&

Gor B % fE o o #4085]  (2017)

LA X

UDC 543 .5:549.1:622.785

XRD-1) — MANJV MEIC & BB #ES O SR O EE AT

Quantification Analysis of Mineral Phases in Sinter Ore by XRD-Rietveld Method
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Abstract

Quantitative analysis of mineral phases in sinter ore by micro-texture observation is difficult,
due to inhomogeneous distribution of multi phases. Althouth powder X-ray diffraction is one
solution, there are some subjects such as identification of calcium ferrite phases with complex and
resemble crystal structure. In this study, Rietveld method was applied for the quantification of
sinter ore, which based on the least-square fitting of whole XRD pattern using crystal structure
models and refinements of the crystal structure parameters. As a result, identification of several
calcium-ferrite phases in sinter ore and quantification of mineral phases including calcium-ferrites
in sinter ore were successfully conducted. And these values are influenced by the history of sintering

reaction.
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%) — M)V MBS OERNERGERZ B E LT, BRI E
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(a) Schematic illustration of the sinter pot test, and (b)

Heating patterns of each layer in the pot
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F1 EFTHREAROER
Results of a shutter test of each layer

Sample SI /mass%
Sample A 733
Sample B 85.9
Sample C 89.7

*SI: Weight of grains over +5mm after shatter test / total sample
weight
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FEDOFFAIZ B\ T ARG X #R 0 B G SHIS O WE 75 171 553 B HIR
20mm) £V HKREL LD, LA L, BERESLEUR O SLYAH
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MEcH s,

h FEOMOE RS R, 1IK (2) TROSLN,
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F 21 EEUMHEOIEEESET IVOBERIEFER
Crystal lattice constants of major mineral phases used for initial structural models

Major phases
Crystal phase 0Fe.0, Fe, CamF(Z; 71;2 Zflmozo Ca,, 4(1::1 gﬁil) 205 CaSiO,
Space Group: R-3c, Space Group: Fd-3m, Space Group: P, Space Group: P, Space Group: P21/n,
a=0.50352nm, a=0.84045nm, a=0.90610nm, a=1.03922nm, a=0.55160nm,
Crystal b=0.50352nm, b=0.84045nm, b=1.00200nm, b=1.05945nm, b=0.67620nm,
structure ¢=1.37508 nm, ¢=0.84045nm, ¢=1.09200 nm, c=1.17452nm, ¢=0.93292 nm,
=90.000°, £=90.000°, @=90.000°, £=90.000°, a=60.300°, f=73.680°, a=94.308°, f=111.293°, «=90.000°, f=94.313°,
y=120.000°, 7=90.000°, 7=65.810°, y=109.647°, 7=90.000°,
=0.301921 nm? V'=0.593657 nm?* V=0.781762 nm? J=1.105700 nm? V'=0.346991 nm*
References Perkins et al.'¥ Fjellvag et al.'¥ Hamilton et al.¥ Mumme et al.¥ Mori et al.'>
(ICDD:01-080-2377) (ICDD: 01-089-0688) (ICDD: 01-080-0850) (ICDD: 00-052-1258) (ICDD: 01-076-3608)
£22 WMEHOMBETFLOBSETENR
Crystal lattice constants of miner mineral phases used for initial structural models
Miner phases
Crystal phase Fe,,,.0 CaFe . O,

(FeO) (CFF)

Ca Fe,O; a-Si0,

Space Group: Fm-3m, Space Group: R32,

Space Group: Icmm, Space Group: P1,

a=0.43064nm, b=0.43064nm, a=0.60110nm, »=0.60110nm, a=0.56432nm, b=1.50701nm, a=0.49160nm, b=0.49170nm,

Crystal ¢=0.43064nm,
structure  =90.000°, 5=90.000°,
7=90.000°,

7=0.079863 nm*

¢=9.46900 nm,

»=120.000°,
'=2.962977nm’

a=90.000°, £=90.000°,

¢=0.54859nm, ¢=0.54070nm,
a=90.000°, £=90.000°, =90.000°, £#=90.000°,
7=90.000°, y=120.000°,

V'=0.466541 nm’ V=0.113118 nm?

