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Mamoru YAMAJI, and Hiroshi TAaN

Synopsis:

Fluorescent X-ray analysis of iron contents in iron ores by glass bead technique has been theoreti-
cally studied. Calculation has been made on FeKa fluorescent X-ray intensity in Fe-O binary sample
and in Fe-O-impurity ternary sample in various fusion procedures by means of theoretical formulas
for fluorescent X-ray intensity.

The results are as follows:

1. In the comparison of characteristics of various fusion procedures, the intensity decreases, the
derivative of calibration curve increases and matrix effect decreases with X-ray absorption of glass
bead. For example, in the procedure in which lanthanum oxide is used as reagent, matrix effect is
low and lanthanum oxide is useful as heavy absorber, while vanadium oxide has a little effect as
heavy absorber and matrix effect is not low.

2. In the procedure in which sodium tetraborate is used as flux, calibration curve for iron-oxygen
binary system sample is made, and FeKe intensity is calculated for iron-oxygen-impurity ternary
system samples when impurity is substituted with oxygen in iron-oxygen binary system sample.

Theoretical correction factors are derived from the change of FeKa intensity. It is shown in ex-
periments that these correction factors have an effect on analysis of iron content.

1. #%

PRYLT, BEREEE, MLy FEOF T A - MERR
I B X R HTER LS O TEXRAITC I T
BERBY>E D, AOPEIBROIFREREZRET,
PR A SIS Lich, BAE, JIS {Lrigkilih s
JEEFFRE T THED bR T\ 5, i, EEEELK
# (ISO, International Organization for Standar-
dization) ¢ TC(Technical Committee) 102 D ELFLA
s HiEE P 5> Sub Committee SG-2 3\ ~T SRR A
HROBERIIHE L LT, T TRIRE LT BLFEST
BEOEME, #5AE— FECIDTWEXBESIED

il

BE®1T5 2 ENREIRTWAY, ZoBRNER IR
(DY EXREE MRS, KBE, 7y V&4 AHIE,
RE (2)EE, RERLODDOH I A Y — FIEREE
ol DEBEISRTE Y, (2)FEGERNFGT
DEECIAFIFIAE - FERSIV< Y v 7 AFHIED
R OVWTORFARZEENRT D, HTIAE—- FEED
B OWTh, chE Crghs ISO IWREI K
ER IO 20 7hbitthThBgbs vz v L 0%
b2y A DRIEERINT B HEPREDYY ShTne
5.

H 5 AE— FEELRT 5 REFELROFECTOVTOR
HRBRAEE CRIBRINTE YO0, SO ET 57

* mfl 53 44 P ALSBERSICTRE WM 55 £2 86 0% (Received Feb. 6, 1980)
A ETYE ) bR EfE (Central Research Laboratories, Sumitomo Metal Industries,

Lid.)

TRk (g o BTN (BR) R R E TS5 (Central Research Laboratories, Sumitomo Metal Industries, Ltd.,

1-3 Nishinagasuhondori Amagasaki 660)

ok g A e (B FIBLRLEKAT (Wakayama Works, Sumitomo Metal Industries, Ltd.)
kil (e o B T3 (1) E B B857F (Kashima Works, Sumitomo Metal Industries, Ltd.)

57 —



2078 g & 6

¥ 66 £ (1980) El4=

T AE =T O FBEICOWT O], MIEGR 0= H
LDFNL AT,

RI|E TR, BEET OB O CIEXE N A B
EUT, BEEERT AV, S0 IEXERIRE % 8 H
T5HZ LR X D INFORBIC O CEAICRE L.

(1) BHs52AE— FECET X EBREDH
KR XORME LT, VB, BLy iy 250508
AZNTBEDOXFHEEDOE. ZDLEXDOH T AL —
FEEOMBRAA & LTEKE ST b ) v a, &K
SER) F v skt M ERBHICH o & X, B IOk
1Z5M Y 79 ACRRIEASF Y A5 A ITEELS v i v
DRELRHTM Lid D & L.

(2) BFICEKIZOIEF MY v o i rs AL
— FEEEHRY, $-BEZTLIARCOWTO BEHS
Kb, BERETHME LTOE=ZWE L OBHRIC X ST
Z3% FeKa 1 OWEXBRECHT 5, R, &
EA oy 8B E X OHIE R R B L.

i, EHLcchboErlIEERC RT3 EREC
FTHIE DR R 2 TR L.

