Some minor or trace amounts of other Pt-coordinations
around Pt because of disorder effects (positional and thern{dland/or 5, if possible) are not excluded in these glasses, but
see Brown et al. 1995). sixfold coordinated Ptis the dominant species.
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The peak near 2.5 A in the FT arises from MS effects withMedium-range environment of P#*
the PtQ units (this peak disappears from the FT when the FT is ynfortunately, no information can be derived from XAFS
calculated for &-range starting above= 4 A No clear evi-  gpactra about the medium-range structure‘vfiPthese glasses
dence for second-neighbor contributions (Pt, Al, Si, or Ca) aroupgcayse there is no clear contribution in the FT above 3 A. The
the PtQ polyhedra was detected in either glass. EXAFS specftg of second-neighbor information in the XAFS spectra of Pt
for the two other glasses (& and Ca ) were not collected i these glasses is in contrast to the XAFS spectra of other
because the signal-to-noise ratio is too low and because theifions such as Zrand Ti* in similar glasses which show clear
XANES spectra are similar to those collected for the two othggcond-neighbor contributions in their FT values (Farges et al.
glasses investigated in this study {Gand Cao.- 1991; Farges 1999). This lack of information may be due to a
complex medium-range structural environment arouftifPt
o ] ] ) the CAS glasses being considered. Data collection near 4 K in

The structural and oxidation state information derived froppege glasses can be performed to minimize the effects of ther-
XANES spectra of the Pt-containing glasses in the CaOAl 15 disorder on XAFS spectra (and therefore can promote con-
SiG, ternary is consistent with that derived from the EXAF§iputions from second neighbors such as weakly bonded
spectra and suggests the presence‘ddPpolyhedra. No Sig- network modifiers which should exhibit significant thermal
nificant amounts (<10 at%) of Pand/or P¥" were found in - motion even at room temperature). However, it was not techni-
these glasses. Thus, the solubility of Pt s clearly favored undgfjy feasible to collect low temperature XAFS data with the
oxidizing conditions in the Ptform, which is similar to the cyrently available XAFS spectrometers and sample cryostats,
correlation between solubility and oxidation state observed fQiR/en the very low Pt concentrations in these CAS glasses. Also,
other cations with variable oxidation states (e.g., Mo, U, Veglost of the available XAFS data for highly charged cations in
et al. 1987). These results are consistent in part with the elgfirate glasses show that collecting data at very low tempera-
trochemical information derived for Ptin similar glasses (Dabj§es does not result in a dramatic improvement in EXAFS spec-
et al. 1996), whereasPts found to be a major Pt-species inry (j.e., there is little improvement in resolution of
CAS melts prepared under moderately oxidizing conditiongecond-neighbor frequencies). This observation suggests that

These experiments also suggest the presence of large amoyfa$ack of second-neighbor contributions in the REXAFS
of P£*in the most calcic glasses of this ternary system synthe-

sized under oxidizing conditions. However, our direct XAFS
results do not confirm this suggestion. Also, no evidence for
P#*was found in any of the glasses studied, as previously su@sLe 2. EXAFS-derived anharmonic structural parameters for

DiscUssION

gested from solubility experiments (Borisov et al. 1996). Our the glasses studied.

direct spectroscopic results therefore suggest that the interpre- Oxygen shell N
tation of solubility information for Pt as a function of the oxySlass N E ;22 %

gen fugacity is not straightforward. A slope of ~+1/2 in the o6 (239 0(039 5 5)02)0 5057
plot of the Pt-concentration in glasses as a function of oxyg@iii:; 6.7 208 0.011 00015 0063

fugacity during synthesis may not always be indicative f Pt
Other factors, such as the formation of a passivation lay&fr®) 1 002 0002  0.0005

. . . * Chi-square factor of the fit to the data.
around Pt particles, may influence the slope in these pl(%%]es: N, R, 62, and C; are, respectively, the number of neighbors, the

(Amossé et al. 1990; Dablé et al. 1996; see also Capobiancavétge Pt-O distance, the absolute Debye-Waller-type factor, and the
al. 1994). third-order anharmonic cumulant at 293 K.
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spectra of the CAS glasses is more likely related to a high {le-
gree of positional disorder in the medium-range environmgnt
around Pt.