Karpinskii et al.'®
(ICDD: 01-078-2301)

Fjellvag et al.'¥

References
(ICDD: 01-089-0686)

Pakhomov et al.'®
(ICDD: 01-077-1060)

Berastegui et al.'”
(ICDD: 01-089-8668)
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3. BREER

3.1 U= NIV MNEFDOERREE OFHME

W RBEREETAR LA DN I LT 254 (2Ca0-
Fe,0,) L€/ AN 757 =74 b (CaO-Fe,0,) HAHFE
V) — MOV MENTOE B EERE Z FE R L 72 B
B O I Z 28 2 7R AR LT, XRD HllES &
) — bV MEST TR SR, AR & g
L720 V) — bV MEFTIIIEFER L 707 7 A VT X —
5 —DIFEAL R E Lz K2 IZHARMALE ) — b
ANV MENTIZ KD RDTAGROBRE IR T, 1) — ML
MENICIRELIZTAANT T LT 2574 FOMGREFE
RO ABREIE & DORIZIE T%FEFE O SEIGHX FR =D -
7oo HEAREIE 10% LT OFRE CIXEERENMKTL,
FXTRRZEDY 10% ~25% FEE & 55 < 72 B AN UIGE BT RE 2
IKHETH Do

3.2 BHESLEFIOBRBADHEIEDEERR
Sample A, B, C @ XRD /3% — > 3 L O EEM O ¥ —

100

x©
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S
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Ratio Ca,Fe,04/(Ca,Fe,Os+CaFe,0,)
by Rietveld method /mass%

(=]
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Ratio Ca,Fe,0/(Ca,Fe,Os+CaFe,0,) /mass%

B2 U— hAJLMEITICE B CaFe,0, pREMALEE
DRk

Relationship of nominal mass fraction of mixture of Ca,Fe,O,

and CaFe,0O,, and its quantitative value determined by

Rietveld method
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7 DREFRREZR 3RS FHBEOI VST LT 2T
A MAZREDY = 7iREOERII/NEL, E—7EmEO
DR T EAHD E &K i E O R LS HEETH %,
COREFSY — I LT — MOV MENT A ERL, 15
DR ER 4 BLORIITIRT, X413k XRD /¥
y = BEIO = bV MENTTHEE(L L 725HE XRD /%
— 2 (L) EMBEOKE(TER) Th b, £72,#£313)—

N OV MBI & 2 KRB DI O 5 B X OME
BT (R, S) ThH2o

)= POV MESTIZ LD, FBT D a-Fe0, FeO,
SFCA, SFCA-I, CaSiO, lZfiNA, 5mass% Al DR T
T % FeO,, CFF, o-SiO, DAHGFED KD b7z, w3l
Hi 1213, a-Fe,0, Fe0, D Fe-O % BR 1L W 25 & 1k ©
S0mass B AEL, ZWOGRANVT T AT T A+
(SFCA+SFCA-I) 72k D#) 35mass% & 7z, LT,
10mass% 55D X 7 7 (Ca,Si0,+a-Si0,) WHFIEL 720 AH
FHTIE CaFe,0, IHIFEAEER L TR0 7z, WTHO
AEHIBWTO R 1E20%DT, SEL LIFEEEZ->T
BY, M7 1 v T4 2 ZHBIT LIRSS 12,

& 4 1d Sample A, B, C DILFHHH, BLOY — X
WV MERTTHE L 7oA 3R L £ 7V ORI ORE 2> 535K
7K (Rietveld analysis (initial) D) TH 5, F4 D
i BRI =B AL AT 6§ 5 ) — bV MR
DRI FRAE DIl & R L 720

F RSO Total Fe (T.Fe) IZHAT, F s & mmtH o
FIZEEND Ca, Si, Al OE RIS FREIKE D572,
Z O RIZEIR L 72 SFCA, SFCA-T AHOWIHE 7 IIVAHELAS,
FEREAGIANAER L 72 Z e AV T 5T 2T 4 MHOM
LR o/l LRSI N L, 72, Si T ORER
TENVT 7 AAT T DL EZ LA,

Sample A, B, C M5, AL TREIZR D126,
a-Fe,O0, A L, Fe,0, BHRT M EONTZ. Zh

Intensity /a.u.

20 /deg.

