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

Height Distribution Analysis
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Abstract

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.), insoluble(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 litera-
ture, symmetric normal distribution of low intensity pulses on the histogram was identified to be
the acid soluble (Sol.) component in the metal, whereas the high intensity pulses were attributed to
the acid insoluble 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 inclusions 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 reas-
signed to the Total (Insol.+Sol.).
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Sample name | Pure iron Ti sample
1006-1 1004-1 1007-1 171-6 168-6 170-6
Total Ti (Wt%) 0.000 0.005 0.009 0.021 0.046 0.078 0.103 0.034
Sol.Ti (Wt%) 0.000 0.001 0.003 0.015 0.007 0.008 0.009 0.005
Insol.Ti (wt%) 0.000 0.004 0.006 0.006 0.040 0.070 0.094 0.029
Mode (a.u.) 260 470 650 1230 2370 3810 4970 1700
1000 _
N e T
No.1 ol.Ti 0.005%
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No2 No.3 Total Ti 0.034% 0.100 X Ti Sample (Sol.Ti)
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§ E 0.060
g 10 ¢ [
[ 0.040
: . 0.020 X . N
100 1000 10000 0.000 X 4 |
Emission intensity (a.u.) 0 2000 4000 6000

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%), No.8 (0.034%)
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Corresponding PDA graphs of Ti taken from sample No.1 to
8 listed in Table 1
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Chemical compositions of Ti sample (wt%)

wt% C Si Mn P Total Ti Sol.Ti Al
Ti sample 0.002 0.009 0.20 0.01 0.034 0.005 < 0.002
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Spark-OES pulse height spectrum
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EPMA mapping of Ti inclusions before and after spark
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(a) Conventional PDA model

k.

Conventional model

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

Existence of Fine Inclusion is
necessary for Analysis region model.

(b) New PDA surface model

New model
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Comparison of conventional model and proposed model of sample surface at stable discharge region

10D LM HERDPDAE 7V, AHNZIRET 5 HH
EFNVERT, HERDPDAETFTNIZB VT, ¥ 7L
FEIZE, NEY (Insol.) & FHAHICEE L 7258455 (Sol.)
BdHY, ANX=THEPMEMINLT5 &, EHED AN
17— &5E3E, ZNUSORBETTICHH L,
REE D IEBAATIRD ¥ — 7 B3 S 5 LFIH S L Tw
bo LMPLEDS, TOHMEIE, AN—27REIFEETS
AIOIRFETIIZ Y TH 5%, REMEHEIRIC F T L 720
HICBWTIIERZ L Ty, FEBICRAMEDIEE
WARY NUIEBREE & 52 22 HS B AT RIS L T U L
T 5729, M10-aTRY LIS, FHICEE DSl K572
TR ENAEHEL B->TLE ) 20D Y ICK
10-b TR &£ 9 B AN — 7 JUE TG HU L L 72 e
(Fine Insol.) 23R LI IO A F 72 7V DS ETE
REDERER L L TWhB L &R B,

DX BIGFTEAR Y "YML&, A RIS
& FE N5 Sol. K& A Il AL L7/ £ (Fine
Insol.) EHENEELENMELY G2 572012, 1456

N5 FEHHRIE L Total (Sol. + Insol. i) DIEHxERT 2
L b,

F70, RMATA/S— 7B THEFE L, Insol. 57 H5UEF
K72 ICERT 5 L, ZDInsol. B3 1233 LTHi72 12
BIULEIHEE 5720, TOHMICHEAR Y Mps47-5
72 FITIEEWANRY MVERED G HNL DY, O
i, WMEMPOEE VR &L TIE A2/ E v,

43 PDAEX NI T LICH I 2BIRBRER
INFETOEFIEREELRLIEIZ, PDALANTT A
DFREZRA S,

ek, PDA YA b7 T A TIE IR M ER AT
% 55 % Sol. KERFENE, w SR LN 5347 9 % E45 % Insol.
R LIE L C& 720, ZIMEI RS 21040
W DOHFAEIRFEZ IR Z 72 L SOFPTH V), EROZRER
WL, RERDOMEWITESETT TITHIEL, 1
b, FTALT B &I, B L CHlDIA
FINTV5, TOFFITHEAR Y MhY7z o 7285121

