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Fluorescent X-ray Analysis of Iron Content in Iron Ores

Tosio SHIRAIWA, Nobukatsu FujiNO, and Takeo HARADA

Synopsis :

There has been problems on fluorescent X-ray analysis of iron contents in iron ores. It is the most
important problem that the working curves of iron are different depending on the type of ore, such
as hematite (Fe,O;), magnetite (Fe,0,), goethite (Fe,O; - HyO) and limonite (Fe,Op - nH,0), A
theoretical calculation has revealed the reason for this effect. In the calculation, oxygen is considered
an coexistent element and it is shown that the difference in coexistent elements cause the difference

in Feka fluorescent X-ray intensity of the same weight fraction of iron for various types of ore.
Theoretical calculation were applied to the several types of ores and impurities and experimental

results agreed well with the theoretical results.

Theoretical correction ni*é,thod, interval standard correction method, and the dilution method with
borax fusion and acid solution are also discussed theoretically.
(Received April 4, 1974)
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Table 1. Numericl values of mass absorption coefficient of compounds (cm?/g).

"
N/

Fezog .
2 |Fe,0,|Fe,00l T2 | 31 |MnO TiO, | 8i0, | ALO, | MgO| CaF, | CaO | CaCO, |Na;BO,
2 2 2
1-70 |o88-0 [278-0 | 252-1 | 240-7 |o85-2 |167-2 | 45-8 | 41-3 | 37-0 [118-8 [155-3.| 924 | 18-3
1°60 (2482 [240-4 | 217-2 | 207-4 [245-2 |142-3 | 38-3 | 34-6 | 31-0 100-7 1316 | 78-3 | 15-4
1°50 [211+4 |204-8 | 185°0 | 176-6 [207-5 [119-9 | 31-7 | 288 |25-7 | 84+4 [110-3 | 65'6 | 12-9
1-40 1776 [172-0 | 1556 | 148-3 [173-8 | 99-9| 26-0 | 23-6 | 210|696 | 91-2| 542 | 104
1-30 [146°0 141-4 | 1277 | 121-9 (1432 | 81-3|21-0| 19:0 | 170|567 | 74-2 | 44-1 84
1-20 (1188 115-1 | 103'9 | 99-2 [115°1 651 | 16°7 | 150 | 13-4 | 45:3 | 59-4 | 354 | 67
1°'10 |93-9/90-9| 820 | 784 |916|51-4|12-9| 11'6 | 104|353 |46'5| 278 | 52
1:00 |724|704| 635 | 607 |703/39:3| 9-9| 89 | 7:9|27-1|355| 21-2 | 39
090 |54:4|52:7| 476 | 454 |52:6|293| 70| 66 | 59|20°-1|26-4| 157 | 29
080 |39'3|380]| 343 | 328 [37°9/21-0| 52| 47 | 42| 144|189 113 | 2-1
070 |27-0|26-2| 237 | 226 |26-0|14-4| 36| 32 | 29| 9-8]12:9| 79 15
060 |17:5|17-0| 153 146 |168| 93| 24| 21 | 20| 64| 84| 52 1-1
0-50 |10-5|10-1| 9-1 87 |100]| 55| 14 13 | 1-2| 37| 50| 30 | 06
Ofg§§§> 54'3 532 | 499 | 484 | 49'4|234'8 667 | 603 | 54°0 [169-0 2202 | 132:2 | 26°9
FeK§' | 408 | 400 | 3. .
(9o [408 [40-0| 377 | 67 | — [~ | | — — = |- — -
MnKg | 521|511 | 481 | 46-8 |47-4 [226-6 |63-8| 57-8 |51-8| — [212:0| — —
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Fig. 1. Fluorescent X-ray intensity of iron-oxy-
gen binary and iron-oxygen-alumina
tertiary system. Solid curves, theoretical;
O, magnetite ; @, hematite ; +, goe-
thite experiments. A part of the figure is
enlarged and shown ia a corner.
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Fig. 2. Fluorescent X-ray intensity of iron oxide-
silica system. Solid curves, theoretical ;
@, hematite ; +, goethite experiments.
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Fig. 3. Fluorescent X-ray intensity of iron oxi-

de-fluorite system. Solid curves, theore-
tical ; O, magnetite ; @, hematite ; +,
goethite experiment.
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Table 2. Chemical composition of the synthetic iron oxide (wt %).

