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Theoretical Analysis of the DH Degassing Process

Synopsis:

Akinori Misawa and fwao MucHI

In order to get useful informations for improving operating conditions in DH degassing process, a

mathematical model is developed in this work.

In this model, the suction period when molten steel flows up into vacuum vessel: from ladle and
the discharge period when molten steel flows down into ladle from vacuum vessel have been analysed
theoretically, and variations of gas pressure in vacuum vessel during degassmg process have been . -

considered.

On the basis of the model, the effects of the operatmg variables, namely, volume flow rate of exhaust
gas, suction rate of molten steel and suction ratio of the volume of molten steel in vacuum vessel to
the total volume of molten steel, on the degassing rate have been calculated with thd aid of digital

computer.
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Fig. 1. Model of DH degassing process.
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Fig. 2. Schematic profile of DH degassing plant
for mechanical energy balance.
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Fig. 3. Transitional variation of the mass of molten steel.

TRL7.
Table 1. Results calculated on the transitional variation of the mass of molten steel and on the time lag.
Results
Data for calculation
Mass pf molten Time lag (sec)
steel in vacuum

No | fa(sec) | Zo(em) |Ao/Ai(=) [A/Ai(=)| ™y, | Man(® | mmax(® | 27 |37
t=0 Mmin Mmax

(1) 16 100 0-04 104 1-0 2-45 12°5 32 22

(2) 16 100 0-04 2:04 10 4-36 15°0 3-8 2:8

(3) 16 100 0-1 1'6 1'0 0-33 154 14 07

(4) 16 100 0-1 2'1 1-0 0°38 16-9 15 0:8

(5) 16 200 0-04 1:04 1:0 646 216 36 2°6

(6) 16 200 0-04 2:04 1'0 10°5 25-9 4-0 3-2

(7) 16 80 0-1 1-1 00 00 10-2 0-76 0-42

(8) 16 140 0-1 1-1 00 0-0 17-6 11 044

(9) 16 200 0-1 1-1 00 00 24-8 1:38 044

(10) 30-0 100 0-1 11 1'0 0-83 125 0-2 00

# : double prime means the same value as upper one

— 116 —



DHEZE A 7 v & ADERZEIT 1691

FEORER 4 & HEFBOMER 4 Ok (4/4) ©
{ERR BT BMERT RIET $hERM, BPO(2) &
(4), (ONE(NE/BETIZLXLIDTHETES.
Fhbb, (4o/4;) DEI/NIVE ST, BREZ
HEABORECH U TEAOTACTL ORHAISE
nKERY, Fiz, BEBRWAEDL SRS RALE
2eRER D BRI (Ay/4) DEDFHRIE, Tablel &
(1)X(2), (3)&(4), () E(6)DIRITLDTH
5. Tithb, (4/4) OEHZHETEDTH LD
BRI, (do/4) OBFEIT ERE IR\ 25,
BARV EFERER CRABMEARSENTS. L
L, WMEIEEAERD ] MORBICES>THATS
BRERITIIRE A ERLBL VT Ehsbind . Eik,
Table 1 ©(1)X(5), (2)&(6), (7)&(8)&(9)
EHETHE, BMELRERERBOABIE 20 2380
UCTHRHIBENICIISH E D K ELHE 2L LIV,
FHIT 20 OEINKHE2>TRARB LT BHEE Mmax
MHEMTB L, BT, (4/4) OfEM 01 LITD
BAIBTIEMER moin SEMT S L3025,

ks, v ERIVEREICRDBIE, (1), (2)KXFk
B(03), (HREL@)~)X L AWy THHELA
G b,

3. & ® &

K[ERETOBEMOREHPEET 2 HE T, B
DI TSR ORIV 0T, ERi(E
HERCILATER S, ST, v 2EEIC
KDLGEOHFEHEIC OV TRRD . WA Ak XD
FNENIDOWT, B EFEE(l), (2)RoHEH
R, BEEERZ(3), (4)RoEBRILESH, (1)
(AFD v FEE»LELND. @)D P 135
JEbx R L TELIND S, iE, (X1, px, v,
by, ks, px BT S EME MY FEREM L MECR
5.