MNormal distribution portion
= Sol. + finely dispersed Insol

—* Freguency

Conventional model

Mew model

b:2000 pulses

— Intensity

K11 NIV SWBIEZE(PDA)ER T LICH T3S0l Ensol BOBIRERER
Reassignment of PDA histogram for Sol., and Insol. components

ooOoH gk o #3905 (2010)



AIN— I BRI AHDINIZASTHRIEEIC S BEEALE - DB DRE

K1 IZRT & 9 IZIER A OERS X IC 4 @ Sol. 431 2 fl
SR S 72 Insol 3 AN A X N/ EREAE, $ 7% P HTotal
lz5252kbh5b, XoT, $EKPDA P T Sol. i
rEIRIE SN T W IEBG AR, Total i & FHRIE &
NHERXTH5b,

44 PDAREOHBIFERGRLSIXILX—METH
IBE & DR

Saeki” E kM AT O AL — R O HGHE G AT O T,
Spark-OES Al O FE S 2 L L, 2 OH T 1974 FE 128
SN2 PDALEDRFE M T 5 & 4612, 19794 15 &
N7 THI SR O Mn, SO 5E = FE T3 O 72 |2 Shibata'?)
B2 &0 BI% SNE T ROV F — T it B ALEL: % Spark-
OES O &F I EoEF & LTI LiFTwi, &
JBALRRR ATEMNC & B BIRIFE D B T 4 )V F — T
WMETERTE L Z L I2oWTIE, B OS2 L
THHELS N, 5128 SN THB OB LA E S
HIEIZEB LML T A, SREFRIIC Sol. / Insol.
553 ASPAFE X 53 L THEAES A 1ER PDA E 7V & KA
A L TR I NG L) PRI OF 2 (37
LTWwh,

F 723 4E D Spark-OESIZ BT, BB OMED X
WENEIRETDH ZDF F7AF L, Sol. & Insol. D #H5
DI L THEELTWA I E ZHiFREICPDA B A b
T L DJFIE 0N F b TR Y, S GH D A
2= 7 BRI BT 5 DO RELRFENHNTE N
WCHIR L T 7z,

L Lah s, RIFFEHECHOMI L L)1, FEE
DEEMERIIE, KREBDONTEWITERBEETHIEL,
A L, BTALT 5 L3, B~ EdE L T
AFENTVL, ZOEFITNEAR Y M7z o 725512
&, IEH AT DERIETC A D Sol. S HAHI AL S 7z
Insol.Z;2SE & S /-5 S, T4 bbTotalfix 52, F
7RI D RMEEALIC X o TR M ED 12 &
LBEIE OB L CBET 58, oDk
ELRPAROTIIT DO & L TR AEfFET A 2 &
B2 B

([

5. #&

ARHFZRI9TIE, HERDPDABR 123D { @ik
HERIL, BRISIEOBBTRIZBWT, &RPES O
TERERI R i & Al 2D IR AT ) S L 2 WREICT A
ORI EHWE Lizs ZD72%, Spark-OESDZE 3 #
FICBI 2N EYORRYIN 20 L %, k8T o Ti
SFEW) % 112 SEM-EDS, EPMA < Spark-OES % HJ\» C i
Nz SPIEPN RS LG Th 5 e i IREE
2D T TOMEMDIZIR, 8%, MBLORRYIN %214
IZBI L CHEBREATV, (6RO PDAFHOIF B R 4 E5

R gk o #390%  (2010)

L7zo TR, DT OMREE:,

(1) PDAEL A N 7T K 12BWT, KEEERNZ AR 5 1EH
AT Omodefli i, Sol.&A w & 1XILFIEd, Total
A E L RIS MBI 2 o,

(2) ERTOFEERII I NTEY OFFAEDHIEIZFRD S
B3, RERER AL EIUIE % 52 THiE
L, WHEREIRZ R L Tuin,

(3) —Ji, EPMA®>5Total Ti/Total FeDFREE I, 0, 500,
500073V ATIEIT—ELTWA,

(4) REBONMEWGEIIRE 2 21 721812, 14 “1E,
B L TRGEICHEST L 08, BRI 5L
LT b0 H 5,

(5) TCOMAEW AR VA 380 L L 725855 (IR A K
NS 7z 5 7284 21E, PDAR A b 7T A IEBAGER
31ETC 4 D Sol. Z3 LA 73 BAL & 4172 Tnsol. 73 A &
SN, b b Total % KHLd 5 2 & &7
%,

