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On the Circulation Flow Rate and the Desulphurization of Molten
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Synopsis:

Measurements of the circulation flow rate of molten pig iron on the Gas-lift Mixing Reactor process
(GMR process) were carried out and the relationship between the circulation flow rate and the desulphuri-
zation efficiency by the GMR process was examined. The results are summerized as follows;

(1) The water model tests in industrial scale on measurement of the circulation flow rate were carried
out and the circulation flow rate ¥; m*/min can be represented by the equation

at 5<vg<vg°, Vi={(—2.75 H;+6.35)1/Tg—15 H;—7}V,

and
at vg°<v, <210, Vi=(—10 Hz 44V,

where v,: apparent gas velocity m/min, »,°: critical gas velocity m/min (= {—1.824+22.75/(2.31 — H,)}#),
Hy: Lifting height m,.V;: effective volume of the lifting tube of GMR m® (=H;.S), Hs: submerged
depth m, and §: cross-sectional area of the lifting tube m?2.

(2) The results of the volume circulation flow rate of molten pig iron measured at the industrial test

plant agree very well with these of water model test,

The circulation flow rate of the 200 t commercial

plant constructed at Kobe Steel’s Kakogawa Works is about 100 t/min.
(3) The strong dependence is observed between the desulphurization efficiency and the circulation

flow rate on the process.
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Fig. 1. Schematic diagram of desulphurizing
process by means of Gas-lift Mixing
Reactor.
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Fig. 2. Model of gas-lift pump.
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Table 1. Circulation flow rate of water.

Ha | Circulation flow rate (m/min) .
vg® | wg*
(m) o ° £

S<v <, vg° <wg <210

0.2|V)/Vy=5.8y%, —10 | V;/V,=42 | 80 | 3.0

0.4 \V,/Vy=5.3vv, =18 | V;/V,=40 102 { 6.1

0.6 \Vi/Vy=4.TVv,—16| V,/V;=38 132 1 11.6
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Fig. 8. Graphical analysis of circulation flow rate
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A LBl e T2 Rk Licob, GMRAKEIE
PERICIRIR L, Hy=0.2m(H,=2.23m) ic3{%E L, ZBF
XA ATIRNOES A RIS ¥, RIFKENSEF K
oD b, ERIKO Au §5 100g ZHA LSRR
TRV EBEHRREICHEML, # 7 VvifnEE» b —E
FERA & &1 T2 R 2 B D AP AT B JRIR L. TS
AR O RFALEE, GMRAGFE RO ATSD, &
DT b HESE R, EEH 0mm ofFExH
WT S~6sec ZEWWHMGERR L. ZOXS5IC LTE
WU L 7o 0 B MSHE ST AT X o T 8tgk
RO Au REZBIE LY A br—39— A7
20 (30 mm ¢ X200 mm) WIREFPFOHET 2L O b
DTHY, O 1WICEZ 26 mm, FEX 50mm ORK%
HIF, XD Au {9 1008 ZEALLOL, X5

* BSHERMEARFEFAIARFORTH (BRtEFHE : 5x10tn/
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Fig. 10. Change of tracer content with time.
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Fig. 11. Changes of gold content in molten pig
iron with time after gold is added.

HEBETZRALT Vi &k, BHROBEEEL L T6.7
t/md % V), WEUTRIEE W) 25HET5 L5 82
t/min % %. ZOXSKRRKE Vi THETSE,
BUOBIEEII KD ZR L D 22K XA, TE DM
IR E BESELIEEALAURE TS S FI0EE
DHEITTT H Lids, RHERE Y 2EBIC ST BIE
SHOBRIFERVE 20 t/ min (EIMAIE 60~100 t )20 3%
£ iE 40 t / min (150~200 t )29 T v, F7- ASEA-
SKF A 351 5 MO RIEZE X 70~85t / min (100
)W LPEINTED, ZhbEhETs EFEED
BIGEEII | ~ 5 fERE VT L bbb,

3. BiEERELRTIERE & OBk

KEE s LEBRREOSHERIHRL (8) X
(9) RCRLALBHTHY, TROEDOREXEBELTH
MEBEBANOWEDOEE Ve m3 THB L ThTh(15)
kB IXUC(6) ROBRSELND.