2. BDIFOIEX HREE

HIAE = FHROFGOT WXL (FeKa) WHMERH
AIRER L D BEH U, HERE—®kI X gt
DHRTEL, Thia(1)ReRT9-1w,

I,= (FeK )= ! Ax°
1 “ sin® Am
QFeKa ('2) -1y (2) ‘ 1) SR ( 1 )

A () /sin@—l— £ ") (FCK“)/ sin ¥
o 14

Tk, Vit h ERBEXED ASAE I 0
FHXFROM D LA, p/p 12575 A€ — ¥ OBERIVE
¥, Qux2&x¥T5% FeK, OREHET

A
Q,FeKa (1) — ﬂf:‘oe( ) . WFe - Wpe ’RFCKQ'KFG
Fe

e (2)
ThHbbINd. 2T wre R¥¥a, Kp, 13 FH1Fh
FeKe W RT 5100 KK, FeK, o K RFICoiE
H, BN » v 7 THD, Wre 12 Fe 0BEESHTH
. Fl, Ams KRB TRENBHXEORENE, Fe
DRIRBEETH H PWREDE Am 225 2k° £T0.02
Av, 5cffot. @, TofEiz @=90°, ¥ =35 1
U7c. BEHXERBRE 1 50 kKVP LR g~ 4 1 x
— D ADIEE D Rh &g H b0 XAEHRE DA% FL
fo. BBATXBRTEG X L BEXR E 0 i b hd, Hi
XEBRECOWTLE 2 =7y P DI E RS 7 5
b VB DS AR

A—Am
Am - 22

L OB LcmEe, XEERO Y H LEM o<
Vo a (JBX, 0.15mm) L ARINELFE Li-b D
B T,

BEEXERELT 7 » ViIC X b 8L L7 X% RhK
CONWT, H¥AERT LiF, Sy v —v g v
AU vE—% AT 0.05° ¥, 5D AT, FAF LV
FRCHE L. & OBEIS\T, RhK, (0.615 A),
RhKj (0.546 A) 35X 0 h b= v | vEE A< 2
P FRTE 0.60~0.62A DE A< 1o, Mk
XAROMEN X b B Ui, D R0 X8 L o
X bpi s Fig. 1. ORBEXEOBEN ALY (1)K
D Iy(R) w7z,

BEWIVEIL H A. LIEBHAFSKY BIZ X 5% 0B
% Fig. 2. X 51CHE5 L, HEAHXEE L OFeK,
DR IT B HEZ H .

21 FeK, [JOVEXRHBEL IS RAE — REEDBERFR

BHERE D H 5 A ¥ — PR X B XESHTE:I D
WG, ThETCREBEOFENREIRT VS,

MAEOSEEF P Y v A (NaBOp) B %\ ITAEKIT S
BV 77 & (LiBOy) ORIFI% Bpic 375 A ¢
— N, EEBIOA %Y 7o bt Li,BO, i3
LCERZThEgbs v & v (La,0;) % X OW{E-S o
va (VO5) B EEINT5 #52E— Kk, HAEMDIT
Fe o R Z@t =1+ (Co,05) o HE#EAIN
2T FeKg/CoK, #METHzLiclh=btY , 272
REPBLOIGBE T T AL~ FIED, AENREIRT
Wh.

INHD HFAE—FEED 5 %, Co PEEELR
<, Table 1. » £HEEC T FeKy I\ IEX R

Iy(2) o<

1.0
Rhk
»
S o8|
>
8
=
s 0.6
2
2
2 o4
a
[~4
o
s
.21
o R a—
02 03 0405 07 10 20

Wave length A (4)

Relative intensity for X-ray spectrum
emerging from a X-ray tube with a
rhodium target at 50 kVP.

Fig. 1.

— 58




I

B J . L

&
‘,,

HSAE - FEZX58EATOHKS DT VHRXESIT 2079

1000

100

10}

0
B

Mass absorption coetficient pjp (criig)

O.'l L 1 1 1 |

02 04 060810 20
Wave length X (A)

Fig. 2. Log-log plot showing mass absorption
coefficient as a function of wavelength
for various elements.

Table 1. Various fusion procedures.
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Fig. 3. Theoretical intensity of fluorescent X-ray
FeKa from iron-oxygen system samples for
various fusion procedures A~F.
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Fig. 5. Theoretical intensity of fluorescent X-ray
FeKa from iron-oxygen binary and hema-
tite-impurity system samples for fusion pro-
cedure B.
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Table 2. Calculated Fe weight percent from iron-oxygen binary and hematite-impurity
system samples for various fusion procedures (wt%).

