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Abstract: The mass fraction of each crystalline phase in inorganic materials can be investigated using the Rietveld
refinement of the X-ray diffraction (XRD) patterns. For quantitative analysis, differences in the values of
the linear absorption coefficient, x, among the crystalline phases must be considered when certain X-ray
sources are used, because such differences often affect their mass fractions. Herein, we evaluate the ef-
fects of the differences between the Cu and Co Ko X-rays on the mass fractions of the crystalline phases
in iron sintered ores using the XRD-Rietveld method by performing two types of XRD measurements.
Type 1 samples modeled materials with two different particle size combinations of a-Fe,O, and ZnO.
Type 2 samples used powder mixtures to simulate iron sintered ores composed of a-Fe,O,, and synthe-
sized SFCA and SFCA-I in various mass fractions. Moreover, a correction method was developed using
the Taylor-Matulis (TM) correction that considers the u of each phase and the average particle diameter
of each crystalline phase determined by scanning electron microscopy with energy dispersive spectros-
copy. For type 1 samples, results that were in good agreement with the initially-charged mass fractions
could be obtained using the TM correction, even in the presence of significant differences in R between
a-Fe,0, and ZnO. The results for type 2 samples confirmed that quantitatively accurate mass fractions
could be obtained using the TM correc-
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Accuracy Improvement of the XRD-Rietveld Method for the Quantification of Crystalline Phases in Iron Sintered Ores

Through the Correction of Micro-absorption Effects

Takayuki HaraNo, Yu NEMOTO, Reiko Murao and Masao KIMURA

1. #E

7V TRVEISIC BT, SIFICHiA S h B EEOR
80 mass% I BEREHL T b 5. BEFEHLIZ T, a-Fe,0,, Fes0,,
BXOSHG N T LT 254 b (silico-ferrites of calcium
and aluminum (SFCA" ; Ca,(Ca,Fe,Al), (Fe,Al,Si),0, SFCA-I”;
(Ca,Fe),(Fe,Al),i0,) DFESAHTHIK T b, ZDfthi,
10 mass% AT D 7 4 RIERD 2 5 7 RIEHE L EE N 5
EEZLNTW D, PRSI O SHOFHR ®IZ, BER
BRI 7 & OBEREFEO R % HliH 4 % L CHEE LK1 D
—DTH B, BRSO KO B RO E BRI, —
WIS ST E S 2 5 15 S LD & AG aoERLR oO RE L
PRI THEY, MAT, BFTa—-T~vArua7
T A4 W — & 22 BE B ML - 3L ¥ — Sy ROy
F ¥ (Scanning electron microscopy-Energy dispersive X-ray
spectroscopy: SEM-EDS) D & 5 2 TCR M Bk &, BEksSE
FOBHOERSEOERIZAERTHEY, Lal,
I R ALFHUR 2L L Ty % SFCA K & SFCA-TIH % Z
NODOHETHET 2D LV, X512, ETav 2D
& RIEEE T o 2 THEK L ZGED 2 S DO
FLBR R AL, o2k > TE 6T, K15 D%E
wWAWEEE 55,

XAREHT (XRD) -Rietveld £ ¥ 1, bt o 4 ik & 0
M BRAEOERIZIAL VST 57, Rietveld i
&, KO HAAE T OFESH, K94 b O TR T R
7 EDBAERAMHDES TS T A — 4 —IZHDNTHE L
7P & £ TR 6 h iz 2 h b D5y & I RN
FEAEHOCTR/NMNI LS EHIZLT, SEMMHOZLED

INT A =4 —DEARBERE T HEOEREIT) FIATH
%%, X#id & UL T BT IXIE O Rietveld B0 7 — 4 fif
Mrizid, 79U =2 7 b (RIETAN-FP'", Profex'”’, MAUD")
Rifilko v 7 b =7 (PDXL2, HighScorem, Siroquantw)
DBIEL FHWB R T W5,

I E T, PRSI O&SEHE O % # 1 XRD-Rietveld 3 %
L 22 Bl3 RO SOk Y STl & Tnw B, L,
XRD-Rietveld T, il & XFHOMAGDHEIZL 5T
13, B OE RS EE IEMEICITA ZWIGAERH D,
ZIXUU T ORGSR IIIERLABETH 5, (i) 0T
KT H B Feld, FERERDXRD DX E L CIAL F
&N 5 CuKafp% i@ < BN %, (i) XRDUPE IZHEF
2 BRSSO W A GRRE D 2555 obH O Rz 113 23 A1 23 4 i P
iZb7%, 25 L7=84A121E, XRD-Rietveld ¥: % IV THE
MO BEESREERT IR, v 4 a7 7V —Fvav
(MA) Zh3"7 L E 2 XBOWIPN R & Z S 5 LEH
»Hb,

