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On the Desulfurization of the Molten Metal in an Open
Ladle Stirred by an Impeller Modified by Gas Injection

Kyoji NAKANISHI, Nagayasu BEssHO, Yoshiyasu TAKADA, Akio Ejmua,

Masaaki KuGA, Junichi KATSUKI, and Masashi KAWANA

e
RO R i > T
Synopsis:

In order to enhance the dispersion of desulfurizing agents into hot metal, the injection of nitrogen gas has
been used together with the revolutional stirring by an impeller of a gate type. At the both ends of the
impeller, a nozzle is embedded and used for the injection of nitrogen gas into hot metal toward the direction

opposite to the movement of the impeller.

Water model experiments show that the gas injected efficiently breaks up a cone shaped agglomerate of
desulfurizing agents at the bottom of the rotational vortex formed around the impeller shaft and makes it
disperse homogeneously into the bath. This suggests that the chemical efficiency of desulfurization will be
improved to a greater extent than that without the gas injection. :

The plant scale equipment has been constructed to desulfurize 60t of hot metal in a ladle. Under the
condition of 77 rpm in revolution rate and 3 Nm?/min of nitrogen gas, sulfur content of 0.05%, is reduced to
0.0129% after the treatment of 11min with calcium carbide of 3kg (75% in purity) per ton of hot metal.

The observed rate of desulfurization is reasonably interpreted in terms of the rate controlled by sulfur

transfer in hot metal.
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Fig. 1. The setup of the water model together
with the measuring system of the tracer
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Fig. 2. NP impeller user for the cold model
experiment.
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Fig. 3. Relationship between mixing time and
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Fig. 4. Relationship between number of revolution
required for perfect mixing and immersion
depth of the impeller.

BECHEBER E L, BHEOREE L ED . No
AVNIIE ERRO L BB L2 5.
KREBFEED 2 fliconT LR oBERY BIFT T
Fig.3 &7, ¢ & /N DOEEREFES X B> T
. T TCHIERERE S CIieole—EOERNL L N
BRD, ThEBEEIOEFRYANE Fig. 4 k.
f VRS —BEREINETIE R NO AT 55, &
FUTIREE S ORI, gl i & T o’ 1 v
5 RSB AER, BE LA IS

-~ 2
g N TN
—~— 7 \\
X N

. 90 N
£ e
=
o 60
£
§ 15¢cm in immersion depth

30| and 20rpm

0

90 LN

Mixing time, 6 (sec)
[+2]
o

28cm in depth
and 20rpm

w
o

(V] 5 10
Gas flow rate (Nl/min)

Fig. 5. Time required for perfect mixing of KCl
coated on hollow alumina balls which are
floating on the surface of the bath and
are assumed as desulfurizing agents.
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Photo. 1. Influence of gas injection on the dispe-
rsion of liquid paraffin, where the impe-
ller is rotated at the rate of 80rpm and
is immersed into the depth of 5cm; a
fine dispersion of the slag agent is attained
by the injected gas (b), which shows a
remarkable change compared with (a)
without gas injection.
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Photo. 2. Influence of gas injection on the dispersion of slag agents into the water stirred
by the impeller; (a) liquid paraffin is used and the immersion depth of the
impeller is 20cm and the revolution rate is 61.5rpm, (b) hollow alumina balls
are used and the immersion. depth is 29c¢m and revolution rate is 61.5rpm.
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Table 1. Comparison of dimensionless parameters between the water model and the actual plant.
Water model Hot metal
Revolution rate Np, Npg, N, N, Nz, Np, N%, N%,
(rpm) .
Water Water I\;\;?;%;l ZYL?rfirr:a Hot metal | Hot metal Hotsggt’:tal— HOtCr:éth
20 8.8x103 0.029 0.316 0.581 | 3.7x10s 0.146 0.238 0.219
40 1.8x104 0.117 1.267 2.330 | 7.4x10° 0.583 0.952 0.874
60 2.7x104 0.264 2.846 5.237 | 1.1x10s 1.309 2.140 1.965
80 3.5 104 0.465 5.057 9.305 | 1.5x10s¢ 2.326 3.803 3.491‘
100 4.4 104 0.728 7.909 14.55 1.9% 108 3.638 5.948 5.466——
Ng, : Reynolds number, Ng, : Froude number, Nz, : Modified Froude number
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Fig. 6. A schematic view of the NP impeller
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Photo. 3. NP impeller used in the plant scale
equipment ; the opening for the gas
injection is visible at the end of the
left leg.
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Fig. 7. Influence of the initialjcontent of sulfur on
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¥FIE 45% b OUEREE L /%, LichioT CaCy @

KRECAER Lic CaS EFIRIC LD CaC, £ &
R HEE LT VREBIZ D 0, Lo B IBHIC X B
PR = F ¥ =255 DT, FILERWIEES I &
PNDHTHAS.