e [X], px, nx, s, b, hy OFEEEMHR IO
(dhy/dt) 52T, (1), (2)x, F/E(3), (4)KX
E(7), (23)~(25)x,%# Runce-Kurra GILL EEiT X D ¥k
EEET 5. B EFH» DHR AN DR AT, w2t
ErLEAREDLDLETHOTHEL, BitHEkbo
TRDY A FNVIBHEREAIY, wPhEarHELEDLD &
ETHEOTHETSD., 2o (8)XTRDOY 4 2 v
DR EFIERORKSIREZSTE L, DIRIEr 14 2
ERBRIFTEAZVET. ok, v2LT, ADRZEH
WZiEATE [X], px, px BT HESIEM O AR LR
5.

4. FTHEREER

41 RINAR
RERE [X]1* 5—ET, BEOR EFEE, HX
O, BEHEEsLnLN(9), CQORTEZLIDEE
i, (1), (3)R&/V LTBIER, Thabb, =0
KEWT [X]1=[X1n-y OYHARHED D &L THWTET
WY & D ISRt EoN 5.
(1) BREBEBMBEVEE
v LR (Fig. 1 (a)), (0<6<6))
[X]—[X]* =L<ﬂ
[X],-—[X]* a\ ¢
ZOBEHRIT 60 T [X1-[X]u-y &750, FIH

)(]_e-aO/O,) ...... (29)

SHEZGRTS.
B EFEAR (Fig. 1 (b)), (6:<60<62)
xj—txj* 1 (l—e'a 1 )
[X])n-1—[X]* T l+4a a I+«
O N e
s

BEHEARY (Fig. 1 (c)), (6:<60<8s)

vt e H(Ta )

({g?>‘+“}( vu:x )“.”.”.”.”.”.“

T, 01=A15/9m. aEkXAl/Qin
nY A TNVETHRE (n—1) Y4 7 VETHROBHBA
DIE O IRE OBEAFRIX

[(X1p-1—[X1n _ omax [ 61 .
(X1 Kt = [62 (a+e 1)/a

cieeeeen (31)

1-6,/6, 1—eg—@ 1 )
ta l+a +( a l+q

1 G, \a) 0 i
-G et
l—e—a 1 1+a) ¢in
()
TREND. CROLGUOFIFELLEDT A4 J itk
Th—FEhd. £2T, CRoA[LDEZELEE, &
¥, B)RT 6,13 6 WL THHG/NSVDTINEHE
FL, B ETH a=vmax/V EEL &5 gin=qout D
BT, ERIVIEMETIROISKERDLT I EMNTE
5.
Eaa (24 a)/(1da)2 -meememesrninianenn (33)
BT, [X1n & [X]o EERRAVTERDLT EGHRA
PELND.
(X2 —=[XI%) /([ X]o—[XT*) = (1 =& oo (3%

— 117 —



\

1692 B L &

# 56 £ (1970) #1355

(2) BREEABHDIEE

nY AT NVETHEOBRBIBPDOE vo,a V3, ¥4 70
KEXLT—FHE vo THDETHE

T LR (Fig. 1 (b)), (0<0<8)

(1+ @) [X]— ([Xa-y+alX]%) _(_)
(1t @) X1y — ([XTn-1+ a[X]%)

v

RN € 5))
BEHHARE (Fig. 1 (), ((0:50<65)
[X]_[X]* - —3 v “ D N T YN
[X]n,og_[X]* _(Umax) (36)

T, [X]n.az X, GHRT v=vmax EBEVTHE
ns.

