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Precision and Lower Limit of Determination in
the Chemical Analysis of Iron and Steel
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Table 1. Co-operating laboratories.

1. The Research Institute for Iron, Steel and other

Metals, Tohoku University

Yawata Works, Nippon Steel Corp.

Hirohata Works, Nippon Steel Corp.

Hikari Works, Nippon Steel Corp.

Sakai Works, Nippon Steel Corp.

Nagoya Works, Nippon Steel Corp.

Kimitsu Works, Nippon Steel Corp.

Fundamental Research Laboratories, Nippon

Steel Corp.

Products R & D Laboratories, Nippon Steel

Corp.

10. Muroran Works, Nippon Steel Corp.

11. Kamaishi Works, Nippon Steel Corp.

12. Oita Works, Nippon Steel Corp.

13. Fukuyama Works, Nippon Kokan K.K.

14. Keihin Works, Nippon Kokan K.K.

15. Technical Research Center, Nippon Kokan
K.K.

16. Steel Tube Works, Sumitomo Metal
Industries, Ltd.

17. Osaka Steel Works, Sumitomo Metal
Industries, Ltd.

18. Wakayama Steel Works, Sumitomo Metal
Industries, Ltd.
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19. Central Research Laboratories, Sumitomo
Metal Industries, Ltd.

20. Kashima Steel Works, Sumitomo Metal
Industries, Ltd.

21. Kokura Works, Sumitomo Metal Industries,
Ltd.

22. Takasago Works, Kobe Steel, Ltd.

23. Kakogawa Works, Kobe Steel, Ltd.

24. Kobe Works, Kobe Steel, Ltd.

25. Amagasaki Works, Kobe Steel, Ltd.

26. Central Research Laboratory, Kobe Steel,
Ltd.

27. Mizushima Works, Kawasaki Steel Corp.

28. Chiba Works, Kawasaki Steel Corp.

29. Hanshin Works, Kawasaki Steel Corp.

30. Chita Works, Kawasaki Steel Corp.

31. Research Laboratories, Kawasaki Steel Corp.

32. Nippon Yakin Kogyo Co., Ltd.

33. Yasuki Works, Hitachi Metals Ltd.

34. Muroran Works, The Japan Steel Works,
Ltd.

35. Sanyo special Steel Co., Ltd.

36. Central Research Laboratory, Daido Steel
Co., Ltd.

37. Tohoku Steel Co., Ltd.
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Table 2. Calculation of standard deviations from analytical results for carbon in
steel by IR absorptiometry (%).

Sample C-1 C-10 C-2 C-6 C-3 Cc-7 Cc-8 C-4 C-5 c-9
Carbon High  Carbon Low Carbon  Low Low Carbon Carbon Low
steel alloy  steel alloy  steel alloy alloy  steel steel alloy

