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On the Desulfurization Rate of Hot Metal by Magnesium Injection

Kyoji Nakanisui, Akio Ejima, Tsukasa Suzuki, and Fumio Supo

Synopsis:

Cold and hot model experiments have been made to investigate the kinetics of desulfurization of hot metal

by magnesium granules injected with carrier gas.

The followings are the major remarks obtained :

(1) The desulfurization rate is remarkably enhanced when the bath surface is covered with inert gas.

(2) Ttis theoretically predicted that a magnesium particle of 2 mm in diam. detatches from the gas jet of
200 m/sec in linear velocity and penetrates into molten iron.

(3) By assuming the mass transfer of S as a rate controlling step, a theoretical prediction is made for the
rates of desulfurization. The immersion depth of a lance significantly influences the rate of desulfurization;
it is preferable to release magnesium bubbles from the bottom of the bath. '

(4) The validity of the present model is shown by the plant scale experiments of 60 t in heat size.
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Fig. 1. Apparatus for hot model study of
magnesium-injection into hot metal.
0.06
005 —.__00%%
003

(wto: )
o
(=]
&

Amount of Mg added (%)

S

0.0 2" Heat No. Atmasphere Carrier gas
© N Ar Ar

o w2 Ar N
001['. N4 Air Ar
A NS Air Ar 0.08%
045 W 20 ) %0
time (min)

Fig. 2. Change of S content in the course of
magnesium injection.
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Table 1. Experimental results of desulfurization
of hot metal by magnesium injection.

Heat No. N1 | N2| N3 | N4 | N5 | N6
Spec. of Mg  |Met* Met | Met | Met C**lMet
Carrier gas

e hﬁArL5N5L5ArL5A4L5ArL5Ar

Atmosphere Ar |Ar |Air |Air |Air |Air

Temp. (°C ) ] 1400~ 1 450

initial (Se) 0.04d0.056p.0430.05@0.0520.051
S (%) '

final (S,) 0.0040.008@.0370.03q0.04ﬂ0.026
(1—5,/S0) % 100(%) 95| 86| 14 22[ 10| 49
Treating time( min) 25‘ 35| 49 35 \ 34| 40

Solid to gas ratio 0.2# 0.2150.09 0.1# 0.37 0.12

Mg-efficiency{25)*** 30.6]45.0} 7.2}10.3‘ 8.0/ 28.0

* metallic magnesium
*%  coated with carbon
*¥%  fraction of magnesium reacted with S
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Fig. 3. X-ray diffraction pattern of the material
clogged in the lance.
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Table 2.. Density and diam.of the particles used
for the cold model experiment.

Material Diam. l Density | Apparent density***
Alumina I mm 1.95% 0.83

1-1.4 3.09% 0.91

2-2.8 0.51** 0.56
Styrene ‘ 3.5 0.02

* the weight of 3cc was measured both in water and in air.
** the particles with sound surface were selected and measured,
*%%  the weight of 100 cc was measured in air.
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(a) (b)
(a) 101 Np/min 2-2,8 mm in diam.
(b) 10! Nz/min 1-1.4 mm in diam.

Photo. 1. Behavior of pored alumina particles
injected into water with nitrogen gas.
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2 0.51 O 7V R IRFERERLFHITONTHAET
g, ££2% 0.06mm 22 2R F13F_CH R - o .
y FEOEWY, BHEAROHEF zics. Zozk
VISR EER L 25 1.4mm O 7 2 FR DB
A, R AV F - O X BT ORRE) FITE L
CNER, MRTEBZEERLTVD. Lichd - T,

o 64 45 (1978) 795

/_.\/-\’-\ S
Liquid
Alumina Gas jet
particle
X
or
X1 Lance

Fig. 4. Distance of detachment of alumina
particles from the leading edge of gas

jet.
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Fig. 5. Distance of detachment of alumina

particles measured from the leading
edge of gas jet.

R T RO IR REBIEERE, 2 13 BT oL —
DEGHR D 5% B X VTERINC S #EE LSS 2 Lic
AR

EEr, BE pp OEBRTH, FIHE v THZ -
Vn oy FOLEDPD, Fig. 4 IR TEREE ¢ 220 wErh TR
CH LK, #E ok () Rickv5x6h3.