Iron oxide TFe Fe0, | FeO | H,0 | S | Si0,| ALO, | Mo | Cu
Magnetite (Fe,O,) 7165 | 7350 - 25:99 | 028 | 03¢ | 0°18 | 008 ' 0:07 = <00l
Hematite (or-FeyOy) 69-78 ' 99-68 | 012 | 0-13 | 0-01 | 0-13 | 0-12 | 0-07 | <0-0I
Maghemite (7-Fe,Oy) 68:20  96'83 | 259  0-41 ' 1-05 | 0-31 | 0-16 ' 0-09 ' <001
Goethite (Fe,05-H,0) | 6161 | 8786 J 0-05 972 | 0:9 022 | 010 | 007 | <00l
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Fig. 4. Theoretical intensity of fluorescent X-rays
FeKa from iron oxide-impurity system.
Thick solid curve, iron-oxygen binary
system ;

purity ; broken curve, calcite impurity.

thin solid curve, alumina im-
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Table 3. Calculated Fe weight percent from iron oxide-impurity systems and from iron

oxide-impurify-borax systems.

Iron oxide Hematite (Fe,O;) Goethite (Fe,O4-H,0) Fe-O
Tmpurity Al,O4 CaCOy Al Oy CaCOy, None
(%) (%) (%) (%) (%)
Iron-oxide-impurity system (/=0-90) 65-0 67-2 605 61-8 57-4
Iron oxide-impurity-borax system (/=0-15) 59+5 61-0 58-8 59-5 57-9
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Fig. 5. Theoretical intensity of fluorescent X-
rays FeKga from iron oxide-impurity 95
%, borax system. Thick solid curve, iron-
oxygen 959, borax system, thin solid
curve, alumina impurity ; broken curve,

calcite impurity.
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Fig. 6. Fluorescent X-ray intensity of iron oxi-
de-borax system. Solid curves, theore-
tical ; @, hematite ; 4+, goethite expe-
riments.
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Fig. 7. Calibration curves for the iron-oxygen

system diluted with various rate of bo-
rax. Abscissa is the original iron com-
position, and ordinate is the intensity
ratio to that of diluted pure iron.
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Fig. 8. Theoretical intensity of fluorescent X-
rays FeKa from iron oxide-impurity
system containing 209, manganese in-
ternal standard.
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Fig. 9. Theoretical intensity of fluorescent X-
rays MnKpg from 209% manganese in-
ternal standard in iron oxide-impurity
system.
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Theoretical intensity ratio of FeKea to
MnKpg on iron oxide-impurity 209
manganese system.
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Fig. 11. Schematic diagram of iron-oxygen

impurity system.

Table 4. Correction factor 4; for iron-oxygen-
impurity system.

WF . FCzOu'
1 Fe | FesOu | FesOf FI?;% 31,0

1000 | 0-724 | 0-700 | 0°629 | 0-599

J

Al O, 0-33 043 0-44 0-48 0-50
SiO, 0-38 0-49 0-50 054 0°56

CaO 1-41 1-83 1-88 = 2:04 213
TiO, 1-52 1-97 2:02 220 2-29
Mn 0-83 1-08 1-11 1-21 1:26
MgO 0-29 0-38 039 0-42 0-44
S 1-07 1-38 1-42 1-55 1-61
P 0-88 1-14 117 1-27 1-32

D, FeK, MER=ITRIREM Fe-O-j IKiB> TR,
I' E7%. ZOLEXTFET I REME O L @EaLx
7 biE, Feld W' @ £% T Fe-O #pff b I' 34
BT THD. LB oTHESEE I' 2 II'"
#E L, Fe-O kiR E AW TCEMRTH I LITAD.
L OFIERIE

