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On Fluorescent X- Ray Analy51s of Phosphor and Sulphur in Steels

Toshw ApacH1, Minao Ito and Yoshzhzko Suzukl

Synopsis

Analysis of phosphor and sulphur in steels by bluorescent X-ray was studied. For furnace control,
they can be analysed simultaneously with elements of high atomic number, using tungsten target tube.
Effects of crystal, collimator, setting condition of pulse height analyser, and others were studied, and precision
of 0-0016% at 0-007% P and 0-0011% at 0-007% S was obtained. Heat treatments of samples have no
affect on X-ray intensity and 0-001% of differece in sulphur is measured between rolled or forged samples

and cast samples.

The working curves of phosphor and sulphur were studied, and overlapping of Mo on SKa

was corrected simply. Accuracy obtained in analysis of carbon-and low alloy-steels was 0-0023% for sul-

phur and 0-00179%, for phosphor.
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Table 1. Measuring conditions of apparatus. -
X-ray tube

target w

voltage 40kV

ampere 44 mA
1 st collimator 30/100 mm/mm
2 nd collimator -10/30 mm/mm
Crystal flat Ge
Detector gas flow proportional

Flow rate of PR ‘gas
Atomosphere of X-ray path
Counting time
Pulse height analyser

base line

channel width
Scaie factor

counter

150 ml/min
vacuum

80 sec. const. time
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Fig. 1. Effect of degree of vacuum of fluorescent

X-ray intensity of P. P content: 0.079%.
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Fig. 2. Effect of flow rate of PR gas on fluores-
cent X-ray intensity of P. P content:
0.079%.
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Table 2. Comparison of exciting conditions.

Exciting voltage | Exciting ampere Intensity* Sensitivity Statistical error
(mA) Sample A®* | Sample B*¥* (%/10% ) of sample A
(<) (c) (c) (%)
o 50 35 501 682 0-40 71 0-0028
45 38 469 634 0-44 6-9 0-0029
40 i 44 423 614 0-38 6°5 0-0025
35 50 378 557 0-40 6-2 0-0025

* Scale factor: X10 ** P content of A: 0-007¢ *** P content of B: 0-079%

— 104 —

g



NS

MPDABICVES DT WRXBEFFITO2WT 205
Table 3. Comparison of collimator.
Collimator Intensity* Sensitivity Statistical error
N Spacing Sample A** | Sample B*** (%/103C) of sample A
o (mm/mm) (¢) (c) (e) (%)
18 15/100 51 149 1-56 2-3 0-0036
28 30/100 121 286 0-93 3-5 0-0033
38 45/100 216 415 0-77 4-6 0-0035

*  Scale factor: x 10 ** P content of A: 0-007%

Table 4. Comparison of pulse height analysing con-
dition.

Base | Channel ... .| Variation of | Statistical
line width S(;ljlltb‘;l(?)" sensitivity error
W | vy | ©%/10°C) | (%)
4-8 12:0 0°105 0-008 0-0012
52 10°8 0107 0-005 00011
56 96 0-106 0-007 0-0011
6:0 84 0-108 0.005 0-0010
6:4 7:2 0'108 0:018 0-0009
68 6:0 0111 0'018 0-0008
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Table 5. Comparison of EDDT and Ge.
: Statistical error of
Element Crystal Intensity* Sensitivity sample A
Sample A** | Sample B*** |Sample C*¥¥*x| (95/103C) ( (%)
) (c) ) c) °
P EDDT 288 679 0-41 60 0°0024
Ge 679 1253 0-13 9-2 0-:0012
5 EDDT 548 2237 0-11 8-3 00009
Ge | 879 | 3592 a-a7 10-5 0-0007