MAZIR & 13, XRDEEDERIZ, XHRD A GRHZ
WEBW =iz, e &2 ErmE»2l4 585
T, BESEOBREDRINOOEDIZE S, ZOWINDE
BV E IR TR AR w13 B RIER L, & BSE p DFET
ZEND, pid, HAEEMOME & AHXBOWE (=1L
Fo)ItkoTkFE S, 2512, HEOEMHEE &R
DOEE, BAEEAE O XM L, ZhZFh ok 7%
AR IRBI ORI R I & —ANDOFHIRKIZ L > T LT
%, 29 LzMARIRIZH U CERD RO Bl 4 #E
%7 LT, Brindley 12 & o TIRE I N -MIEE"Y %
NA&EWER L 7= #iiE /71 (Taylor-Matulis (TM) #1E%2) #°
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H U, BHEYEORESHE RS EOwRIEE OR ED729
2B T B, MA DR O FEM 7 i aa <03 F O W 13k
DI IZFEL

XRD-Rietveld 1 A% 198 it §i 1 38 F X A 7= 051 ' 13 Bt 0 12
H B W, BekEgrh oSO ERIZH T 5 MARTERO R
JERTME A V72 2 5 O O# IE 4R 4 W5 U 7= 0
Feld 2, BERSSRIZIE, SFCA X SFCA-IDARIZSHLO i iy
Fi 3 % FE D BB D A AH R S E DI EA E FhTn
%, 21513, XRD-Rietveld tAlZ & 2 B w7 DMK R Z
NODTMHIEEDORICE HEE 5L 2L 5,
Pederson & (iR D ik H & FVy T, Brindley fifi IE 74 O F F
HAMELTWEY, 2271, BgEORHZ DWW TR, iR
AR BRI L Al S R TR A BT L R O FR I 2 5 s >
720, [Al— DA T D > TE Z OILEHBIZIR A & - 72
0§ 5728, BRIRIERE & S5 A O R 1138 53 A7 2 fiE i
Pl 2 Z i3 Ly, L72A 5 T, MARTR OB IERE
Z AR O BREFAIC OO TRBNZ R 5 2 L3Rl
KEET B %, BEREHLOERIZ I\ T, $EEI0 0 3B S
T & 5 0-Fe,0, X Fe,0, 281 < X (F512 Cu Ka) % WIS
%2 LA, S AHE OB D2 K D S5O R
TR EE B REVEN B B 728, MARIROFEE T K
FNnEMEINS, LT, # TR TTFEREL
FFERIR D O & DT & % BEASHLD XRD-Rietveld A 12 & %
FERMOERIZOWT, MAKIROTEE & Z DMIELE™ O
HFRAMARET S ZENEBETHE EE LT,

FERER TOXRDHEIEIZB T, X E LTI, Cu

Ko % 7213 Co Ka#ftii (Ko, T XL ¥ =28 Z N Z18.048 &
6.924 keV) 23 —fEINZHWSE NS Z & H 2\, Cu Kafi %
i U 72554, Fe DWRINEREIE Fe D KWL (7.120 keV)
DWFETKREL £B7-0, Fe e %< AT 2G5O T
K Tid, ZDRESHIZFEBEOHIAL L D & B TR
S RZBMTRIER G 60 5, shRHS & £ h 2 SAG5H
DBy HE % EMEICERT 5 729121, EitiZib 7z MA
IREZEL T, XL SR ofESHOMAS DY %
Mt 2 082 H B, — 5T, CuKaffliiZEHam, (K3 2
b, EtTHBZEnS, W< ASIAS I TE 2,
ZDW, PEAEINCFe# < HATAMAMHAEE N T
T, CuKoitwHWTXRDIE#TH AT T A S 20
WAND B, sz L, TEMEZ, THATHIET
EHHHORKINC LD, USROS OB ECNEATE
FREDOXIEEHHE 32880V EARH 2B 6N
%

AWFZE T, XRD-Rietveld %12 & % &S §i b o f% S A0
OERDLEOERMEE 2 E X822, 2fHOR
BERIZ DWW T TMAl IEZE DO R & BGE L 72, 551 OF0RSR
(Type 1) &, RifX2 L 3 a-Fe,0, & ZnO D 2FEFHAD R4S
R (EB 5 EEEIE50%/50%) Th 5. HikT, &5
SR OB R4y ¥ A& XRD-Rietveld T L, SRIINFREL &

28

SRR A B L 72 TMAIETE O R & WGk U 7z, 820
FARUBER (Type 2) & U T, BEARSHEA BEHE L o-Fe,0, & A L
72 SFCA ¥ K U SFCA-1 DIRAMEABHI DWW THET L 72, 52
BEE RIC H5 1 5 XRD D — ki) 25 X #RIH T & % Cu Ka (MA
FIRAKE W) & Co Ka MARIRA/NE W) 23, @ Emffic
5.2 3B EFET 52012, 6O RO XRDHIE %
TORAEAHDOE 'y E & K 72, Type 1 & [FAERIC, $IK
WARBE PR E2ZE L T, &ERE I T 5 TM A
EEOMBEMEEL 72, T 2T, Type 21220\ T, SEM-
EDS CTatll L 72 a-Fe,0; & B3 AN T LT 274 b
(SFCA+SFCA-I) DRI 2> 6 & Al St 0 E ki % 4
H L, TMAIEIZ W72,

