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We analyzed polished glass products from diffusion couple experiments [1]. Two types of experiments were 
conducted at pressures from 100 to 200 MPa, temperatures between 1050 and 1200°C and pH2 ~ 0.2 bar in 
soda-lime silicate (NCS) glass melts. Type (i) internal redox reaction experiments contained a sulfate-doped 
and a sulfide-doped glass cylinder, and type (ii) external redox reaction experiments a H2O-doped (~3wt%) 
and sulfide-doped glass cylinder. Sulfate was introduced as Na2SO4, sulfide as FeS or Na2S. These 
experimental setups were used to obtain information on the transport and reaction kinetics of sulfur species 
and changes in speciation in silicate melts. 

We used beam spots between 200 µm and 50 µm in diameter to record single S K-edge XANES spectra. 
Analyses with a beam focused to 0.8 µm diameter showed strong beam damage (photo-oxidation or photo-
reduction), which was particularly high in the H2O bearing samples. To keep the original sulfur species and 
minimize beam damage effects in the experimental glass products we recorded XRF line scans at fixed 
energies of 2467.0 eV, 2476.0 eV (sulfide) and 2482.5 eV (sulfate). Background and total sulfur were 
analyzed at 2460.0 and 2515.0 eV, respectively. We used beam sizes between 20 and 50 µm along the 
diffusion sample. These scans were suitable to obtain information on the diffusion of the diffusion sulfur 
species. 

 
In type (i) experiments sulfate penetrates into the sulfide-bearing part, while sulfide diffuses into the sulfate-
bearing part of the sample. Our XANES results on type (i) samples showed, that no intermediate sulfur 
species, i.e. sulfite [2], is formed during this redox exchange. The process can be described simply by a 
counter flux of sulfide and sulfate. Thus the species do not change their individual oxidation state (Fig. 1). 
Diffusion coefficients of sulfide and sulfate were calculated from fitted sulphur XANES XRF line scans, 
showing similar results for both sulphur species (log D = 13.4 ± 0.1 (D in m2/s) at 1100°C). This indicates 
that the kinetics of sulfur redox exchange is controlled by sulfate diffusion. 

In type (ii) experiments water diffuses into the sulfide-bearing part of the diffusion couple. H2O diffusion 
is orders of magnitude faster than sulfur diffusion [3,4] and, hence, H2O penetrates into the sulfide-bearing 
part while sulfur is essentially immobile. XANES spectra show the formation of a sulfur pre peak at 
unexpected low energy, which is also detected in the XRF line scans (Fig. 2). Its intensity is related to the 
H2O concentration measured by IR-microspectroscopy during CH2653. Additionally, the sulfide peak 
position shifts from 2474 to 2477 eV with increasing water concentration. However, no change in the redox 
state of sulfur occurs when the oxidizing agent H2O diffuses into the sulfide-bearing glass. This might be 
explained by local buffering of the oxidation state of sulfur by hydrogen generated via the reaction: 
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Fig.1 Type (i) glasses, a) S XANES spectra taken along the diffusion profile, b) XRF line scans along the 
diffusion profiles. 
 

 
 
Fig.2 Type (ii) glasses, a) S XANES spectra along the water diffusion profile, increasing intensity of the 
sulphur pre peak is related to the H2O concentration, b) XRF line scans along near the diffusion couple 
interface. 
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