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On the Effect of Combined Water on Iron Content Determination in
Fluorescent X-ray Analysis of Iron Ores by Glass Bead Technique
and on Si0,, CaO Content Determination

Nobukatsu FujiNo, Yoshiro MATSUMOTO, Takashi OcHIAL

Mamoru YAMAJI, and Hiroshi TANI

Synopsis:

There has been problems on fluorescent X-ray analysis of iron ores by glass bead technique. Of
these, the influence of combined water on the analysis of total iron content and the influence of
coexistent elements on the analysis of SiO, and CaO contents have been theoretically studied. In
the glass bead procedure in which sodium tetraborate is used as fusing flux, calculation is made on
the intensity of FeKa, SiKa and CaKa.

The results are as follows :
(1) In the glass bead which is prepared without calcination of iron ore sample with combined

water, FeKa intensity increases as combined water is lost out of the system by fusing and heating.

For example, Goethite (Fe,O3-H,O) which has 10.1% combined water is analysed more by about 0.5
9, T. Fe in the calibration curve of Fe-O binary system sample.

(2) In the analysis of SiO; and CaO, the intensities of SiKa and CaKa do not change largely
when coexistent iron oxide is substituted with other impurities, that is, the influence of coexistent

element 1is little.

(3) Analytical experiments for JSS standard sample show that the theoretical results of (1) and
(2) described adove agree well with experimental ones.
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Table 1. Numerical values of mass absorption coefficient of compounds (cm2/g).
(%\) No2B4O7 FeO | FesO4 | Fe203|FeOOH| Mn v Tio2 | Ca0O P Si02 | Al203| MgO | H20
6.0 | 6106|1450 | 1386} 1357 | 1266 | 1533 | 1207 | 8044 (6662 (251.1 [1448 | 1321|1187 4650
5.0 3664 | 8694 | 8309| 8136 759| 9199 7247 | 4827|4000 | 1822|8686 (7928 | 7123|2776
4.0 1961 | 4657 | 4451 | 4358 | 406.7| 4925| 3879 | 2583|2140 |9754 /4650 (4244 |381.3| 1485
3.0 877 | 2082 | 2082| 1948| 1818|2201 | 1734 | 1155|7167 (436.1 |2079 (1897|170.5| 665
2.5 526 | 1249 | 1194 1169 1091 | 132.1] 1041 693|4300(261.7|1247 {1138|102.3| 399
2.0 282 | 669 640! 626| 584 | 708|4595|2536|230.3|140.2| 668! 610| 548| 214
1.80| 21.0| 498 476 466| 435 4291 | 3422 | 1820|1716 |1043| 498 | 454 408 165
1.60] 151 | 270.1 | 2523| 2443|2207 | 3086| 246.1 | 1359|1233 | 750| 358| 326| 293| 115
1.40| 1041858 | 1736 1681|1519 2124} 1693 | 935| 849 | 51.6| 248 | 224| 202 79
1.20 68| 1207 | 1128] 1092| 986| 1380| 110.0] 607| 551 335| 160 14.6 131 5.2
1.00 4.1 724 677 655, 592| 828| 660 364 33li 20.1 96 8.7 79 3.1
0.80 22| 388 362 351 317 444| 353 195 177 10.8 52 47 42 17
0.60 1.0 173 162 157 142 198; 158 87 79 48 23 21 1.9 o8
0.40 o4 5.6 52 51 4.6 a4 5.1 28 26 1.5 oB o7 06 03
0.20 0.2 08 08 a8 o7 0.9 07 05 o4 03 02 02 0.2 0.2
8%, 258| 612| 585 572| 534| €47 420|2322{2108|128.1] 611 | 557 50.1] 196
‘f,ingzJ 9682 | 2346 | 2242| 21953 2049| 2481 1955| 13041078 | 4063|5986 2139 | 1922|7486
(gg&) 1205|2857 | 273.1 I 26741 249.5| 3022( 2381 | 1587 131.3|598.1| 2851 | 2605|2340 912
Table 2. Characteristic photon yields @ of the
elements for K line. o072 |-
Atomic number Element [S] f=
8
IS P 0.047 g o713 4
@ Fe=634%
>
20 .Ca 0.142 5 07l
E
22 Ti 0.197
4
™ Goethite Fe203-H20
23 v 0.227 w {Flestss.Q%(Fcfsz.S%)}
H20 :10.1%
25 Mn 0291 070 = = -
26 Fe 0.324 Fe weight percent
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Fig. 1. Theoretical intensity of fluorescent X-rays
FeKa from iron-oxygen binary, hematite-
water and hydroxide without water system
samples. '
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Table 3. Influence of CW T.Fe analysis for yarious iron hydroxide.