2. E&
2.1 HEHER

A2 TIE, MARIRA K E WIGAIZ, TMAIEDL 2 v
T XRD-Rietveld %12 #5 1 % /8 47 F 0O 7E S AH O ffE [ % o
FT 5 EDRILE2EMGET 5728, (Type 1) a-Fe,0,
& ZnO DR TR D 578 B A ik bt & (Type 2) eSS 2 45
HE L 7= a-Fe,0;, SFCA, SFCA-I1% 6 & % {4 il & 18 L
720

SEYRIR D R B a-Fe,0, & ZnO DIRATAEL (Type 1) %
L, 2RO REOMARHEIZE N T, Cu Kafi
281 BRI RIS K & WSS (a-Fe,0,) &, /&
WS (Zno) DIRAEHI B 2 MARIR L 2 D T™M
FHIEE ORI R % MGE L 720 sORHEZFYRIE 23 0.5 um & 7213
2 um D o-Fe,0; & 0.6 um D ZnO W3 A % [A—& &7 F (50%/
50%) CTIRA L7z 208 A L 72, a-Fe,0, (Bl LA
7%, 4N, 0.5 um) % 7213 o-Fe,0; (EHELAAIZERT, 4 N)
D2 mm R 2 B U TR 72 FERiE 43 20 um (L —H — K
BLIE IS & D) D a-Fe,0, % ZnO (F#lE (L2222, 4
N, 0.6 um) & [Al—E & (50%/50%) Tif L7z,

BRGSO FEHE T H 5 3FD A (a-Fe,0,, SFCA,
SFCA-T) % & A 72 IBERE G % 15t U 72508 (Type 2) 2 W
T, TM Al IE35 D 8 FH i % 00 254G St OO BT i 3 36 % Fhisc iR
AL 7=, itkHZ, a-Fe,0,, SFCA, SFCA-1% &%k 2 /H &
SEILD 6D DKL E T L 72, SFCA & SFCA-1 D HLAHR
FHZ, Hamilton 5" & Mumme 52 35 L 72 FIEIZHE -
TRRBEEE TR L 72, 2 6 OAIZIE, a-Fe,0; (F
WAL 2202207, 4 N, 0.5 um), CaCO, (BISALE, 4N, 12
um), a-Si0, (FRRELEMZERT, 99%, 1 um), a-ALO; (&
MEALAIFZEE, 4 N, 1 um), ¥ K OMgO (R g (b 2= 6
28 (4N, 1 um) OREA PFPE & U THI 7=, Table 1
RS R R TR L 2 BRIEAY (193 @) %345 kN
DEHTEERB MmO Z 7Ly b 2, 3f#) ITREL,
IR e % H 12 800°C TIRBE X L 72, ABERIZ, 1200
(SFCA) & 1230°C (SFCA-I) TZ N ZhH 60 EAT - 720
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B D728, By - B - VLB A 3Ol DR L 72 &
% L 72 SECA & SFCA-IO XRD /S 4 — ¥ % Fig 112§, &
HEDXRD/NE — VI A E LT aFe,0: 0 FENT
WAHM, =215 ZNT99% & 95% LD HAHA
BohtELO5ND, a-Fe,0, & A L 72 SFCA, SFCA-I
% Table 2ITRTERESETRAL, EF LB 2FEL
770 0-Fe,04 1%, “FYTR M52 mm D3 (EH)E (L 22 0F
%’%Fﬁ 4N) ZREL T L 2, 2 o ALEk & Ui & ]
, K300, BETFILIREIE ML L 72,
2+ 2 XRDAIE
MAZIRA K E WA TE, TMHIEE % Vv T XRD-
Rietveld VA CHEM U 72 € mAE A M IE T X 2 2 MGE$ % 72
¥, (Type 1) F¥RifEr 5% 5 2 FHHD 0-Fe,0, & ZnO D
AalktE (Type 2) 6 O BMEBERS LN DT, (Type 1)
1 Cu KaX #6 %, (Type 2) 13 Cu Ka & Co KaX #ii % Fu
CXRDMIE % 1T 5 72, XRD /¥4 — ¥ % Rietveld B: Tfihr L
T, MO B R R AT L 2, & 512, BA5MMHO#R
mﬂifﬁ&kﬂéi’)ﬁ #HEREL 7 TM%%E@EZ" A U SE
S ROMIE % iR A 720 Type 2 DFHTI, SEM-EDS O H
@J*\/?ﬁ’ﬂﬂ%’éﬁu’&ﬁ% W T EAEAAH O YR A B LA IE
IZHW2,
XRDMIEIZIET 4 752 F A — & — (SmartLab” (V) #
7)) B L 72, B R L & — Dk & X1d ¢ 20 mm X
X02mmTh 5, HEREEEBITIL, Cukak CoKaT, %
240 mA/40 KV, 36 mA/40 kKVIZFRE L7z, T =74 X —
S — DN A%13285 mm TdH %o X BRI A3 mdt 1 ook Y
m (DiteX (V # 2)) &M L 7z, MI%E 1213 Bragg-Brentano
HXREHM L, CuKak CoKaTZNZFHNi, Fe 7 4

Table 1. Initial composition of SFCA and SFCA-I (mass%).