* Scale factor: X8

#* P and S content of A: 0:007, 0-007%

*kk P content of B: 0-079% #kk  § content of C: 0°19%

Table 6. Samples for studying effect of heat treatment.
No | Samples | C(%) | Si(%) Mn(%>| P(%) | S%) | Cu%) | Nit%) | Cr(%) | Mo
A¥ S15C 015 0'26 044 0:011 0:014 0-12 007 0:09
B ** S CM22 021 0-22 0:68 0:011 0024 016 0-07 1:00 0-21
Cx* S CM22 021 017 0:75 0011 0-011 013 0-14 0:97 0:20
D** SCMS3 0:35 027 0-70 0-010 0-030 0-14 0-08 1:05 020
E* SCM3 034 0-24 0-76 0-013 0-019 016 0-21 0-99 0-18
F ** SU]J2 1-00 0-25 0-39 0-013 0'005 0-10 0-05 1-46
G* S50C 0-48 0-22 0-71 0°005 0016 008 0-08 0-09
*  Forged *% Rolled
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Table 7.

Heat treatment of SCM22.

Heat treatment

Procedure

Quenched Heated at
Tempered 7

7
Normalized “

825°C for 30min, then oil quenched.
825°C for 30min, oil quenched, then
175°C for lhr.

900°C for lhr, then air cooled.
700°C for lhr, then air cooled.

1200°C for 4hr, then furnace cooled at 300°C/hr.

Anncaled at 700°C 4
Annealed at 1200°C 7
Table 8. Analysis of variance table of
phosphor in S15C.
Fr

Factor S.S.| ¢ | V F (0'605)
A (heat treatment) 28'5| 55782564
B (sample of same heat 33, 1133|1849

treatment)

C (measurement) 61 -2181(17]410
AXB 1491 5(3°0(1-7{3"33
AXC 136 10|14 (08| 298
BxC 0-1{.2(01|01]|4-10
€ 18-2 (10|18
S - 184735
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Fig. 3. Sampling positions from bar and cast
samples.
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Table 9. Effect of heat treatment on analysing phosphor in steels.
Phosphor measured
Heat treatment -
’ A (%) B (%) C (%) D (%) E (%) F (%) G (%) | Mean(%)
Quenched 0-0107 00117 00114 0-0131 0-0134 0-0130 0-0072 0-0L15
Tempered 0-0113 0-0120 0-0120 0-0125 0-0134 0-0113 0-0087 0-0l16
Normalized 0-0118 0-0109 0-0107 0-0133 0-0133 0-0119 0-0075 0-0113
Annealed at 700°C 0-0110 0-0109 0-0115 0-0125 0'0133 00125 0-0065 0:0112
Annealed at 1200°C 0-0133 0-0103 0-0115 0-0128 0-0140 0-0127 0-0080 0-0118
Rolled or forged 0-0123 0-0108 0:0113 0-0132 0:0132 0-0135 0-0082 0-0118
R 0-0026 '0'0017 0-0013 0-0008 0-0008 0-0022 0-0022 0-0006
Table 10. Effect of heat treatment on analysing sulphur in steels.
Sulphur measured
Heat treatment
A (%) B (%) C (%) D (%) E (%) F (%) G (%) |Mean(%)
Quenched 0-0104 0-0317 0-0195 0-0388 0°0254 0°0003 [ 0-0130 0-0199
Tempered 0-0109 0-0322 0-0193 0-0370 0-0265 00002 | 0-0154 0-0202
Normalized 0-0106 0-0315 0-0190 0-0387 0-0267 00007 | 0-0142 0-0202
Annealed at 700°C 0-0102 0-0298 0-0186 0-0380 0-0265 0-0012 | 0-0151 0-0199
Annealed at 1200°C 0-0112 0-0307 0-0184 0-0372 0-0248 | —0-0005 | 0-0144 0:0195
Rolled or forged 0-0100 0-0315 0-0191 00380 0-0277 0-0010 | 0-0147 0-0203
R 0-0012 0-0024 0-0011 0-0018 0-0029 0-0017 0-0024 0-0008

— 106 —

~



-

FRVABITVE S DT WEXBATIT2WT 207

Table 11. Square roots of variance of.error.
l Element
Sample Phosphor Sulphur
(%) (%)

A 0-0013 0-0016
B 0-0012 0-0011
C 0-0015 0-0013
D 0-0016 0-0017
E 0-0011 0-0011
F 0-0019 0-0011
G 0-0008 0-0009
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Fig. 4. Relation between P X-ray intensity -
and content in steels.
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Table 12. Effect of sampling position on analysing phosphor in steels.

