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Due to iron impurities in the raw materials, it is typically difficult to produce industrial
glass without iron. From ultraviolet to infrared light, iron in soda-lime glass absorbs light
over a broad wavelength range. However, reports on the relationship between the optical
absorption and structure of the surrounding ions are few.

Herein, the structure of the surrounding ions of iron in simplified soda silicate glass with
MgO or CaO is examined in detail. The glasses composed of NaO, SiOs, and alkaline earth
oxides (MgO or CaO) doped with FeO were strongly reduced to focus on the investigation
of Fe?*. The surrounding structure of Fe?* was examined using light, X-ray absorption
spectroscopy, and molecular dynamics simulation. The results suggest that Fe?' ions in
NaxO-Ca0-SiO glass show the longer Fe-O bond length and the higher degree of distortion
of FeOg octahedra as compared with those in NaxO-MgO-SiO; glass.
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Table 1 Parameters which affect iron absorption
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Fig. 1 Comparison of the absorption spectrum of Fe2* in Na,O-RO-SiO» glass with the Tanabe-Sugano diagrams. (a) Absorption
spectrum of Fe2* in Na;0-RO-SiO;, glass (R =Mg0, Ca0). The horizontal axis is the value standardized at the peak top. (b)
Tanabe-Sugano diagram d® (oct) spreadsheet (B = 1000 cm™) (c) Tanabe-Sugano diagram d® (tetra) spreadsheet (B =

1000 cm™)



DHFTA%EHNFTACEFTKRLT bo T AHTOFeDAli
BlZowTid, V=394 LBLIOFITABH T A
DALZEGHT D 728 OFEHERER i (ASTM C169-16)
WZHE > THIE Z TV Fe 28100% TH A 2 & &AL
720 BAVTHARSL (UV-Vis-IR) @4 6HlEI1ZUV-
Vis- IRGIBERE OS—F YT~ — 1 5 24 45950)
EHOVTHE %7 5720 XAFSOMEIZD VT,
SPring-8MBL0O8B2% M\ CTFe®Kiii TEXAFSOilll
Ex{T o720

2.2. itEHE

XAFSH B RD7-FeDEFE 4 & MDATHEIZ X 5 8)
BN % T 5720 1CDUDET v ¥ % V& W T
MDETHE & 1T - 720 #8KT- 2012200005 1. NFe?* A
F V4T & Lz

BHTAETFTIVOMEEIL, T, 2000000051225
5T v AR Z3500 KE TR L. 3500 KT500
psil, WIS OREN R D X B L7z, IR,
1 K/ps®D#3IdE <. 300 K THIBICIREZ FUF72
DB, 300 KTL00 pshilflik & ffl S 7z, T
IZiE, |B0100 psfIDF— % iz, §XTO
MDEMEIE, R - B —2 b kX Hic, o
Jiik 0000 Z HLCHIBIL 720 728, E130.1 MPa
—E & L7zo MDAIMEIZIZLAMMPS 12 % Hwy, 1 fs
DR IR A CIREIAR 5% FAT L 7o TR AR
13Buckingham®®Teter Potential 13 2 L7,

3. KRIEREER

3.1. UV-Vis-IRGLEIE

Fig. 1(a) IZEZHEOWINA R bV & 7RT o #Ei
WAV F— () - BN BARAL L 72 00URE %
R L720 Fe RMICHERE Z6MEI L. SR
NIMAEEZ 2 L Twb 5L, MAETRSFA YT
T LD B, TR RE R d-dERO T AV F -1
Fig. 1(b) THEN5b, 22T, HllZODIESEAL
THOMESERLTWD, KEMBHIZT 57201250
F5HIE & SHIHOKLOA L LIHIHEY B L7, =
MIF LIRSS I T H 0 1HIAN O BRI
WO TH D, Tz, FERICFe 25 PRI 3% & M
AL, SHOPIENEFREEEZ 2L TV LT 5
L. HBER Y A4 Y 27T LIdFig. 1(c) TIN5,
Fig. 1(a) T3 T9000~10000 cm?% ¥ — 2
by TEFT BT FERIRHERETE %, 2O —
7T NH ) TSRO E Mgh HCallZE x5 2
ETRIANF=POHKIANVF—IZE—=2 VT b E
LTWwb, F72. 5000 cm I/ EWgine — 2
MR TE 2o V=554 LFH 5 AhDFe? 12611
A100%TH % Z & G 19 EhTw A Fig. 1
(b) DB TH5%10000cm™ &% 2 % & 5000cm i3t
IZIZHER A2 £ 6E.DFeDd-ERIZE A D X
)BT ANF == I HDFET B LI1TE 21T,
—7 T, Volotinen® 19 [3#Nay0-Ca0-SiOx#' T Ath