l+a
(XDn00=(522) (0K = XD
o 1 ”*
T LX)+ g ((Kaei+aLXIY)

n A ZVKT RROREBERMRE (X1, 1%, G6ORT
v=v9 LEWVWTG)ADX S REND.
[(X1%=[X1*+ (vo/vmax) *([X 14,0, — [X]T*) ---(38)
n A4 2 VIEORBNOIBEHIRE (X1, 1
[X1n=[X1n-1+ {0o([X25%.,— [X]})

[Tk AT [XT9)d0} [V —0) - (39

TEDLENS. Ik, ZZTU)ROBEEGENRETS.
[ kx X1 = (X190~ Wmax—20) [X]y
+ ool X151 —omax[X1n,0,+{a/(1+a)} ([X]1n,e,
— [XI*)vmax{l — (vo/Vmax) 1+ 2} orvereerenees (40)
BB WEBETE, GHROLSicnd 4 o0
BOBSMNOBEIIEE [X], PERCHHIRE THEL X
N5, BRYEERNDDHETIT [X]) Y4 70tk
DTRREDL D, BRETEETRDRThIER S,

—— =
o8 — o

- \\\\ .o-l\\\

«r O ~

i _

S S N
™~

N

ag=012

i
0?2
&/6;, =01
e/e, =05 N 2 N
o 1 1 1 i 1
0O 01 02 03 04 0S5 06 O7 Q08 09 IQ

Time, 6/¢y (-)

Fig. 4. Variations of the concentration of
X -component of molten steel in
vacuum vessel during one cycle.
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Fig. 6. Progress of degassing during one cycle.
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RELBHITONT, B BT T BILAH R A5 KER
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DH BZf A A ot 20ft%H 5 BEMND T LHAT
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4-2 H{EfR
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Observed by A.C. McMICHAEL, et ol
—-— Calculated by the authors
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Fig. 7. Estimation of the value of mass
transfer coefficient k.

B fVvicksdin{fig Table 2 WRL, DT, BH=
FECRETHRTIC >V THEET 5.

(1) WHEBESRK

WEBLERE Ax 13, BAXARECEEEE T,
kx IR OFEA RGP BROMENAEL & BB
I THELZZFT L0, by 2EBC HETS
LRHETHSE. 2T kx OECHIRSELR &5 72
W, ALY BREEERE U TERAL TWAILERG
BEROBED 3R

Table 2. Data for calculation
Period of one cycle 03 (sec) 8, 16, 24, 32, 48
Volume flow rate of exhaust gas S (m3/ sec) 1, 4, 8, 10, 16, 20, 24, 30
Suction ratio a(—) 0:06, 0-12, 0-18, 0'24, 0-36
Mass of molten steel in vacuum .
vessel at =0 mo (1) 0-1
s : 01,=634, 200,[C1,=475, 1500,[H],=0, 6,
Initial concentration (X Jo(ppm) %N%z=0, 10 [C]e [(Hlo
Mass transfer coefficient kx (cm/ sec) ko=0'35~1"75, kp=0-9~4'5, kny=0'2~0"5
Value of (kc/ko) (=) 01, 003, 0°5, 1, 2, 5

Total mass of molten steel : M=100t, Diameter of vacuum vessel : dy =190cm
Volume of vacuum vessel : Vg=8m3, Gas temperature : T;=1873°K, Density of molten steel : ppe=7'2g/cm?
Equilibrium const. (at 1600°C) : Kgo=0'002411, Kg=0-0024711>, Kx=0-04811>
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Table 3. Values of k, calculated from the results observed by MaTtsuba et al.®