Laboratory steel steel steel steel steel
L1 0.008 0.019 0.057 0.061 0.215 0.327 0.567 0.642 0.811 0.987
0.007 0.020 0.055 0.062 0.218 0.330 0.569 0.641 0.810 0.990
L2 0.004 0.019 0.054 0.058 0.212 0.326 0.566 0.636 0.810 0.967
0.006 0.019 0.058 0.059 0.217 0.322 0.568 0.650 0.809 0.977
L3 0.002 0.015 0.053 0.053 0.217 0.323 0.560 0.640 0.813 0.965
0.003 0.017 0.052 0.056 0.213 0.325 0.518 0.644 0.811 0.968
L4 0.004 0.021 0.055 0.055 0.205 0.318 0.560 0.642 0.810 0.983
0.003 0.019 0.056 0.057 0.210 0.313 0.565 0.638 0.807 0.968
L5 0.004 0.019 0.052 0.059 0.208 0.312 0.549 0.624 0.782 0.974
0.004 0.019 0.053 0.059 0.209 0.316 0.554 0.628 0.793 0.976
L6 0.004 0.018 0.056 0.060 0.206 0.315 0.563 0.625 0.796 0.975
0.005 0.018 0.056 0.060 0.205 0.315 0.563 0.632 0.796 0.976
L7 0.005 0.020 0.054 0.061 0.218 0.328 0.564 0.644 0.806 0.965
0.005 0.021 0.055 0.059 0.220 0.325 0.562 0.642 0.813 0.972
L8 0.005  0.020 0.054 0.058 0.207 0.314 0.537 0.619 0.793 0.961
0.006 0.021 0.052 0.060 0.216 0.308 0.541 0.627 0.788 0.954
L9 0.004 0.019 0.050 0.068 0.219 0.330 0.564 0.647 0.816 0.988
0.003 0.017 0.051 0.063 0.218 0.328 0.562 0.542 0.808 0.972
L10 0.006 0.015 0.061 0.068 0.212 0.326 0.545 0.631 0.790 0.957
0.008 0.019 0.054 0.062 0.213 0.324 0.566 0.640 0.807 0.968
L1l 0.007 0.019 0.059 0.061 0.213 0.326 0.566 0.645 0.819 0.944
0.006 0.019 0.056 0.060 0.216 0.324 0.567 0.645 0.813 0.936
L12 0.004 0.017 0.052 0.055 0.221 0.326 0.572 0.652 0.816 0.966
0.002 0.018 0.053 0.056 0.219 0.322 0.569 0.651 0.815 0.956
L13 0.006 0.016 0.052 0.052 0.208 0.314 0.560 0.636 0.818 1.000
0.005 0.016 0.048 0.055 0.204 0.316 0.566 0.649 0.815 0.987
L14 0.004 0.019 0.052 0.062 0.216 0.327 0.557 0.639 0.807 0.973
0.004 0.018 0.054 0.068 0.218 0.326 0.553 0.642 0.814 0.967
L15 0.005 0.019 0.054 0.063 0.214 0.321 0.560 0.640 0.809 0.971
0.006 0.019 0.053 0.059 0.210 0.325 0.555 0.635 0.813 0.968
Average 0.0047 0.018 0.054 0.059 0.213 0.322 0.561 0.639 0.807 0.970
Range 0.006 0.006 0.013 0.016 0.017 0.025 0.035 0.033 0.037 0.064
Stax}da:rd
fv‘j;l‘;‘g"; 0.0008 0.0011 0.0019 0.0020 0.0022 0.0026 0.0049 0.0047 0.0047 0.0063
laboratory
Star.lda}rd
gg‘t’i\f‘;;“ 0.0014 0.0014 0.0023 0.0046 0.0048 0.0064 0.0106 0.0077 0.0092 0.0128
laboratories
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Table 3. Calculation of standard deviations from analytical results for silicon
in steel by molybdenum blue absorptiometry (%).
T Sample Si-9 Si-10 Si-11 Si-12 Si-13
Lam JSS 430-1 JSS 430-2 GK 11 JSS 420-3 JSS 421-3
L1 0.086 0.062 0.033 0.021 0.010
0.087 0.063 0.033 0.021 0.010
L2 0.094 0.070 0.038 0.023 0.011
0.093 0.070 0.037 0.023 0.011
L3 0.095 0.070 0.038 0.024 0.011
0.092 0.068 0.036 0.023 0.011
L4 0.088 0.068 0.033 0.019 0.009
0.090 0.065 0.036 0.024 0.010
‘L5 0.096 0.071 0.042 0.018 0.013 -
0.095 0.076 0.042 0.022 0.018*
L6 .0.162 0.122 0.053 0.038 0.018
0.159% 0.112% 0.051%* 0.038* 0.018*
L7 0.093 0.071 0.038 0.024 0.012
0.095 0.071 0.040 0.024 0.012
L8 0.094 0.069 0.038 0.023 0.012
0.095 0.067 0.038 0.022 0.012
L9 0.092 0.069 0.039 0.026 0.012
0.093 0.070 0.039 0.024 0.012
L10 0.088 0.069 0.039 0.026 0.013
0.092 0.070 0.039 0.025 0.013
L1l 0.099 0.066 0.033 0.021 0.010
0.103 0.067 0.033 0.023 0.010
L12 0.097 0.069 0.039 0.025 0.013
0.098 0.070 0.038 0.023 0.012
L13 0.093 0.068 0.036 0.023 0.012
0.094 0.070 0.036 0.024 0.011
L14 0.088 0.068 0.035 0.022 0.010
0.088 0.066 0.036 0.022 0.010
Average 0.0930 0.0686 0.0372 0.0229 0.0112
Range 0.017 0.009 0.009 0.008 0.004
Standard deviation
within a laboratory 0.0015 0.0015 0.0011 0.0015 0.0004
Standard deviation
between laboratories 0.0039 0.0026 0.0024 0.0016 0.0011

