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Development of Fully Automatic Emission Spectrochemical Analyzer

Nobukatsu FUJINO, Yoshiro MATSUMOTO, Masato YOSHIHARA, Motoji TARUI

Isao Fukul, Naoki IMAMURA, and Tekahide HIRANO

Optical emission spectrometry is superior to other analytical methods in its rapidity. Therefore, it plays
important role in the field of elemental analysis of the steel making plant. However, further speedup and
labor saving of the analysis by automation are required for progress of continuous steel making process.
An apparatus has been developed to meet this, and the following results were obtained. (1) Analytical
procedure was fully automated, from the reception of samples being analyzed at the laboratory to the trans—
mission of analytical results. The time required for the analysis of a sample was 50 seconds. (2) Automatic
standardization and automatic selection of working curves were also provided. (3) Better precision was
obtained than conventional integration method in the analysis of routine samples from a converter by em—
ploying the pulse height distribution analysis method.
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Fig. 1. Configuration of fully automatic emission
spectro-chemical analyzer.
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Photo. 1. Sample setting on excitation stand.
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Table 1. Analytical lines.

Elements Wavelength (A)

c { Low 1658.2 (1)

High 19309 (13
Si Low 2124.2 (1)

High 2516.1 (1)
Mn 2933. 1 (0)
P 1782.9 (1)
S 1807.3 (1)
Al {Low 3961.5 (1)

High 30822 (1)
Fe 2875.3(1 I

Note, Low : low content range
High : high content range

k-

(a) Sample chacking by arm of standard sample griﬁder.
(b) Sample surface grinding by standard sample grinder.
(c) Before sample holding by analytical robot ,

Photo. 2. Automatic preparation of standard
sample,

Table 2. Analytical conditions.

S ntenst Secondary voltage 400 V

Bxcitation | C-L-R 7 yF-3pH-1. 50
Discharge frequency 670 Hz
Counter electrode Ag ¢6;=§pmgl,5 u(il?nne 60°
Ar gas flow rate 10 {/min

Preburn 1000 pulses

Exposure Analysis 1000 pulses

PDA Fe level, 70%
(Pulse height distribution analysis) Ratio method

N 8D KKanih b BETH b5 BEERE SHH
HED I A AL RDE SR, (Pulse Height Distribution
Analyzer : PDA ) © REM-1000S % Fv 7=, &
Pl —Be voh T’ Table 1| 030 »H
Lic. ABEERD Fe S oW QIRKED AT,
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Table 3. Group of working curves.
Analytical lines C . Si ‘ il el s Al :
Sample group Lowo ngh° l.ow° Hngrl . . . Lowo H:ghu
P 165824 193094 [2124.24 251614 [2933.14(1782.9A1807.3A [3961.5A|3082.24
Ol c-1| — | si-1] = [Mn-1] P-1{S5-1| — |AI-3
an Low €l =500] — [=100| — |=500|s1000[<1000] — |=200
Comverter /N[ — | c-2| Si-I| — [Mn-I| P-i|S-1| — [AI-3
2 High Cl|— [=is0|s100] — |=500[<1000[5i000] — |=200
3 tow cl®fc-1] — |si-t] — |[Ma-i|[ P-1 | S-2[A1-1]| —
Low Si[@|=s500[ — |=111| — | 210{=800| £400|<I00| —
4 vigh ¢/ — [ c-2|si-t| — [Mn-i|P-1|S-2]AI-1] —
dle |Lov_Si ®@| — [=1s0[=111| — | =210{<800| <400|<I000| —
5 Lodle Fow cl®c-1[ — [ — |si-2|mMn-1{P-1[S-2]AI-I| —
Middee Si[@)| =500 — | — |=500| 210[=<800| <400{<I000| —
6 High c|(D| — [¢-2| — [Si-2[Mn-2[P-1]| S-3]|AI-2| —
High si|@| — [=21s0] — [=500] =700 =<800| S400|<I1000] —
Note : @ working curve number ® readout value
Low : low content range High : high content range
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Fig. 7. Comparison of R method and I method for frequency distribution patterns.
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R method:

Ratio method for each spark pulse, I method: Absolute intensity method.
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Table 4. Analytical condition of integration
method. :
Excitation source Shimadzu SG-400
Apparatus  { Vacuum spectrometer GVM-100
Measuring unit 241000
Secondary vollage 400 V
C-L-R 5 uF-5 uH-10
Discharge frequency 400 Hz
Counter electrode w¢i;a2; scx?::: 45
Ar gas flow rate 10 Ymin

Preburn 4s

Exposure Integration 3s

Analytical lines Ige ]1] %&7):1’2_3
2
=~ 003
é\ [e]
,g 0.02 o e
=1 ® o o0 ®e . - o 0 o
’g [oXe]] - 000 _08-CO-—-"e” T
a M
&’ [eXo L "1 3 WO g

N ) ) : L
o] 0.2 04 0.6 08 1.0 Il2
C (%)

Fig, 8. Comparison of reproducibility for PDA
and integration methods (n=>5 times, sample tem-
perature: room temperature).

Closed and open circles are experimental results
for PDA and integration methods respectively.
Solid and broken lines are regression lines for PD
A and integration methods respectively.
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Fig. 9. Influence of sample temperature on spec-
troscopic  analytical result. Q.5 and @, are
spectroscopic analytical results at the temperature
of 180°C and 20°C, respectively.

Table 5. Accuracy for real samples,

C Mn P ]
a4 (%) 0.012 0. 011 0. 0022 0. 0020
Concentratiorl (%) 0. s04 0'506 0 ?09 0‘ ?08
range 1.78 0.42 0. 090 0.038

(Samples, n=52)
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Fig. 10. Analytical system for converter operation.
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