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Emission Spectrographic Analysis of Trace of Calcium in Steel

Mutsumi IHIDA, Mamoru NAGAI, and Yoshihiko KAWAI

Synopsis:

A solution method using a rotating graphite electrode and a direct emission spectrographic method has been
studied to determine trace of calcium in steel. The experiment was performed with a 3'4 m Ebert type plane
grating spectrograph. In the case of the solution method, after dissolution, of a steel sample by dilute sulfuric
acid, its solution is directly excited by high voltage spark discharge without separation of iron. The counter
electrode is a graphite rod and the iron spectral line can be used as the internal standard. Lower detection
limit of this method is 5 ppm and the coefficient of variation is 2:5~.7-9%, in the range of 14~172 ppm Ca.
In the case of the direct emission spectrographic method, a steel rod sample is excited in the argon atmosphere
by the low voltage spark discharge using a copper rod as a counter electrode with plus polarity. Lower de-
tection limit of this method is 5 ppm and the coefficient of variation is 2*5~11 "7% in the range of 12~

125 ppm Ca.

(Received, Jan. 16, 1970)
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Table 1. _ Analytical condition of rotating disk-
electrode method.

Excitation High voltage spark

Primary voltage ; 120V
Secondary voltage ; 12kV
Primary current ; 1:2A
Secondary current; 30 mA
Inductance (L) ; 820 xH

Capacitance (C) ; 0°007 pF
2 mm
Graphite disk; 12¢ X5 mm
Graphite rod ; 5 mmg,
Shaped 90° cone

Analitical gap
Lower electrode
Upper electrode

120 sec
40 sec (High concentration
range <20 ppm Ca)
60 sec (Low concentration
range >20 ppm Ca)

Preburn period
Exposure period

Slit width
Line pair

3:5p
Fe(1) 3906°5A/Ca(1) 3933 7A
(High concentration range)
Fe(1) 3977-7A/Ca(1) 3968 5A

(Low concentration range)
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Fig. 1. Relation between preburn-period and trans-

mittance ratio, Tre/7Tca.
Line pair Fe(I)3 906°7 A/Ca(11)3:933-7'A.
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Fig. 2. Calibration curve (solution method).
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Table 2. Determination of calcium in steel.

Average of  Standard ! Coeflicient

Sample No 5 analyses deviation of variation
(%) (%) (%)
1 | o0-0014 | 0-0001, 7'9
2 . 00026, | 0-0001, | 4-2
3 :+0-0080, r 0-0002 2:5
4 4 0-0172 - 0 0008‘ li 47

Llne pair; Fe(]) 3977- 7A/Ca(I_) 3968°5A (Sample No 1, 2)
" Fe(l) 3908-5A/Ca(I) 3933 7A (Sample No 3 4)

Table 3. Chemical composition of standard
samples.
Sample ﬁ “ Mn Si f P S Ca
No (%) (%) | (%) . (%) (%) (%)
1 010 | 1-34 | 0-28 | 0-013| 0-019| 0-0004
2 4 v 7 ” ” 0-0008
3 4 4 7 s 4 0-0021
4 v ” 4 z 7 0-0048
5 v 7 4 ” ” 0-0118
6 K4 4 4 7 v 00150
Table 4. Details of discharge conditions.

. L C H Secondary
Discharge | fy | (uF) | (@ |volage (V)
HVS 820 0-007 — 12 000
LVS-1 50 6 — 700
7 =2 ” 6 10 ”

7 -3 4 20 25 ”
v -4 4 20 75 X4
7 -5 4 40 25 4
7 -6 4 60 30 4
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Table 5. Sensitivity of calcium spectral line in various conditions.
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Table 6. Reproducibility of transmittance
ratio, Tre/Tca.

_ Standard Coefhicient

Excitation X, n=5 deviation | of variation
(%) (%)
HVS ‘ 0:90 019 21-8
LVS-1 I 0-89 : 013, 14-8
v -2 075 0°05, 67
7 -3 | 105 002, 2-1

Line pair, Fe( ) 3930-3A/Ca(]) 3933-7A

Table 7. Analytical condition.

Excitation L.V.5.—3
Primary voltage 150V
Secondary voltage 700V
Secondary current 0'3A

Counter electrode Cupper rod ; 6 mmg,
Shaped 90° cone
Analytical gap 2 mm
Polarity Minus (Sample side)
Discharge Atmosphere Ar (10!//min)
Preburn period 5 sec
Exposure period 15sec (High concentration
range>20 ppm Ca)
30 sec (Low concentration
range <20 ppm Ca)
Slit width 30 p
Line pair Fe(1) 3930'3A/Ca(1l) 3933-7A
(High concentration range)
Fe(1) 3977-7A/Ca(1) 3968-5A

(Low concentration range)
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Fig. 6. Calibration curve (direct method).

Table 8. Determination of calcium in steel.

Average of | Standard Coefficient
Sample No | 10 analyses | deviation | of variation
| (%) (%) (%)
1 0-0012 0-0001, 11-7
2 0-0052 0-0003, 6-2
3 0-0084 0-0002, ° 25
4 0-0125 0-0005; 4-2

Line pair; Fe(]) 3977-7A/Ca(]) 3968-5A (Sample No 1)
Fe(]) 3906-5A/Ca(l) 3933-7A (Sample No 2,3,4)
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