CaCO, a-Fe, 0, a-ALO, a-Sio, MgO
SFCADY 25.7 59.1 5.3 7.8 2.1
SFCA-1? 18.2 76.9 4.9 - -

‘LMJUU\L SFCA
-«-—MAAAU»W SFCA-12

Intensity (a. u.)

LB =T L7 (KB7 4 L& =), MIESMHZROE
DTH o7z, HIEME20=20~80°, 2T v 7 fliE A20=
0.02°, A F v VMg =1"min, sRHAIESE D Ok =
60 rpme FEELZ U w b (DS) 1&1/2°, ZH AU v PRSI &
RS2DMEIFZNZN8mm & 13 mm & L7z,

XRD-Rietveld 1512 & 2 fi# #1213, PDXLY 7 + 7 =2 7
(version 2.8.1.1, V # 2 ) ML 7z, HricfiH L -
BAEERHDREEEE NS A — 2 — 13RO EBY TH B,
a-Fe,0;, ZnO1Z, ICDD # — F % %5 01-080-2377*, 01-079-
0206>” D F — & % F\ 7=, SFCA |3 Hamilton 5 " %%, SFCA-I
lE Mumme 5 2 BEE L 72285 X — 4 — & W7, BT
W&, AR & i TR ) L [ L 2. Type 1 &2

DFVEHZ BT, SFCA, SFCA-IO 7 v 7 7 4 LI D}
MR/ S5 X — & — (U, V, W) 1L, a-Fe,0; DIEIZH—L 7=,
XRD-Rietveld 133k ' 1ZFEL WY,
2 - 3 Taylor-Matulis fli IE %

Taylor and Matulis® 1= & % &, i% H OSSO B &%
12543 XRD /S % — V OMAX R EEE 1, X (1) ¢
KBlExh s,

1 pa (=M
T, :—IO e dA (1)

RS A DR AR, b3 i T H O SEHO
#ﬁmﬂzfﬁﬂz, AR D RN R T b B, i
TMAHIEEIC K SRR OB R HE» 5EHH L2, 22T,
WFNFEELRKTHZ ENETS L, X (1) F X0 o
FRICETRTE 5,

f:%(e’((xz—zxjuz)—z)

)

ZZC, X= (u—un) RTH%, RIZiTEH DI D
YRR TH %, iR/ Eer 2T, i H O SEMHO B &
s, X GB) DL ICEBITE S,

sZMV / w/'

nSZMV n /

Z 2T, s, Zy My Vo w, wid, T ZNhEaMHio
XRD-RietveldVEIZF1F 5 27 — L AT, Wi v L H 720D
JH1 4, fg, WAL VL IRTE, fSSHORIIER, il
A, nlZEHOREMHOKRTH B,

(3)

Table 2. Mass fractions of model samples (mass%).

i Vi

RN illillhllullﬂllllll 1 IIl‘ \ \ L | No. l'l—F6203 SFCA SFCA-I
20 30 40 50 60 70 80

26/(degree) 1 50.0 25.0 25.0
2 49.8 12.6 37.6
Fig. 1. XRD patterns (Cu Ka) of synthesized SFCA (red) 3 49.8 375 12.7
and SFCA-I (blue). The rows of the bars indicate the 4 50.0 334 16.6
positions of the XRD peaks of SFCA, SFCA-I, and O'O 39'8 10'3
a-Fe,O, reported in previous studies'**® from the top. 3 30. : :
6 49.9 45.1 5.0

(Online version in color.)
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2+ 4 SEM-EDS Ik BRI ZAITE

SEM-EDS % H\ T, Table 2 1Z/8 9 7k No. 1 10D a-Fe,0,
EERITANTY T LT T4 b (SECA+SFCA-1) DYk
%% PE U 7z, SEM-EDS HlE 12 (%, Metal Quality Analyzer
(MQA, Thermo Fisher Scientific) % FAV 7z, GRHILI T D &
INTFHIE L 72, ARHNIZ B X ¥ 223 B No. 1 DRy R &2, 2K
4 FPTERRL, #—KVTF—=T%H->7210 X 10 X 1' mm’
D SiFEM AW T U 7z, W%, MQA @ H Bk 11 RE %
FHWT, 897000 K1~ DK% o5 A & R & JIE U 72, ABE%E
Tld, EDS TFe & O DAL S /=i T-% a-Fe,0, & L,
Al, Ca, Fe, OB KU SiAMit E ki1 & 2Ky H v
Y 47 x5 4 b (SFCA+SFCA-I) & U7z, Hic 5 [HEIRRE
AT 5 FEEOBERE L TIE, HLE D A TSFCA & SFCA-1
BN TERVWEAN LW, AF%ETIE, SFCA &
SFCA-1% & A CXAIMFIHiE &2 175 2 & & L 7=, Fig2
1Za-Fe,0, L BRI AN T LT 254 b (SFCA+SFCA-I)
DRE S TR, 5P, a-Fe,0, L BRI ANY I LT x
74 P ORI, SR TOHRELEEDERLT 527D
DfmE, b &45° & 525 THE L 72 K D
e L TCERE L,