FHEQOTRHRPATE R G —DO0EREFEELHETh
i, FUCHHSEEcRIE, H—-1 NEEMESRD K
WEE, p—A FRIESE LTS L ThD. F
BRE@MEETHIIL, H—4 FREREMC I BT, &
— A1 FRIRMRE—E Tl hdisbisw. —F, &
BREOLOOHARIE, BihT5 Lo LiLERFEL
FIE L.

ZBRBEOLQD E L LEE & I D THBR A 155
£, BEERIERw (6) NTET 2.

—dS/dt=kAS/V=KS (6)
T, SHBEHSRE (%), ARRICHRERE (cm?), V
A OGFHRE (cm?), kXWEBEMRES X O KIXNGHE
EEBTHS.

XC, SEWESRFRIOFEBIR &5 (6) ROBARIE
Fig. 9 O¥HIcH B & 512, BibiBAT%E 6min ¥ T
IBOL LTS, ThBECREROARIEL /It
D, B—~A FREEOEE L5 RILFEER O,
BBH\E CaS BAOWEREN AR & OFREMELE U
T %. L2 LBiBEBLATYE 6min ¥ ToRc, ¥ 80%
DSHBEINTED, NP Bkl 5 K& DiGiA
EBBEOLOQD W ThrcBEIh THETL & E X CHE
A5,

T T, RICHEE R 16 ¢ — + OB
#% 6min ¥ COEAEN D (6) XAF LI & LT,
KBIOk EXBEHLEL. ok, BE$EE, 6.9g
cm-3, h — N FEE 2g cm-3, KN AEE AL, BE
B, SEERIEE lmm 0% —-3 4 FAERESTIC—REC
BHEAC LTV EL0ERELTCERBR L. 251
T b k {EOREKRFE S Z -0 Fig. 10 TH %
ThID RPN 2FEEHET RO BT O Gl b= R F
—E ¥ 24.1kcal/ mol THot:. = DEILIEFERIEDIE

0.5 T v T v T T
the diameter of
carbide particle is 1.75mm

-1.0 6:0 6.2 P 46.10 X
Ut (°K'x 10")
Fig. 10. Influence of temperature on the mass
transfer coefficient of desulfurization.
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Table 2. Rate constants and mass transfer coefficients obtained by the various investigators for the
desulfurization reaction of hot metal with calcium carbide.

Oor, et al® NariTa, et al.l) ‘ This work
K (min-1) 0.30 0.16~0.33
Revolution rate (rpm) CaC, diam. (cm) CaC, diam. (cm)
k (cm-min-1) 100 200 300 0.05 0.10 0.05 \ 0.10 0.175

0.06~0.09/0.10~0.15/0.13~0.18

0.125 0.25

024»03#0A7~05508&»1J5

=3 A ¥ — & UL, /e D /NEIfED L 5 Th B .

KERTREO K, kB ERREROPTRE L OE
LI Table 2 DR THD. ZhlhhE
By K 0.16~0.33 min-1 L BH b OfEY Li3i3%
L\, —FEKEZMEEToinh k&L, NP 3o
B ENEbIW TS, T, CaC, EEEFIREOME
BEE I U, 300rpm DL RN L, HRE HDOEOK
BOKEILRT.

BB X 5w EBEQ LA IRIEEb= x L F =23
NERELEBVADD. L TUTFHRERRE L LTE
BEROXKE LT, WEBBHRE L ECONT, EHind
b FERIRNIENEETS.

B re ORWRLT A BSihaEE o TEEI LTS
W, BFHRECEET 5 S OWEBENREL ks 1% BarD
Bk (7)) RTHELZLNS.

kB=0_82D1/2v1/2,e—1/2 < 7)
o, DREEEDS oESELTIELIm X o &
FEEE T 3.0x10-5cm?2/sec L5 % Hivh.

—JF, A=A VRO EEFEDS, ThTZhr, Op,
BLOH =1 FEHEN w OB, RIGHRER, 411
Sw/repp THZBRLHDT, (6) XDk & K ofiicix
(8)RDBIRMN K ES.

k =K'VTePP/3w (8)

(7)E(8)RHEBEBLT, n X ()X bHEEIhS.

ro=(2.46DV2p1/200 [KV P p)2/3 cevvvvienrnnenenn (9)
Fleh—~ A PRTOBEEEK R, BIOBESCIZK
RO H B IR E r LBNE, ThZth
(10), (1)K&7c5.

Bo= (Tg/T)Beeeineniiiiii s (10)

B = (1/1s) wererrreiiimiin (1)

Ty, 034 w25 —DEEE, 338cm/sec & BT
L 1oy ke, nBIVPIcEir Table 3 O X5 7afliz &
BH. TZWCH—A1 VOFEYFE r 12 0.5mm & B\
fo. ThE b, NPETIE, £ 2700 HokF258% L,
FHE 1.3em O Fic/e 2T 5 T, %S o

Table 3. Computed values of the rate parameters
for the desulfurization of hot metal by
the NP process.

