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Chemical valence speciation analyses
of multivalent elements in glass (1)
Determination of sulfide sulfur and sulfate sulfur
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Multivalent elements are incorporated as trace elements into glass to fine-tune its
properties. The overall concentration of these multivalent elements, as well as the
concentration of each element's valence, significantly impacts the glass properties. As such, it
is crucial to accurately determine the concentration of each valence in these multivalent
elements to successfully adjust the properties of the glass. Dependable methods to achieve
this are necessary and should be feasible at mass-production sites to enhance the properties
of the end product. These methods must also be consistently executable using standard
laboratory equipment and apparatus. In this paper, we introduce and illustrate a new
methodology for determining the concentration of sulfide and sulfate in glass. These
compounds influence the quantity of bubble defects in the glass and its color. Our method
involves separating sulfide from sulfate using a volatilization separation technique.
Subsequently, the remaining sulfate is separated from the rest of the glass component. After
separation, the quantities of sulfide and sulfate are measured independently using inductively
coupled plasma atomic emission spectroscopy. To verify our method's effectiveness, we
applied it to two glass reference materials. The total sulfur concentration, calculated as the
sum of sulfide and sulfate, fell within the certified value range for each material.
Furthermore, the average valences of sulfur, calculated from the sulfide and sulfate
quantities, were closely aligned with the average valences of sulfur determined via
wavelength-dispersive X-ray fluorescence spectrometric analysis.
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[40, 41]

Table 1 Certified mass fractions of glass reference materials

Certified mass fractions (mass%)

SRM 1831 (Clear)

SGT10 (Amber)

Si0, 73.08 (73.00-73.16)
ALO;3 121 (1.17-1.25)
NaO 13.32(13.27-13.37)

K20 0.33(0.31-0.35)
MgO 3.51 (3.46-3.56)

CaO 8.20 (8.15-8.25)

BaO
Fe O3 0.087 (0.084-0.090)

FeO 0.025 (0.018-0.032)
TiO2 0.019 (0.017-0.021)
Cr203

SOs 0.25 (0.240-0.260)

72.7 (72.64-72.72)
1.62 (1.587-1.644)
12.2 (12.17-12.23)
0.35 (0.344-0.357)
1.81 (1.807-1.820)
10.7 (10.61-10.75)
0.02 (0.020-0.022)
0.33 (0.317-0.322)

0.097 (0.095-0.099)
0.02 (0.018-0.022)

0.05 (0.043-0.058)
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Fig. 1 Components of the apparatus for decomposition and a trap. Glass materials are decomposed in the
PTFE decomposition vessel with nitrogen flow. Sulfide in glass materials is volatilized as hydrogen sulfide
and trapped by a mixture of hydrogen peroxide and sodium hydroxide in polypropylene cups.
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Table 2 Instrumental conditions of ICP-AES

RF power 1.2kW
Plasma gas flow 15.0 L/min
Auxiliary gas flow 1.5 L/min
Nebulizer gas pressure 0.75 MPa

Emission line S(I): 180.669 nm
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Table 3 Quantities of sulfide, sulfate, and the total sulfur in glass reference materials in the
form of sulfur trioxides and the average valences of sulfur determined by the
decomposition and trap procedure

Sulfur value in SO; form (mass%)

Average valence

Sulfide  Sulfate Total Sulfur of Sulfur
SRM 1831 Certified Value 0.25 (0.24-0.26)
N=1 n.d. 0.246 0.246 6.00
N=2 n.d. 0.246 0.246 6.00
N=3 n.d. 0.250 0.250 6.00
Avg. n.d. 0.247 0.247 6.00
standard deviation 0.0021 0.0021
Relative standard deviation (%) 0.85 0.85
95 % confidence intervals 0.009 0.009
SGT10 Certified Value 0.05 (0.043-0.058)
N=1 0.0481 0.0019 0.0500 -1.70
N=2 0.0479  0.0021 0.0500 -1.66
N=3 0.0479  0.0021 0.0500 -1.66
N=4 0.0481 0.0018 0.0499 -1.71
Avg. 0.0480  0.0020 0.0500 -1.68
standard deviation 0.0002 0.0001 0.0005 0.024
Relative standard deviation (%) 03 58 0.1 14
95 % confidence intervals 0.0002 0.0002 0.001 0.05
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Fig. 2 Normalized S-Ka X-ray emission spectra of stron

tium sulfate, potassium disulfite, sodium thiosulfate
pentahydrate, and zinc sulfide
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Fig. 3 Correlation between the specific valences of sulfur in
inorganic reference materials and their S-Ka peak
energies and the calibration curve measured by WD-
XRF. The size of the points covers the 95 % confi
dence intervals.
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Table 4 Comparison of the average sulfur valences of glass reference materials
between the proposed decomposition and separation method and the

WD-XRF

SRM 1831
SGT10

The proposed method WD-XRF

6.00 59+0.1

-1.68 £0.05 -1.6+0.2

Fe3* + e~ © Fe?* E° = +0.771V (¢))

S02~ + 4H* + 2 © H,S0; + H,0E° = 40158V (2)

The average sulfur valence=6 — 8

$2~ (as SO; mass%)

X
S2- (as SO3 mass%) + S°* (as SO3 mass%)

(3)
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