3 Sample A, B, C D XRD /X% —>
XRD patterns of sinter samples A, B and C
®:a-Fe,0,, O:Fe,0, O:SFCA, @:SFCA-l, A:Ca,SiO
O:FeO, M:CFF, A:Si0,

4
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] e A Ry 1.81% .| Sample B R, 1.89% .| Sample C R, 2.03%
5| Sample s'Lo1 5| >amp 5'7.03 g | S $°7.06
s Measured K] Measured ~ Measured
&| - Calculated ] p— Calculated & e Caloulated
(7] ‘7 7]
= = =
2 2 2
E E E
10 15 20 25 30 35 40 45 50 10 15 20 25 30 35 40 45 50 10 15 20 25 30 35 40 45 50
20 /deg. 20 /deg. 20 /deg.
2000 2000 2000
1000 1000 L 1000
0 Prssrstossoionrmab s bt rigo s I e S L e 0 Wissrmmsiamnmansiresbesetesddt Aoy smmteaisd]
-1000 -1000 | -1000
-2000 -2000 -2000
10 15 20 25 30 35 40 45 50 10 15 20 25 30 35 40 45 50 10 15 20 25 30 35 40 45 50
20 /deg. 20 /deg. 20 /deg.

4 AIE XRD /X2 —> EEtE XRD /82— DB E LU Z DFEE
Comparison of the measured (solid line) and the calculated (dotted line) XRD patterns of sinter samples A, B and C
Differential of the profiles were shown in the bottom region of the figure.

R3 U—MNILMETREL Sample A, B, C IZEEh 24BN EE(E
Quantitative value of mineral phases in sample A, B and C determined by Rietveld method

Quantitative value /mass%

Sample Total calcium ferrites

name a-Fe,0, FeO, SFCA  SFCA-I CaSiO, FeO CFF  CaFeO, o-SiO, (SFCA+SFCA-I “"”/% §
+CFF+Ca,Fe,0,)
Sample A 44.1(1) 155(1) 19.5(3) 8.6(2) 6.3(2) L.7(1) 2.5(2) 0.1(1) 1.6(1) 30.7 1.81 1.01
Sample B 37.0(1) 18.9(1) 20.7(3) 11.03)  7.9(5) 1.2(1) 1.6(2) n.d. L.7(1) 333 1.89 1.03
Sample C  33.0(1) 23.0(1) 21.8(4) 93(33) 8.5(6) 1.8(1) 1.5(2) n.d. 1.2(1) 32.6 2.03 1.06
Fz4 Sample A, B, C DAtFEAMEE U — ANV METER D SH]E L =5 E
Chemical compositions of samples A, B and C obtained by chemical and Rietveld method
Sample Method Quantitative value /@ass%
T.Fe CaO SiO, AlLO,
Chemical analysis 58.18 9.72 5.49 1.28
Sample A Rietveld analysis (initial) 59.8 8.6 48 1.6
Rietveld analysis (EDS) 58.9 10.0 5.8 1.2
Chemical analysis 56.51 10.95 6.75 1.29
Sample B Rietveld analysis (initial) 58.2 9.9 5.5 1.7
Rietveld analysis (EDS) 58.9 10.2 5.6 1.4
Chemical analysis 57.39 10.33 6.01 1.45
Sample C Rietveld analysis (initial) 58.4 10.3 52 1.7
Rietveld analysis (EDS) 59.5 9.8 5.7 1.3
Relative deviation of Rietveld analysis (initial) 2.5% -7.3% —14.9% 25.3%
Relative deviation of Rietveld analysis (EDS) 3.1% —2.8% —5.6% -5.8%
EEI1 (b)) IR &I, TRALELDS, XhER»D e R 3UL, TRIZE L) ERTRELI N
T PRASERE ] OO R W BB R | 2 CRERG IUBASETT L 72 2 & % AR ART 5720, ANV TLT T4 FOHREDS
BBL TS LR SND, $72, FH AT O, BEE RIS 2 R SR B L L AR S U
EAHIZ EE2S15%, TS 12%THY, TOIHMEHEE D EofER? S, ) — bV MENT 5 P58 L 72 SR8 AH
FHET Fe,0, M LT VIRIETH 5722 L b, kS IR OSBRI L TV 5 2 L9953 2o B
PALFEL T D, FBR BE SE O BERE S E DSBS IE, SRR DM AL
—7, B CORBAEREEFIRLTWwEEEZLND REWHORE, WIREOMOWFOHFG VDL, b
ANV NT 2T A MEEL, EERETEZET L EHE DRFORBEEZ =N 57T H72812, 1) — b
MTEREIIEDN -7, UL, RIZETIERIREO M@ % MENTIC X DO RIZEE L AT v T ThbEER
A5 +5mm LB ORLEE DBERTHL & AT R L L TH W 5N,