Symbol K ’ e 5 i i
dimension . cm/ | num-
min~-1 cm cm min| ber | 7°
Computed | o 945/ 0 05 | 0.575) 6.54 | 1521 | 8.7
values

YWEBEMFERL EHME L EREC IV —FKERT. NP
BERGEh — 4 FRAERc—{ L TRmIh 5.
MR OIRHE BT 5 &, 3~bem Lo HRA 5
IS EOT A ELERTRIEVDOT, Elos— o

FRAEE 1.3em X Zhig & NEE BT, /R
NP HOREE 2 ZBEOTHEEINDIE LT b
FIEXeL, FREELLOEL ISHPETED 2 &M
B 52 & ok,

WE(6)RERSL (7)~(9) REeHAT r. RHE
L, »2h =1 FRBAL weae, (kg/ t) DY w/V itk
B3 L eEBETIUE (12)REHS.

S =S, exp[—7.533 x 10-2832wcqyc,t] oo (12)
T, Sy WRIHASEE (%), weac, XA — A VK
BAAL (kg/t), F IO ¢ (XPIBREER (sec) TH S,

NP #EOFHUIERL 1l min ThHBDT, (4),
(5)BIO(12)R X W BBRE Sy &h—-31 VFIAZE
71X (13), (KR THEXBI5.

S, =100 (1 —exp (—49.728%%wcac,)) -+ (13)

7 =26.67S,+Sy/wcac, e v ereree e eenenn (14)

ChBORITBNIERERLFE Lisw. Tix
bbb, S, BRIEE I kERD, Tl S, N—EDH,
weac, DVNZIWNT E KT 5. Fig.8 iz gr s
A =2 LTA)ROBEFEEZR L. ZOEA)RITER
RABARETH B, TEHLETREIED BETHE
PIfE & BERELY —B S8 5L B0 7 5 Al ~pe
BU7. ThiHERELok(6)Reks\ T, FHLK
H = FO—EBBRIC S L WA Th B 2 &

— 46 —



HARERBZZHA LA V27 - X 5EHOWBPABLIRIC DWW T 1537

BEBTIISRTH IS Y7 bbb, L LE
B2z iy - OARFHIME A D H — 34 PR O IR
ALTWBBEOLENSEOT, (6) XN TEEMCILY
Atez LizE#ETH S 5. Fig. 8 offcsDe— MIH
FAZ 7ORFORE, MBREICECEDS. b
3, RERKE, BOEBERICLSIDEEZ DR
%. %+ LT Fig. 8 X NPT BfEIL, FBrKM
JEUT, 0.04 225 0.07 OFIFET Z{LT 5 b 0 & HR
Xhs.

5. & =

DSBS ERE & LT, SN ELLE NP 7
B ARLDOWT, BEDEBEKETAERICIVEADL
I Lfes ZOMBELRE T 2 CEEYEEL, BB HE
FB U7 o Bt gE 2 3. 18 Dol Rk dEER Y
WIRNT L, BABREOG O R BB & HERE L 7e.

BORERIDTOERY THA.

) 2—nAF - EFAERCBNT b L—%—1BIC X
D RN OB —RBARE, 1 v —ORME
BTH+HEL, #AREAREFEOFEI/ NI DMk,

2) —F, A7 /7-BHEOWEBEHEY £5 v v—9
— DY —BERIL, 7 AR ZIALMHC X b BHE I,
AT Z-2 X ABDORIGRET HROD D Z L2 B
Eieof.

3 Fi, BMFIC RIS CREE) R Z 7 4 vHB WL
7 v 3 FOKRF~DHEIREEOWIRBZ I XU,
H AR EAZGR I X b, BRFZESHPEL < 28
L, BBRRIGRECH RO S D = LA TH O,

4) 60t R L T RCHE LM NP T,
=31 FREA 3ke/t, WMPISEE 0.059% o4&
TH—~ A FFIBSR 34%, BHRE 76% OFEFEY R L
fo. FToH ARE AR X ABEHEEEO R LB b &
oot

5) B 1 kLR $62 T #1735 i o
T, KRN RD BB ERE O BH#T OiFE#E =+ v
¥ —3 24.1kcal/mol TH b, YEBERH L L TO0.24
~1.15cm/ min 725 fE%X G, Tl RICEEERE L

TiE 0.16~0.33 min~! 7x %% E7

6) BRI O SR BB HER b O S ofhEic
B 5D ERGHLic.

7y oA L LT —ERA L Bk (0.5-3.0
mme) DAYy A-H =1 KX, £ 1.3cm RoOB
RA T 7 E1e2T, B —Ho8T5 40 LHH X
.

AHFROBRITICY D IR EUTF DT & 1B <
R U3 Bt seRr AR R B AT R R, TR
SRTT B 4 R, RBEEE, R, AE WA,
TREUGFTRIBR M ST R, THHmeemEh
B0 R ali S D o B i BT R A i B A R 0N
AT D FEFT % 5] S MM R RE ARG H IR
RS- LET
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