* Denote the data rejected by Dixon’s test
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(1) C:IR absorptiometry (5) P :Vanado-molybdophosphoric acid extraction absorptiometry
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(2) Si:Molybdenum blue absorptiometry (6) S:IR absorptiometry
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(4) P:Molybdenum blue absorpiometry (8) Ni : Dimethylglyoxim absorptiometry after iron hydroxide
separation
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(9) Cr: Diphenylcarbazide absorptiometry (13) 'V : N-BPHA "extraction absorptiometry
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. (15) Ti : Diantipyrylmethane absorptiometry
(11) Cu : Neocuproin extraction absorptiometry
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W) (16) Al : EDTA titration after mercury cathode electrolytic
(12) W : TPAC potassium thiocyanate extraction absorptiometry separation
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(17) Sn : Phenylfluorone absorptiometry after tin iodide (21) Pb : Dithizone extraction absorptiometry
extraction [
(o)
10
10 o
=0 >
(&)
>
> (o}
e T+
1 : [
_ 5o E— B—
PR N O | PP o R
5001 001 Zr (%)
8 (%)
(22) Zr: Xylenol orange absorptiometry after fluoride
(18) B : Methylene blue extraction absorptiometry coprecipitation
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(19) N : Bispyrazolone absorptiometry after distillation (23) Se: Diaminonaphthalene extraction absorptiometry
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(20) N : Indophenol absorptiometry after distillation (2a) Sb: Rhodamine B extraction absorptiometry
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(25) Sb--Brilliant green extraction absorptiometry

Fig. 1.

(26) Te : Bismuthiol II extraction absorptiometry
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Relation between interlaboratory coefficient of variation vs. concentration.

Table 4. Linier regression functions between standard deviation and
concentration, and the lower limit of determination (9%).

Element

G

Si

Mn

w

\Y4

Ti

Method

IR absorptiometry

Molybdenum blue
absorptiometry

Sodium periodate
oxidation
absorptiometry
Molybdenum blue
absorptiometry

Vanado-molybdo-
phosphoric acid
extraction
absorptiometry

IR absorptiometry

Methylene blue
absorptiometry
after reduction
and distillation
Dimethylglyoxime
absorptiometry
after iron hydroxide
separation
Diphenylcarbazide
absorptiometry
Thiocyanate
extraction
absorptiometry

Neocuproin extraction

absorptiometry
TPAG potassium

thiocyanate extraction

absorptiometry

N-BEHA extraction
absorptiometry

Thiocyanate
TOPO extraction
absorptiometry

Concentration
range

0.005~4.80

0.011~0.10

0.022~2.0

0.004~0.092

0.005~-0.100

0.005~0.053

0.0003~.0.006

0.017~0.2

0.019~0.50

0.002~0.03

0.002~1.0

0.01~1.0

0.01~0.1

0.009~0.10

Standard deviation
within laboratory

0.0065 X {C (%)}
+0.0008

0.0094 X {Si (%)}
+0.0008

0.0044 x {Mn (%)}
+0.0025

0.0019% {P (%)}
+0.0004

0.010% {P (%)}
+0.0004

0.0141x {S (%
2 §760bos

0.0283% { S (%)}
+ 0.00003

0.0027 x {Ni (%)}
+0.0005
0.0057 X {Cr (%)}
+0.0015
0.0093 X {Mo (%}
$0.0001
0.0095% {Cu (%)}
+0.0007
0.0064 X {W (%)}
+0.0009
0.0162x {V (%)}
+0.0007