7etz®, MKEREE, BIBEAN T L7 2T A FSREE O AL
EPD L VISR AN 72O TH B o T AERET O BER

— 71— ooH 8 fE 4 #4085 (2017)



XRD- U — bV MEIC & B BEfE SRR O SEAAR D E B R

3.3 HERIBDEEIBEHEM DGR Ca, Fe Al Si O, SFCA-1 1% Ca, Fe Al Si 0, THo
WIHAEEOA NS 8T 254 b O/ ST A — 720 INHD Al HA m LB WS E T IVICH 72 ICDD

Y —DERERE L2 IV AT T4 MIRARS T = R=ADOME LY ENETH 572,
EET AL ROEREBEETH)Y, TOEIZLo WRIZ EDS 74T TR 724 % SFCA B L OF SFCA-I D
THEEDZALT 529, 3, TN O OEERE % EBRIITK EETWVISHETT 5720, ZNENOREEEETT VO
BHA72002, B5 1253 Sample B fikT O EIRA 7 V> AFVEOEEREZMIEL 2. TOHBEEZREITRT,
T A7 74 MKk (@) SRRV T A7 2T 4 M SFCA 3 LU SFCA-1 #HH OB 6 BLAZIE X Fe, Ca ASiEIR
i (b) oSG T1512% LT EDS (Energy dispersive X-ray L, R 4 BCALMEIE Fe, Al SiASEHR$ %, SFCA FHDM;
spectrometry) C Fe, Ca, Si, Al®% T L7z B S5HD G, RO XD BANGE T A & VEOEHRE T L CHLE
EDS I mOFIH R x Hl L, ZOnFEMEA, 5K S (a) AL 7o Cald 6 BUAIRE O CEERAE A IHEEL RV Ca/
% SFCA HHl, Fe iEEDTH\WHLFEX 5 (b) % SFCA-THI &K Fel2 G # BB DT, Ca/Fel2 [EDEAETHET
%E L7270 EDS ORI THIE L 72 SFCA O s %o Sild 4 BAIIE DD b b WEFEA A HEEASFV Si/ALLS
JiE % BIERICIEIR S 50T Si OMBICEbECTEARY

..PM?$$ﬁWmffﬂ PoE L7z AL SI/ALLS i3 X U2 ORI R A5 A IR EAS
ey C IV Al/Fe6 i % B L TBIRS 2720, KX Al/Fe6 i
DEFRTHE L 72o SFCA-IHDOBE, WHETIVICIE
SiNEEINTWARPo7720, ALDEE L TW 5 4 BT
JEVZRERTEINS AT 5 EAGE L CHAZEE KD 72,

V) — MOV MERTIZ XY g L7 SO AR 6
|2, SFCA, SFCA-1 O iR T & %5k SFCA 4
DFTHEEED/INT A= —%RT BLORSIZENZTN
Y. SFCA OREEMIAET IV (55 (a) LHWEILHEORE

5 Sample BHDHIL I LT 54 MEKED SEM 14

(a) BEREHI ST LT 151 b (Ca,Fe, Al Si),0,) EETINV (£ 8) DEFHEEL BT 5 &, F1Z EDS 54T
(b) EARE ALY LT 54 b (Ca,Fe,. Al Siy;0.) ECTHAEREZMIE L 72 Al/Fe6, Ca/Fel2 DH A MIBWT
Electron micrographs of calcium ferrites and chemical .

Somoations T Samte BHEAEAT T TRAEAE U7z SISO A% 0l

(@) Calcium ferrite with high gangue (Ca, Fe, Al ;Si;,0.) WIZE ST, AF VHFEOREZTUESELRL, ZHk)

103" 0.6
(b) Calcium ferrite with low gangue (Ca, Fe,,Al,Si;,0,)

151

&5 EDS A#fETHIEL 7= SFCA®, SFCA-1Y DIE&EET IV
Structural model of SFCA and SFCA-I based on EDS analysis

