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Table 1. Co-operating laboratories. s
1. Technical Research Institute, Yawata Works, 16. Steel Works, Sumitomo Metal Industries, Ltd. vy
Nippon Steel Corp. 17. Wakayama Works, Sumitomo Metal Industries,
2. Yawata Works, Nippon Steel Corp. Ltd.
3. Hirohata Works, Nippon Steel Corp. 18. Central Research Laboratories, Sumitomo
4. Plant and Machinery Division, Nippon Steel Metal Industries, Ltd. R
Corp. 19. Kashima Works, Sumitomo Metal Industries,
5. Hikari Works, Nippon Steel Corp. Litd. o
6. Sakai Works, Nippon Steel Corp. 20. Takasago Works, Kobe Steel Ltd.
7. Nagoya Works, Nippon Steel Corp. 21. Kakogawa Works, Kobe Steel Ltd. &
8. Kimitsu Works, Nippon Steel Corp. 22. Kobe Works, Kobe Steel Ltd.
9. Fundamental Research Laboratories, Nippon 23. Amagasaki Works, Kobe Steel Ltd. -
Steel Corp. 24. Mizushima Works, Kawasaki Steel Corp. =
10. Kamaishi Works, Nippon Steel Corp. 25. Chiba Works, Kawasaki Steel Corp.
11. Muroran Works, Nippon Steel Corp. 26. Nippon Yakin Kogyo Co., Ltd. 4
12. Fukuyama Works, Nippon Kokan K. K. 27. Yasugi Works, Hitachi Metals Ltd.
13. Keihin Works, Nippon Kokan K. K. 28. Muroran Plant, The Japan Steel Works Ltd. s
14. Kokura Works, Sumitomo Metal Industries, 29. Sanyo Special Steel Co., Ltd.
Lid. _ , 30. Aichi Steel Works Co., Ltd.
15. Steel Tube Works, Sumitomo Metal Industries, -
Ltd. -
LR
Table 2. Co-operating laboratories and experimental elements. -
Element|
G Si (Mn| P | S |Cu|Ni|{Cr|Sn |Al |Mo| V |Nb| Ti B As Co Zr
Laboratory }
1 O O
2 O ® <
3 O L O
4 O O O <
5 o O @
6 O O
7 O @) ® -
8 O O O
9 ® O O O
10 O e O
12 e O O
13 O ! O O ® -
14 O | ®
15 T ®) ® ,
16 | O O|e D
17 O O O O
18 O @) O
19 ® O O 4
20 O O 0 O » L
2] ® O o| O O O
22 O O O O L
23 O L 4 O
24 O O ® O s
25 O |0 O O | O
26 ORNG @) ® O O
27 ® O : C
28 ® O |
29 ' ‘ i o -
30 @) ®
O  Co-operating laboratories of the element.
@ Co-operating laboratories which calculated statistically experimental results of the element. it
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Table 3. Selected steel samples for co-operative studies about limit of detection
([ 1 Standard values of samples used for study).
Sample C Si Mn P - S Cu Ni Cr Sn
NBS 1161 | 0.15 0.047 | 0.36 0.053 (0.02) |0.34 1.73 | 0.13 0.022
