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Optical Absorption Spectra of Quenched Glassy Slags Containing
Iron Oxide

Takeyasu 110 and Kazuhiro S. Goro

Synopsis:

Liquid slags composed of Nay,O-Si0,—Fe,O5, Na,O-PyOsFe,0O;, and CaO-Si0,-Al,0;-Fe, O3 have
been equilibrated with various oxygen pressures at 1250°C, 950°C, and 1500°C, respectively. After quench—
ing, the glassy solid slag has been polished on the both sides and the optical absorption spectra have been
measured with an optical spectrometer.

A strong charge transfer band and five absorption peaks have been observed. The five peaks are inter
preted to be due to electron transitions from the ground state of §A g to T (D), %A,; —*E; (G), and
4T,e (G) (these three are attributed to 3d electrons of Fe3+) and from the ground state to °*Eg (octa-
hedral symmetry) and to *Ty, (tetrahedral symmetry); (these two peaks are attributed to 3d electrons of
Fe2t).

From the peak positions, it is deduced that oxygen anions are located around a ferric cation in the te—
trahedral symmetry in Na,0-810,-Fe,O; slags and in the octahedral symmetry in Na,O-P,O4;—Fe, O, slags
and around a ferrous cation in both tetra— and octa—hedral symmetries in the all slags studied.

The position of the edge of the observed charge transfer bands shifted to the lower energy position with
the increase of the Fe,O, addition, oxygen pressure, and the basicity. From the edge shift, it seems that
the charge transfer band is essentially due to electron transitions between the ferric cation and oxygen anion.

The reproducibility of the peak position was within 50 cm~! (0-006 eV) and the relative error in the mo—
lar extinction coefficient was estimated to be +15%.

(Received June 19, 1973)
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Fig. 1. Reciprocal wave length versus molar extin-

ction coeffiicient for various quantities of
added Fe,O; in Na,0O-SiO,-Fe,O; slags.
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Fig. 2. Reciprocal wave length versus molar extin-
ction coefficient for oxygen pressures of 1-0
and 10-% atm in Na,0O-Si0,-Fe,O; slags.
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Fig. 3. Reciprocal wave length versus molar extin-
ction coefficient for oxygen pressures of 1°0,
021, and 10-5 atm in Na,0O-Si0,-Fe, O,
slags.
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Fig. 4. Reciprocal wave length versus molar extinction
coefficient for oxygen pressures of 1:0 and
10-8% atm in Na,O-P,0;-Fe, 0O, slags.
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Fig. 5. Reciprocal wave length versus molar extinc-

tion coefficient for various basicities of Na,O-
Si0,-Fe, Oy slags.
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Fig. 6. Reciprocal wave length versus molar extinc-

tion coefficient for various basicities of CaO-
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Table 1. Slag composition, experimental condition, and position of observed peaks.
Slag e | Keeping” Density | Peak | Peak @ Peak Peak Peak
number Composition i Temp.| Po, time li of slag A 1‘ B i C D E
Si0; | Na,O LFezos °C atm hr g/cm? | em-t | cm-! em-? | em-t cm-1
mole ratio at 20°C
IG 303 3 1'5] 0-03 1250 | 0-21 6 2 507 26150 | 23650 | 22600 9500 | 4800
IG 305 3 1'5 ] 0-03 1250 | 10-5 8 2 505 26150 | 23650 | 22600 9500 | 4800
IG 309 3 1'5]0-03 1250 | 1 12 2 504 26040 | 23640 | 22570 9900 | 4900
IG 311 3 15| 0-02 1250 1 12 2 494 25970 | 23580 | 22570 9900 [ 4900
IG 312 3 1-5 | 0-01 1250 1 12 2 491 25770 | 23640 | 22520 9900 | 4900
IG 315 3 2 0-03 1250} 1 12 2 541 25840 | 23470 | 22520 | 10310 | 4900
IG 316 3 1 0-03 1250 2 12 2 450 26810 | 23870 | 22830 9500 | 4900
IG 318 3 1-5]| 0-03 1250 2 14 2518 26110 | 23640 | 22620 9760 | 4880
IG 319 3 1-51 003 1250 | 10-8 14 2518 26110 | 23640 | 22680 9300 | 4880
P,0; | Na,0 |Fe,O, ‘
mole ratio
IG '102 3 1-5 | 002 950 | 0-21 6 | 2508 — 24050 | 18700 | — —
IG 103 - 3 15| 0-02 950 | 10-5 8 2 508 27250 | 24160 | 18 700 — —
IG 106 3 1-5,003| 2950 1 6 2 443 — 24 390 — 9500 | —
IG 107 3 1-5(0-03 | - 950 | 10-8 8 2 440 27 470 | 24390 — 9500 | —
~ siOZ CaO A1203 F6203
. weight ratio i