(6) & > THERPDAB TSol. 7 & il S LT W72 1E B
il Total (Sol. + Insol.) & FHRlE TE A,

(7) A28— 27 BRI HHEI B 575V A5AillEs: &
LAV F — P ELBEEO Z o DK E LD
NE—2D5 L L CTRAeHMTE %,
INSHDHRIE, Fe/ TiRIZKRS T, —fKDA/ =7

WEI W OPDARH L L CHEH TE A7 MRT

HY, RoWrgogsEEom EIcAFHE VW b,

SRR

1) Onodera,M., Saeki,K., Nishizaka,T., Sakata, J., Ono, I., Fukui,
Imamura, N.: Tetsu-to-Hagané. 60, 2002(1974)

2) Imamura, N., Fukui, I., Ono, J., Onodera, M., Saeki, M.: 1976
Pittsburgh Conference on Analytical Chemistry and Applied
Spectroscopy. Paper Number 42, 1976

3) /NEFHE— FEARIE S L R A &L (6), 430(1985)

4) /NEPHE— RIS IEAT R EERTRR. 35, 1/2, 15(1978)

5) #kH AT T ORI S AT, 7 7 A, AL, 1979, p.107

6) SRS TS S L H AR (2 BT 2 AT, H SRS i
A, B5, 1982, p.506

7) PEAAIEDS (B OB AT 8 S REEE, B IE~ OBk, A
i, L, 1998, p.95

8) FRIEFII 555101 U A Rt aad e . HARERam I 254, 35T, 2004,
p-17

9) Kuss, H., Lungen, S., Muller, G., Thurmann, U.: Anal Bioanal
Chem. 374, 1242(2002)

10) Kuss, H., Mittelstaedt, H., Mueller, G.: J. Anal. At. Spectram. 20,
730(2005)

11) Narita, K., Hara, H., Tokuda, T., Morita, S., Nonomura, E., Narita,
T.: J.Jpn.Inst.Met. 43, 1036(1979)

12) Yamaji, M., Hiramatsu, S., Watanabe, T., Fukui, I., Yuasa, S.,



A= JIERIAHD /NI ZASHRIEEIC S BERANE - NBRS DRE

Omori, T.: CAMP-ISI. 3, 601(1990)

13) Shibata, T., Hamada, S., Okuyama, Y., Kashiwao, Y., Ono, A.:
Bunseki Kagaku. 33, 491(1984)

14) Falk, H., Wintjens, P.: Spectrochimica Acta Part B53. 49(1998)

15) Meilland, R., Dosdat, L.: Rev. Metall. Cah. Inf. Tech. 99(4), 373
(2002)

K EAIZE Kazumi MIZUKAMI
SEImEAMTIIZEET AT RN SEE F st
H L
THREETHE 20-1
TEL:(0439)80-2231

T 293-8511

#IEE Masaaki SUGIYAMA
Seum AT IE T SRR SRS e
B I

KA& % Wataru OHASHI

JEIBARRTERT AR ZEES B PhuD.

16) Mizukami, K., Ohashi, W., Sasai, K.: CAMP-ISIJ. 17, 536(2004)

17) Mizukami, K., Ohashi, W., Sasai, K.: CAMP-ISIJ. 17, 1464(2004)

18) Mizukami, K., Mizuno, K., Ohashi, W., Sugiyama, M., Tsuji, M.:
Proceedings of Asia Steel Int. Conf. 11D-16, 860(2006)

19) Mizukami, K., Sugiyama, M., Ohashi, W., Mizuno, K., Tsuji, M.:
Tetsu-to-Hagané. 93, 583(2007)

KE  #E  Kaoru MIZUNO
(B H#T 27 /) —F ey —

i IER
JUNREE
M Bz

Masaharu TSUJI
Vst L7/ Reg e 2T
T

He bR

ooOoH gk o #3905 (2010)