3. BREEE

31 v1ya7F V=723 xR 5 Taylor-Matulis 1
EEDRHE
Fig.312, Cu Ka XA THIE L 2 FHREOMAE D
HDHEKL B a-Fe,0, & ZnODRAE (EREIL=1:1) ©
XRD/S4 — V&Y, TRk, (a) FEERENZNRZEH05
um & 0.6 um D a-Fe,0, & ZnO DIRAMIDIS 52 — ¥ | g
i, (b) E¥REED Z I F 20 um & 0.6 um D a-Fe,0, &

2000 M T - T i T b T < T - T i i i T g T

SFCA+SFCA-I

—_
(S
o
o

[$)]
o
o

The number of particles
=
o
o

0 =2 il S
2 3 4 5 6

Average particle diameter (um)

Fig. 2. Distributions of the average particle diameter sizes
of 0-Fe,O, and multi-component calcium ferrite
(SFCA+SFCA-I) obtained by SEM-EDS measurements.

30

ZnO DIRAMIDIS 4 — 2V TH B, (b) DFEr, XRD-Rietveld
HBIZ K 2B E 5 HEIEZ N ZFFe,0, ¢ 35 mass%, ZnO : 65
mass% & B &, HAADBETEN S KE L Szl
L7z, %8, XRD-RietveldiED 7 1 v 7 14 Y 7 OH%E
#/NT R, (HAG ZIKFE) /S (Goodness-of-fit) 1&, TN Z
N3.42%/2.52 £ 2.56%/1.91 TdH - 7=, fiEREciE, Cu Ke,
DXHET L F — (8.048 keV) TDHBINEREL & 0-Fe,0,
& Zn0 DI K% % Z 1 L T TMAlIEE: & 1T 5 72, a-Fe,0,
& Zn0 DFFFIUREL & FHIRIE I KO Trey0, & Truo & Table 3
IR T, &85, Type 1 DFEEROHNA, TMAIELEOH FME
DIRFET B 5728, Trooy & Tro 1, O HAADE &
S EHGCER L 72,

Fig412, (a) a-Fe,0; & ZnO DFYIRIIZA Z N ZH0.5 um
£0.6umTdHBRBOXRD/S# — V128 5 TMAlIE
OB OERTEETZNTHAEA E L TORT, W
HifE CERES R, IZITFEC TH - 72, Fe,0;, & ZnO THE
IR EL D ZEE K E 2> > 72— T, T T hOFYpRifEH
EB68 TN E o2 ERKTHEEHELONS,
(b) Fe,0, & ZnO DR %A % 1 Z 4120 um & 0.6 um D
FEFO XRD 78 4 — ¥ O 354 O TM fifi 1R 3 3 FH A % OB &=
BHEE Figdl2ZhZThBEB & L OURY, TMAlIE: %
WH L ZWGAIIEAADB RS EEHETE )5 72,

Intensity (a. u.)

Intensity (a. u.)

Ty

20(degree)

20 30 40

Fig. 3. XRD patterns of a-Fe,O, and ZnO in the 1:1 mass ratio
measured using Cu Ka radiation. Dotted blue and solid
red lines show the diffraction patterns for the samples
where the average particle sizes of a-Fe,0, and ZnO are
0.5 and 0.6 um, and 20 and 0.6 um, respectively. The
inset shows the region where the difference is prominent.
The pr/S factors of the Rietveld analysis are 3.42%/2.52
and 2.56%/1.91, respectively. The rows of the bars
indicate the positions of the XRD peaks of o-FeO,
and ZnO reported in previous studies?®*” from the top.
(Online version in color.)

Table 3. MA correction parameters for a-Fe,O, and ZnO mixture

specimens.
Species Linear' absorptio_tll Ayeraged particle  (cm™) Correction
coefficient 4 (cm™)  diameter R (um) facto 7
a-Fe, 0O, 1119 0.5 689.5 0.984
1119 20 689.5 0.533
ZnO 260 0.6 689.5 1.02
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— 77, WIER G0, & Tmo &R 3) IZEH T2 Z & T,
WEDENRKEN 572 LTY, HRADER L L
ER— Dl & 372, KitEOZhRIE, p,=12 LTERES N
BZIRAES IZ KD BRT X 5, Cu Ka DY, a-Fe,0, &
InOTENZNL=18um& 1,=70umTH %, 2% D, X
B A WIS 2 A5 S AH O P YTRIEMRATE & 1 12 THST
INE ORI IEIIARETH 503, RifEA e, & AFEEIC
RKEWGHIZTE, MAIREZE TS5 Z L HARHICHEHETSH
52 Ehbhrolz, —77, Co KaDWf, TN, =89
pm &t =46 yum T db % DT, #fi IE 23RN E 75 a-Fe,04 D A i
KR OFH PR ENTFILN S Z ENMFETE S,