IG.402°| 60 |- 25 /" 15 | 0-30 (1500 | 1 8 2740 — — — 9500 | 4900
IG 404 40 40 20 | 0°30 (1500} 1 8 2 841 — — 10000 | 4900
IG 405 40 50 10 | 0-30 (1500 1 8 2917, — — — 10200 | 4900
IG 406 50 35 15 10-30 {1500 | 1 8 | 2803 — — 9700 | 4900
{2 Tw5. THIBEREV A LEEHIR LD THS. B D HITE

CZRIESITR R 5 S D Fed+/(Fed+ +Fet+) oHeix
B4O, CaO,MgO % Xo¥iRime X hi#mmL, #ic SiO,
2 TiO, DIFMC X VAT 5 &\ 5Larson & CHip-
MANY ORI R X Vx5 &, HEEATD, Eovr
— O BMEL 7B DWW Ferr DEFEMBRD Licizd L%
x2bh5.

E—2 D@&Em: Sioz‘Nazo‘Fezoa ;‘F\‘o)%ﬁ" & ﬁﬁ
W, BEENAEL/LB L, 9500cm-!, 9700cm-1,
10000cm=-1, 10200cm~1 XIHiC &< 4 V¥ —{Alic B8
LWL, ¥BRBEHFINEEERTE I L]
CRBEILTWS.

Table 1 T AEBRTH WA S K, BESE, F
WiRE, RIFREH, AEShikC—sRBEXELOTT
LTH5.

1. REBEBROEER

4-1 XRNZ~2 FALBEEOERM
Table 1 R LEES IG 309 L IG 318 3%
D7 F—#KkD Na,0-Si0,-Fe,0; THhH Y 1250°C

1% 1250°C 1z 12hr (B L7 icst L T8 14hr {§
Lz sThs. HIEFERIT Fg. 2 oBEor—7
THRLTHS. WMEKE 2L F—DFFIC ©— & 53]
BlEh, -2 ALDDEIChTIRERS LR
LT THS. ik Table 1 xERFT L 20°C iz
VI O2BEOBIBTRENRS DD T VRINGRE « %
HETHEE, Y- JDFEIBHEVALDEHOTLEE
ZHebLlicdbntEILRD.

Goto, LoppeE ¢ PLUSCHKELL (T X% MnO-CaO-
Si0; ROWIRA RS FvOBEM: (EE 2) OFig. 4)
LAMREROBERME L 2HREAMNCE LD A% R
@ Ligand field N ¥ — 7 OFHREFIEFIC LT +
50ecm-1(£0006 = L& hu R k) EHETXS.

—%, = BIRBERITELTF 27 rYOExDH|
E, BEOH|ERZE, FaO, REHEDRERER YD/
Pl DRELLD, HNBREL LTHRETSE 15% <
BEWizin 5.

/7o, BWNEECET X 2HBIBY — & 0L IXFTHRY
LEWTEWZERZLID LR TWSDTEMRE T
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Table 2. Calculated absorption bands due to specific
transition of ferrous and ferric ions!®,

