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The Measurement of Particle Size Distribution of Al,O4
Inclusion in Ultra Low Oxygen Steel

Synopsis :

Atsushi CHINO, Hideo IWATA and Muisumi IHIDA

A technique for particle size distribution measurement of Al,03 inclusion in ultra low oxygen steel by
combination of ultrasonic classification method and centrifugal sedimentation photo-extinction method has

been established.
The procedure is as follows.

(1 )The Al,O; inclusion extracted from steel by acid decomposition is classified at over and under 5pum

with ultrasonic filtration.
( 2 )The Al,05 inclusion over 5um is weighed.

(3 ) The particle size distribution of Al;Os inclusion under 5pm is measured automatically with cen-

trifugal sedimentation photo-extinection method.

( 4 )The particle size distribution of Al,Qj in steel can be obtained by using from (1) to ( 3 ).
This technique makes it possible to measure particle size distribution of Al,O3 to sub-micron order, and
gives instructive information about coalescence and/or floating behavior of Al,O5 inclusion during refining

prosess.

Key words : particle size distribution; Al,O3; inclusion; ultra low oxygen steel; ultrasonic classification
method ; centrifugal sedimentation photo-extinction method.
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C A Ultrasonic oscillating rod
 au—— / D B,H Filtering vessel
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E Filter holder( metal net )
—G F.,K Silicon rubber stopper
G,L Suction hole
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| M Filtrate vessel
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Fig. 1. Schematic diagram of ultrasonic filtering
apparatus.
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5. Detector
6. AC Amp
7. Micro computer

1. Electric source
2. Stabilizer

3. Light source
4. Sample cell

Fig. 3. Principle of particle size measurement.
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Table 1. Chemical composition of steels used and sampling position of specimens.

Sample C Si Mn P S Cu Ni Cr Mo v Ti Sol. Al
A 0.29 0.23 0.60 0.017 0.0010 0.01 0.02 0.99 0.23 0.008 0.008 0.058
B 0.38 0.23 1.01 0.013 0.0022 0.01 0.02 0.98 0.32 0.006 0.004 0.035

Sampling position and sample No.
Sample Refining process
After AP After RH After GI, PI Mold
RH—AP—PI(Ca)—M 7 6 8 9
A AP—GI-RH—M 4 _ 5
RH—M 10 11
B AP—GI--RH-—-M 1 3 2

AP : Arc process Gl : Gas injection Pl: Powder injection RH : Vacuum degassing
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Fig. 6. Particle size distribution of Al,O3 reagent
with 0.2 mass% sodium hexametaphosphate as the
dispersing reagent.
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Table 2. Recovery of Al,0; reagents after acid decomposition treatment.
Reagent Weight (mg) Recovery f;‘o(r;’grempltates Recovery fg)(ryo)supernatant A+B (%) B/{A+B)( %)
15 um-AlO3 25.85 97.6 0.1 97.7 ~T\h
1.5 pm-Al;03 25.00 97.3 1.1 98.4 1.2
1.0 um-Aly03 25.75 97.5 1.5 99.0 1.5
0.3 um-Aly03 25.62 82.6 3.5 86.1 4.1
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| eliminate of supernatanﬂ

[2000m! dilution by HoO |
standing for 12hours
felimination of supernatant|

{1+1)H2804 50mi
addition
heat at 87 °C 40min.

sat. KMnO425ml addition
heat at 90--92 °C 40min.

cooling
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I
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filter ]

washing
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[__weighing ]

Fig. 8. Extraction procedure of Al,O3 inclusion in
steel.

Table 3. Effect of filtration of supernatant on the
extraction of Al,Oy inclusion.

The amount of Al203 inclusion
Sample No. From precipitates | From supernatant B/(A+B)(%)
A (ppm) B (ppm)
4 67.9 6.8 9.0
5 45.2 3.8 7.8
6 36.2 8.1 18.3
12 25.1 2.5 9.1

BB T M MY HEIC S ol Bbh
B o T, ERHOBSICE, LEAEDABLT
TANT—IIHEI NI OWT L ERFIT O LN

—100—



BB th o 7V 3 F I AEY O KR 55 A i 2169

——m

Table 4. The reproducibility of this extraction
method.

Sample No. The amount ngﬁ,]fog inclusion R (ppm)
5 49.0 54.2 5.2
6 44.3 15.3 1.1
7 34.3 34.5 0.2
8 35.3 33.8 1.5
12 27.6 25.6 2.0
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Fig. 9. Relationship between oxygen content de-

termined by inert gas fusion method and oxygen
content calculated by extracted Al,O;.
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Fig. 10. Particle size distribution of Al,O; re-
agent before and after acid decomposition treatment’
(1.5 um-AlgO3).
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50m!i beaker
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with ultrasonic vibration
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Classification of particles
with ultrasonic filtration
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! ]
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0.4um 47mm¢ nuclepore filter
I I
Drying r ‘Drying,Weighing J
Weighing Dispersion of particles in 0.2mass
% sodiumhexametaphosphate by
uitrasonic vibration
CAPA-500 size distribution Fig. 11. Measuring procedure of size
measuring distribution of Al,O; inclusion.
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Fig. 12. Particle size distribution of Al,05 inclu-

sion in steels.
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