Fusion Relative| Fe-O Fe203-] system

procedures | intensity| system MgO | Al,0s| Si02| P CaO | TiOz | V205 | MnO
Al 3Neson 1 0727 65.0‘ 654| 655| 656|66.3| 669 | 67.0|67.1 | 66.1
B} ' | 0754 | 650 | 656| 657|658 | 66.7|674 | 67.5|67.6 | 66.4
c|2 o 0730 | 65.0 | 65.4| 655|656 | 66.3|67.0 | 67.1 | 67.2 | 66.1
D| 3 M%) 0707 | 650 | 65.3| 653|654 | 660|665 | 666|667 | 658
E| 310203 0683 | 650 | 65.2| 652 | 652 | 65.5/657 | 66.0|66.0 | 655
F|3, L0 29 0669 | 650 | 65.1| 651|651 |653|655| 656|656 653

S: Sample
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Fig. 7. Mass absorption coefficient as a function of
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Table 3. Correction factor Aj for iron-oxygen-
impurity~borax system.

Wre FeO Fe3Oq Fe203 | FeOOH

i 0.777 | 0.724 | 0.699 | 0.629

MgO 0.079 | 0.079 | 0.079 | 0.080

Al203 0.095 | 0.095 | 0.095 | 0.096

SiO2 O0.110 1011101100111

P 0.300 | 0.300 | 0.300 | 0.300

Ca0 0.533 { 0.5633 {0.533 | 0.533

TiO2 0.593 | 0.593 | 0.593 | 0.594

V20s | 0.630 | 0.630 | 0.630 | 0.631

MnO 0.237 [ 0.237 |1 0.238|0.238

Table 4. Correction factor dj for iron-oxygen-
impurity-borax system.

FeO Fez04 | Fep0 FeOOH
er 2VY3

j 0777 | 0.724 | 0.699 | 0.629

MgO 0.100 | 0.100 | 0.100 | 0.100

Al,03 | 0.121 | 0.121 [0.121 | 0.121

SiO2 0.140 | 0.140 | 0.140 | 0.140

P 0.380 | 0.380 | 0.380 | 0.379

CaO 0.675 | 0.675 | 0.675 | 0.675

TiO2 0.752 | 0.751 | 0.752 | 0.751

Vz20s | 0.798 | 0.798 | 0.798 | 0.798

MnO 0.298 | 0.300 [ 0.300 | 0.301

B L £RAROEEMEEY MIEY Thisy REERE
(Uncorrected) & L7z,
FUORXEREMERE 4; AV, GRER EX{T
U, SRENRRIC L 0 RO ABRER L, BERMER
X ok Fe-O R OEERBRE Y HE LT, £
hZh Fig. 14 @wr3. Fe-O R OELERER
ELWAE S DIEDOWTERI X DD D Z LIEARR]
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DEBRETHDL, EEBLDHIDTUL, FHIEE,
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Table 5. JSS standard used for experiment. (wt%)

JSSNo) Description T. Fe | SiO2 Mn

Cu TiOz CaO | MgO |AIz03 \

800-3 | Rompin Hematite| 6285 | 2.60| 0.22 0.042 | 0.065 | 0.08 0.02 | 0.22 2.0l 0.006

801-3 | Indian Iron Ore 6468 | 2.13| 0.06 | 0039 [(0003)|0.16 0.03 | 0.02 261 | 0.008

Harmersley

803-2 Hematite

6261 5.23 | 0.09 | 0.058 (0001} 0.12 |0.04 | 0.04 | 2.85 |[(0.003)

812-2 |Musan Iron Ore | 60.19 | 1435| 0.03 | 0.043 (0.001)] 006 | 0.64 | 0.46 0.40 | 0.003

g13-2 |glgorrobo Tron | o 15| g 55| 005 | 0.261

re

00121022 .21 1.07 1.27 | 0.16

820-1 |Robe River Ore | 5762 | 580 | 0.04 | 0.03% [(0001)] 0.22 0.12 | 0.12 2.60 [(0.004)

g30-3 |Ehilippine Iron | o652 1 5261 0.61 | 01240011633 | 068 | 215 2.75 | 0.30

Sand

850-3 | Marcona Pellet | 6678 | 256 | 0.04 | 0.018|0015 | 0.08 0.37 | 0.73 | 049 | 0.049

851-2 | Sintered Ore 5725 | 5.12} 0.51 | 0.063|0018| 062 9.34 | 0.68 2.23 | 0.040

852-1 | poe River | 6723 | .31 007 | 0013|0009 | 026 | 0.11 | 0.82 | 038 | 0.52
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Fig. 14. Experimental results of FeKa intensity from
JSS standard samples. Open circles, ob-
served results; closed circles, corrected
results; solid curve, theoretical intensity;
dashed curve, regression line.
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