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Characteristics of Adhesion and Removal of Suspended Particle in Liquid by Bubble—Effect of Particle Contact Angle—

Hirotada ARAL, Naomi IIDA, Katsutoshi MATSUMOTO, Shoji TANIGUCHI, Takehiro NAKAOKA, Kazutaka KuNn and Koichi SAKAMOTO

Synopsis : Gas injection is generally practiced in refining processes for metallurgy. The expectances for the gas injection involve the homogenization of

bath temperature and compositions, and removal of second phase and dissolved impurities from molten metals.

It is widely recognized that inclusions in steel cause defects to the products. Therefore, it is important to remove inclusions from liquid

steel. Solid inclusions such as alumina and silica are not wetted by the liquid steel and can be removed by attachment to gas bubbles. The at-

tachment and removal by bubble flotation is expected as one of promising techniques on inclusion removal in liquid steel. The aim of the pre-

sent work is to investigate the effects of some factors such as particle diameter, agitation speed and particle contact angle to removal rate. In

this study, water model experiments have been done under turbulent flow condition using a mechanically agitated vessel. It was confirmed

that the removal rate of suspended particles in liquid shows first order kinetics until 4 min in the initial stage. Furthermore, it was found that

the collision frequency function has decreased with increasing agitation speed and with decreasing contact angle.

Key words: inclusion; bubble-particle collision and attachment; removal rate constant; contact angle; collision frequency function; liquid steel; water-

model experiment.
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Fig. 1. Process of adhesion between bubble and inclusion.
1: approaching process; 2: collision(a) and adhe-
sion(b) process; 3: flotation of the bubble-inclusion
aggregate.

Table 1. Values of 4 and n for different flow conditions.

Flow conditions | 4 n
Stokes flow 3 )
(Re<1) 2

Intermediate 3 4Re™
(02<Re<100) b+15} 2
Intermediate 3 |:] N (3/16)Re } 5
(0<Re<300) | 2L 1+0.249Re**
Potential flow 3 1
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Fig. 2. Microphotographs of particles.
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Fig. 3. Particle size distributions based on number dl’ld vol-
ume fraction.
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Table 2. Properties of particle.

Mean size dp [Um] Density
Particle Material 5
Based on Basedon | pp kg m™]
number volume
A | EPOSTAR choguanamine-fqnnaldehyde 8.41 1.7 1350
condensation
B MR-20 Acrylic 10.7 24.8 1210
C MBX-30 Polymethyl methacrylate 13.8 24.7 1200
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Fig. 4. Experimental setup for measurement of particle
contact angle. 1: water; 2: water supplier; 3: rubber
tube; 4: cotton; 5: particle; 6: grass tube.
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Fig. 5. Scheme of experimental setup for particle removal by bubble flotation and cross-section of cylindrical vessel. 1: gas reser-
voir; 2: overflow pipe; 3: flow meter; 4: cylindrical vessel with baffles; 5: sampler 6: gas injection valve; 7: motor; 8: stir-
rer; 9: over flow receiver; 10: glass filter; 11: magnet pomp; 12: water tank.
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Fig. 6. Bubble number concentration as a function of agi-
tation speed.

%19, BRI RERIZIE, BEKEFEAEEE DD X
N Tnwd, Zh3BRERBE EEL D+ — -7
-5k, AHERmMISE LU CE R4 1
DR 72 TH 3,

RIPEN O FREPRRE IR L 1 /L TERe, TRHE X 1

22T, ni3fBEHEEGE™Y, dXEBEREmTH 5,

f% 12 Re,>1000 O HipH TIZELFRINEE & Jihr 2 L 5 17,
REEEFZMF TIERe,>4000 & 2 1), WIFHANRZILE TS 5
ZEAEMRRL TS,

RFIREFEBRIT LT OFIE T - 72,

¥, rEEON T & HEFEECREEIC & 0 AEFAKPA
RS, RIPREANICHRAT S, REEREICKDIEETE
DIFHEE 3.3~10s ) TR L, FHRISEHLDERHF X
ZFTETRER (1.28X10°m3 s YK XA tr, —EBFRIEIRE = &
ICEHANDWED —FHGomLY A2y 7Y 2L, v LFH
AHF -1 (Ryrvy - a—Lx— (K &) 2H,

Electric-Sensing-Zone 352 & 0 v L OR T bk &

UKoy A & JE L 72,

Table 3. Contact angle of the particle.
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Fig. 7. Scheme of contact angle measurement by optical
microscope. 7,,: particle radius; 6: contact angle.
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Fig. 8. Change in number concentration with time.
Particle C, N,=10 s, 0,=1.28X 10 m’s™ .
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