1162 | 0.40 0.28 0.94 0.045 (0.02) | 0.20 0.70 | 0.74 0.066
1163 | 0.19 0.41 1.15 0.031 (0.02) | 0.47 0.39 |0.26 0.013
1164 | 0.54 0.18 0.017 (0.02) | 0.094 0.135 | 0.078 0.043
1165 | [0.037] 0.029 [[0.032] [0.008] (0.01) [[0.019] [0.026] |[0.004] | [0.001]
1166 | [0.065] | [0.025] | 0.113 0.012 [(8-8?)7] [0.033] 0.051 |[0.011] | [0.005]
1168 | 0.26 0.075 | 0.47 0.023 (0.02) |0.26 1.03 | 0.54 0.009
JSS 162-1 | 0.03 0.49 [0.10] [0.002] 0.041 | 0.042 0.464 | 0.364
163-1 | 0.20 0.21 0.46 0.22 0.023 | 0.101 0.111 | 0.109
164-1 | 0.50 [0.0191 | 0.81 0.59 0.006 | 0.288 0.020 | 0.013
165-1 : 0.114
167-1 0.011
421-5 | 0.15 0.013 | 0.32 0.029 0.028 |0.11 0.036 |[0.026] | [0.010]
460-5 | 0.60 0.25 0.43 0.022 0.025 | 0.083 [0.018] | 0.023 0.006
461-5 | 0.79 0.26 0.44 0.023 0.024 | 0.086 0.037 | 0.024 0.009
500-2 | 0.32 0.29 0.49 0.025 0.010 | 0.12 0.10 |1.10
512-1 | 0.084 0.14 0.40 [0.011] 0.011 |[0.068] [0.031] | 0.036
BAS SS 57 | 0.23 0.56 [0.16] 0.019 [0.010] | 0.16
GK 1011 | 0.174 0.038 | 0.544 0.015 0.023 | 0.045 0.016 | 0.018 0.011
Rehned = 1" 9.00200] [0.0017@ [0.003]® | [0.005] [0.006] |[0.0011®]| [0.0008]™
o Y€ | [0.0011®) "0.0032)([0.00036]®)| 0.0037¢% | 0.001®|[0.00053]®| 0.006®)| 0.0014®|<0.0006
Sample Al Mo A% Nb Ti B As Co Zr
NBS 1161 |(0.005) 0.30 0.024 [0.011] [(0.01) [0.0002]| 0.028 | 0.26 |(<0.005)
1162 | 0.023 0.080 0.058 0.096 | 0.037 [0.0005]| 0.046 | 0.11] [0.063]
1163 | 0.027 0.12 0.10 0.195 |[0.010] [0.0012]] 0.10 [0.013] 0.20
1164 ([0.005] 0.029 0.295 0.037 |[0.004] 0.005 | 0.018 | 0.028 [0.010]
1165 | 0.19 [0.005] 0.002 (0.001) | 0.20 [0.00017| 0.010  [[0.008] | [(0.002)]
1166 ([0.015] [0.011] 0.007 [0.005] | 0.057 (<0.0002) 0.014 | 0.046 |(<0.005)
1168 | 0.042 0.20 0.17 [0.006] | 0.011 0.009 [[0.008] | 0.16 |(<0.005)
JSS 162-1 | 0.042
163-1 {[0.024]
164-1 | 0.043
165-1 0.013 0.306 0.20 ([0.014] 0.0011 | 0.096 | 0.110
167-1 0.311 [0.012] [0.012] | 0.293 0.0109 ([0.009] [[0.019]
421-5 0.013 [0.010]
460-5 0.007 [0.019]
461-5 0.011 [0.022]
500-2 0.19 [0.006]
512-1 [0.007]  [[0.002]
BAS SS 57 | 0.020 0.14 0.003 | 0.032 | 0.006
GK 1011 |[0.007] 0.003 0.002 0.011
R ﬁ d ~ (81¢6)
el:ctr;Zlytic [0.001](® (9) (9) [0.009] (9
o 0.00053®)\ [ <0.0006])([0.00075] ¢|[ <0.0001]|[0.00048] | [0.0004](0.00047%0.0079®)|[ <0.0001]