0.0169 % {Ti (%)}
+0.0001
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Standard deviation
between laboratories

0.0094X { G (%)}
10.0021

0.0306 % {Si (%)}
+0.0009

0.0139x {Mn (%)}
+0.0002

0.0059% {P (%)}
+0.0009

0.048x {P (%
P %8 boos

0.0109% { S (%)
+0.00017

0.0303+{ S (%)}
1-0.00006

0.0060 {Ni(%)}
+0.0013

0.0108 % {Cr (%)}
+0.0020

0.0155x {Mo (%)}
40.0005

0.0263 % {Cu (%)}
100004
0.0209 X {W (%
tWalor
0.0380 % {V (%)}
+0.0011

0.0068 x x {Ti(%)}
+0.0008

Lower limit of
determination

0.0070

0.0023

0.0016

0.0045

0.0044

0.0000010

0.000112

0.0083

0.0066

0.0027

0.0018

0.000035

0.0000027

~0.0031
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Ti Diantipyrylmethane
absorptiometry

EDTA titration

Al after mercury cathode 0.01~.0.52
electrolytic separation
Molybdenum blue

As absor'pti_om?try after 0.005~.0.1
arsenic iodide

extraction

0.005~2.0

0.0061x {Ti(%)}
+0.0008

0.0002 x {Al(%)}
+0.0012

0.0326 x {As(%)}
+0.0003

0.0101 X {Ti(%)}
{ 10,0003 0.0059
—0.0298 AL}
{ Je) 0.0129

0.0279 % {As(%))
+0.0002

Phenylfluorone

Sn  absorptiometry after  0.007~0.10  0-0109X {S‘jr(g/”ggm 0.0332x {51%’4’3303 0.0013
tin iodide extraction ’ :
Methylene bule

B extraction 0.0001~0.015 *-03xFBLAL - 0.0607x{B @A)l 0.000088
absorptiometry :
Bispyrazolone

N absorptiometry 0.0006~0.017 0-0BH{N(AL 0- 0465 {N (7 1o 0.0012
after distillation :
Indophenol

N absorptiometry 0.0005~0.017 0-0333x{N (%)}~ 0.0413x {féa/f)(})oos 0.00067
after distillation '
Dithizone extraction 0.0212%x {Pb (%)} 0.0287x {Pb02,) }

Pb absorptiometry 0.01~0.23 +0.0007 +0.0028 0.00035
Dithizone extraction

Pb  absorptiometry 0.0005~.0.0062 0-0428x {PR(9%6)} 01352 {Ph(%)}
after iron separation ’ :
Sulfochlorophenol S

Nb  extraction 0.04~0.5 0.0072 {N_E(g‘y?)%)}l 0 0.0248x {N_E(()o/f)%)%z
absorptiometry : :
Xylenol orange o ‘ 26 {Zr(%) 0.0821 x (Z2 (%))
absorptiometry N 0126 x {Zr (% . X {Zr (%

Zr  after fluoride 0.008~0.60 +0.0017 +0.0029 0.0071
coprecipitation
Diaminonaphthalene

Se  extraction 0.105~0.312  O-0174x (3Gl 0.0218x {Se(s0)] 0.00033
absorptiometry ) : : :
Rhodamine B

Sb  extraction 0.0012~0.02  0-0164xSbGAY - 0.0271x {Sb(se)} 0.00034
absorptiometry : :
Brilliant green .

Sb extraction 0.0012~0.02 0-0199x{Sb(aa} 0.0163x {Sb e} 0.00020
absorptiometry ST :
Bismuthiol II o

Te extraction 0.001~0.06  0-0400x{TeGrayl ~ 0.0587x{Te)} 0.0022

absorptiometry
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