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Identification of Acid Soluble Components and Acid Insoluble Inclusions in Spark OES Pulse Height Distribution Analysis

Kazumi MizukaMI, Masaaki SUGIYAMA, Wataru OHAsHI, Kaoru MizuNo and Masaharu Tsun

Synopsis : The Spark OES-PDA (Pulse height Distribution Analysis) method has been widely used in the field of steel making processes, as a rapid

composition analysis of elements, such as aluminum in molten steel, according to the chemical states respectively: acid soluble (Sol.), insolu-

ble (Insol.) and the Total (Insol.+Sol.). When a sample surface is sparked, several thousands of elemental emission intensities are stored and

transformed to the frequency distribution of PDA histogram. In literature, symmetric normal distribution of low intensity pulses on the his-

togram was identified to be the acid soluble (Sol.) component in the metal, whereas the high intensity pulses were attributed to the acid insol-

uble inclusions (Insol.).

In this study, the collapse process of inclusions on the sample surface was investigated using optical microscope, SEM-EDS, EPMA, and

spark-OES. It was found that the number of inclusions decreased sharply before the stable discharge region over 500 pulses, because the in-

clusions were initially destroyed and dispersed finely into the metal matrix. As the result, the emission intensities of the symmetric normal

distribution region are superimposed on those of finely dispersed inclusions (Fine Insol.) and the elements dissolved in the metal (Sol.).

It is proposed in this study that symmetric normal distribution of the PDA histogram should be reassigned to the Total (Insol.+Sol.).
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Fig. 1. Spark-OES experimental setup.
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Table 1. Chemical composition and PDA mode value of samples.

No. 1 2 3 4 s | 6 | 1 8
Sample Name | Pue 1on | 1006 1 | 1004-1 | 1007-1 | 17126 | 168-6 | 170-6 | T Samvle
Total Ti (wt%) | 0.000 | 0.005 | 0.009 | 0.021 |0.046 | 0078 |0.103 | 0.034
SolTiwt%) | 0.000 | 0.001 | 0.003 | 0015 |0.007 |0.008 |0.009 | 0.005
InsolTi (wt3) | 0000 | 0.004 | 0.006 | 0.006 |0.040 |0.070 |0.094 | 0.029
Mode(au) | 260 | 470 | 650 | 1230 | 2370 | 3810 | 4970 | 1700
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Fig. 2. Corresponding PDA graphs of Ti taken from sam-
ple No. 1 to 8 listed in Table 1, No. 1 (Total Ti;
0.000%), No. 2 {0.005%), No. 3 (0.009%), No. 4
(0.021%), No. 5 (0:046%), No. 6 (0.078%), No. 7
(0.103%) and No. 8 (0.034%)).
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Fig. 3. Relationship between PDA histogram mode value
and Total/Sol. Ti.
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Fig. 4. Spark-OES pulse height spectrum.

Table 2. Chemical composition of Ti sample.

wt.% c Si Mn

S Total Ti | Sol.Ti Al

Ti sample | 0.002

0.009 | 0.20 0.01

0.01 0.034 | 0.005 | <0.002
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Fig. 5. Collapse process of Ti inclusions on the sample
surface by spark discharge, (a) stage I (0 pulse), (b)
stage II (10 pulses), (c) stage III (500 pulses) and
(d) stage IV (5000 pulses).
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Fig. 6. EPMA mapping of Ti inclusions before ahd after
spark discharge; (a) stage I (0 pulse), (b) stage 1I
(10 pulses), (c) stage III (500 pulses) and (d) stage
IV (5000 pulses).
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(a)

Acid insaluble Al

(b)

From Acid insoluble Al

278 = 2 JEEFEIC I D 7 O 205 AT IRIZ B4 B B ATA - R OLlE

B2 & UMz MR T 2 5k Th b, ZOEE
FkZ, 7 a5 5 Spark OES 235D 0 il s 5
VEROWREMRAL , 7T e oS5 F Y &
BT LK, fEWERKS (Al S, Ti, Ca, B
L) OEBNEER ECRENTGEE RO A Y0 B
72
ZOESIZHTEMNDOBIRNIKER R, EDES
B DWMEL 6T ZENMOENTVBEH, LD
PDAHEGIZH W TIEPDA L A 27 A DK RN EH
AT B A Sol TRy 21T DB CE 6 B 4T L IRE
L, BREDEWTIZEALZTR &I & £ O Insol. K5y
KR EREL T 5, L Lidk &m0 3K (Fig.
92) % K< BBIKT 3 &, REMEREIZEWLTENEDD
ARG L g & TR L, Sol B3 #4F & Insol. B
PEBOTIE A A AL U CTTFEEL T B Z & SRR & 7 - T
5, TOESIZ, PEKROPDAFHOBMAIZHWTIE, K
B2 5 R MBEIZFAT T 2 B e S BIUSRE & 21
THIMES % &S (IR & RRDRREZ (LI 2 510
WRIMLTWBEEZENS,

finely dispersed
Ti inclusion

Coarse Ti
inclusion

Fig. 8. EPMA mapping of Ti on cross sectional sample
surface.

(c)

(In‘c!usions) i / From Acid soluble Al
Db -1 ! 7
‘a%"“"“'“ spot 3 et ] \1 ! SobAl =Imxn /{n+n')
\ R 3 ~N o/ InsolAl=Im«n'/{n+n')
s | s JR e n
e 'g i é - 7
(8 e £ / ¥ i
2 (3 Ly £ QN
KN | -3 - f Insol.Al %n'
L T . £l Y AT
Sample surface f {_L’,-, £ :ﬁ‘"
Tane(numbers of pulses) bty zenty(a,u.)

{7y Discharge spot with inclusions

I @ Modiam value

Discharge spot without inclusions (Acid soluble only)

Fig. 9. Principle illustration of PDA method.

23

567 I



I 588

$k &8 Tetsu-to-Hagané Vol. 93 (2007) No. 9

(a )ConvenhonaIPDA model

(8

Conventional modet

It explains in the state of the
surface before electric discharge.

(b) New PDA surface model

%Existence of Fine Inclusion is

{1l

ecessary for Analysis region model,

New model

Fig. 10. Comparison of conventional model and proposed model of sample surface at stable discharge region.
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