Valence Transition Coordination G;;gﬁ;ﬁ;eq
state symmetry (cm-1)
Fe2+ | 6T,g—8Eg Octahedral 9100
Fez+ | SEg—F8T, Tetrahedral 4 000
Fe3+ | 6A;p—4T ¢ (G) Octahedral 13 600
Fed+ | 8A;,—4T,e (G) Octahedral 17 500
Fe3+ | 6A;—%A;,-*Eg(G)| Octahedral 23 400
Fed+ | 6A;,—4T,. (D) Octahedral 26 400
Fe3+ | 6A;,—4T,(G) Tetrahedral 20 000
Fes+ | 6A,. 1T, (G) Tetrahedral 22 400
Fes+ | 6A,,—4A,,—*E;(G)| Tetrahedral 23 400
Fes+ | 6A;.—4T,, (D) Tetrahedral 26 300

L B0

4.2 AEEhi-E—o& 3d ZBEFOTRAF—EEN
LDHE & Ferr Felt MFEFHLOD O~ £ F D
mEONHE

ki 3d Bz 5 a3 H5 W6 2DEFNH D Fedr
L Fet OBFOT iV X—BAIEL ToO HHRD
5.

Fig. 7 & 8 ®x 3 V¥ —HRTIZ DWW TS 54 LIEMEC
FT Lk, Table 20k S/ b0, ZOEITRLIHES
BATSRCBIBALAZ X 51, $bhiihsrA T OBEES
HEHET ANV -DOINC X VBT BN, i1 ¥
—UERTDIEF I ZE D S,

EBRERTRULAZXSCBESERZXRIC LY, BHE
ErkicTsL— 2 ABCRELRLDT, 203D
DOE¥— 7% Fedt w5 &fExhsd. Table 1IZRL
7 EREIE — s RrE & Table 2 OFEEEILEKT S L,
A1 225 *Tig (G) ~DEhE Octa-D#f, FHHEIE
1k 13600cm-! TH 0, tetra-DPAIE 20000cm-? ¢
5% Table 1 wRT L zofhice—s6Ln
L DOREIEINTWEVWOT Z ORI X 56BIBEix
otz LEZEDERGIRV.

423 k5 & 13 Na,0-Si0,-Fe,03 T ¥ — 7 ApxFes+
DEH iz O2- A tetrabhedral HIETH LALEED
A XU Tpe(D) ~DEBTHY, BRFALL A
I D A HBHWVIX E(G) (YA & Ec(G) ©2
DZHFNVF—1FEDHLKFEL) ~OEBTHH, CII[E
RRIT SA1 225 4T (G) ~DOBBRL XZ27DLHEX
n5.

Na,O-P,0;-Fe,05 FCEHEhizE~2 A, B, C%
FEREAULEEZLNS. LL, ZOHEL—2ClL
Octahedral symmetry DEED Az 5 Ty (G) ~
DEHOFEME 17500cm - TiEvwz i ¥—2 A, B
13 Octa-D4 & tetra-DIFEFR— ZF NV F —-THDD

T, ZOATFHRTIE Fe3r 0Fbbhiz O A F 58
Octahedral symmetry ZATWBHDEF b5,
¥— 4D & Eix Na,0O-5i0,-Fe,0; 3%, Na,O-P,O;-
Fe,0; %, Ca0-Si0,-Al,0,-Fe,0; FWLWTFhoigad
FnFh Ferr oEbbhic O~ 4 F 1 38 octahedral f
#r & tetrahedral WFRICEE LABED Ty & Eg @
MOBFOBBRLIDIDLAEEIND.

BLEEFT S Fei* 0Ephod 0 0igbOARX
Na,0-Si0,;-Fe, O3 Tl tetrahedral 33 C3H b Na,O-
P,Os-Fe,0O; Tt octahedral i#TcdH b, Fer+ OH
D 0 OELUFIVWThORXS 5K TH tetrahe-
dral & octahedral HFHO = ONLHFET B L WS T &H
#HEINhS.

Fet+ or°— % A BC X Batest)
SIGETY!® LIZ X 2% SV BAITA CTrABNT I
ZORF A< & brd HllEERED KL—HL Tw
5.