Cycle number 1~.3 5

10

15

20

30

ko(cm/ sec) - 0°93~8-1 0-93~2'3

0-23~1-4

0°23~0'93

0°23~0-93

0°23~0-46

d[O]/dt= (K'A/mxax)([C]1[O] — Kcopco) - (43)
%, LT, BRUOMEASHREOEETEEEAL
wo (43) K

d[O]/dt= (koAi/vmax) ([O] —[O]*) 43!
CHEINT, HLOERF—~ 225 ko BFTELHER
% Table 3 t5xL7z. Table 3 225, ko DEITII KX
MIESDEXD B, ko OHEITREH FEL LWIKEE
T KnipeeL 5005 EEip 5187 ko OEOHEER W
LEFfSicie >t 5. )

koOfLE LT 1-4cm/sec, 1'75cm/sec X L7

AOEERE Fig. 7WWRL, ku & LT 1'8cm/sec,
4-5cm/sec ZEEBLBED STHERS
Fig. 8 WAL T, FNEHERED & OE% o
7o, ko=1"75cm/sec DX KNUPPEL LD MBERMS
ROIBEDITIE 40~50 L7510, ku=3"6em/sec DX
# 40 52> TV, s, Fig. 7 CEENED L O
b, BH AW ko REHIRAERBEILLY,
BEA ZARICIIAT ko BT SIS 78D T LHHESR
Ehs.

Wi, MEABIREKICX VY AEER EOBREOR
ELZIFHrERFLTARE. BEORTEREXSE XS
(15) KrhiTid, BT B X U RFE O EB BRI (ke/ko)
DY TADTWS. [C1>0'19% DFPATE, LD,
(kc/ko) DIED 1 X 0 AIEF/PE L anisbiE, 13IE,

.........

3-6cm/ sec,

—— Observed by A.C McMicHaeL, et all®

- —-= Calculated by the authors

£

a6

[

& \
-2 N | Au=45cmy/sec

=3 NN/

= 4 —_

“~— : =1'g§ cm,

- \‘Qﬁa fseo
-5 \ N - —_— \
B S~ -
=2 s ~ — S ST
< . e

3 k=36 cm/sec\‘,\*h
8

ot——- : -
0] I 2 3 4

Metal recirculation factor (—)

Fig. 8. Estimation of the value. of mass transfer - -

coefficient ky.
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EH2o%nRHSE. LicdioT, (kclko) ODBYiciERH

ETH ERIEETHDH,

Z Z T,
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Fig. 10 X ko %, Fig. 1l {3 &y & kn %, THhFN
BA L SR IBE A WABIREASEL & 2 HE 1 &
ETREL P LER LR L AR THS.
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Fig. 9. Effect of (kc/ko) on deoxidation rate.
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Fig. 10. Effect of mass transfer coefficient
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Fig. 11. Effect of mass transfer coefficient on

degassing rate.
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a DR E FARBESITIE §=10md/sec & LTHEL
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Fig. 12. Variation of driving force for degassing
with the progress of cycle.
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Fig. 13. Relations between the volume flow
rate of exhaust gas and the pressure
in vacuum vessel.
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Fig. 14. Effect of the volume flow rate of exhaust
gas on deoxidation rate.
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Fig. 15. Effect of the volume flow rate of
exhaust gas on dehydrogenation or
denitrification.
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LaL, Fig. 14 TROND IS5, RPDo@L@L
TW, ZhEFh, S=20m¥/sec & S=o THY, HE
ORNICIEB TR ERENS DI L b b TR R EE
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Fig. 16 12k, W\ kIFEEEHL A 2 % i TiE+%)
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TIRU 7S IRVER R 5, 19 4 7 v ORSRIAEVIE
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Fig. 16. Effect of suction speed on degassing rate.
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Fig. 17. Effect of suction ratio, a4, on
degassing rate.
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Fig. 18. Results calculated by adding mechanical energy balance.
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AR T/ Oz DH BHEREL R F o+ 2 O
DV TOEHBERE, ERECLILIEF R oo
BESRBOWBCARLTERER L L5 D EHEESN
5.

i =

a : | ki, (=)

4 SR IR, cm?

Ay, Ap, Ay BZEEZR, BV EGE, RBOLETEHE,
cm?

[Cl, [C1*: HEABNOBHOKRERE, [WAED
RFBIREE, wt%

dy, dp, dy: HEREZ, B EFE, RBOAE, cm

e W EFENREOHE, cm
S BEEREL (&)

F: MATEROBAO T 2 V¥ 8% 8, erg/g

& ENIEE, cm/sec?