P Eoi&ian 6, FEREA (a) 0.5 um & 0.6 um B L
(b) 20 um & 0.6 um D a-Fe,0, & ZnO DIRA AR O B Al R
DIEIZ K D, XRD-Rietveld #£1Z & % & wAl O TMHfi IE 14
IZEBHIEDNENTH 5 Z & #HERL 7=,

-2 EEBEGAMCHIBIXBENEREICLI /0O
TTI—=Ta R OEE L Taylor-Matulis i 1E %D
EYES

WAZ, Type 20 ik Bt D FZER AL R % 3B X 5, Table 412,
a-Fe,0;, SFCA, SFCA-1D2 - 4 i Tl X7z /L THlE L 72
SEYPRIEE, Cu Ka, ¥ & U8 Co Ka, D ¥R R, 618 D 1its
FROBHZ X U TR L 72 TM Al IR VA D off B & 2 2 g,
0-Fe,0, E B AN W LT 254 FDOFEPRRIZZE N
T4l ym & 4.6 um T, Cu Ka DT — AT DN TITH S~
8% DHIENDBETH B Z Enbh o, ThEThDF
KRR ARZ 0K D /&<, MAZIRIE Type 1D
REHEE KX FaVw el 3,

100

Mass fraction (mass%)

A A B B

Fig. 4. Mass fractions before and after the Taylor-Matulis
correction determined by the Rietveld analysis of each
XRD pattern shown in Fig. 3. A and A’ indicate the
quantitative values before and after the Taylor-Matulis
correction of the XRD patterns with the average o-Fe,O,
and ZnO particle sizes of 0.5 and 0.6 um, respectively. B
and B’ indicate the quantitative values before and after
the correction of the XRD patterns for a-Fe,O, and ZnO
with the average particle diameter sizes of 20 and 0.6 um,
respectively.
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LUF O ¢id, sk o & 58 S o F YR, ofd
LB CHETHI L K OCRE ST 2720, ZIEFR—Th
BLERBETIENTED, 22T, fhDikF (No.2~6) 12
DT i No. 1 DF IR 1% &2 F W CTMAlIE % 1T -
7. SFCA 5 & UFSFCA-1 DFRIRIURENZ, SCilik'? TH X
NTO DB L A IR L 72,

Fig.51Z, a-Fe,0,, SFCA, SFCA-I'** % & 75 % K f5E i il
FLAAEE (No.1~6) D Cu Ka## THllE L 72 XRD /S &# — V &IR
T, Fig.5 O FERICIE, AT T#E S Ty % a-Fe,0;,
SFCA, SFCA-IOXRD/S &% — vV D&Y — 7 iE (L2 5
o-Fe,0;, SFCA, SFCA-I) % /5 L T\ %" Fig6ll, Cu
Ko %O THIE L7228 T ik (No. 1) DXRD/S 4 —
(#) & XRD-RietveldiE THBLL 7282 -V (F), Thb
DS 8 — v (K o) 28T, Fig7 & Fig.8i3, Figs
& Fig6 12 /B L 72 Co Ka JHD#ER T H %, Fig.5 & Fig.7dD
XRD/S & — ¥ T, No. 1-61Z % ¥ TSFCA & SFCA-1D'E
BORERML TZNEN20=345,405°{PEDE -2 D
BENENL TODZ LR TE 72, 72, Fig6 & Fig.8
TR TN ZTNDOXRD /S X — ¥ B XRD-Rietveld i TIE L <
MBTX 3 Z & MR T X 72, Table 512, Fig.5 & Fig.712
/R XRD /¥4 — ¥ D XRD-Rietveld iEIZ B 1) % R, & STREK
T,

Fig.91Z, BalkBtDOHAA DK 553 # (Table 2) &K (3)
& Table 4 1271 ¢l 1E£R 5 2 FH S 72 T E 75 0 i FH i 7%
DERYEORBRE/RT ., Fig9 (a) & (b) 1, THhFhCu
Ka# &1 Co Ka TOFERTH %, Table 61, Fig.9 (a) & (b)
DRBEEFLEBLZEDTH S, Fig9 (a) & (b) D i

Table 4. Correction factors, 7, for a-Fe,0, and silico-ferrite of
calcium and aluminum (SFCA+SFCA-I).

u u Avergged —  Correction Correction

species (Cu Ifal) (Co Ifal) (ﬁ:r;:gtl:r © (em™) factor 7 for factor 7 for
(em™) (cm™) R (um) Cu Ka, Co Ko,
1 9457  0.948 1.006
2 9612  0.953 1.007
3 929.1 0.943 1.006
ofe0, 925 Al g0 0045 1006
5 9266 0.943 1.006
6 919.6  0.941 1.006
1 9457 1.086 0.993
2 961.2 1.092 0.993
SFCA 708 266 46 3 929.1 1.079 0.993
4 9349 1.082 0.993
5 926.6 1.079 0.993
6 919.6 1.076 0.993
1 9457 1.038 0.992
2 961.2 1.044 0.993
3 929.1 1.032 0.992
SFCA-1 837 268 4.6 4 9349 1034 0,992
5 926.6 1.031 0.992
6 919.6 1.029 0.992
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i, BuE a0 #EO+3 mass% DRZE%E/R LTV 5, Cu Ko
12K 2 MAZD RO IERT OB w5y 31, B EREA 1119
em” ' &fthod A (SFCA, SFCA-I) & 1) K E\a-Fe,0, D'
HAENEBEOBESELD /M BRI TWELZ L
Nhh b, T, BEIRRED a-Fe,0, & D HHXHIIC
INEWERSTH LY I LT 254 b (SECA+SFCA-I) D'E
HoHRIE, EEOBRSELD S ARESHEH TN TN,
INEDERSFRIIH LT, TMBIEEAWEH T3 Z &1C
&0, Fig9 () FOFRE DT 0y ORRIZ, EWEEFHIZ
bzo T, EEOBEESRLIZIZR —-DOERIEN T H
720

