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Photoelectric Emission Spectrochemical Analysis of C, Si, Mn, Mo,
Cu, Ti, Nb and Al in Stainless Steel with Fixed Time Integration

Technique

Tomoo TAKAHARI,

Synopsis:

Yoshihiro YAMAMOTO, and Yoshihisa SANTO

The fixed time integration technique of photoelectric emission spectrochemical analysis was employed
to determine G, Si, Mn, Mo, Cu, Ti, Nb and Al in various kinds of stainless steels with the same

calibration curves for each element.

The spectral intensities were measured in 3 seconds of fixed time integration without internal standard of

Fe.

It was confirmed with using Fe-X binary alloys that the following elements interfered to the spectral lines
of analytical elements ; Al for C I line, Mo for Si I line, Mo and Nb for Ti II line, Mo, W, V, and Ti for
Nb II line and Mo for Al I line. No interference was found for Mn II Mo and Cu I lines in this method.

The above seven elements except carbon were determined with the calibration curves which were corrected
the above interference and independent of the kinds of stainless steels. Only the calibration curve of carbon
was consisted of two curves of austenitic and ferritic stainless steels.

Although the instrument was not designed for the fixed time integration method, good accuracy and

reproducibility were obtained.
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Apparatus and experimental conditions.

Spectrometer
Focal length
Concave greating

. Primary slit width
Secondary slit width
Wave length coverage

Reciprocal linear dispersion

Shimadzu, VACUUM QUANTORECORDER GVM 100

1.0m
2160 grooves/ mm
4.6 A/ mm
30 ym
100 gm
1700 to 4100A

Excitation source

Shimadzu, HIGH SPEED SOURCE UNIT SG-400 low voltage spark

Capacitance 10 p¢F
Inductance 5 pH
Resistance 20
Output voltage 420 vV
Discharge per second 420 A

Electronic console Shimadzu, RECORDING CONSOLE 240000

containing fixed time integration timmer

Electrode Silver 6.2 mm 45 cone

Analytical gap 6 mm

Ar gas flow Initial flush 10 ¢ / min
Preburn period 6~7 [ / min
Integrating period 6~71 / min

Exposure condition Initial flush period 3sec
Preburn period 5sec
Integration period fixed 3sec
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. Mo (2124.1), S (2124.1)
Table 3. Reproducibility of numbers of discharge
Mn Mn I1 VI (2933.2), Mo (2933.2) sparks at 3 seconds integration time,
2933.1A | W (2933.0), Cr (2932.7)
Experimence
M M Ti (2020.6), VII (2020.6) ‘\T\\\“\“\\\\\\Ijg;\;\“ 1 2
Mo 9090 3 4 | F¢ (2020.5), Ta (2020.4) Discharge No.
UMW (2020.1), V' (2020.1) 1 1930 1229
2 122 122
Cu Cu I Mo (3274.2), Til (3274.0) 3 ]228 ]223
3274 0A Mo (32740), Co (3273.9) 4 1226 1227
: Nb (3273.9), Mo (3273.6) 5 1229 1227
6 1228 1226
Ti Ti 11 Mo (3373.1), Mo (3372.9) 7 1229 1226
3372.8A Fe (3372.9), PII (3372.7) 8 1227 1227
‘27| Nb (3372.6) 9 1228 1226
10 1228 1229
Mo (3195.2), Fe (3195.2)
Nb I\;‘gQISIOA W (3195.1), VI (3194.9) X 1228.2 1227.5
) Mo (3194.9), Till (3194.8) R 4 3
I3 1.135 1.354
Al Al I W (3961.8), Nb (3961.6) CV. 9 0.092 0.110
3961.5A Zr (3961.6), SI (3961.6)
. Mo (3961 5) 10) In cach experiment, numbers of discharge spark were measured
immediately after calibration with standardization samples.
Table 4. Concentration of the standard samples.
Grade C 9% |Si % | Mn %! Mo % | Cu % Ti % Nb 9 Remarks
NBS 442 (0.09) 2.88 0.12 0.11 0.002 0.032 16Cr-10Ni
NBS 443 (0.15) 3.38 0.12 0.14 0.003 0.056 19Cr- 9Ni
NBS 444 (0.65) 4.62 0.23 0.24 0.019 0.20 20Cr-10N1
NBS 845 0.52 0.77 0.92 0.065 (0.03) 0.11 13Cr
NBS 846 1.19 0.53 0.43 0.19 (0.34) 0.60 18Cr- 9Ni
NBS 848 1.25 2.13 0.33 0.16 (0.23) 0.49 9Cr- 0.5Ni
NBS 849 0.68 1.63 0.15 0.21 (0.11) 0.31 6Cr- 7Ni
NBS 8350 0.12 — — 0.36 (0.035) 0.05 3Cr-25Ni1
NBS 1184 0.25 0.70 1.04 1.46 — 0.056 0.49 20Cr-10N1
NBS 1185 0.11 0.40 1.22 2.01 0.067 — — 17Cr-13Ni
NBS 1187 0.040 | 0.94 1.28 3.41 — — 1.28 21Cr-20Ni-20Co
BAS 65 0.093 | 0.67 0.94 — (0.11) 0.46 — 18Cr- 9Ni
BAS 66 0.083 | 0.51 0.81 2.43 (0.11) — — 18Cr- 9Ni
BAS 67 0.081 0.50 0.87 — — — 1.02 18Cr-10Ni
BAS 69 0.29 0.36 0.41 — (0.08) — — 12Cr- 0.4Ni
BAS 72 0.18 0.92 0.91 0.69 (0.08) — — 16Cr- 2Ni
JSS 651 0.067 | 0.47 1.78 0.072 | 0.084 — — 19Cr- 9Ni
JSS 652 0.062 | 0.54 1.94 2.46 0.22 — 18Cr-12Ni
JSS 653 0.068 | 0.72 1.61 0.081 | 0.055 — — 22Cr-14Nj
JSS 655 0.055 | 0.60 1.58 0.052 | 0.089 — 0.%9 18Cr-12N;i
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Table 5. Concentration of stainless steel used as
standard samples for carbon and
aluminum (home made).