4rs Op J'L‘fzppkf x N
vh _—Tfo v2dx

3 2 °
. 3
— 47;’ _%1’7,,2 T ()

T, pe WXEIEOBE, kr 13EBEEETHS.
kp Witk coRFoOLA VXH, Ne i TC
DTOEZE &% 2 &35t kb,

— 16 —




Mg IR X AT X 5 B SO RHEBE 1327

kp=0.44 ; Nro=2r0pp/ pro=10%-w-20co0 - e (5)
ky=18.51(2r0pp/ 1£)¥/® 5 NRe<<10% -reveeene (6)
TZIT, pe WHWOMETHD.
(6) FTVX kr>0.44 R VILODT, k=044 L &
FiE, @) Rk R FHEEE O RAES R E DT
4 FEEyThUL (7) X&155.

3 poky ]
gL (7)

Ng, 31 L78% v, 0.8mm/sec CHFIXHFHE LFFIET
50T, CO&EDDLET () RNE DR FRAEREE
W2l T, %28 2.8mm THEAS0.51 O 7y 3
FHrZz 101/ min OHFATKRERE & LT x=33mm
w185, —F, ThcHY T 5 EAIE Fig. 5 A
X3z 8-25mm Ocd v, MHEQEILITEV. &
—oDflE LT, FEAFu—sv (2r=3.5mm, pp=
0.02g/cm®) O¥AE, 101/ min OHAKREICIVT
x=0.9mm LRFEL D H/NSREIEOH, TA-D
ey D OBBARTRER S 2 & &2RT. ZhbixE
BpfEm L X< —33%. () R Nre=1 B M2
AL, BT, x oW TR 8) X2B5.
x=(61.4p 47/ pcks) 108 (2vop 7/ pre) +++e+-(8)
ok, X 5EmEE, ik EEETRZ Ly
DT, ROEEYERN,DED, LORMEREIIER
WISk B RETH LM, kDT &<, HEimRia Il
x4 — =X <BALTWBEDT, ZTTRIHT
meRiEERE D H 2R B 5 AT, (1), (8) Rz LA
Hwszitts.

7ok 2, BRTARBRESHO—HIL LT, WIE
2% 25.4mm OMYH2ILT v ARBHRPCRE LT,
2mmé @ Mg % 3Nm3/ min ® Ny H A& X HITR
XAATE, 8) RE D x1E 18mm L3kED. oK
L pe=6.9gcm=3, pp=1.74g cm3, vo=195m/ sec
B XU p#.=0.05poise 7z FOEIEE FiVvic. ThX b
SR L Hie, BBEORIALEHDOSETD, HH
RETHIE, Mg B3 H 2 - ¥ = v MOEER LT
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OEFEVE 26.3cm3, %23 18.4mm DL LR D,
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SEEMEBIC X VRILTEdDEELSD. ZOETIVIT
PEOTUTRE R ED DD, FORLIEL % Mg OB
WpEE % Table 3 1% & .
3.2 #HESERCISIAIEE
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E1117°Ciz/s 5 % TOFEREH, o X CARSLAW 55 14)
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SEE 1 300°C OBYRIC A LcbDEEET D, 20
B, Mg oo URE SRR O 0.86 fiF & 7x % Rl
ZokwhuE, Fhaskdd o THD.
71=0.32Cy' p/k I €D

zzw, rVEREE, G WERMFOWMELD Fo L
M, pr & kix Mg ROBE LFMRERTDS.
Table $ O#EEL D, 71=0.0lsec £785. F 7ok
LDPSEEET 5 ¥ TOR, 72 b FRIC LTRIESN S
2, Fhix 0.005sec 5z 505, ZhdDffix Mg
B OBYZIERE & Wik 0 £ TERL L, Mg R i3 sa ]
WS VDD E LTHEONADT, X Ih bk D
"HWNTHAHI- .