—J5C, Co Ka THDF — & T, TMAHIEROER/FET
Y, EEOBEESHE L +3 mass% AN T L7z, 512,
TMAIEEZEH L 723588 20N E»r 572, Th
i, TARTOREAH T Co KalZ 513 B HRIURE AN X
O ThiEELIONS, ULEOERL» S, CuKafitd H
WTE, KR THRRZTMAIEREEfIHT 5 Z LT, %
FEMMH OB BT FEE £3 mass% DIEE CERTE D I &
EHERR L 720 L7228 5 C, MA R FUTHE A 12 B A S 0 -

_ (a)

SEiEiE

T Ty v g e
20 30 40 50 60 70 80 32 34 36 38
20 (degree) 20(degree)

Intensity (a. u.)

Fig. 5. (a) XRD patterns of the model samples (No. 1-6)
consisting of a-Fe,0, , SFCA, and SFCA-I using Cu Ka.
(b) Magnified view of a region of Fig. 5(a). The rows of
the bars indicate the positions of XRD peaks of a-Fe,O,,
SFCA, and SFCA-I reported in previous studies’22)

from the top. (Online version in color.)
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Fig. 6. XRD pattern (red) of the model sample (No. 1) obtained

using Cu Ka radiation and the simulated pattern (blue)
obtained by the Rietveld method, and the residual pattern
(pink) showing the difference between the red and blue
curves. The background pattern is shown by the green
curve. (Online version in color.)
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WOPRMEICHET 52, WA+ < ORifEA3S um
DUFFEE) Bied 2 2 Lic kb, BEEScEEh 5 18 A
fiA (0-Fe,05, SFCA, SFCA-I) 12D\ T, Zh 5k
DXRD/S4 — VDR ERE S ELEE5IFEIXHEL
BNWZ ENbr o7z, ZhiE, Cu Kol HV 72l T Fe
GG A OBBIR B K & <, BATES , W& 0gk
Ty, WA Z DL B2+ 5 20 25T H UL,
XRDMEIZEWNTMARI RO EE 2T 5 Z LD hn
72TH 5,

Z D & 9 7 5Fli & fF T 0 XRD-Rietveld ¥ 12 & 5 7 B
JEIZ, BUEE T 0 v 20T I T, BRSSO S 0 Ry
R EBAELOREO B R A ME T S5l ke L Tid+
BTHh D 72720, EROBEREFNZ OFEOEM T 5 F
12, DTSR A2 +0BRT 208N H 5, FEFE
DIEAESIZ BT ALK AN 2 45T 254 b (SFCA,
SFCA-T) &, i @i 2 & JE-1 0 vy HEFE 2 88 TR
Y 5 72 D AEETENIEE ISV, AT, BEZh 6 ofl
B BNEDS H B, ZD0, TR T LT <
54 MHROE -2 RIEFIZTa—-F -2 k0D,
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Fig. 7. XRD patterns of the model samples (No. 1-6). XRD
patterns of the samples consisting of a-Fe,O,, SFCA,
and SFCA-I obtained using Co Ka radiation. The rows
of bars under patterns indicate peak positions of a-Fe,0,,
SFCA, and SFCA-I reported in previous studies’>?®

from the top. (Online version in color.)
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Fig. 8. XRD pattern (red) of the model sample (No. 1) obtained
using Co Ka radiation and the simulated pattern (blue)
obtained by the Rietveld method, and a residual pattern
(pink) showing the difference between the red and blue
curves. The background pattern is shown by the green
curve. (Online version in color.)
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XRD-RietveldihiZ & 57 4 v T 4 ¥ 7 DEE, SFCAHB LT
SFCA-IDfEHE DRENIC KD —2 T 4 v T4 V7
7b>%ﬁ,\0)ki%%*$l‘ﬂlﬂ0)SFCA%ockUSFCAIO)EE'/\&‘%&E(
ML CEUNCEHE XN DICODONWTHET A VEL D B,
PLEDAERD 6, Type 2 DK T, MAKIRD EHE A
k% SEEMEMENTH A9 Cu Kaffii & W54 T
, TMAIEZ 2 W3 Z 12 & D, XRD-Rietveld 212 &
5ﬁ$%ﬁ@ﬁiﬁé &R L 72,

Table 5. R and S factors of the Rietveld refinement of XRD
patterns shown in Figs. 5 and 7.
Cu Ka Co Ka
No. R, s R, s

