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RH, DH D XEMEICHF 5 KA X RIS DIRENR

W SR - R W2 - W R - Hh BRI R

Rate Enhancement of the Degassing Reaction by the Enlargement of RH and DH Reactors

Hideki ONO-NAKAZATO, Hiroyuki TAJRI, Tateo Usul, Toshihiro TANAKA and Katsukiyo MARUKAWA

Synopsis : Many techniques have been developed on the vacuum degassing of molten steel. The RH and DH reactors, which are suitable to the high pro-

ductivity of converter, have occupied the mainstream. The DH process had constantly been installed until the latter half in 1970, but has not
been set up since 1980’s. On the other hand, the RH process has continually been installed up to the present. The reason why RH has occu-
pied the mainstream and has been developed further is examined from the viewpoint of the rate enhancement of the degassing reaction by the
enlargement of RH and DH reactors. With the enlargement of the RH and DH reactors, the ratio of the upper surface area of steel in vacuum
vessel to total reaction area decreases. On the other hand, the surface area of bubbles by Ar injection increases. Accordingly, the contribution
of bubbles to the A/V (reaction area/metal volume) value becomes larger than that of the upper surface of steel in vacuum vessel. Although
the argon gas can be also injected in the DH process, it is rather difficult to conduct the Ar injection in comparison with the RH process. It is
not possible to sufficiently demonstrate the rate enhancement effect of the bubbles on the degassing reaction in DH reactor. Accordingly, from
the viewpoint of the A/V value, the enlargement of the reactor is more advantageous to RH reactor. On the other hand, the circulation mass
flow rate of steel similarly increases with increasing the heat size in both RH and DH reactors. It can be concluded that, with the enlargement
of the RH and DH reactors, the Ar injection plays more important role on the rate enhancement of degassing reaction. In RH reactor, the
molten steel is continuously circulated by the Ar injection. On the other hand, in DH reactor, the vacuum vessel repeats the periodic (uncon-
tinuous) up and down. In this respect, the RH process is superior to the DH process. It can be considered that this is one of the reasons why

the RH process has been more developed.

Key words: RH; DH; degassing; secondary refining; reaction area; circulation flow rate; steelmaking.
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Fig. 1. The transition on the heat size of RH and DH reac-
tors installed in Japan.
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(a) RH (b) DH (wide)
Fig. 2. Schematic cross section of the RH and wide DH re-
actors.

Table 1. Dimensions of the RH and wide DH reactors in
Fig. 2 and the estimated circulation mass flow

rates.
50t,r =1.0 300t,r =1.82
RH DH RH RH
a 132 202 240 368
b 22 18 40 32
Size c 27.7 61.6 50.3 112
(cm) d 60.5 70 110 128
e 176 176 320 320
f 220 220 400 400
Ar fl t
jowate 0.154 0.517
Q (m’/min (s.t.p.))
Inner diamter of immersed tube
0.277 0.503
D (m)
Depth of injecti !
epth of injection nozzle 0.605 14
H (m)
U d

p and down cycle 5 ”

N (s)

Mass of steel sucked into vaccum 543 06
vessel (t)
Circulation mass flow rate ]4.8]‘;’ )17 60.11': 717
W (t/min) 19.7 67.8

r : Magnification ratio of one length

R L 7=A, A/ VIED EHLIEE & 12444 % 2L % Fig.
3ISRT. KBS Ca ViR E S D, F7,
DH D 5 HEZZHENER K E 0720 4,/VIEIZ K E 0,
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& BERKIAERMA,H BN T T v ¥ 212K D5
PRI A A EREICAS Z &Ly, 22Tk, &
T 3 RAn TR TH XKW TH S LNEL T, (3)Ric
HOE, [VAKMMEA, (m?) EFHEL -,

AB:4”(d3/2)2XN ................................................ (3)

ZIT, dgl3 RS EEE (m), NIZIREE O XA
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Fig. 3. The variation of 4,/V value with heat size for the
upper surface area of steel in vacuum vessel.

Y. HAWGARIZ K B ER KA FHEZEOHTRIZ L
OPWMEINTVE™, KHHEOH ZARETHHATE 3
(HRYEHNT, ERKEE E KD 72,
dB=0.091(O'/pL)1/21)§'44 .......................................... (4)
ZIT, vld 222 HE (m/s), o388 O KMk
(N/m), p, \ZBEFDEE (kgm®) TH B, 72, / AN1KD
ZODOREBN T (5)RTEINS,

N'=f><H/uG ...................................................... (5)
Z I T, f(=60;(mdy)) 34 TaHE (1/s), Hi% Ar 7 2K
A E (m), ugldKvd EFEE (m/s) # KT, Kvd LAEE

ugl3 EAEE w, 5 KO » THE u, # VT, (6)RR
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Fig. 4. The variation of k,-A,/V value with heat size for
the surface area of the forming bubbles.
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Fig. 5. The variation of k, Ag/V value with heat size for
the surface area of the steel drops.
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Fig. 6. The variation of A/V value with heat size for the
total surface area.
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Fig. 7. The variations of the circulation mass flow rate of
steel in RH and DH reactors with heat size.
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Fig. 8. Shematic cross section of the cylindrical DH reac-
tor.

Table 2. Dimensions of the cylindrical DH reactor in Fig.

(cm)

Size 50t 300 t
a 160 291
b 17.6 032
c 70 127
d 50 91
e 176 320
f 220 400

25
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RH% FRIB Z & HHHETH 5,

E
N
=<
0.1F —e— RH
...... |- DH (Wide)
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0 Y
50 100 150 200 250 300

Heat size (t)

Fig. 9. The variation of 4/V value with heat size for the
total surface area of RH and two kinds of DH.
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---m--- DH (wide) o
-0--- DH (cylindrical) D’
e}
£ 5o
S

150 200 250 300
Heat size (t)

50 100
Fig. 10. The variations of the circulation mass flow rate of

steel in RH and two kinds of DH reactors with
heat size.
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Fig. 11. Dependence of the apparent volumetric coefficient
of the decarburization on heat size for RH and DH

reactors.
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1) H.Matsunaga, T.Tominaga, M.Ohji and F.Tanaka: Tetsu-to-Hagané,
63 (1977), 1945.

Table 3. The effect of the enlargement of RH and DH reactors on the rate enhancement of the degassing reaction.

DH DH RH DH DH
RH (Wide)  |(Cylindrical) (Wide) (Cylindrical)
50t : 300t | S0t : 300t | 50t i 300t
Ayl V ot oyt o p! 0.19 0.11 0.45 0.25 0.28 0.15
AV ki-Ag/V oc p s - 0.08 0.21 - -
Um) | kyAs/V | ocptS - 004 : 010 | - -
Total - - - 031 : 042 | 045 : 025
Circulation mass flow rate ) 2 3
< r < r < r 17 64 22 72 15 92
W (t/min)
*k1=1, k,=0.5, r :Magnification ratio of one length
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