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Development of Direct Analysis Method for Molten Steel with Ultra Fine
Particle Generation-ICP Emission Spectrometry

Junji NAKASHIMA, Ryoji TSUJINO, Shigeaki OGIBAYASHI, Masazumi Hirat,
Harumi NINBE, Akihiro ONO and Yasuhiro HAYAKAWA

Synopsis :

Direct determination of elements in molten steel without sampling has been developed with ultra fine
particles (UFP) generation-inductively coupled plasma (ICP) atomic emission spectrometry. At first, (1)
analytical conditions for UFP generation with spark discharge method and (2) the effect of plasma observa-
tion height and UFP contents on analytical precision were investigated with block steel samples. It was
found that, (1) stability of carrier gas was the most important for analytical precision, and (2) suitable
plasma obsevation height for the determination of C, P and S was 10 mm.

Secondary, analytical conditions for UFP generation with Ar gas injection method were investigated with
molten steel samples (Ar gas flow rate; 15~25 Ni/min, nozzle immersed depth; 10 mm).

The analytical results of Mn, Cu, Ni, Cr, Nb, V, P, S in molten steel agreed with those obtained by the
conventional method after sampling. It is important to keep at constant pressure in the probe for the gen-

eration of UFP.

The time required for analysis of one cycle is approximately 90s. The present method is more suitable

for direct determination of elements in molten steel.

Key words : on-line analysis; direct determination ; instrumental analysis; atomic emission spectrometry;
ICP emission spectrometry ; molten steel ; ultra fine particle ; steelmaking; analysis.
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Fig. 2. Schematic diagram of experimental probe.

Table 1. Operating condition of UFP generater
and ICP spectrometer.

UFP generater ICP spectometer
Electrde gap 3 mm Rf power 1.4 kW
UFP carrier gas 1.0NV/min | Coolant gas 16 N1/ min
UFP dilution gas 0 NI/min Plasma gas 1.3 NI/min
UFP cleaning gas 10 Nl/min Purge gas 4 Nl/min
Observation height  10~15 mm
(over the coil)
Discharge time- 30s Integration time 10s
Table 2. Measurement wave length.
Element Wave length (nm)
Fe 287.2
C 193.0
Si 2124
Mn 293.3
P 178.3
S 180.7
Al 396.1
Cu 3274
Ni 231.6
Cr 267.7
Nb 319.5
v 311.0
Ti 334.9
Mo 202.0
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Fig. 4. Effect of amount of Fe particle on emis-
sion intensity.

— 151 —



1884 B ¢ 877 4 (1991) F 115

Intensity (arbit. unit)

Flow rate (1/min)

Fig. 5.
rate.

Relation between intensity and gas flow

#, 0~3Nl/min #4 1 7 0 X HCHE L, ICP (C#EA
T 50w %E IN/min T & L, ¥+ 7—F A
Fifip 2 L 27, O EICEDRTRIE L,
Fig. 4 { IR X912, MR BEE & M AR A3 &
nrz.

25, Az uricodli s irbY, ¥ T —
HAWEE 1~4 N/min 1228 L3¢5 2 L2k ICP
NDHEAT AR ERILS L. Fig. 5 12534 X912,
BILEOFEIHME &7 Afiw & AN R ERERS
T, TERILLXEOEHO KL LI b/, Th
i, TRAREOLIIZELD ICP 79 X< b—F Ol
MEAL L KR ORENEI LT B 20 TH 5 L i
b,

BEo T, REERZM B AR RIERHHIC BT
(& ICP AT A E-EDFRMNTT Fe L OREIRE
ENITHENTRETH D Z EAhh 7.

( 3 )V IAF A AR5y DB

CO BLUVCO, WRAZRASHETICP I ALY
GO OBREHROLELE, P, Mn OFIT Fig. 6 B
LU Fig. 7IZRT. COBXUCO, HADRAIZLD,
P OF K G BnEm & 20, 77 v 7 EFE L%
. ZHRIHL Mnid CO BXU CO, #ADRAICEK
DIREMOMEE LT 5. P EEEOEEH % RTIT
Fix, iz S, Nb 25580 Hhz. oMo Si, Al, Cu,
Ni, Cr, VB XU Ti dMn & [k 2R L 7.

7, TRTOTLEIZBVWT COHALD CO, HZ
DI HEBNKED 7. Mn ZOMDOTEDRERD
& AT AHDIE CO, CO, HRILED TT A= b—
FHREHEIND2HTHD, CO XY CO, DI FE
HRKEVCOI, DFEBEOEILDLDEHESNS. P,

-
0.4} — -
-

0.3

Ar (100%)

0.2

Intensity of P

0 (0.07%)

€0, (0.07%)
0.1}

P (%)
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Fig. 8. The effect of nozzle immersed depth on
intensity ratio.
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experimental conditions.
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Photo. 2. Secondary
UFP with Ar injection method.
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Fig. 10. Influence of size distribution of the con-

centration ratio.
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Table 3. Comparison of standard deviation be-
tween conventional and direct analysis method.
Conventional DT Direct
Element spark-AES | Spark-UFP-ICP 1 ypp 1ep
s(%) s (%) s(%)
C 0.01 0.0005 0.003
0.8 0.0055 0.008
Si 0.05 0.00045 0.00092 0.12
1.0 0.017 0.0042 0.35
Mn 0.05 0.0009 0.00047 0.02
2.0 0.011 0.0055 0.07
P 0.001 0.00004 0.0004 -
0.1 0.0015 0.0015 0.024
S 0.001 0.0001 0.00023
0.1 0.0025 0.0025 0.018
Al 0.001 0.00015 0.00011 -
0.1 0.002 0.00072
Cu 0.01 0.00019 0.00016 0.011
1.0 0.017 0.006 0.049
Ni 0.01 0.0003 0.00018 0.003
1.0 0.0042 0.00013 0.05
Cr 0.01 0.0002 0.00036 0.008
1.0 0.005 0.0028 0.056
Nb 0.001 0.00028 0.00067 0.012
0.2 0.0029 0.0027 0.02
\% 0.001 0.0001 0.00013 0.003
0.4 0.003 0.0013 0.008
Ti 0.001 0.00003 0.0003 B
0.4 0.0072 0.0043 -
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