The lack of discernible second neighbors around Pt in {
CAS glasses may therefore be related to a preferential conrjec-
tion of the PYOs units to network modifiers (Ca) instead of
network formers (Si, Al). Also, Ptis found mostly in oxide (4]
compounds, with very few Pt-silicates known. The FT df Si
Na,Pt(OH), (Fig. 4) is a good example of the presence of weallly
bound second-neighbor cations around Pt on thg FEXAFS
spectrum; in this compound, Na second neighbors could not
detected because of their significant thermal and positional d
order around Pt.

L La

Bond-valence models

To test the hypothesis that Pt in the CAS glasses has
second neighbors we can use a bond-valence model to ex
ine different types of second-neighbor environments arou
the PtQ polyhedra. This model (see Farges et al. 1991) is bag
on the idea that Pauling’s second rule (Pauling 1929) should
valid for oxide glasses. The Pt-O bond provides ~0.7 valer
units (v.u.) £/6 ~0.7 v.u.). To calculate Ca-O, Al-O, and si-d
bond valences, we must know the coordination numbers of
Al, and Si cations in such glasses (reviews of such data car be
found in Brown et al. 1995 and Stebbins 1995). These reviews
suggests that Si and Ca are mostly likely fourfold and sixfold fgyre 6. Bond-valence model of the local structure arourid Pt
coordinated, respectively. The bond valenced@®i-O and i, the oxide glasses studied*Rnust bond to non-bridging O atoms
MICa-O bonds are around 1.0 and BR05 v.u., respectively. which may be threefold or fourfold coordinated, respectiviéiy,

For Al-O bonds, the bond valence is about 0.75 because #@ns are surrounded by dM&Ca and onéVISi (less likely because
main Al-coordination in these glasses is fourfold (Engelhar@t solubility is not high in melts with Si-rich compositior¥)Q, atoms

et al. 1985; Poe et al. 1994; Stebbins 1995) in agreement wiglve twd*’Ca and oné’ Al nearest neighbors. Two other types of O
thermodynamic and Raman scattering information (Neuvilgioms bonded t&’Al and/or ™Al (Os-type and Qtype) are also

et al. 1994). Higher Al-coordinations (five or six) have begpfausible. Finally @type atoms, bonded only t§/Ca, may be the
reported in these glasses (Poe et al. 1994; Giuli et al. 1995) ggpt common type of NBO around'Fin CAS glasses.

at minor levels (no more than ~20% of the total Al). However,

in the medium-range environment around Pt these higher finally, a model with only network modifiers (Ca) bonded to
coordinations cannot be excluded bec&lia&Al, if present, the O atoms coordinating Pt (througl &@oms) is also pos-
could be more abundant thart*fh these glasses. sible. This type of second-neighbor environment around Pt is

Based on the assumptions stated above, the bond-valefaethd in the model compound Mt(OH). Medium-range
model can be used to derive two plausible structural arrangeructural environments around Pt that are combinations of the
ments around O atoms of a R@lyhedron (Fig. 6). One pos- models presented here are also possible.
sible structural arrangement involves one Pt, one Ca, and one
Si bonded to O (see;@toms in Fig. 6). The valence balancé structural model for the solubility of Pt* in oxide glasses
around Qatoms (0.7 + 0.3 + 1.0 = 2.0 v.u.) satisfies Pauling’s The presence of @ype O atoms around Pt is less likely
electrostatic valence principle at room temperature. Th® O because Pt-contents in the CAS glasses increase with decreas-
atoms are threefold-coordinated and non-bridging (NBO), airty SiO, contents, suggesting little structural correlation be-
the presence of some Si is required in the glasses in ordetwieen Pt and Si in these systems, as previously stated. Corner
achieve valence balance. When Al replaces Si (se#oMs in  sharing of Pt@octahedra and AlQtetrahedra may be a more
Fig. 6), two Ca atoms are required around oxygen to compéiRely type of linkage (models involving Qype O atoms) be-
sate for the deficit of bond valence due to this substitution (G@usd™ Al is by far the most abundant Al-species in glasses/
+2x0.3+0.75=2.05v.u.). The,@toms are fourfold coordi- melts of this ternary system (alternative models involtiid
nated NBOs and requilé Al for valence balance. Other plau-and Al are also possible throughsCand Q-typeO atoms).
sible bond-valence models can be postulatedithor VAl O,-type O atoms arourid! P+ would require ~6 Al and 12 Ca
in the second-neighbor coordination shell df Ptwe assume in the medium-range environment of Pt. This large number of
that these Al coordinations are present at significant levelsvigakly bonded Ca atoms, which can have a relatively wide
these CAS glasses. For example, fourfold coordinated NB&mge of Ca-O distances and Ca-O-Pt angles, should resultin a
are possible bonded to two Ca and 8 or bonded to one disordered medium-range structural environment around Pt.
Ca and twd"1Al (O; and Q atoms, respectively, in Fig. 6). This suggestion is consistent with the lack of detectable sec-
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ond neighbors in the Pt Ledge EXAFS for these glasses. The Lippmaa, E. (1985) Structural studies of calcium aluminosilicate glasses by