Ioor= obs(l+2AiWi) (3)
CRERNDS. & 0T il FEIEMELTH D, 4; 1 3F
itm J oBY X HaEHRERE, W, 3ARWM J 0ER
ke, Ieor BMHEEBRETHS. TOFIEFER%, Table
45T, EHESERBEXOBIEPEBIZI Y>VWTRLT

Table 6. Correction factor AJ°®® for the iron
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Fig. 12. Experimental results of FeKqa intensity

from iron ores. Open circles, observed
results; closed circles; corrected results;
solid curve, theoretical intensity; suffix
number, sample number in Table 5.
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L1 FREOILFESITEE DOEE KEL LS HRT &

B,
52 T HAFREERICHT HHEIE

v A NEREOGARBREE BHES T/
BoTV5S Z &3 XUMRIRIT XD TR RDO A
KCHHZ LD, HEQOUEHIRGHENLITINED
COREZ M5 ERD SHIESREE KD THh. Fek/

MnK; OBEFEIKORTE X b5,
IESFe — ISEe {1+ 53 475 W) (4)

oxide containing 209, Mn internal standard method.

Iron oxide | Fe9 , ALO, | SO, = CaO | TiO;, | S | MgO | MnO
Fe,O, | 579 082 | 037 168 1470 | 124 | 026 073
Fe;O; 560 | 032 | 038 171 1473 127 | 027 | 075
Fe,Op-H,0 503 | 035 | o040  i-82 | 18 135 ' 029 | 080
2Fe,05- SH,0 479 | 03 042 17 | 19 139 030 | 082

L i b B i
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Table 5. Chemical composition of the iron ores (wt %).

T.Fe | FeO | Fe,O; | Al,Oy| 510, S P MgO | CaO Cu Mn | H,O | H, |TiO,
1| 6780|039 96-52|069|1:32| 0-003| 0-021 | ¢r. 0-18 | tr. 0-02 | 120 | 0-08 | 0-05
2| 6145 |0-49| 87°31|3-74|1:32] 0035 | 0-062 | 009 | 0-18 | tr. 009 | 7:00 079 | 0-12
3| 6844 |0-34| 96-48 | 0°63 | 077 | 0-005 | 0-034 | tr. 0-15 | tr. 0-03 | 1-00 | 0-10 | 0-07
4| 64-3811-38| 90-51 | 190 }5:23 | 0004 | 0-053 | 0°06 | 0-18 | tr. 0:05|1:30|0-14 | 0-07
5| 6362|491 | 8550 |1-90|2-16| 0030 | 0-045 | 0-50 | 0-14 | 0-077 | 0-27 | 441 | 0-52 | 0-09
6 | 5507|401 | 73-27|2-97 12:32| 1-048 | 0-025|0-41 | 0-72} 0-055 | 0-05 | 109 | 013 0-10
71 66-81 1021 | 95-29 | 1-08 | 238 | 0-019| 0-058 | 0-06 | 0-11 | 0-011 | 0-14 | 0°71 1 0-09 0-09
8| 61'54 |25-53 | 59'62 | 1-33|6-28 | 0-621 | 0-026 | 0-60 | 4-85 | tr. 0-15 (076 | 0°07 | 014
9| 61-08|12-12| 73-86 | 0-82|6-11 | 0°340| 0-054 | 3:25|1-06| 0021 | 0°C4 | 2-13 | 0-24 0-11
10| 6375 |21-92 | 6678 | 0-78 | 5-44 | 0°004 | 0-122 | 1-22|2-00 | 0°005 | 0-04 | G-95 0-09 | 0-10
11 63-83 | 7-92 | 8334|060 |5-39| 0:033| 0-145|0-39 | 0-54 | 0-019 | 0+04 | 1-53 | 0-17 } 0°10
12 | 60-79 | 2-63 | 83-99|1:96|7-07| 0-210| 0-019 | 0-08 | 0-17 | 0-014 | 0-16 | 3-97 | 0-43 0-08
13 | 64-95|0-36| 9246|195 (324 | 0-005| 0-029 | 0:06 | 0-29 | tr. 0-06 | 2°15 | 0-18 | 0-08
14 6233 | 6-74 | 81-62|3°25|4:07| 0-017 | 0-028 | 0-06 | 0-09 | 0-046 | 0-30 | 4:29 | 0-45 0-11
15 | 60-32 [15-12| 69:44 | 0-66 | 642 | 1-711 | 0-045;2:15 | 162 ] tr 0-02|1-90 | 0-21 | 0-08
16 59-47 |11-07 | 72:73 | 1-30 [ 6-95| 0-095| 0-223 | 1-83 |2-27 | 0-005 | 0-02 | 1-90 | 0-18 } 0-14
17 65-25 | 7-89 | 84-52 | 061 | 4-16 | 0-016 | 0-114 | 0-40 | 0+42 | 0-021 | 0-07 | 2°28 | 0+17 | 0-08