5<vg<vg® DE X

(V1/Vy)={(—2.75Hd+6.35) o
—15Hd—T7} (Vp/Vy) ereeeemriniennniinn. (15)
v’ <0g <210 D E &
(V1/Vy)=(=10H,;+44) (Vp/Vy) - -enee (16)
zZT Vi/Vy BERBRNEREDLSERICHT 3 RIRKE

THY, Wikt (min-?) & X8, BEfEBRCERRO
HHLEXFERKT 2T TRETHS. (15X
G RITVWTFhikeflvWEERERI VB O HE
BATHY, L oT LoMEREAEL TESRICER
THZERETERY. L LEBLBEHREHRE LE
BERIPLHELIRI T, BEOKERIIEE Vi
BARDFNECL IS I —FHLTWBEDT. (15)k
TN BFHDOGHTLBERTELIDEFZ, Bl
ToBsEs ko7

TEMEEO S EEHOGMR K v b 2 FAERIER
BREMEL, TORMERERILOTER. ThbDE
HHEE, EREHRSICHERETT L Table 2 0 &
BODTHY, ERFARPDTRSEEI T 200t EREE
DETLIE HORFERR LAEE L.

Bttt Vi/Vy BEhThoREDOHE, EBEX
BELELL(IS)RIC X TEHE L. BRI h v
A - h—NA4 F (CaC, 70~80%) % 5~7 kg/t{&f
ALEBESBTERTHY, [%Slatter 1 15 min
AL L7 DLDBHFDOSBETHS. WIS BFHD
FHRRAE 0 2 2T BV Th, Fig. 12 20 14
ERTEED, BHROMIEEXIZTXUNRNTHLbS

I
CaC2 5 kg/t

sulphur content. x107( %)

time ( min)

Fig. 12. Changes of sulphur content in molten
iron during the GMR treatment with the
200t-commercial plant.

Table 2. Operation condition and desulphurizing efficiency of Gas-lift Mixing Reactor.

GMR D(m) | H, Hy Ty vy vy | Desulphuriz. efficiency | p oo 000
t X in-1!
capacity n (m) (m) (m3/ min) ( min-1) [%S latter | K (min-1) rate (rpm)
5t 0.15%3 0.8 0.5 1.6~2.0 | 0.73~0.90 | 0.002~0.004 ﬁ 0.18 | 0~4
40t-1 0.15%3 0.86 0.2 I 3~4 0.25~0.31 | 0.019~0.023 0.02 4
40t-1 0.3 x1 0.96 0.2 : 3~4 0.41~0.53 | 0.006~0.011 0.12 | 4
200t -1 0.3 %3 1.4 0.2 | 1ll~14 0.43~.0.52 | 0.007~0.011 0.07 ° 6~26
200t -1 0.6 x1 2.23 0.2 ;i 6.7~13.3 | 0.42~0.73 | 0.002~0.006 0.13 6
Commercial ‘
GMR (200 t ) 0.6 x1 2.2 0.2 7.5~11 0.46~0.63 | 0.001~0.002 0.25 | 2~10
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Fig. 13. Relation among [Slgfeer, K and V;/Vy.

ha.

_d1%8]

dt

LZTKRBHPTOS OBIRERE (min-1) CHEY
T5LD0TH5. (INKREAVCEKkDIKDBEERTT &
Table 2D EKYTHY, ZNIVDELIELSCE
TR KEVIZE, (%S Jatter PMEL, K 3 AEL g
LT ENbrS. IRLOBEFBREMTETS E Fig. 13 ©
ERDVTHBM. TinbbGMRIT X5 BmANT ik
DORITEEIC X BIKTF N EDD TRKEWT L2 i
5. Fig. 13 > CRERBH+F DS B4 72 &£ 24E 15min
T 0.01% LLUFICRESEICIRR L & 5 &2 8410,
GMR DOEERBIURERE ICE>TE S5 Bkt s
0.5 IERFEETNIEIVWZ & hbh 5.
RHLWEMB D CaCy MzFFIZ L 5 Fe-Cga- S
BEDOBFEREC DWW Z 35 T o7 1 HILBR
HEZ (IB)RNOREAKRTHLDLL, LS oBEh#E
REk DR ERERGFER RO TR Y, CaCy It X B
RO ERERFE % FIC R B51F % B8l S ki &
LEFERMLTVS.

d1%S]_ 4 A oy
=k y [%S] (18)

CZTARMISHEM (em?) Thy, Vy' HEHOK
& (em?) THB. Lan>TUANRE (18) R kR
BR/OND. KHLRK I OTRD Ok DEO—E%

=K[%S Joreme (I

Table 3. Calculated mass—transfer coefficients.