Composition Relative Analytical value
Iron hydroxide | Chemical formula infensity for

Fe cwW Fe; Os-HOloss| for Fep0s-H0 | for Fe- O

system sample|System sample| system somple

Turgite 2Fe203 - H20 66.2 5.3 0740 66.5 66.5
Goethite Fe203 - H20 62.9 10.1 0.713 63.3 63.4
Limonite 2Fe203 - 3H20 59.8 14.5 0.688 60.4 60.5
Xanthosiderite Fez203 -2 H20 57.1 18.7 0. 664 57.8 57.9
Limnite Fe203 - 3H20 52.3 25.3 0.622 53.2 53.3
Esmeraldaite Fe203 - 4H20 48.2 31.3 0.584 49.3 494
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H,O loss &7 h, FeK, 58E X 0.713 TH 5. ZD
FeK, 58/ T Fe,03-H,O loss SRFI D ERRIC L v,
T. Fe B%ERTH L &1x T. Fe B 62.9% it
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Fig. 2. Theoretical intensity of fluorescent X-rays
FeKa from iron-oxygen binary system
sample and one that iron oxide, FeO,
FeyO, and Fe,O,, -~water system samples
lose water.
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Fig. 3. Theoretical intensity of fluorescent X-ray
SiKa from SiO,-Fe,O; system samples.
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Fig. 4. Theoretical intensity of fluorescent X-ray
CaKa from CaO-Fe,O; system samples.
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Fig. 5. Theoretical intensity of fluorescent X-ray
SiKe from SiO,-Al;O4-iron oxide and
+.8104-CaO-iron-oxide system samples.
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Fig. 6. Theoretical intensity of fluorescent X-ray
CaKa from GaO-Al,O;-iron oxide and
CaO-S5iO,-iron oxide system samples.
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B Cik B W Tho XERINED ALO; HI O
SiO, dH D X h Rk E VS, FeK RITHA & CaK KT
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O 8i0, i@ X B XRORINBEIZAE /L b, 730, FeKg,
FeKp 1ok b 4 LTk X v Uik < 7
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Fig. 7. Theoretical intensity of fluorescent X-ray
SiKa from 59,Si0,-impurity-Fe,O; system

samples,
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Fig. 8. Theoretical intensity of fluorescent X-ray
CaKa from 59, CaO-impurity-Fe,O4
system samples.

OXFORINEL, SiO, DFHL\ 1o, CaK, HHE
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VOB OWT s, Bbgk% Fe,0O & 1L, Si0O,, CaO
FhFER 5% —ET, Fe,0, B\t B Ehibot
L 2 oMET(Ly Fig. 7 XU Fig. 8 € r-hFhos
ER

3. RETEORIE

3.1 T. Fe BFEICHITHHE/KORIE
LSS ERKE DD EER I EDFEEKNRIMNC

sk Ure & ¥ OBER OB MEFROMEC X 0
L. )

BeMbgk% Fe,0p &1, HERERY Fe,0,-H,O0 %
ok, HIERZ K& Lz & & Fe,03-H,O loss
ZABOMERE Ex b L, BEMERE 4 o fEix
—0.055, HHHEMBIERH d; OfEx —0.071 g5,
¥, TORRE, HEHRERC Fe-O RuE 2, HlIE
% Fe,0,-H,0 loss Zds L8 Fe,O;-H,O R L L7z &
X OFIEE K DfE% Table 4 W7

3-2 8i0, KU CaO EEICHITSHIE

SiKy B X O CaK, HEWT, ZThFh SiO,-
MBILSR X CaO-L#kis KEREHRE L, B
Lgkrs, MoRMY L kB Ehbote & &0 FHIERRE
FeO, Fe,O,, Fe,0O; 3 X8 FeOOH o ALk DU
TRl BEMERK 4; B XIOSHERK 4; %

Table 4. Correction factor Aj and dj for hematite-
water system.

