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Chemical valence speciation analyses
of multivalent elements in glass (2)
Speciation of tin ions in oxide glass containing iron oxide
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Multivalent elements are incorporated as trace elements into glass to modify its properties.
Both the total concentration of multivalent elements and the specific concentration of each
valency of the element significantly influence the characteristics of the glass. Therefore,
accurately determining the concentration of each valency of multivalent elements in glass is
crucial for optimizing its properties. Reliable methods are needed to accomplish this task,
which should ideally be feasible at mass-production sites to perfect the properties of the final
product. These methods should also be easily implementable using standard laboratory
equipment and instruments. In this paper, we introduce and demonstrate a novel method for
determining the concentrations of Sn®" and Sn** in glass containing iron oxide. Ascorbic acid,
acting as a reductant for Fe**, was added during the acid decomposition of the glass samples.
This was followed by the separation of Sn?" from the decomposed solution into the organic
phase as a diethyldithiocarbamate complex. We then employed inductively coupled plasma
atomic emission spectroscopy to measure the concentrations of Sn*" and total Sn, which
allowed us to calculate the concentration of Sn?". The results were confirmed by comparing
the ratios of Sn?* to total Sn (Sn redox) with results obtained from Mdssbauer spectroscopy.
Moreover, by integrating this method with the step etching method, we obtained
quantitative concentration profiles of total Sn, Sn**, Sn?*, and Sn redox, measured depth-wise
from the tin surface of float glass. Our findings corroborate previous research and reveal
that our method offers the finest depth resolution compared to existing methods.
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Table 1 Sample names and the concentrations of dopants used given in mass%

Sample name SLS-MO1 SLS-M02 SLS-M03 SLS-M04
SnO, 0.50 0.50 0.50 0.50
Fe:03 0.05 0.05
Carbon 0.50 0.50
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Fig. 1 Schematic representation of the experimental setup for decomposition of the glass
samples. Glass samples are decomposed in the PTFE decomposition vessel with
nitrogen flow. The nitrogen flow in the vessel is confirmed by the presence of nitrogen
bubbles in a polypropylene cup filled with water.

glass material

& etchant
(tin side to be etched) -

nitrogen(outlet)

glass bell

polyethylene bag

beaker

ultrasonic bath

tap water

Fig. 2 Schematic representation of the experimental setup for etching of the glass sample.
The sample is etched in the polyethylene bag with ultrasonication at 28 kHz under

nitrogen flow.



Table 2 ICP-AES measurement conditions

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 Sn(II) : 189.927 nm

Si(I) : 251.612 nm
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7T AN 7 HOSnOAMEGATIZ BT, Ei

FRAEIZ. total SniZ 2w Tid0.003 mass% (as SnO2).
Sn*HZ DV TiZ0.004 mass% (as SnO2) TH -7z
BCAR AT F A DR S FH R OSnliEsHric BT, 4l
OF%M (16 4 x4) cm?) OFFA%] umiESTT
v F v L7k &, total SndB L USn* D TRl
IFW3 I $0.02 mass% (as SnO2) TH -7z

3.2. NIV RBROSNOMEB S TERE LVER

Table 3124 T A3V 7 3k (SLS-M01~04) @
total Sni . Snt R, Sn?' R (4 Tas SnOq
mass%). B L USn redoxDHHERERT, MO
B R LEBRIC B 2 BRI RIFCH 50 tko
FHR TR L 72SLS-M033 X O'M04MSn redox!Z
FRAEYE D Z5 P A TR L 72SLS-MO1B X UMO02i2 5t
LTl TERSRPHA Z I L 76 R S T v b,

Fig. 3125 (300 K) TOHY Y TN DA AN
T—=ARZ MV ERT, SLS-MO3IZ2 W CHlERE
W (78~300 K) TOAANT T —ARZ M Vb
K7z, SLS-MO3H DSn?™ B X USn** D 7 /35 1 1
ODIFZNZh185 K, 266 KTH-7-8, Zhbofi
3. WEOYV =554 555 APDSNZEB L St D
TN T OREAE T 235658 (2 X —F L7z ko
TSLS-MO3DSn* B L O Sn*" O F A fifEE, Zh
EHUBEANEIZ U R EH T2 2 L1374 TH
HEHIWI L7z T2 homsnzEilicBIr 5
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~MO04®DSn redox% /3o fLFEGHT DOFFHH & FIERIC
SLS-M0335 £ U'M04DSn redox!iZSLS-MO013E L ¥
MO2IZxF L CTHE Do 72,0

Fig. 4{C 2D H P Tilllg SM72Sn redox® MLk %
Ao XBMDRAZNY T =0 EDO LT —N—1F, ¥
—  SHEDOARTEN S L LT2 %E L7ze vyl b5
WiEDT T —N—13# ) ZRLMEDORHRDLIe L L
720 TNHDOTOOTHIT L BSn redox kG i,
Bk a5y v 7V ok E GO, L —F L7
X o THBUIRE S NIALZEGHT T DO Z M PEAHGIE
EN-bZz2 oMb, BB, TOMIET- 72240

WO RAIEE R L ® & B .