4.3 BMEBBHHFOBBOREICDONT

EBRiBEEO T » o3 Fig. 1 RRT L TETE
BETRWOTE OREZERICED 52 L8 LfrL
v. Lal, ROEBRHFEREFSh WD (1)FLCA
5 74k F—EBESERD Fe.O BMENRKTHS
TE, BRBEED = v 0 BEVT A AF -l TTh
% (Fig. 1). (2)F— Fe,Os HhNE, R—RAF JHRK
5, BESEDOEHWEE, BV i V¥ -~ 0K TBE
+7% (Fig. 2, Fig. 3, Fig. 4). (3)@A—23 7%, M
—BREHE, FA— Fe.O5 IFINER D, BEEOKRED
3, & iy —HicThs (Fig 5 Fig. 6).

DIE(D), (2), (3)oEAERIVThd Febt Ok
B (zHUIIEIL, positive hole DIRE L [F]—)1® KT
D LERELZEEREO LI VX —ER/NMNCRDB T LR
FERLTWAHDT, 2I7HROEFREDHEER Feir
L O~ OEOBFOY v 7 (ENAHMRDEFHDY ¥
L) EEETAHILENTES. ZDRE L URBACHD
EEOEEVS L, BRBEFOT » VOBRIERO D
ELARTENTED.

%>  KURrkjIaN,

€app = EFe3+ - CFe3+=CTFes+ & exp(— i@z—;ﬂ)
z 2 C Cres- 13 Fe3t £ 3 DIRE, eapp REHEISH
5B ORILERE, eFerr 13 Fed* o VIRUTREL
V° 2SS ROBEEICXOTEESH<T VT NVE
¥, R kBT ERVY 2 EE, v IXRORAE
BThb.

COERNRBLELWET S E, Fei+ DiRENRRTKR
5 X5 nEREBICTIE capp BRI BDT, T v

K, 0,

—_ 23 —
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CRER T A NE - FRIBET 5. L L, Na,0-Si0,-
Na,0-P,05-Fe,0; &, CaO-Si0,-ALO;-
Fe,0 RO BSEDAFFICEBWTT v UDREMNZ &7
5D & g, Y DX I FERBWENRRE L O dIT
L LD L HEXNS.
FHARTHCRR S THERIER VTR b F 4 Bl
KESG T, EFEIMII/ ISV EEZLRDH, DED
BRBEHTFOBHOEIAFR L Y, Fe.Oy 2 4H T3
7V DEFEEREITENET, FOHBRII Fe, Oy
EXXRLITY, BMESESKRIZY, EEEBATIZE
REL BB EZBRLTWS.

5. ¥

&2 DfKD Na,0-Si0,-Fe,0; F, Na,0-P,05-
Fe,Oy 3%, Ca0-Si0,-AL0y-Fe,0, T2 35 7% 157
L, BAXOBESELTFHESE, QBRI H I 2R
BESEALRAT SORBIRARY b VvEEIE L. EH
BEIF LEX SN DHWIRIDIEHIT 5 DORIN Y — 2
PBHEINE. 205520~ 27D5 %301, po, K
IR L, FeOs IRIMEAIZE, EEEXITES L
D7D T, Fett @ 3d BMOBFORRICL B LifEX
h, DY 200~ I EXE po, NEIZE, BHE
BN g EEmL oD T Fert @ 3d EFORiR X
HHDLEEINI.

BlEShiz¥— 2 OME LB X2 ThDd Bhi-
—VDREDHEETH L, 50902 BH VIR
¥F—-oFrblEk GAxg*‘ng D>, GAlg_')"A]g "Eg G,
8A1g—4T5g(G) (BAE 3 31X Fer+ o 3d EFITXB),
¥Tg—5Eg (octahedral $i§R), SEg—5T,g (tetrahedral
) (BAE2-01x Fet+ @ 3d BFiC X %) D550
RRIC X B ¥~ s RIBOFTHEE & EEIES S X < —F
L7z
TELIT, TRBLOY—IREX DFS DE Y DOz
142D 50hE Na,0-8i0,-Fe,0; F Gl W55
THY, Na,O-P,O5-Fe,Oy ZRTRAERKRTHY,
7z Fe** @%b 02~ o F i3k & AT R
DOHEFOEESEFELTCWS T ERHES .