TOFe OBRIEMOIHE L LT, 10000 cm L%
6B DPF—°E, 5000 cm fiH % 4B AL OPE—STo & L,
AR PVIZZENSLDOEREDETH S LIGFL T
%o F72. Vercamer®d © & 13Fe? o UK %
FoStauroliteD WL DWW T E— JHHEE 2 47
VW, TOEBBEMNZETTH S EHMELTWA,
L7255 T, Fe** OR-AOWIIZ6E L O F—ED &
# (10000 cm?) 4B OPE—T20:%# (5000 cm™?)
DERELETHALEEZ LI LIIRYTHS, Fig.
1(a) IZBWT, #T ACOENLFe? D F—ED &
BIANVE =2, HI7 AMPOZNIHRTMNESL R
5HDiL, Fe-ODMGHEHEESEL 2Y) REESR). Kl
M SRENKT L2720 e 52 5,

3.2. XAFS

INSH T AZOWTXAFSOMERFT 720 TD
FERIZDOWTFig. 2127”77, Fig. 203f AKX, Fed
pre-edgelZM¥M49 57100—7120 eVOHFPHZ K L T
RL72DbDTH 5B, I ACEH T AMTIL, pre-
edgellE1ZdH 5 D DDOEXAFSHEB ORI IZIT & A
CEDPHERTE RV, Z2T BV 7 k Athenall
Fig. 20XAFSAXRZ sVv# AH L, FeZrulhk L7z
KT OB AT B % ROFig. 318 L7z, B,
Fig. 3Tld. [IFIZHI%E L 7-Fe-filmHr dOFe-Felfi# %
TR Z MiIE LT 525, BE I © 02T
FD L) BIEZRIT > TOAR VIR E W72 & 20,
Fig. 3TlE. WTFhOH T 22OV TH15, 20, 28,
3SAMHEICE — 7 Bl & e 209 b, 15AR
ETIC L DO -2 2 EZ bNb, -2 LI
EXAFSANRY MV 77— TR L2 2123780
ICXBREE L O RIEHNELZLOTHY . K
B2 € — 27 T3 \vo 2AMED Y — 27 25Fellfit b
IHWFe-ODligiz KT -7 E2z 65, 2T,
CHOY— B % Table 212 F £ ®72, Table 212777
EI2H T AMD200A, #'F ACH2.03A &A% &
LENDLTNALNTZ, Fiz FRRICHIE L72FeO
(Wiistite) Of55IZFe-ODMEEIZ216ATH Y. #F
ZHDOFe-ODHEEANET X ) /RS T & - 72,

0.02
. J

6800 7000 7400 7600
E (eV)

7200

7800 8000

Fig. 2 Fig. 2 XAFS spectra of MgO (Glass-M) and CaO
glass (Glass-C).
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Glass-C.

Table 2 Distance of Fe-O of the first coordination

) Fe-O(A)
Fik — —
HTFAM HF7AC
XAFS 2.00 2.03
MD & 201 2.04

—F CXANESH#I Opre-edge S8y 7 775 R
ZILY Bz A2 bV EFig. 4128 L7z, Fig. 40
ANRZ MVIZiX, 71138, 71151, 7117.1 eVD32D
= HbIedbhrolz, Tz, WOEBIAILY
—D7117.1 eVOE =227V A Y I X 5 4EH R
250 Vercamer® © [3Fe? % &Ll OXAFSD
BB L B FHEE L O E TV, Zhbh X
{—HTHIELE2HRELTVD, ZOFHILHT,
Fe?*O6RAL OFE i (Siderite : Cay) 132D —2
(7112, 7113, 71145 eV) %R I B S5,
ARG & DHIHEDTIEH B A5, KT F NV F—HD
220 =7 DI ANF -3 (~1 eV) &, Ko
ETNENETH L, Lo, s vF—fllo—2
(AHENTINT] eV) 1E AHEO Y =27 AT R
F—MNZT7 FLTEH . SHUIENL T-HORHEAS
BT L2 EDNENTIEEWREER DL, T2, HT
ACTEHIANF—MDO Y — 7 BAHBEEIZ % 5 DI,
X OBMEDME T 55 2 L 2RIBT 5, SIS OMGE

D7D, SHETIVEIEIC L ) BL RO EMRDS
XAFSANRY MVIZH 2 5B ZFMI L T FET
H5bo
71138
0.07
~ 0.06
3 0.05 115:1
4 ans | / N
2 0.02 ¥
%’ 0.01 ’// R=Mg
= 0 R=Ca
-0.01 T

7108 7110 2112, 7114 7116 7118 7120
E (eV)

Fig. 4 XAFS spectra after removing the background of the
absorption edge of Glass-M and Glass-C
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