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A Comparative Study of Fluorescent X-Ray and
Emission Spectrometric Analysis of Pig Iron

Synopsis:

Tetsuo MATSUMURA, Naomi KOTANI,
Takeshi GoTO, and Kiichi INARITA

Fluorescent X—ray analysis and emission spectrometric analysis(quantovac) were compared each other for .
the determination of Si, Mn, P, S, Gu, Cr, and Ti in pig iron and a consideration was given to the effects of =
the metallic structure of a sample on precision and accuracy of the analytical results. The instruments used
for this study were X-ray quantometer VX ()-120, two simultixes and two vacuum quantorecorders. A pair
of samples were taken into both steel and sand moulds from a spoon of metal. Some of elements the
calibration standards of which were required were added into a spoon for several charges of all 50 samplés.

For quantovac analysis, there was little difference in calibration curves between samples of the different
moulds, while for X-ray analysis the calibration curves of Si, P, S, and Ti showed some differences -which

made greater as the atomic number decreased.

In the samples of less than 0409, of Si and/or more than

0-30% of Cr taken into sand mould, whose structures showed white or mottled pig iron structure, analytical

values of P and S gave big errors.

Precision was in the same level for X-ray and quantovac analyses for heavy elements, but the former was
superior to the latter for P and S by factor of 3 to 5. Accuracy of X—ray system was comparable to that of

quantovac system.

It was concluded as the results of this study that fluorescent X-ray analysis was preferable to quantovac
system for a production control analysis of pig iron from overall view points.

(Received Jan. 12, 1972)
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Table 1. Instrumental conditions of fluorescent X-ray analyms: - B

Laboratory . A B -G 1. D
'Equipment Fluroprint Simultix Simultix {7(;8 1(%16‘antométer
X-ray tube. Philips Machlett Machlett Machlett
Target w + Cr Rh .|+ Rh a
Voltage 50kV 50kV 50kV . 45kV
Current 20mA 40mA 60mA 1. 60mA -
Analyzing crystal - Flat crystal Flat crystal Flat crystal Curved crystal
X-ray path Vacuum Vacuum Vacuum Vacuum
Counting technique- | Monitor system Fixed time 40sec Fixed time 20sec Fixed time 20sec
Irradiated area 'l in? 25 mmé$ 25mm#. 25 mm¢
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Table 2. Instrumental conditions of quantovac¢ analysis.

Laboratory F
Equipment Vacuum quantorecorder Vacuum quantorecorder --
GV-200 (Shimadzu) . GV-200 (Shimadzu)
Excitation HVS V=200V Lo HVS V=160V
R=0, C=0"007pFx 2 R=0, C=0'007pFx 2
A L=450p H L=450uH
Analytical gap 3-0mm - 40 mm
Counter electrode .C, 6-19mm¢ 120° . G, 620 mm?¢ 90°
Argon flow - 15{/ min 5!/ min
Polarity of sample electrode (—) (—)
Preburn period ) 30 sec 20 sec
Integration period * 20 sec

* 1) S: Preburn period Osec, Integration period 30 sec,
2) Mn, Cu: Fixed time integration 18 sec,

3) Si, P, Cr, Ti: Approximately 20sec as controlled by internal standard.

Table 3. Typical condition of fluorescent X-ray avnalysis and concentration range.

P.H.A.

Element, | Line (Order) | Crystal Detector Slit Concentration range. (%)
Si Ka(l) EDDT F-PC 3S-38 Diff. h _()'25 to 1-00
Mn Ka(l) LiF S.C 1S-18 ~ Int. 0-55 to 100
P Ka(l) Ge F-PC 35-3S Diff 0-120 to 0-180
S Ka(l) Ge F-PC 35-38 Diff 0-035 to 0:080
- Cu Ka(l) LiF S.-C 15-18 Int. 0-02 to 0-45
Cr Ka(l) LiF S-PC 15-18 Int. 0-03 to 0°60
Ti Ka(l) LiF . S-PC 3S5-38 Int. 0-06 to 0-12
C 4-20 to 450
7z.
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Table 4. Comparison of reproducibility*.
) .. Lab. A | Lab.B | Lab.C | Lab.D | Lab.E | Lab. F -
Element Kind of pig iron X-ray X-ray X-ray X-ray - Qv Qv Chem.
Si Chilled 0-0145 | 0°0110 | 0-0064 | 0-0035 | 0-0057 | 0-0120 0-0089
Sand mould 0-0155 0'0122 | 0-0037 | 0-0052 0-0081 0-0129
Mn Chilled 0-0082 0-0053 | 0-0014 | 0:0042 | 0-0113 | 0°0085 0-0112
Sand mould 0-0033 0'0048 | 0-0030 | 0-0037 0-0159 | 0:0103
p Chilled —— | 0°00099 | 0-00095 | 0-00085| 0-00382 | 0-00233 G-0014
Sand mould —— | 0-00106 | 0-00073 | 0-00088 | 0-00383 | 0-00250
S Chilled — —— | 0:00063 | 0-00120 | 0-00102 | 0-00124 | . 0007
Sand mould —— | ©0-00047 | 0-00099 | 0-°00165 ' 0-00155
Chilled 0-0025 0-0021 0-0014 0 0-0014 .
Cu Sand mould 0:0030 | 0-0048 | 0-0004 0 0-0011 — | ©0°0095
Chilled 0-0007 S 0:0021 0-0021 0-0011 S .
Cr Sand mould 0-0018 — | 00007 | 0-0015 | 0-0015 0-0071
Ti Chilled 0-0004 0 0-0025 | 0-0004 | 0-0011 — | o-0124
Sand mould 0-0018 | 0-0007 0-0022 0-0055 0- 0022 —