WWBETO T » COfEIT Fedt BEMNKICAS X
SHEBREHDBEIE, Tibb Fe,0, BIMEDOX
£BIRE, po, BARUDIFILREENKRL DT LET 2
NVNE—FEIBET 5 ENERFEEL LTELN.
INXDBIHCA & EEHETHRIESEHELET L2
7 VDOEFEHEE Fe3r L O A 3o ofoEFOD
YT XLEIEETHY, FOHEIT po, KISITE
Fe,Oy INMMERRIT Y, BEEARIIE KRS LifEE

Fe;Oy %,

Sh.
Bt 2

Fes3+ 4 F 0 d5 %é?.& Fe2+
T RIWVE— LY

Ligand field theory (BEfIFiBHER) 11EBEEA +
YIREDA F BB WIEEREFEIT b Ligands iz
HEhTwb L&, £ Ligands T X 38 BHIC XV
LEBEBA A DdBROEFO 20X~ AR ED
FSCHEZ ST DRV SERTH DO,

Fe3* BdRBRZBEFZS53F LT3, EhIiCH
1 FDIRVIFEETiebb Feit A 4 o935 2REBCTH
ELTWBHED 30 ¥ — L~uvid Fig. 7 Oifftho
LERFTZTEL, RT3 vFE—X b 85, 4G, 4P, 4D,
F DSDOEFLTCVS. EBEOMFIIZEE 2S +1%
BWRLTCWS. 2z Fetr 1 A 0Fbhic@BAF %
LT D LT OHEHT XV EFL T CHHUTS.
Fig. 7 eI ESBOBE = A V¥ -2 RL, ZOHE
13 OrRGELYDFEIC X 5

A s Fic tetrahedral symmetay  octahedral
symmetry OFHFD Dy ODBRIFOEZTRLTHS.
FEOPFEECA, B, CL=Z20588 % R Lich—F
i, LEEOFERTHEINZ3 DORINE~ 2 A, B,
CtBGEBD 2 E:E20N5. Tibb, Feit a3yi
WINTHZECIDTEELASNLTHD A, X DEF

AFp dt BEFO
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Fig. 8. Energy level diagram for d¢ configura-
tion.

2% Fig. 7 A, B, COURVTBE L7z DRI X 2
g riz¥—2 A, B, CHRTRThEIEXI N EHEZ S
hs.

zo Fig. 7 o@D/ 85 2 — % — Dy (3FEH < 3 v
F—2ERERSIOVWTRHELBL I ENTERVWDT
DX ST A~ —TREPIITHDDTHS.

Fe2* oz v ¥ —#ARERT L Fig. 8 &<
7%, Fe2t 13 d-FRic 6 2DBEF2HT 52, zhix 4
a (d*) OBPELA—DITANF—LRUVERERS. T
OFE/\NEE R & MEEN R TR ERELS AN, Db
5. fEEEIFig. 7 LRICL Dy THHEBL DT tetra-
L octa~-DFEHD Dg HEMMICR LTH 5D,
DFEDFHH tetra-DFP-F X D Dy R EV. FIFFET
HiExXhi Fert oRIRE—~ 271D EETRLIZX ST
2050, E X tetrahe-
dral symmetry OBEDO BEFOBHT LS L FExbh
5. Fig. 7 CEEL~NLE D BHibh 4Ag-4Ey (G)
ANOBININHREDO LI Ko THEZ S TR VB A L
C~DOBENI MO ELIC X > TRELZ ST S. ¥
Fig. 8 ©» Fer* OBEEEMNEREDOELIT X2 TRILE —
7 DRIBESERD. W IITHERIRE — & OFEOB|IEH
b Fertr L Fedt o pH iz O BED X S i
TEALTWS b 5.

Fi, 25 O A FUiEr DT, ok

octa-

DX Octahedral symmetry,

4 BRFEEL, Thb Fert 2 Feit 0FEbhicd
5L Dg DELELTS.

Dy DREWIEIZES 255 L CN->02->
H,O>F->82->0H->Cl->Br->I- ¢t Tsu-
chida’s Spectro Chemical series X L CTE STV 5.

Dy DfEVE 0% 4 * L D&, AMEENHTIE 1250
cm-! X BEWTHDZENhD 4/9 Tihbb 560cm-! fif
VAN ROGEDEIC LS.
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