. high resolution solid staféSi and?’Al magic angle spinning nuclear magnetic
same conclusions can be reached f@t}@e O atoms. There- resonance. Physics and Chemistry of Glasses, 26, 157-165.

fore, previous qualitative models of the medium-range enwairbairn, H.W. and Schairer, J.F. (1952) A test of the accuracy of chemical analysis

ronment of Pt, which suggest “CaRt@nits based on solubility __ 0f silicate rocks. American Mineralogist, 37, 744-757. .
ges, F. (1999) A Ti K-edge EXAFS study of the medium range environment

and electrochemical measurements (Antonenkova et al. lggadxaround Ti in oxide glasses. Journal of Non-Crystalline Solids, 244, 25-33.

Dablé 1996), are consistent with the bond-valence modé&ksges, F., Ponader, C.W.,, and Brown, G.E. Jr. (1991) Local environment around
; : incompatible elements in silicate glass/melt systems. I: Zr at trace levels.

shown in Flgu,re 6. . . X Geochimica et Cosmochimica Acta, 55, 1563-1574.

In conclusion, the solubility of Ptin CaO-ALO;-SiO,  Gaskell, P.H., Zhao, J., Calas, G., and Galoisy, L. (1992) The structure of mixed

glasses/melts examined in this study is consistent with the pres.cation oxide glasses. InL.D. Pye, W.C. LaCourse, H.J. Stevens, Eds., The Physics

i f Non-Crystalline Solids, p. 53-58. Taylor and Francis, London.
ence of a large number of network modifiers, such as Ca, amlgim‘;er, R.J. (1971) The contamination of glass by platinum. Journal of Non-Crys-

Pt. Also, some oxygen dissolved in the melt (in equilibrium talline Solids, 6, 294-306.

with the atmosphere of the furnace) is required to favor tf&! G. Romano, C., Courtial, P., Dingwell, D.B., Mottana, A., and Marcelli, C.
(1995) X-ray absorption evidence for variable coordination of Al in melts along

oxidation of metallic Pt (Dablé 1996). Network modifiers (M)  the join CaAl,0,-Si0,. EOS, 76, F660 (abstract, AGU Fall Meeting).
with similar Me-O bond valences (~0.3), as well as relativeljigby, P.L., Ginther, R.J., Aggarwal, |.D., and Friebele, E.J. (1990) Glass formation

: : _ _and thermal properties of low-silica calcium aluminosilicate glasses. Journal of
small alkali cations (such as Na), should also promote Pt-solu Non-Crystalline Solids, 126, 209-215,

bility. If we assume that CAS glasses and melts contain twersley, J.A. (1982) Relationships between the area gkiray absorption edge
types of percolation domains (one consisting primarily of the resonances and the d orbital occupancy in compounds of platinum and iridium.

network formers Si and Al, and one consisting primarily of the, J°urma of Chemical Physics, 76, 1451-1458.
' gp y h@elm, M. and Oser, B. (1991) The platinum metals in HLLW-glass products. Mate-

network modifier Ca (Eckserley et al. 1988; Gaskell et al. 1992) rials Research Society Symposium Proceedings, 257, 177-183.

then Pt should be strongly partitioned into the Ca-rich do\ansour, A.N., Cook, J.W., and Sayers, D.E. (1984) Quantitative technique for the
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mains, as CaF”Oe-type units. lyst using the L; X-ray absorption edge spectra. Journal of Chemical Physics,
88, 2330-2334.
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