* Standard deviation obtained in one laborator

**  Standard deviation obtained between 3 laboratories.

Y using one instrument by analyzing 25 samples two times per day for a two-day period,
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- Table 5. Comparison- of accuracy.*,

S T Lab. A | Lab. B. |.Lab. C: | Lab. D | Lab. E Lab. F

E]e{nent’ 1. Kmd of plg 1r0n . X-ray |. X-ray X-ray X-ray Qv QV ..

g ,g,(]hﬂled -4 '0-0333 |! 0-0326 | 0°0366 | ‘' 0-0309 0:0190 | - 0-0406 -

A Sand mould. . .. | 00314 | ..0°0280 0-0367 0-0263 0-0125 0-0255

- Mn . Chilledy | 2.0°0154 | ~10-0157 0-0137° | 00144~ | 00231 | 0-0190

: : Sand.rnould j 0-0122 | 0-0098 0-0068. 00062 0-0251 0-0211
L . . g , ] 8 : 02 (

P s,(nnued , | 0-00598 P 0-00601 | 0:00588 | 0-00678 | - 0-00423

e ‘f Sand nnoukif‘ — | 000507 | . 000540 | 000364 | 0-00911 | . 0-00597

' sil‘ -;Cﬁuﬂed o — — '0 00249 | 0:00308 | 0-00487 |  0-00307

i Sand mould — —— | ,0°00269 | 0-00326 | 0:00611 | 0-00521

Cu Chilled 0-0079. |  0-0067. 0-0046 .i.. 0-0073. |- 0:0093 | —

Sand mould 0-0058 0-0099 0:0066 | 0°0058 | 0°0074 —

Cirs _ Chilled 0-0061 S 0:0068 | 0-0078 0:0045 | ——

o T “Sand mould 0-0068 —_— 00058 | "0-0058 0:0059 | —

R Chilled 0-0046 |. 0-0048. | 0:0050 | 0-0036 | 0-0028 —

L Sand rnouhi 0-0041 | 0°0062- | 00061 00059 0-0055 —

¥ ‘Standard deviation of a spectrochemlcal determmauon from a correspondmg chcmlcal value.
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Table 6. Composition of the samples giving
outlying observations.

Sample number | C (%) | Si(%) | Cu(%) | Cr (%)

P-2(Reference) 4-32 0-59 0-02 0-03
P-12 4-23 0-37 0-03 0-03
P-13 4-24 0-37 0-03 0-03
P-14 4-31 0-35 0-18 0-14
P-17 4-41 0°65 029 0-60
P-18 4-34 062 0-21 0-47
P-21 4-39 0-61 0-07 0-37
P-24 4-44 0°26 0-02 0-03
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Microstructures of pig iron.
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Fig. 5. Relations of annealing time and X-ray

intensity.
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Effect of annealing time on microstructure of white pig iron.
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Table 7. Results of Vickers hardness measurement.
Hardness*
Sample Surface examined | Metallic structure
. x o Ccv
P- 2 Sand mould Middle Grey 157-7 7-78 4-92
P-12 Sand mould Middle Mottled 569-9 31-75 5-56
P-12 Chilled Bottom White 714-0 14-28 2-00
P-12 Chilled Middle White 6566 24-58 3-75
* X :average, ¢ :standard deviation, CV : coefficient 'of variation.
Table 8. Eﬂ'eét of the grit of an abrasive belt on accuracy (2;).
Grit number Sample Si Mn P S Cr
40 Chilled 0-0095 0-0062 0-0006 0-0018 0-0100
Sand mould 0-0127 0-0059 0-0056 0-0019 0-0043
60 Chilled 0-0143 0-0039 0-00069 0-0011 0-0103" B
. Sand mould 0-0205 0-0061 0-0029 00014 0-0041
120 Chilled 0-0122 0-0044 0-0012 0°0039 0'0092
= Sand mould 0-0095 0-0049 0-0096 00026 ~0-0017 - .
240 Chilled 0-0419 0-0029 0-0025 00040 0-0108
. Sand mould 0-0230 0-0051 0-0016 0-0038 0-0025
o 320 Chilled 0-0237 0-0050 0-0024 0-0025 0-0085
A Sand mould 0-0107 0-0044 0-0009 00019 0-0038
&, P-12'&R/=Hlz D TiX bottom ¥ & middle 20 Chilled pig . Sand mould pig
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Fig. 6. Relations of grit of an abrasive belt and
X-ray intensity. C
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1) R, AGHE: X%, 13(1965)3, p. 87
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2) &%,
3) BER,
4) BE,

EHE, ®il: 2%HE, 16(1967)1, p. 7

AR 4, 16(1967)3, p. 119

AfRE, 4eErsE, 16(1968)5, p. 207

5) EBE, AKRB: 4XHRE, 17(1969)6, p. 259

6) sl 4 HiF{be, 16(1967)12, p. 1291 -

7) BATIEHE: JIS G 1211 (C) (1969); JIS G
1212(S1) (1969) ; JIS G 1213(Mn) (1969); JIS G
1214(P) (1969); JIS G 1215(S) (1969)

8) KEF, I, #&F, B s i, 53(1967)7,
p. 854
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