Note (1) Combustion-electroconductometric method.

metric

spectrometric analysis.

method.(4) Combustion-alkalimetric method.
(7) Tin iodide extraction phenylfluorone absorptiometric method.
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(2) Molybdenum blue absorptiometric method.
(5) Combustion-coulometric method.

(3) Molybdenum blue absorptio-

(C)]

(6) Atomic absorptiometric method.
(8) a-nitroso B-naphtol absorptiometric method.

Mass
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FOEIEREY “HE" T5HR2EB L Bl
BT 58, COEPFHORELTELEIATHS.

2. RHRFRIAERZE

SGEEOT oIk R EROBMEZ LTI~ 5.
2-1 %&Eﬁﬂ)ls)

D) e RN -

2) PsEXFITE -

BEHR XRG4S M

18553 (G, Si, Mn, P, S,
Cu, Ni, Cr, Sn, Al, Mo, V,
Nb, Ti, B, As, Co, Zr)
Table 3 1273 TFREEREIED H&
TR EEIRED 3 ~ 6 5k %
EE L.

3) %2 B4k B R :

4) o5 W & W EOBOTOWEEL L
5 # ® N A& EE LAERUEHT oW TRz 10[E

DHIE FER» DFER EER ®

7z. 6=V {x—%)2/(n—1)

ZOZEE I Table 1 R L7z 30 FEEFABSML

Table 2R X SICKTLET &ic 4~ 7 FEFHBEIE

et RN ASEB[TEERT, BT
BRI 2mE 1 mD 2 BETH 5.

F 7o, FENEBVIEETIKEE (400Hz) LEHOHE
JeEE (50~60 Hz) o 2 fEEBAINh TR D, Bk
SEBRNC DI I T 43 Table ¢ WRTLED TH
5.

2.2 ®HEHBRFOKRKDA

SRIEOFHEDLHT, BHIRROEEL LTy
U5 FOELDERMEET HHEE LTRD 3 A
BREIh /.

1) BEWTEOSHERIFSEL, »OEFERORER

HHEOHKBOFRBEORRE LHET 5.

2) EFKOBHRWNEZB V5.

3) REEFROMXHOBENEZMA V5.

LD HEMENT 1) OFEERATS Z Lk
ElLf. —fHlE LT [S] @2WTOEE % Table 5

Table 4. Analytical condition.

Excitation source High speed | Ordinary
Analytical condition source unit | source unit
Frequency (Hz) 400 50~-60
Out put voltage (V) 400~420 730~ 1000
Capacitance (uF) 7~10 6~10
Inductance (pH) 5~ 10 25~.50
Resistance  (2) 1~2 2~5
Abrasive (No. ) 4 38~-80 £ 40~100
Counter electrode Ag. 45~90° | Ag. 45~110°
Flow rate of Ar ({/min) 3~20 7~15
Preburn time (sec) 4~7 7~40
Integration time (sec) 2~6 12~20

Table 5. Standard deviations of analytical values
of sulfur in steel (ppm).

\Laboratory T
A,B|C D:E]|F |Average
Sample \ {
Electrolytic iron
S 50 ppm 3.4/4.013.915.9/7.5{8.3| 5.5
NBS 1166 ; g
S 70 ppm 2-9:‘4.0 3.6/9.0|7.1 6.85 5.5
1
BAS-SS 57
S 100 ppm 3.9(5.9|4.9/6.0(6.618.8| 6.0
~ 10
€ Y=00H2X +4.9
a
B
éé s o o
B oL | ] -

50

100

Staddard value of sulfur (ppm)

b : Standard deviation estimated at zero concentration
of sulfur (Background)

Fig. 1.

Linear regression of averages of standard

deviations vs, standard value of sulfur.

Table 6. Relation between detection limit and
lower limit of determination shown in
JIS G 1253 (1973).
Lower limit . Number of
El Analytical [ of deter- Detection iy,
ement | P limit .
line (A) [mination of (3b%) operating
JIS (%) 2/ |labolatory

C 1930.9 0.005 0.0026 5

Si 2516.1 0.005 0.0028 5

Si 2124.2 0.005 0.0017 1
Mn 2933.1 0.01 0.002 5

P 1782.9 0.001 0.0005 2

P 1775.0 0.001 0.0007 3

S 1807.3 0.003 0.0015 5
Ni 2316.0 0.005 0.0012 3
Ni 2253.9 0.01 0.0031 2
Cr 2677.2 0.005 0.0014 5
Cr 2989.2 0.01 0.0075 1
Mo 2020.3 0.005 0.001 5
Mo 2775.4 0.005 0.001 1
Cu 3274.0 0.01 0.0007 5

v 3110.7 0.001 0.0006 5
Co 2 580.3 0.002 0.0029 4
Co 2286.2 0.002 0.0004 1

Ti 3372.8 0.002 0.0004 2
Ti 3242.0 0.002 0.0011 4
Al 3082.2 0.005 0.0025 7
As 1972.6 0.005 0.0018 6
Sn 1899.9 0.001 0.0014 4

B 1826.4 0.001 0.00014 6
Zr 3392.0 0.005 0.0013 6
Nb 3195.0 0.005 0.003 4
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Fig. 2-1. Relation between coefficient variance vs. concentration., (C, Si, Mn, P, S, Ni)
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Fig. 2-2. Relation between coefficient variance vs. concentration. (Cr, Mo, Cu, V, Co, Ti)
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Fig. 2-3. Relation between coefficient variance vs. concentration. (Al, As, Sn, B, Zr, Nb)
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