Sample No. C % | Al % Remarks
1 0.011 0.52 13Cr
2 0.076 1.05 16Cr- 8Ni
3 0.078 0.51 22Cr-20Ni-Ti
4 0.080 2.06 16Cr-10Ni
5 0.081 1.05 14Cr- 6Ni
6 0.081 1.04 16Cr- 6Ni
7 0.082 1.65 22Cr-20Ni-Ti
8 0.084 1.92 18Cr-16Ni
9 0.13 3.58 13Cr- 3Ni
10 0.15 2.05 16Cr- 8Ni-Cu
11 0.16 2.88 16Cr- 3Ni
12 0.20 2.45 13CGr- 2Cu
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Table 6. Chemical composition of Fe-X binary alloys.

X X contents 9%

Si 0.21 0.64 1.06 1.82 2.67

Mn 0.20 0.49 0.97 2.00 4.02 6.37 9.93
P 0.014 0.037 0.057 0.077 0.109 0.321

S 0.018 0.034 0.050 0.074 0.099

Ni 0.52 1.06 3.25 6.00 10.08 15.20 25.16
Cr 0.50 0.98 2.99 5.99 10.07 15.02 20.07 25.40 30.25
Mo 0.20 0.50 1.00 2.02 4.05 7.07

Cu 0.20 0.50 1.00

Al 0.175 0.457 0.832 1.19 1.44

Ti 0.19 0.49 0.80 1.17 1.49

Nb 0.21 0.55 0.89 1.30 1.62

Co 0.50 1.03 3.00 6.03 10.03 15.18 20.03
w 0.51 0.97 2.89 6.04 10.05 14.96 19.78
Vv 0.21 0.49 1.00 2.04
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Fig. 1. Correction curves of Aluminium for the
determination of Carbon,
(C :0.003-0.219,)

0.2}

I 1 1 i ] !