Oor, et al.(1350°C)m) | T68 study?,
K
(min-1) 0.30
Revolution rate (rpm) |CaC, dia. (cm)
k 100 200 400 | 0.05 | 0.10
(cm-
min~1)
0.06 | 0.10 | 0.13
~0.09 (~0.15 |~0.18 | 0-125] 0.25

* Circulation flow rate of molten pig iron : 100 t/min
CaCy consumption : 5 kg/t

Table 3 iz7R¢.

A
szVVT ....................................... (19)

Table 2iT7R L7l HEREIZRIIRD CaC, 2 Wiz
BORERTHY, LA 2> THRREGCES T % CaC,
LB EDREE A% KDL Z BT T Lni-dic k
ERDDETKELT (IR R LA LEY, REE4
EEARKERDBICE ¥t 2 CKDOED R Yk
ZHESTH0IT, Table 2i0R Lz kb, 200t %
FAREI ST 5 HEMEEORRE covwT, REMK A2
CaC, FIERELDHEELTAERTEL, AHELDOEE
Jaol 2 Dl

ZZT200t EREEC ST EHBEERKEIILTIC
MTERLDTHS. Avic CaCy 13 Skg/t BEETH D
0.01~0.10cm {ED DM 90% LLE% &b 5 RIEES
MERT. BEE ) EHi-n onEENY 200t TH
D, FOFEHERKIT 4.6%C, 0.69%S5i, 0.895Mn, 0.08
%P, 0.04%S 3} X0° 0.109%Ti THbo, EHIEET
1 306~1460°C DEFIT & b X 1350°C T o7-.

EFTUNRCTEND Vy' 1A% EEN 200t TH
Db, XO®ERZ 6.7g/cm? LFniE, § 30x10s
cmd &7eh, —FH A, CaC, OFEEE 2g/cm? & |,
Awvic CaC, OWESMFICERERBRL 2ERE L
T, RISICEET5 CaC, RFZERZ 0.05 55\
0.10cm DR TH 5 LFETHZLICEDRkDBE = &2
TED. LA 2T nboEx (1DRICRAT S &,
KastH 3522 P TES. sHERKRX Table 3 iR
L7zl B0 ChHs. AERCX LFEETIAHSSOEK
HEWbDOTHY, 22 VEHBICBELR ECETLEHE
BRIEDZINE D, BERYLELELLRE. O
LRI RITS CaC TR EN R 7 v P ED
LS IR FREA TS WICEEFF 2020524 = L, 1
PRBEMICHEE L, BHLEMLTV 230 iEIn
5. H L CaG, OREHN—H 0.05cm OBRTH B &
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970 % r 8w Ees

(1976) =8 %

{RET 5 & Table 3 TiRlLicesd, KFIFOLDOEELE
ELT200t EREFCHTHBFEECHES T 8
DFHEIE CaC, Mir% 200rpm ZEERZ - HE O
BEHFCAY TSI 2Tks. LEBOTGMR Fot
AT HEHEE A F DICIBSORERIC X O>TH
¥35rExNIE, Fig. 13 iR/ Lt HGMRIZES
BB EAE & B SO RIEE 2 OBHRIIAFH 525 CaC, I
X5 ERORIMEEICEAT AR ECE VT, BRHRRED
AEEMIECREOBHRRIOS OMmRITH S LV 55
Wmed, TRELTWRW.

LA L7shit, GMRIZ X BEBIHAEZIET 5T
IBSEORMEELSNT FEKOEE, WL OMNE
eIk, kIS SO KBNS 3 X U'CMR &K kD EEH#
B &R U5 SAEETHLENDY, ThbED
WTHRSHES LIERFAZETIRETHD LV Z 5.

4. 18 El

GMR#ntx&kHém%@%ﬁﬁ§®MﬁklU
%@#%%%&kGMRthzmmm& L DEMRIT
DSWTREHE R LDk, XORBREENTHEOEKR
TTEBEVTHS.

(1) EMAOKEREROERICINE, RHEE
Vi m3/ min TRV THHbT ZENTES.

5<v,<vg®(m/ min) D & &

= {(—2.75H;+6.35)vv,— 15H;—7} Vp
vg° <vg<210(m/ min) D& X
Vi=(—10Hd+44)Vp
22.75 )2
2.31—-Hy,

(2) IFEHBEOX s b - EFNVERKEWT, &
SO RERIRIRE R ER| LRI KERERER L X
{—Fg L. MPFRER - hndy NREFTICEE S e 200
t EFEBORMEEEXL 100t/ min THS.

(3) GMR Fu -tk 5HERERRBLSEDRR
BECKELEFLTNS.
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