Phosphor measured
Sampling position i
A%) | B(%) | C(%) | D(%) | E(%) | F(%) | G(%) | (g
Plane perpendicular to rolled or 0°0117 | 0-0111 | 0-0114 | 0-0129 | 0-0135 | 0-0128 | 00077 | 0-0116
forged direction
Plane parallel to rolled or forged 0-0107 | 0-0124 | 0-0116 | 0-0118 | 0-0130 | 0-0123 | 0-0080 | 0:0114
direction
Plane from cast sample 0-0130 | 0-0116 | 0:0120° 0-0120 | 0-0148 | 0.0133 | 00073 | 0-0120
R; 0-0023 | 0-0013 | 0-0006 | 0-0011 | 0-0018 | 0-0010 | 00007 | 0-0006
Tabic 13, Difcci of sampling position on analysing sulphur in sieeis.
. . Sulphur measured
Sampling position - .
A%) | B(%) | G(%) | D(%) | E%) | F(%) | G%) | (o
Plane perpendicular to rolled or 0-0106 | 0-0312 | 0-0180 | 0-0380 | 0-0263 | 0-0005 | 0-0145 | 0-0199
forged direction
Plane parallel to rolled or forged 0:0102 | 0-0340 | 00202 | 0-0417 | 0-0297 | 0-0020 | 0-0174 | 0-0222
direction )
Plane from cast sample 0°0098 | 0-0322 | 00194 | 0-0417 | 0-0280 | 0-0010 | 0-0136 | 0-0208
R3 0-0008 | 0-0028 | 0:0022 | 0-0037 | 0-0034 | 0-0015 | 0-0038 | 0-0023
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Fig. 5. Relation between S X-ray intensity and
content in samples not containing Mo.
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Fig. 6. Relation between Mo content and
difference between chemical content
of S and X-ray content, read with
the working curve of Fig.5 in samples
containing Mo.
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Table 14. Precision of X-ray analysis of phosphor
and sulphur.

C Statis- |[Precisionof Pre_cis‘ion
Ele- | Sam- tont- tical |successive | within
ment | ple (;n) error | analysis 8 hr
° (%) (%) (%)
S A 0:007 | 0-0007 0°0009 0-0011
B 019 | 0-0017 0'0014 0:0010
P I A 0:007 | 00011 00010 0:0016
C 0:079 | 0-0015 0°0010 0-0018

Table 15. Accuracy of X-ray analysis of phosphor
and sulphur.

Num- | nrean
Ele- Sampl ber | 4 - tion | Accuracy
ment ample of e\(/:;.)lon (%)
samples °
S Carbon & low 27 0 0-0021
alloy steel, not
containing Mo
Low alloy steel 7 +0-0001 0-0025
containing Mo '
Ni-Cr stainless 12 +0-0002 | 0-°0036
steel
P Carbon & low 35 | —0°0002 | 0-0020
alloy steel, not
containing Mo
Low alloy steel 27 +0-0003 | 0-0014
containing Mo
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Application of a Fast Neutron Activation Method to the Control of

Oxygen Content in Iron and Steel Making Process

Kazuo MIvAcawA, Kazuteru SHIMURA, Akira ASAIL

_ Synopsis

Etsuo NoMUurRa and Masayuki Y AMAGISHI

The determination of oxygen content in steel by the fast neutron activation method was investigated.

The results are as follows.

(1) The characters of this method are the rappidity and non-destructivity in the determination of oxygen

content in steel.

(2) The analytical values for the oxygen content between 01~0-001% by this method were in good
agreement with those by the vaccum fusion method.

(3) The reproducibility of this method was about +7% in the standard deviation.

(4) In the analysis of the oxygen content in molten steel, “the direct sampling method” was determined
as the most reliable from the results of the test in which the values of sampling errors were compared

between various sampling methods.
is ground off bejore shaping ii.

It is neccesary that the oxide film formed on the sample surface

(Received July 25, 1968)
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