0 I 2 3 4 S 6 7
Mo %

Fig. 2. Correction curve of Molybdenum for the
determination of Silicon.
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Fig. 3. Correction curves of Niobium and Molyb-
denum for the determination of Titanium.
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Fig. 6. Calibration curves of carbon.
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Fig. 7. Calibration curve of titanium after the
correction for niobium and molybdenum.
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Table 7. Corrected results of the standard samples by the recommended method.
1. CQCarbon
No. * C.A¥* o QV uncorr.®¥* g5 | QV corr. % d ¥k of Al %
1 (F) 0.011 0.003 0.010 —0.001 0.52
2 0.076 0.100 0.082 0.006 1.05
3 0.078 0.074 0.065 —0.009 0.51
4 0.080 0.113 0.078 —0.002 2.06
5 0.081 0.098 0.080 -0.001 1.05
6 0.081 0.107 0.089 0.008 1.04
7 0.082 0.097 0.068 —0.014 1.65
8 0.084 0.112 0.079 —0.005 1.92
9 (F) 0.13 0.158 0.130 0 3.58
10 0.15 0.183 0.153 0.003 2.05
11 (F) 0.16 0.178 0.158 —0.002 2.88
12 (F) 0.20 0.210 0.198 —0.002 2.45
* Sample numbers are shown in Table 5,
** (. A. means the result by chemical analysis.
***  QV uncorr. means uncorrected value by spectrochemical analysis.
*x%k =C. A.—QV corr. (F) means Ferritic and the other’s austenitic stainless steel.
2. Silicon
Grade Standard value % | QV uncorr. % QV corr. % d % Mo 9%
NBS 845 0.52 0.53 0.51 —0.01 0.92
846 1.19 1.18 1.17 —0.02 0.43
848 1.25 1.24 1.23 —-0.02 0.33
1184 0.70 '0.74 0.69 —0.01 1.46
1185 0.40 0.45 0.39 —0.01 2.01
JSS 652 0.54 0.60 0.53 —0.01 2.46
BAS 66 0.51 0.56 0.49 —0.02 2.43
72 0.92 0.95 0.93 0.01 0.69
3. Titanium
Grade Standard value % | QV uncorr. % | QV corr. 9 d 9% Nb 2 Mo 9%
NBS 444 0.019 0.021 0.020 0.001 0.20 0.23
845 0.033 0.080 0.070 0.047 0.11 0.92
846 0.343 0.345 0.342 0.001 0.60 0.43
848 0.232 0.226 0.224 —0.006 0.49 0.33
849 0.111 0.114 0.113 0.002 0.31 0.15
1184 0.056 0.065 0.059 0.003 0.49 1.46
1185 0.001 0.004 0.001 0 0.00 2.01
4, Niobium
Standard A\ \'% . .
Grade value 9% %morr) % g}rr. % d % Mo % vV % Ti % W %
NBS 444 0.20 0.18 0.18 —-0.01 0.23 0.12 0.019 0.17
845 0.11 0.12 0.11 0 0.92 0.05 +.03 0.42
846 0.60 0.58 0.58 —0.02 0.43 0.03 0.34 0.04
848 0.49 0.49 0.48 —0.0l 0.33 0.02 0.23 0.14
849 0.31 0.31 0.31 0 0.15 0.01 0.11 0.19
850 0.05 0.05 0.05 0 — 0.006 0.05 0.21
1184 0.49 0.50 0.50 0.01 1.46 — 0.056 1.39
1185 0.001 0.013 0.007 0.006 2.01 — 0.001 —
1187 1.28 1.27 1.26 —0.02 3.41 — 0.001 2.40
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Table 8. Analytical results of stainless steels by 6. Titanium
the recommended method (example). Grade C. A. %|QV. % d % | Mo o
1. Carbon
SUS 310 0.085 | 0.075 —0.010 | 0.02
Grade C.A*% |QV. % | d % SUS 321 | 0.37 0.360 | —0.010 | 0.01
SUS 409 0.11 0.11 0 0.01
SUS 202 0.069 0.066 —0.003 SUS 430 0.03 0.02 —0.010 | 0.01 (Nb2s)
SUS 301 0.109 0.110 0.001 SUS 434 0.30 0.33 0.03 1.21 0.15
SUS 304 0.066 0.067 0.001 19Cr-2Mo 0.14 0.13 —0.01 2.12
SUS 316 0.040 0.041 0.001 DIN 4571 0.36 0.36 0 2.27
SUS 321 0.055 0.055 0
SUS 347 0.057 0.053 —0.004
SUS 410 L 0.032 0.033 0.001 7. Niobium
SUS 430 0.039 0.037 —0.002 -
Grade C. A . %|QV. 9 d ¢, Mo 25
2. Silicon SUS 310 1.110 1.125 0.015| 3.18
SUS 347 0.16 0.15 —0.01
Grade C.A%|QV.% | d % |Mo % ” 0.8 | 0.86 0.01 Nb2,
SUS 434 1.00 1.01 0.01 1.08 0.98
SUS 202 0.48 0.49 0.01 0.04 19Cr-2Mo | 0.31 0.31 0 1.98
SUS 301 LwC 0.57 0.58 0.01 0.08
SUS 304 0.52 0.52 0 0.04
SUS 316 0.60 0.67 0.07 0.31 8. Aluminum
SUS 321 0.54 0.54 0 0.01
SUS 347 0.675 | 0.704 | 0.029 | 0.03 Sample No.** AL A¥RE o0 | QV, o d 9
SUS 410 L 0.46 0.46 0 0.02
SUS 430 0.45 0.44 [—0.01 0.01 1 0.52 0.54 0.02
2 1.05 1.03 —0.02
3 0.51 0.55 0.03
3. Manganese 4 2.06 1.98 —0.08
Grade C. A % QV- % d % * This value was determined by coulometory.
** Sample number were corresponded with the those of Table 5.
SUS 202 7.68 scale out *** A. A. means the analytical result by atomic absorption
SUS 301 LWC 0.71 0.70 —0.01 spectroscopy.
SUS 304 1.04 1.03 —0.01
ggg gé? :8? igg __88} Table 9. Reproducibility (¢,;) and accuracy (gg4)
SUS 347 1.12 1.09 —0.03 of stainless steels by the recommended
SUS 410 L 0.42 0.39 —0.03 method.
SUS 430 0.51 0.51 0
Concentration Number
4. Molybdenum Element range am Gd of samples
g ) o C* 0.009-0.11 0.0013 | 0.0023 25
Grade CA%|QV. %| d % Si 0.31 -0.73 | 0.0096 | 0.009 28
Mn 0.42 -2.12 | 0.0119 | 0.019 26
.041 0.029 —0.012
303 392 | we ool | o-oa 1 =0 Mo | 0.01 -0.92 | 0.0069 | 0.010 23
SUS 304 0.035 | 0.037 | 0.002 Cu 0.02 -0.30 | 0.0011 1 0.007 23
SUS 316 9231 scale out Ti 0.001-0.56 | 0.0021 | 0.013 25
SUS 391 0.011 0.003 —0.008 Nb 0.04 -1.56 | 0.0108 | 0.021 28
SUS 347 0'030 0'035 0:005 Al 0.13 -2.11 0.0154 | 0.039 35
ggg iég L 88(2)3 gggg _8'015 * Austenite stainless steel.
5. Copper
Grade C. A 9% | QV. 9 d %
SUS 202 0.052 0.071 0.019
SUS 301 LwC 0.077 0.075 —-0.002
SUS 304 0.039 0.042 0.003
SUS 316 0.275 0.267 —0.008
SUS 321 0.019 0.028 0.009
SUS 347 0.040 0.050 0.010 ,
SUS 410 L 0.032 0.021 —0.011
SUS 430 0.022 0.020 | —0.002
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Table 10. Interfering elements for the fixed time