Analytical Standard
calibration curve | calibration curve

Aj dj

Fe,03-H,0 loss | FepOz HaO - 0.055 | ~0.07i
Fe203-Hz0 loss Fe-0 - 0.06l | -0079
Fez03 - Hp0 Fe-0 - 0.0067 | -0.0085

Table 5. Correction factor 4 and d; for SiO,-j-
iron oxide and CaO-j-iron oxide system
samples.

Wre| FeO | FezO4 | Fe203 | FeOOH
i 0.777|0.724| 0.699| 0629

Al203|-0011|-0.003] 0.001 (0012
Ca0 |0 101 |[-0.094|-0.091 [-0.081
TiO2 {-0.083(-0.075|-0.072|-0062
Si02 Mn |0.009/0.018]0.021{0033
MgO [-0029(|-0.021 |-0.017|-0.006
P |0.126|-0.119|-0.1 1 5[-0105
vV |-0030(-0022]-0.018(-0.008

Al1203 | 0.013( 0.020(0.023|0.033
Si02]0.030{0.037|0.041| 0051

TiO2 {~0.045|-0.040(-0.037|-0.029
CaO Mn |0.008|0014}10017(0025
.MgO |-0.005| 0.002| 0.005|0014

P 0.246( 02551 0.259|0271
' 0.005|{0.010|0.012|0019

Note. 4; is equal to d
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Table 6. JSS standard used for experiment. (wt%)
JSS No. Description CW. | T.Fe | Si0z2| Mn P Cu | TiOz2| Ca0 | MO | Alz0O3 \Y/
800-3 | Rompin Hematite | 4.48 {6285 2.60 | 0.22|0.042|0.065|0.08 | 0.02| 0.22|2.01]0.006
801-3 | 1Indian Iron Ore | 2.43 | 64.68| 2.13 | 0.06 '0.039(0.003) 0.16 |0.03|0.02| 2.61|0.008
803-2 :g;'gf{zey 1.86 | 62.61| 5.23 | 0.09 |0.:058{(0.001)]0.12 | 004 | 0.04| 2.85{(0.003)
812-2 | Musanlron Ore | 0.33 | 60.19/14.35| 0.03 |0.043/(0.001}0.06 | 0.64| 0.46| 0.40/0.003
éls-z 3‘&0"0“ Lron 1.53|61.15 6.58| 005 |0.261|0012{0.22 | 1.21| 1.07}{ t.27|0.16
820-1 | Robe River 7.95 | 5762| 5.80 | 0.04|0.034)0001)0.22 |0.12] 0.12]| 2.60[(0.004)
830-3 g';ir"‘gpi"”m" 0. 36 60.57 226 | 0.61|0.124|0011|6.33|0.68| 2.15|2.75/0.30
850-3 | Marcona Pellet |(0.16)| 66.78] 2.56 | 0.04 |0.018[0.015/0.08 | 0.37| 0.73|0.49[0.049
851-2| Sintered Ore | 0.06 |57.25| 5.12| 0.51 |{0.063|0.018| 062 | 9.34] 0.68]| 2.23| 0.040
852-1 | oyage River  1(0.12)| 67.23| 1.31 | 007(0.013/0.009|0.26|0.11|0.82|0.38|0.52

« )

Table 5 i3, SiK, 3 X0 CaK, OB BEHITEERE
Hpla 0~20% ElickE, RA% BHEMTHDLIC
¥, COEEHFTCE, £7 41 vOR-AY, F—@%
bk it b Ay OfiL d; OfEIRE L.

¥ 7o, WIEAER OfET Fig. 5,6 o WEXEmE—
Rty § OBMRCRT AEEBLb2D L 5K, Bk
POPEBEEDONIVELOR, HENKEL, 2T,
WEREOEIEKEL 22T\ 5.

4. PIEEBRICKDIHEOFME
T. Fe BB BT ABEKDEEDHHIER X O 81,0,
CaO EECET HMOTMY OMELTT, HIEDHE

WX BHIEREER B L, HEoRE IFHE Lz, 38
12, Table 6 WT/R3 HAMEMEESRISIA > ) —

Table 7. Fusing condition.