Table 7. Correction factor A¥**8 for the iron oxide containing 20% Mn internal standard method.

Iron oxide Fe % AL O, Si0, CaO TiO, S MgO MnO
Fe;O, 579 0-34 0-39 1-78 1-93 1'32 0-28 0-91
Fe, O, 56°0 0-34 0-40 1-81 1-96 1:35 0-29 0-93
Fe,O;-H,O 50°3 0-36 0-42 1-91 2-07 142 0-30 0-97
2Fe,0;-3H,0 47°9 0-37 0-43 1-96 2'12 1-45 0-31 0-99

Table 8. Correction factor Aj*®a/M*%8 for

the iron oxide containing 209 Mn internal

standard method.

Iron oxide Fe 2 Al O, SiO, CaO TiO, S MgO MnO
Fe O, 57°9 —0-02 —0-02 —0-10 —0-23 —0-08 —0-02 —0-18
Fe, O, 560 —0-02 —0-02 —0-10 —0-23 —0-08 —0-02 —0-18
Fe,O,-H,0O 50-3 —0-02 —0-02 —0°-09 —0-22 —0-07 —0-01 —0-18
9Fe,05- 3H,0 479 —0-02 —0-02 —0-08 —0-22 —0-07 —0-01 —0-17
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Table 9. Chemical composition of the iron ores (wt 2).

No | T.Fe | FeO | Fe,0y | ALO, | SiOp | S P 'Mg0/CaO| Cu | Mn |H0| TiO,
1 66:45 | 0-18 | 94:80 | 0-97 2:76 0°019 | 0054 | Tr 0-19| Tr 016 0-58 | 0-07
2 59:45 1926 7470 | 1-06 727 0-139 | 0-04312-91 | 1-28 | 0025 | 004 | 2-21 0-11
3 68:75 1 0-30 1 97-96 | 0-53 061 0-005| 0021 :0-03| 014 | Tr 0:02066| 0-66
4 62:13 12590 | 60-05| 1-36 616 0-661 | 0-025 | 0°55| 485 | 0°010|0-17{0:68| 0-13
5 64:88 | 6:07 | 86-01 1-26 2-64 0-032 | 0-019/0-37[0°27| 0-073|0-25|2:34| 0-05
6 56-24 17-53 | 60-92 | 3-29 941 0-354 | 0-037 | 0-91 | 3-95| 0°032|0-25|2:06| 0-17
7 63-82 |14-64 | 74-97 | 102 4:77 0-010 | 0-194 ; 0-91 [ 155 | 0-010 | 007 {1:21| 0-21
8 64-57 {27-28 [ 62'01 | 0°97 4:46 0-068 | 0-015 269 | 1:44| 0-005|0-16 072 0-08
9 64-50 | 8-98 | 82'24 | 0-80 4-64 0-040 { 0-108 1 0-33 | 069! 0-013]|0-08| 1'64| 0-18
10 65-91 | 763 | 8575 | 060 3-38 0-017 | 0-107 { 0-23 1 0:26 | 0-017 [ 0°03 | 1-60 | 0-08
11 66-44 | 0°09 | 94:89 | 078 3:30 0-013 | 0-039 ;008 015, Tr ) 024 1 061 | 0-11
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