(a) SFCAY (b) SFCA-I¥
Atom Coodinate  Atomic coodinates Occupancy Atom Coodinate ~ Atomic coodinates Occupancy
number X y z Ref?  This study number X y z Ref? This study
Fel 6 0441 059 0.348 1 1 Cal 6 0.088 0.688 0.079 1 1
Fe2 6 0.758 0.003 0254 1 1 Ca2 6 04736 0113 0920 1 1
Fe3 6 0.669 0.693 0458 1 1 Ca3 6 0.0976  0.155 0.181 1 1
Fe4 4 0737 0217 0434 1 1 Fe4 6 03153 0.033  0.632 1 1
Fe5 4 0.849 0.030 0.741 1 1 Fe5 6 0.1777 0463 0354 1 1
Al/Fe6 4 0.837 0529 0235 1/0  0.4/0.6 Fe/Ca6 6 05413 0399 0.088  0.82/0.18 0.4/0.6
Fe7 6 0349 0.782  0.049 1 1 Fe7 6 0.0755 0.789 0.644 1 1
Fe8 4 0934 0359 0.691 1 1 Fe/Al/Si8 4 0.0076  0.088 0.632  0.98/0.02 0.98/0.01/0.01
Fe9 4 0.547  0.635 0.799 1 1 Fe/AV/Si9 4 03767 0.022 0371  0.96/0.04 0.96/0.02/0.02
Fel0 6 0.000  0.000 0.000 0.5 0.5 Fel0 6 0.2438 0745 0489 1 1
Fell 6 0.500  0.000 0.500 0.5 0.5 Fell 6 0.622 0.676 0223 1 1
Ca/Fel2 6 0556 0904 0.156  08/02  0.3/0.7 Fel2 6 0.2457 0250 0491 1 1
Cal3 7 0.114 0206 0420 1 1 Fel3 6 0.6021 0.189 0.228 1 1
Cal4 7 0.127 0.664 0951 1 1 Fe/AV/Sil4 4 0.1316 0473  0.636 0.84/0.16/0 0.84/0.08/0.08
Si/AllS 4 0728 0731 0929 0802  08/02 Fe/AV/Sil5 4 02404 0477 0082  0.9/0.1/0 0.9/0.05/0.05
Fe/AV/Sil6 4 04955 0407 0366 0.94/0.06/0 0.94/0.03/0.03
Fe/AV/Sil7 4 0.8431 03225 0.091 0.8/0.2/0 0.8/0.1/0.1
Fe/AV/Si18 4 0.1707 0.1876 0.9266  0.7/0.3/0  0.7/0.15/0.15
Fe/Al/Si19 4 0.2484 09721 0.0794 0.54/0.46/0 0.54/0.23/0.23
Fe20 6 04324 0.7142 03574 1 1

#oH 8 fF 4 L # 54085 (2017) - 72—
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1) — ML MEIRTRE L 7= Sample A, B, C HDEMHEDTE

Ef8

Quantitative value of mineral phases in samples A, B and C determined by Rietveld method (using modified models by EDS results)

Quantitative value /mass%

Sample Total calcium ferrites R % s
name  a-FeO, FeO, SFCA SFCA- CaSiO, FeO  CFF CaFe0, a-Si0, (SFCA+SFCA-I+
CFF+CaFe0)
Sample A 424(1) 141(1) 2083) 82(2) 76(2) 17(1) 26(2) 08(1) 19() 324 174 093
Sample B 359(1) 197(1) 2133) 96(3) 702) 15(1) 232 12(1)  16(1) 344 188 1.02
Sample C  335(1) 239(1) 182(2) 92(2) 88(2) 18(1) 25(1) 09(1)  13(1) 30.8 188 097
R7 U= ML MNETTRE L 7= SFCA, SFCA-| DA FEE
Crystal lattice constants of SFCA and SFCA-I refined by Rietveld method
Sample Ca,,Fe, Al Si) 0, Ca, Fe ; Al Siy 0,
(SFCA) (SECA-T)
Space Group: P1, Space Group: P1,
Sample A a=0.9102(3)nm, b=1.0124(2) nm, c=1.0986(2) nm, a=1.0364(6)nm, b=1.0483(5) nm, ¢=1.1780(6) nm,
a=60.30(2)°, f=T3.42(2)°, y=65.57(2)", a=94.162)°, f=111.50(3)°, y=110.09(2)°,
¥=0.7966(5) nm’ ¥=1.0891(6)nm’
Space Group: P1, Space Group: P,
Sample B a=0.9109(2)nm, h=1.0122(4)nm, ¢=1.0984(4) nm, a=1.0406(5)nm, h=1.0541(5)nm, c¢=1.1733(6)nm,
a=6021(2)°, f=73.32(2)°, y=65.48(2)°, a=94.63(4)°, f=110.82(4)°, y=110.05(4)°,
¥=0.7955(5) nm’ V=1.0993(4) nm’
Space Group: P1, Space Group: P,
Sample C a=0.9110(3)nm, 5=1.0110(3)nm, ¢=1.0983(3)nm, a=1.0373(4)nm, b=1.0540(5) nm, ¢=1.1720(6) nm,