X for Fusing Pt — Au
Crucible
for Casting Combination type
Reagent Na2B407
Flux
Amount 59 (£5mg)
Sample 0.5g (£0.5mg)
Source of heat High frequency furnace
Fusing Temperature 1160°C
Period 3 min
. . by high frequency
Swirling to mix the melt inductance

reference value

Table 8. Operating condition of X-ray.

Element Line Crystal Detector
Fe K 200 LiF Ar  Mult.
Si Ky PET Ne Exat.(Be)
Ca K 200 LiF Ar  Exat.(Al)

Table 9. Accuracy for T.Fe, analysis oq %)-

Corrected for
Uncorrected Corrected for impurities
impurities and water
0.77 | 0.17 0.15

A&V, #IAE— FOFREL, Table 7 04T
D U XBEBRIIER VXQ-130D &AL,
Rh #—4y +, JHiBEE 40kVP 4&f4C, Table 8
CRTASNZ b, iR B BEHECTHEL
7.

T. Fe @B ST (1) #MiEx Ly TRE
(ii) MgO, AlL0,, SiO, P. CaO, TiO,, V kX
Mn DOIFEITLRHFHIED 2T o/xE Rl (Gi) KDk X
O (i) HOKHFTHER OV THIERT O EBEORH
BowEExzZRD, *OIEHEE

ca=V 3 (d—d)?/(n—1)

d =3¢ mfif — R ¥E(E
n= R

PR L. F04ESRE% Table 9 wRiI2, (i)EHE
(i)HOEEMOIEMERE X, Pl (i)Ho F1n XL,
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i, B o TWBHEDEL XY, Fe,O0, X5
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Fig. 9. Experimental results of SiO, weight percent
analysis of JSS standard samples.
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Fig. 10. Experimental results of CaO weight percent
analysis of JSS standard samples.

Table 10. Accuracy for SiO, CaO analysis (cq %) .

Component Uncorrected Corrected
Si0, 0.055 0.047
CaO 0.015 0.012

<, MEZR Ui Th, RFAERENE LS &
M.

5. &

AT AE— P L B8EGD03 WV EXES TG
HEMED 5B, T. Fe kT oEAKOEER XV
3i0,, CaO EEW BT 2 HFEILED FEWC OWT HH
MREHERTS LI DIROEREAYE .

(1) SEARBEEEETT, Tihbb, fak:
LONEFEFT, FIAE— FPEW/HE LIS, FeK,
L, KORI~DE L o#mL, Fe-O Ao
BEREHWT T. Fe 8BTS &, K 104 2&H
ThHEY— &1 +TIL 0.5% BE, B{EEIh5.

(2) SiK, BER X CaK, BREZWIVAIELR
B LA— kP CIEXIRE &, FeKa, FeKg iz X % fhig
ShH A T LRI WEXERE & X b RD, SiO,-
Fe,O; HEKIR LU CaO-Fe,O; ZRFAFNC BT % iR
BIETRENR TR IO RTINS 2 &R L.

IO, LSRN BOTRMYE SEhdb Dk L&D
SiK,, CaK, BE O OWTEE L, M oEA
CXoMmEITRES B LI &, Thby, T
EOEEI TN T ERIR L.

(3) (DFIV(2)DWT, FhFh, RETE
WIERE R kD, JSS HEEEFRZ F O RIEERIT X
D, FTOHBBOKREXY FHEiLK. T. Fe OFERIC
BT MgO, ALO,, SiO,, P, CaO, TiO,, V & X
Mn ORI OWTHETEMIELY Ly DOILTEE
1% 0.17% THBEDOEXHL, ThbORMipLEaKE
CDOWTCHRETLEMESY Lcs D TiE 0.15% TREK
, HEKOERECE JIFTTHERR . ¥,
Si0, L Xt Ca0 DEEL BTl oY oI
TEMBEDOFE L5 IEFEEDEITDRL, FHIEDKE
iAo,

BB, Aoy x bh, BREHFT SR
RSB T OF) 5 IR R B T F8RT Ko/ H B
Ht, BRI LTI STRE Y oS e RIPESERT
BEBRAR®RBE LRI LET.
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