integration technique.

Table 17 L7-Bhisgis T RIFERESTLbhixL
7 BIEMDBH B DT, 2.5~3.0% firAp: OEE L IR

Analytical line

Interfering element

EE2HND. ZhHOBRESEYBVTRDILSITER
PEED B Ny I HHHEDREIL K HTHER LS

" [

AEFEER: B ELEBFELLH, 9(1970), p. 65
5 4%, 21(1972), p. 43

3) JIS G1253-1973

c1 1930.9 Al (1931.1)
Sil 2124.2 Mo (2124.1) 27z
Mn II 2933.1 None
Mo 2020.3 None
Cu I 3274.0 None 1)
2)
Mo (3373.1)
Ti 11 3372.8 or Mo (3372.9)
Nb  (3372.6) 4)
5)
Mo (3195.2)
or Mo (3194.9) 6
Nb II  3195.0 W (3195.1) )
V1 (3194.9)
Ti 11 (3194.8) 7)

Al I 3961.5

Mo  (3961.5)

8)
9)

10)

R, A, FE: HHEE, 8 (1970), p. 457
= BFXEBELSHREEES, 60[(1967),
p. 206

K. Suwick: Arch Eisenhiittenw., 41(1970),

p. 811

RE, B+, fEE, #FE, Brer: i@, 60
(1974), p. 1879

INER SR, fE4R, WEH: gk &89, 60(1974), p.2002
HESKBEBESLRMASKALI BRSPS
R 2R No. 137 (1967)
HAEZHEBEIRHRASEKHAI B LB LTS
o SEE: No. 218 (1970)
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