3.3. RIKOHEIDOREAEMDOSEE 5 ITiER
FEUER

Fig. 5127 9 A OTinlfi 2 S S KNI KT %
total Sn. Sn'", Sn?"EEE. B X USn redoxZRT
Total SniEfEI3IFHTH1A mass%TH V. kKA
P HRSHINIZIHA L, 7~8 umig S T -~
ZR 720 TOPROE—=2713nbWwb A A0} 75
4 P¥—2 (tin hump) T. ZDHEIZHFI0.6 mass%
THo72o Total Sn EEEIZtin hump X D HEWEGT
TR Ly % E17 umT0.05 mass% Al T
5720 SnPHEEL XM H HAUIEA L, NERICE —

Table 3 Concentrations of total Sn, Sn*" and Sn** in the glass samples given
in mass% of tin dioxides, as well as the calculated Sn redox.

Total Sn (as SnOz Sn*" (as SnO» Sn?" (as SnO»
; o - Sn redox (%)
mass%) mass%) mass%)
n=1 0.406 0.367 0.039 9.6
n=2 0.391 0.351 0.040 10
SLEAMIL g 0.404 0366 0.038 94
Avg. 0.400 0.361 0.039 9.8
n=1 0.403 0.382 0.021 52
SLS-M02 =2 0.390 0.368 0.022 5.6
n=3 0416 0.392 0.024 5.8
Avg. 0.403 0.381 0.022 5.5
n=1 0.317 0.090 0.227 72
SLEMOE n=2 0.350 0.086 0.264 75
n=3 0.333 0.085 0.248 74
Avg. 0.334 0.088 0.246 74
n=1 0.333 0.080 0.253 76
=2 0.344 0.084 0.260 76
SLS-M04
n=3 0.341 0.086 0.255 75
Avg. 0.339 0.083 0.256 76
Table 4 Sn redox measured by Mdssbauer spectroscopy corrected
with the recoilless fraction at room temperature (300 K).
Sn Redox (%)
SLS-MO01 11
SLS-M02 52
SLS-M03 73
SLS-M04 a7
Sn** + 2e~ o Sn?* E° = 40.15V €))
Fe* + e~ © Fe?* E0 = +0.771V )
2Fe®t + Sn?* - 2Fe?* + Sn** 3)
C¢HgOg + 2H* + 2e~ & C4HgOg E° = 4039V O)
2Fe3* 4 CgHgOg — 2Fe?t + C¢HeOg + 2H* 5)
Sn?*(as Sn0O, mass%
Sruredow (36) = Total Sfl (as Snz()2 massz/o) 4 HoR 5}
) Si in solution total Sn (%) X 30 (mL) x 2.14
Etching depth (um) = @)
Area of sample (cm?) X 2.50 (c%) X 71 (Si0, mass%)
Inf = — 6Er 1 )
k03
2
R ©
A = const X f (10)

Z T SRR, TIEWERE,. Op &7 N1 R, kg3 RNy~ Ve, ERIZBBET ANV F—, Ey g A AN 7 —
HYRBIINF— (2387 keV), MIZSHMEE R (11890331 w)\ CIEIGHEE, A IREIGHIE RS,
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Sn redox!X10 %A F T4 (294 L7z Tin hump
LD EREFIETVDW S EITTETH D), tin hump&
DIEVETIEVDWLRILETHL L FR S,

I TAMBFICTH O N RICOWTERE 1T
Yo BEMOSNYE—21%, HTANTH— bINAH
DERALTRPHS (K5 1S E LB BRI Sn 2R iR AL
T5Z RN LERT 2 &SI Tng 244752
Total SniZx35Sn?"dH L < IISn"" DEIFITDOWT
& WmEM% KR <tin humpd b &V HHE T,
Sn?*%%% £ (Sn redox#%E < ). tin hump & 1) WS
5Tl total SndFII0 %ASn**TH S (Sn redox
AHI10 %) T ENEEICHS N E o, ZhUE
et rhffge (23242649-5256) it 2 PRI 3L CTB
0. BERTRENIEHB L OMRILET A = A L%
35,

— 5T, AWZETIE, tin hump & ¥ HiEVEICIE
I — B EOSNAEET B 2 L H O NI L7,

SLS-Mo1
SLS-MN
0
c |sLs-mo3
3 -
o}
@)
SLS-M04

-8-6-4-20 2 4 8
Velocity (mm/s)

Fig. 3 Méssbauer spectra of glass samples with standard
soda lime silicate glass mass% composition
16.5Na,0:9.4Ca0+74.1Si0,, doped with 0.5 mass%
Sn0O, at room temperature (300K). Red line shows
the fitting result of the measurement result (black
circles). Green line shows the fitting result of Sn*.
Blue and light blue lines show the fitting results of
Sn*". Because the peaks of the two sets of Sn**
doublets of SLS-M03 and SLS-M04 are connected
continuously, it is difficult to deconvolute them
uniquely, as discussed in the text.
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Fig. 4 Comparison of the Sn redox obtained by Méssbauer
spectroscopy and the proposed method. The values
measured by Méssbauer spectroscopy were
corrected with the recoilless fractions at room
temperature (300 K). The red dotted line indicates
y=x for reference.
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Fig. 5 a) Concentration of total Sn, Sn*, and Sn*; b) Sn
redox, as a function of depth from the tin side
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