1 1.94 1.46 1.47 1.60

2 2.03 1.55 1.34 1.47

3 2.13 1.61 1.51 1.63

4 2.03 1.55 1.55 1.68

5 2.25 1.70 1.68 1.82

6 2.26 1.70 1.65 1.79
(a)
351 55 T T T T T T T | T I"
© .
ESOMICu Koy I ﬁ
o45 | ——— r Y L ]
> A .
24 ol ’
&35+ [ % = ]
230} | i ]
@251 TR W a-Fe,0,
S20¢ AR O a-Fe,0, (Corr.)
§10T Q A SFCA
g0} * v SFCA (Corr.)
E 5l > SFCA-I
§ i : ;" e <] SFCA-I(Corr.)
= 0 5 10 15 20 25 30 35 40 45 50 55

Initially-charged mass fractions (mass%)

4. &&

AT T, i%%ﬂﬁ’n ¥ 2\ XRD-Rietveld 12 & 5 #i
s O E A O % &I, (1) a-Fe,0; & ZnO DRAT
B (Type 1) 12& 5#&%&%%&%%&%%@5%%, (2) B
FERERSSEEURE (Type 2) 12 &k 2B #IZ IE T XHRIE (Cu
Ka, Co Ka) OFZE L Z I % TMAIIEEOR)R, O
MEHS MIZL 2,

Fe K-Vt T XL ¥ — 25 5 Cu Ka DG A,
EHZE E N D Fe A I L - THEEAH DRI R B A
KEL D, XRD-RietveldiBEIZ X D BRI ZBRETHR
B, FEOBEGELEKML ZWGADRDH S Z L MR L
72. Type 1 DRI TIX, a-Fe,0, & ZnO @ﬂﬁi%ﬂﬂbﬁ%‘?
FANENEAITE, HAADE RS H fﬁ—@’g
EOAERNF LN, A, ﬂﬁi’Jﬁfiiﬁ jc%n 213,
% M OFEBEO - Ry R L foﬂﬁkifof:o 7277

, IRARE OB Ry, %*B@#ﬁﬂ&l{xﬁiﬁz&ﬂ?f’ﬁﬁ’
%%‘ré’ L7z TMAIEZR AR T 5 Z &k b, EEISED
EIZHIETE 5 Z & #HfERL 7=,

SEM-EDS {ll & 15 72 %M O F ¥ ki 1% & ik 2> & FFH 52
(b)

%55 T T T T T T T T T il
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%45_ T | | * 4
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Fig.9. Relationship between the initially-charged mass fractions of the sample (shown in Table 2) and the quantitative values obtained
by the XRD-Rietveld method before and after the TM correction using Eq. (3). Figs. 9(a) and (b) show the results obtained for

the Cu Ka, and Co Ka, radiation sources, respectively.

Table 6. Mass fractions of the crystalline phases before and after the correction in the XRD measurements of type 2 samples (a-Fe O,: H,

SFCA: S0, SFCA-I: S1).

Cu Ko Co Ka
Imtlally-cha'rged Before correction After correction Before correction After correction
mass fraction
H SO S1 H SO S1 H SO S1 H SO S1 H SO S1

No.1 50.0 25.0 25.0 45.9 28.0 26.1 48.7
No.2 49.8 12.6 37.6 45.2 16.5 38.4 47.7
No.3 49.8 37.5 12.7 44.4 41.3 143 47.5
No.4 50.0 33.4 16.6 46.9 35.1 18.0 49.9
No.5 50.0 39.8 10.3 44.7 43.8 11.5 47.8
No.6 49.9 45.1 5.0 46.6 48.2 52 49.8

26.0 253 51.7 24.0 243 51.4 24.2 24.5
15.2 37.0 51.5 13.5 35.0 51.2 13.6 352
38.6 14.0 522 352 12.6 51.8 355 12.7
32.6 17.5 53.5 30.3 16.2 53.0 30.6 16.4
41.0 11.2 51.8 37.6 10.6 51.5 37.8 10.7
45.1 5.1 533 41.8 4.8 53.0 42.1 4.9
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L 7= R B % Z 1 L 7= TMH IEEE 2 ZEE L, a-Fe,0,,
SFCA, SFCA-1% & ¥ BB e Ab SL 508 (Type 2) TOMGE
BT o7z, ZOJKICKD, BL#k%E 2 < Gl Cu
Kot % W 72358 T3, 3 mass% AN DOHEE C- w457
EPFEND I L 2MER L, 72, CoKafpa 72
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— AT 2 DIXES TV, AT, Bkl &
3 LIEBETBHE B 57280, DO ADORE A 7=
BAaX0d, b5MHEETHIFLZKBOXRD/ S 4 -~
ARG L TOREHFFCTERILT 55D, lBOFEED
PERE LD EHEICHR A OGN B HETH I EELZENS,

HEE

HASLE: (b)) o @fE e scilit:, SAmaE it A
+z, BECTER 1L, SER, MAEZE L, AR,
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INZEIRHEHTZ, iR LR PO HBEZTZIZIE, XRD-
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