L XT, ZRIZBIfFWT Mghrid Mg SR QK THE#E L
LS E SEHEEC X D, BEETORILER
B 5. COROBUZEREL L RN TEX LRSS,

- 1 Cpkszz .
= 2 2 Leiee.
R sl

z i, hviEvzEfes (kcal/m2-h°C), Cp 13 Mg ik
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/m), M % 900m-1, P X 1.699 kcal/ h, fp V&EN
leczoTix 1.5 285, f FRBELIFTh, A
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Table 3. Thermo-physical properties of magne-

sium
Properties rl?:tsiigr: Values (References
Mean value of specific
heat including latent Cyr 0'412815((:}31/ (10) p. 543
_heat of vaporization g
Thermal conductivity 72 cal/
of liquid f k m-h%]km)pg%
. .. 1740
Density of liquid (pL g /ma | (10) p. 539
Surface tension ' 7 O.OIES/m 1(15) p.535
Lateny heat of gas -, |1250
__vaporization A kcal/ kg (10) p. 537
Density of gas at 1.5 0.283
atm. and 1300°C ev kg/m3
Specific heat of gas* Cp 0'513210{2?1/ (20)
Thermal conductivity T 0.04123kcal (20)
of gas /m-h°C
. — [0.114
Viscosity of gag¥* P kg/m- h (20)
+ | 1690
Enthalpy of vapor 47 keal/ kg (10)
Specific heat of liquid | C, 0'§3§§%1(3 (10)

* assumed to be equal to that of sodium.
**  predicted assuming p o)/ M- T6/d? where M! is molecular
weight, Th is boiling point and d is atomic diam.

& Mgk & DEMERO h TRBRAECERIEEE, &
72 AT B3 E Mg WADIREATHS.
Table 3 OFEfEL D (10) iz (11) RE 75,
h/ fs=8.47x 100 (kcal/m2h°C) --evrevennnnni(11)
Mg FISERIE & LT, BVZERIT (12X Th5 250 5.
dr
dt

LT, aldLeEmBEOHRT,
BEEERTS.

(12) KzfsH L (1) R AT, Mg Rojk
RFTERH, s VX, (13) XTHE 22BN 5.

73=1.03X 10-8/q-f; [seC]+wreereeeerenns(13)

Js BAZENE DS c & 20E % SO X S BEHE A T L,
FDOEEDMMBAFITC X D>TELS72Y, bhHniEE
HOBEN BT EFECENC X 5055 oL 254
W, 1XD/NeBERZEBR, SEOTE ZEE IR
KT T LD IREZEDS 180°C &7 A X WERICIE 1
ERTDH. LieioT (13) KX Db, BRED1 % Lnis
PR LTI E LTS, 73 1 10-8sec DA — 4
—Tdy, #e S5 EBEEEMERA LIz toniE, Mg o
KRBIPHRCRE T TS 2 itk d. BT sX5ic, *
£ 18.4mm @ R 700mm DIREX% R T2
ZT DRI LT, R o7& BT R R+ 448 <
R EAFHIORITESIC AL LeBEIB s LR s R

4 ceenerneene (12)

orA=4nr2ahdT .......

IR EE & AT SR OH

BT5EEXTINTHAS. LTHT, Mg O XA
IR LIe A - 2 = v b MRS QOB B iz 5 S+
HDT, Thb DK E Mg K[ & OBIzI3 & o
WREMED RS . L L, Mg fvokdt, IERZERO%
PR LooETT50T, HEOF vV ¥— - Hx
SiEdeh e & bicHifrsh, AR LT 5 aEM: 3
THCHLDOT, TZTRMgGRBEF Y ¥ — - H 2
KBOERITLVHDE LTUTOHEREDS.

4. Mg WIALICK BBEHRBPRMORUSHER

41 EFLOPE

HRE TOERLERVRTOKE, BBRAr -1 T
D MgRE RN X HBMIRMOR S L LT, %
DESIRETFTNVREYTHA 5.

Ny AL EBFRKRERAENA Mg frld Ay = » b
PO LTELE A AR L 5. D% Mg Kk
F LBl LTI O S OIRBASENE & 7o > C sk »s
Er. TR, B0 Mg OBEfEE S0 T,
Mg 3SR 2 YR8 LT MgS 243 5 i Ec
EHTHAHS. BHEHEIELR L EDX S iR {biEH =
TERDLNLTWD E, WOlAARK Lz MgS 23 X
, TITPES ER G SBRE RS & FAT LCHeR, K
JCWEHEL 72D DT, —ISERII RV D ERET 5.
bokd, Mg RERERIBNEEREE LTERILT 570
i, ZOFMAUNETHS TV, LDOEBRE TR
TeEBRERPLIHPEVWZS. B, N, #2212
HICR S A EN 7 Mg 3B 20 MgN, 2454 5%
AREMED D B3, T DRI/ < ik K s O sy e
B2 BIXETIEED LD TIT .

