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Determination of Nitrogen in Steel by Spark Emission Spectrometry
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Synopsis

: A co-laboratory research was carried out in order to apply the spark emission spectrometry to the determination of

nitrogen in steel. The atomic emission line of nitrogen at 149.263 nm is used as the analytical line. It is found that the
conventional types of spark emission spectrometer is considerably useful to determine nitrogen concentration in steel
down to 20 ppm level with rather high precision ; the sensitivity represented as BEC value is 350 ppm, and the analytical
precision is 2ppm (16) at 20 ppm level. Spectral interferences originated from Fe(II) 149.258 nm and Si based
continuous emission are found, but there is no interference from the possible metallic elements such as Cr, Ni, Mo, and
Mn. Those ieterferences can be easily corrected by the co-existing elements correction method, in which the correction
factor of Fe is 0.00013 X% [Fe] 9 and that of Siis 0.007 X [Si] %. There is no effect of co-existing Ti on the sensitivity
and the analytical precision of nitrogen determination, because the TiN may not grow enough to disturb the normal
sparks in these heating pretreatment conditions. Grain size of sample has no effect on nitrogen determination. This
point is of great advantage to its application to the ladle analysis. It is because the microstructure is strongly affected
by sample heating and quenching patterns and is quite different from sample to sample at the production site.

Key words : Spark emission spectrometry ; Nitrogen determination ; Low alloy steel ; stainless steel.
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Table 1. Analytical performance of spectrometer.

AL Te 2 ERGEELZHCAZ L L LI, BEN
UL, WM TR U2 v oz, 72, #E
DR IGATY, BEDILDD R S— 27 RERMFEIARE
P —T H - 72, Table 1 (= 3 [M]FEER 72 3D =R
28— 2 RN AT R O E RESE 2 DT,
22 fHEH

ARIFEBRTIE, AFUVvAFHOY Y —X, REHFHD
) —X, TiIEEMD s ) — X0 3WHEORRI LIER L,
12, EBOGHREOR» v —F o) —X#ED
T, 4MHHEOLRIEBRREY ) —X 2GR, 2AF v

Table 3. Composition of low alloy steel series for
nitorgen determination. (Concentration in %)

Sample| C | Si [Mn| P | S [Cu|Ni|Cr|[Mo|al|N

KAPN-1) <0.005{<€0.005| 0.39 |<0.002 |<0.001 | <0.005<0.005 | <0.005] <0.005 | 0.037 ]0.0013
KAPN-2 €0.005( €0.005] 0.39 | <0.002 | <0.001 | <0.005 | <0.005] <0.005 <0.005| 0.029 0.0017
KAPN-3 <0.005{<0.005] 0.38 {<0.002<0.001 ; <0.005 | <0.005] <0.005 <0.0051 0.025 |0.0024
KAPN-4/ <0.005{<0.005] 0.36 | <0.002 | <0.001 | <0.005<0.005] <0.005 <0.005| 0.005 |0.0047
KAPN-5 <0.005{<0.005| 0.36 {<0.002<0.001 | <0.005 | <0.005]<0.005<0.005{ 0.005 |0.0061
KAPN-6/<0.005{<0.005| 0.36 | <0.002 | <0.001 | <0.005 | <0.005 <0.005{ <0.005 | 0.008 |0.0077
KAPN-7 €0.005|<€0.005| 0.36 |<0.002 | <0.001 | <0.005{<0.005 | <0.005] <0.005 0.003 l0‘0127

Table 4. Composition of test sample series for
ladle analysis. (Concentration in %)

Sample | C Si |Mn| P S |Sol Nilnsol NTotal N

Aj-gi-| SWNI-110.20 1 0.12 | 0.80 |0.020|0.013 0.0038\0400020.0040
Killag | SWN1-2 | 0.20 [ 0.20 | 0.72 |0.020 |0.013 [0.0046 <.0001/0.0046
: SWN1-3 | 0.20 | 0.21 | 0.72 |0.018 | 0.009 |0.0066{0.00020.0068
steel | ovwn1-4 1019 | 0.27 | 0.68 {0.021]0.008 0.0103]0.00020.0105

0
SWN2-1 | 0

Al~ | gwNz-2 | o,
0

0

<.0001]0.0017

310.01]0.17 |0.015[0.005|0.0017

510.01]0.23 10.02210.012 0.0023|<.0001/0.0029
5 0.01 | 0.21 [0.018]0.008 |0.0049/<.0001]0.0049
510.01 ] 0.20 |0.0160.01210.0062|<.0001,0.0062