a=60.23(2)°, B=73.39(2)°, y=65.48(2)°,
¥'=0.7948(4) nm’

a=94.25(3)°, B=111.51(3)°, y=109.99(3)°,
¥=1.0959(8) nm’

£8 U— ML MER TREL /= Sample A, B, C ® SFCA DFEFIE & HBX
Atomic coordinates and occupancies of SFCA phases in (a) Sample A, (b) B and (c) C determined by Rietveld method

(a) Sample A (b) Sample B (c) Sample C

Atom X y z  Occupancy Atom X y z  Occupancy Atom X y z  Occupancy
Fel 0.443 0.573 0386 1 Fel 0.455 0.587 0.366 1 Fel 0.466 0.576 0359 1
Fe2 0.766 —0.004 0.255 1 Fe2 0.746  0.006 0.259 1 Fe2 0.760  0.003 0.242 1
Fe3 0.661 0.707 0.462 1 Fe3 0.669 0.692 0.468 1 Fe3 0.676 0.684 0.474 1
Fe4 0.761 0.215 0421 1 Fe4 0.754 0211 0.434 1 Fe4 0.758 0.189 0.421 1
FeS 0.842  0.026 0.753 1 Fe5 0.844 0.026 0.733 1 FeS 0.834 0.022 0.760 1
Al/Fe6 0.832 0492 0.265 0.4/0.6 Al/Fe6 0.858 0.514 0.239 0.4/0.6 Al/Fe6  0.867 0.529 0.246 0.4/0.6
Fe7 0.365 0.796 0.041 1 Fe7 0378 0.778 0.054 1 Fe7 0.353  0.782 0.057 1
Fe8 0.909 0371 0.717 1 Fe8 0917 0355 0.697 1 Fe8 0915 0370 0.698 1
Fe9 0.535 0.627 0.799 1 Fe9 0.553  0.633 0.788 1 Fe9 0.549 0.625 0.791 1
Fel0 0.000  0.000 0.000 0.5 Fel0 0.000 0.000 0.000 0.5 Fel0 0.000  0.000 0.000 0.5
Fell 0.500 0.000 0.500 0.5 Fell 0.500  0.000 0.500 0.5 Fell 0.500  0.000 0.500 0.5
Ca/Fel2  0.550 0.990 0.153 0.3/0.7 Ca/Fel2 0.546 0.896 0.170 0.3/0.7 Ca/Fel2 0579 0.877 0.149 0.3/0.7
Cal3 0.119 0.214 0433 1 Cal3 0.110 0.221 0425 1 Cal3 0.099 0.227 0.407 1
Cal4 0.153 0.655 0.961 1 Cal4 0.148 0.636 0.957 1 Cal4 0.127 0.683 0.957 1
Si/AllS  0.728 0.731 0.923 0.8/0.2 Si/AlIl5  0.753  0.720 0.924 0.8/0.2 Si/AILS  0.728 0.739  0.945 0.8/0.2

B (BR) LIAEREMLTWLEEZ LN,

e 4 BUAZOD Al/Fe6 A FTlE, Fet & AP OARNA
F 2 RIZFNEIN0.039nm, 0.049nm THbo B 6
AL Ca/Fel2 31 h T, Fe¥' & Ca® OFRA F »F2iL
FNZFN0.055nm, 0.100nm & K& E 2L, 2020
Fe D5 ER LS A MIBWT, }—J.@@z—ﬁ
PR S B (A AED) L, A+ v OFEFAE
WRELCEALZZZ LI ZLULMERTH L, F6 () 12

SFCA 128 % (111) LS E 2R § o Ca/Fel2 1 +
LU ICHES E S L7z Fe2, Al/Fe6, Fe7, Fe8, Fe9,
Fel0, Fell ¥4 M, Ca/Fel2 91 b@.ﬁ?ﬁ«fﬂtc:;o