Gx :RFRENI XS DTN, mol

[(H], [HI*: BEEABROBEFOKERE, [EAEO
KRR, wt% ,

hy, ke, hy, By RV EFBRAOES, BV LEFEORE
B EFEORBHES, T BT E TR & BUBELR
Al D EERE, cm

‘K [RERODREEESL, t/cm?2. sec

Kco, Ku, Ky : FEfGELL

kx : XG0SR, (X=C,H,N,O), cm/sec

MyMmax, Mmin, Mo : P LT BIHAER, X BV LT
B RE, BYIARAR, Y1 7 VviLX b —%Ek
e ORBEMER, ¢

M : HIRIEWER, t i

My : Xﬁﬁé}@},ﬁ%i (X=C, H, N, O)

[N], [N]*: EEFBROBEHOBERE, [UKRED
BEIRE, wt%

[O1, [O]%, [Ols : EEBBANOBHOEE, [EFE
DEEFRIREE, 1 Y4 7 v O RE F OB EIRE
wt % )

Po, Py, px : KAE, BEBFBRNOHF ZEN, X EKHo
SFE (X=CO, H,, Ny), atm

gin, Jous : FHB LIFRE, FHPHERE, cm?/sec

R : [kEEL, atm - cm3/mol - °K

S HFGEE, om?/sec
t B A RVERRE Y S OB, sec
Te: ¥RIBE, °K
U, Uy uy u,: REAOWE (Fig. 2 £88), cm/sec

U, Umax, %o, Vo, : W LT OB, HARBV LT
BER, Y47V IS T—EDREOBEIED
B, YA N BOBREENAER, cms

V : &0EEHEER, cmd

(X1, [X]1a, [XT*: HERBNORSTDIRE, n¥ 42
NV TIZDIAN TO X R OIRE, [URRAETD
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20 WBECTEEEHRORMGIE, cm

B=1-03x108, T DFFHEE, (—)
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O EERBEB CHEMBLEN D LEDHEX, om

x t X OPAH AR, (-)

ore : IESHDOEE, g/cm?
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X [

1) #@, ®E, 1A : & &8, 54 (1968) 13, p. 1327

2) W3, WE: gk LW, 56 (1970) 9, p. 1165

3) %, BR, &E, AP gL, 51 (1965) 10,
p. 1898

4) H, KnipPEL, F. OETERs, and §. VARDAG:
Arch. Eisenhuttenw., 37 (1966) 8, p. 621

5) H. KnijpperL, and F. OeTERs: Arch. Eisenhiit-
tenw., 33 (1962) 11, p. 729

6) H. KnijpPEL, A. DREVERMANN, and F. QETERS:
Stahl u. Eisen, 79 (1959) 7, p. 414

7) F. D. DeLve, G. C. DuperstapT, and R. F.
KowaL: J. Iron Steel Inst., 206 (1968) 12, p.
1218

8) #2H, @ : §k LM, 55 (1969) 3, S. 325

9) KAk, BWHEH, &, &k gLil, 55 (1969) 3,
S 121

10) (b2 TE2BER - bET¥ES, (1968), p. 106
Chi#)

1) BAZMRESHUEE 19 £54K : WERSO
HELEF fhifE, (1968), p. 1, p. 148,-p. 158 (A
HILEHMME)

12) R. C. McMicHAL, R. M. SMAILER, and D. Y.
Epwarps: Blast. Furn. Steel Pl, 57 (1969) 3,
p. 225

13) D. W. Morcan and J. A. KircHENER: Trans,
Farad. Soc., 50 (1954) 1, p. 51

14) R. E. GrAace and G. Derge: Trans. Met. Soc.
AIME, 212 (1958) 6, p. 331

15% K. ScHWERDTFEGER: Trans. Met. Soc. AIME,
239 (1967) 2, p. 134

— 124 —