Mn | Cr | Ni [Sol NJisol N[Total N

Killed| swNz-3
steel | swN2-4

Sample

Shimadzu ARL Spectro
(PDA5017) OE-3460 SPECTROLABO-M5
Spectrometer
Focal length 500mm 1000mm 1000mm
Order 1st 3rd 2nd
Grating number 2700/mm 1667/mm 3600/mm

Reciprocal linear | 0.74nm/mm  0.20nm/mm  0.17n0m/mm

disparsion

Discharge condition 4uF, 3uH 3uF,20uH  12.24F,130xH
2uF,20uH 2uF,20uH 6.9uF,30uH
2uF,140uH 2.2uF,1304H

Discharge voltage 300V 450V 400V

Measurement Plus distribution ~ Intengration Intengration

method analysis method method

Table 2. Composition of stainless steel series for
nitrogen determination. (Concentration in %)

Sample| C | Si MnLP S|culNi|Cr|Mo|Al|N

24-1T|0.0040| 0.49 | 1.05 | 0.031 {0.0014( 0.01 | 0.20 |16.03 | 0.10 | 0.008 |0.0052
24-27T,0.0051] 0.47 | 1.04 | 0.031)0.0020| 0.01 | 0.20 | 15.94 | 0.10 | 0.026 }0.0232
24-3T|0.0103| 0.48 | 1.04 |0.030 {0.0035( 0.01 | 0.21 |16.00 | 0.10 |0.033 |0.0622
24-4T70.0179| 0.49 | 1.03 | 0.029 |0.0051| 0.01 | 0.22 |15.74 | 0.11 | 0.040 |0.1083

27-1T(0.0019] 0.50 | 1.57 {0.030 {0.0017] 0.20 | 7.91 | 17.77 | 0.49 | 0.002 | 0.0064
27-27T10.0051| 0.50 | 1.51 |0.030 0.0023| 0.20 | 7.95 | 17.83 | 0.49 |0.004 |0.0138
27-3T)0.0076] 0.50 | 1.53 |0.031 }0.0039| 0.20 | 7.98 | 17.92 | 0.50 | 0.018 |0.0606
27-4T[0.0193] 0.49 | 1.48 | 0.030 [0.0054] 0.20 | 7.98 | 17.89 | 0.49 | 0.045 |0.1441

15.91] 0.12 {0.0008/0.0043]0.0051
16.02 | 0.14 10.0045(0.0058/0.0103
16.12 0.07 10.0319(0.0004]0.0323
15.84( 0.08 |0.0432]0.00010.0433
16.41] 0.08 10.0523(0.0001]0.0524

18.40 | 8.40 10.0139(0.0006]0.0145
18.30 | 8.46 {0.0283/0.0010]0.0293
18.08 | 8.13 |0.0452(0.0002{0.0454
8.15
8.30

SWN4-1
Ferrite | SWN4-2 | 0.
stainless| SWN4-3 [0.055
steel | SWN4-4 |0.045
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18.42 0.1134{0.0001]0.1135
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Table 5. Sample heating pretreatment pattern.

Sample

Sample No.| Heating pretreatment pattern

FCondition—] No treatment

Condition-2 | 1) 1350°C 5hr——» Water quench
Low alloy steel | Condition-3 | 1) 1350°C 5hr— Water quench
2)800°C  15hr— Water quench
Condition-4 | 1) 1350°C 5hr— Water quench
2) 700°C lhr— Water quench

Condition-1 | No treatment

Condition-2 | 1)1200°C 2hr— Water quench
Condition-3 | 1)1200°C 2hr— Water quench
2)700°C  10hr— Water quench
Condition-4 | 1)1200°C 2hr— Water quench
2) 700°C 2hr— Water quench

Stainless steel
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Fig. 1. Relation between BEC value and analytical
precision in nitrogen determination by spark
emission spectrometry.
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Fig. 2. Photograph of microstructure.
Sample : Low alloy steel (KAPN-6)
a) Condition-1, b) Condition-2,
¢) Condition-3, d) Condition-4.
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Fig. 3. Effect of grain size on analytical precision in
nitrogen determination.
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Fig. 4. Effect of coexisting Ti on analytical preci-
sion of nitrogen determination.

N 149.26 nm
l Fe 149.25 nm

+ H-Si/AI(13%)

4 A
AJLﬁN\N$V7§%M\wWiM
3
~4— | ow arroy steel
(N; 127 ppm )
2
1 M Pure Al
N\

-~

Emission intensity (arbitrary units)

H-Mg/Al
(8%)

0

( longer wavelength ) ( shorter wavelength )

Wavelength

Fig. 5. Spectral profile of nitrogen.
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Fig. 6. Calibration curves of nitrogen determination
for low alloy steel and stainless steel.
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Fig. 7. Analytical precision of nitrogen determina-
tion in ladle analysis.
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