TIHFEERIEEZ KTl 0. HL, AET
(FEHA A ORTERLHEILORE Zﬁi%ﬂw)u%'frlzbf

Wh720, A Y ONEDOIIEIIIE R LRGN LET
H%o
R TIIRBE O L EE S 5 2 12X B0
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Je /s ) b /s e/

6 SFCA? DifE@RiEiE

s/

(@) RERIVEBENNMOX Y U EOHEREEE

(b)

(b) (111)BfiE

Polyhedral representation of the SFCA structure ~
(a) Shows stacking of the spinel and the pyroxene modules and (b) Shows the projection along (111) plane.

S: Spinel module (M,T,O,), P: Pyroxene module (

RHETEHRANOKEREEN NI L2 JIEBERL T
bo Tz, FEILFeLERKTLE, MELIANVT Y
AT 2T A MBE W2 607 R MEIEEIFTH-
Too F72, FAFUTRE L2 HTE & OFRFRZEICD
W H RIEIZ S E L7,

3.4 SLMIEDIRFEERDARAL

Sample A, B, C OEHMHDOKEEALZEDOK T2 8% L
FRE & IR 7 1R T

(a) a-Fe )0, (b) Fe,0,, (e) Ca,Si0, DI &M DFAHH 72
IUNT, D OSCEMEL D RKER L, SNE OO S E
ERBHTIRIZRE—Th b LR EN L, —FT, Bk
?;fVHEPO) CaZ.SFeSJAlLZSiOASOZO (SFCA> ‘-B J: U Ca3.14F615.48A11.34028
(SFCA-D) D¥E-FwHuZ, HARITERAHY, 2> ICDD
T = R—ZADHE & b7 o720 THUIRBERE R
DIV T LT T4 FOLFHBEAT ICDD A HDOZ 1
LIFRL D720 TH 5D, X6 (a) IR, SFCA 1L/ 8A
Oy Vg A RIVEAPREIIERE L7z iigc, &
P2 X D EMNT ¥ A & AR TE A ORI ASRAT 55 DEE
FRFLE R B 4 MBS 529, ZOREII L o T
BTORESHWENL-EHERESN L,
FRFDFENA & PEEZER ST S L, RAKS Al Si
DEVEREDBPIZEIN TN T L7 254 N ERI
WMRTLEEZLNLY, ICDD CHMEICEBIT S SFCA D
Fe/(Al+Si) BT7-%0H13 8.7/(0.8+1.2) =44 TH D, TN
% L C EDS 3 Wil CHliIE L 72 SECA OF#LRLE 7 )V T,
Fe/(Al+Si)=103/(0.6+0.8) = 7.4 & Al, SiEEEEA/NE
<, ICDD 3CHkME & M Ui dd& 13 A4 X5 K& W@ e
Hotze

—75, Ca, Fe, Al 0, (SFCA-I) D% FEHITHEHC
LD EP DS E 7 5 720 Fe/(Al+S1) Tt bz ¢,
ICDD SCHikfili 13 Fe/(A1+Si) =15.48/(1.3+0) = 11.6 TH 1),

#oH 8 fF 4 L # 54085 (2017)

Ca,M,T,0,,), T: Tetrahedral site, M: Octahedral site

272 47120

EDS 43 #fifl 1% Fe/(A1+Si) =15.1/(0.6+0.7) = 11.6 &£ [{]% T
& 5o ICDD Ik Si & & 5075, #E D SFCA-I
MIEERIA T P FEPRNAL LD NSV SINEEL TS
7280, TORBTHRTEBICEDE L TREEDL D 5,
ARFFETIE, EDS S0HF T L 7ML % RN T > 2
%L T SFCA-I MO Si DI & 15 L /- T 7
AL CRY, EFESFICEENS SFCA-IHOED
R E 7200 TRV, ZORIIEEE T L Ok
ELSHROBED—DOTHLEE 25N D,

4. #&

Bt satEr CRlyE L 2Bk L URH I L€ XRD HIE B
FN) = OV MERT RSN L, BEAESL T O BRI B
LOMEBMHOZMITEOIENSWEETH D L HEIEL
7o SIS SRR FIEBERE PUGIZ B A 2 T B T HE
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Comparison of lattice constants refined by Rietveld method of major mineral phases in samples A, B and C, and the one
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