4.2 EMXORH

2mmé @ Mg Fivx 1 300°C c&fbT 5 2 Lick b,
WE T 700 mm ORLE T 24855 18.4mm o & & /s,
L. KIEFEET LFEEHEE, v OlITIE, (14) Kok
DILDZ EDRHSN TV S0,

000:1,OQVE..............................(14)
T, REIMHEE (980cm/sec2) TH%.

(14) Kz 7 =18.4mm ZHRATIIE, 2=0.433m
/sec, LFHMliENB. ZOKMEFE FFTERRE, 9 1.6
sec Thah.

RN 18.4mm &K E QAT EE P TR IRk
(spherical cap) #2345z LN MbATVWSE. 0%
EOWBBENRE, kpp(cm/sec) 13 Bamp 510 7

*OIURHRATORR - b4 I VIEDS 104 A —~FTHEDT, 12&
AR (16) © 687 HX b, #AKMDORIX 4.6mm ERHL S
hs.
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Mg R AT X 258 O TiFEEE 1329
D (15) XTH5ELLNS. 2(%) 1% (30) KX VEHXRS.
kpp=0.82D;1/200,1/2 7 =1/2 ceeveeniininnn (15) Q=100W(Cy— C.) /M - eevrervniennenn (30)

Tz, D WEHhD S ORI TH S.

4, Mg G 1@zl L, ZoKNo Mg [T

Bnlk. nOBLEEX (16) XTHEZLNS.

dnjdt=—4x T 2kgp-Coroveeeerenennnnnen (16)

T, CUliEg /v 2o SiEE (mol/cmd) ThHS.
XC, BHBoBRE+SE<, SIRERNRAEZ

WLTHEICE—TH 5 L{RETHE, BHhho SIRER

(17) Kz x v &7 5.

W'dﬂ/dl’=—<ﬂo—n}1)NoUon'Rz (17)
LT, W RHBEOKE (cm?), ng ZBRHEZHENDSE
oo Mg 4 1 EY b OFRTEC, HixH A% BB
BrOBEHETCOBIZRT. n & Mg Sl #8240
DHIARTFE, No 34 22 EBIBAE TO Mg Ko
KomEE (N/cm3), v, V34 AR EBIEAIE CTD Mg &if
DOFLHE (cm/sec) T (14) Kb FHEHINS. %
7z R IBHONEETH 5.

Mg DR & AR EE% M (mol/sec) &3 hiT,

M:ﬂszoNono .................4............(18)

RO o0 T (I7)Rix (19RO XS ERLNS.
__ M ne—nm

de/dt= W e L))

Mg ARG FERAE 5.5 N TE LD T (20) A
Jik O 3L,

(4r 73/3) [Py+7(H—h)1=nRT «eeveeenees(20)
ZZiT, P BFEREKITT latm, 7 [ XEERERKT,
0.0067 atmem -1 75 % EH, A XKIEIF EBIBALE 2D
EmET & ofALEER (cm), TREHEE (°K),
BI® R BEAERERTHS.

(14), (15) KzfA LT (16) RaELEThid (21)
X&F5s.

dn/dh= —K r 5/4 T T N PR ¢4 )
e, Kk (22) Xcsx6n5.
K=1.82D;1/2C +ceeeevenvnrnenciiininninnen (22)

(20) K%z (21) KA LT sl (23) Xz

y= (1_50)12/7 (23)
f—:\f:‘-: L, y:nH/no ......... (24) 5:SC/n07/12 ......... (25)
S= (Purt-pH) /12— Py1/i2.ce(26)  {=KL/7Crreers(27)

L= (3RT/4x)5/12 . ..... (28) TH 5.
FE R, (19) Rz (23) ®&E AT BEKRE LT
(29) XzH5.
de/dt=— (M/W)[1— (1 —£C)2/1] «ereeeeen(29)
(29) R&EMNT, C OENMNZS, Mg FIFZ®

T IR EABLTRER (sec), Co BX O C VX
FHFNEEL 0 35 X O v e 38V D UEEE S i ( mol/cm3)
ThbH. Fic MgFIRMEOWRRHE, ¢ (%)1E, G
PHRES.

aRel’e
L,

©=100[1— (1 —£C)12/7] weerrereereeneneea (31)
BREROID, 2EDRT 2 —%, BEREHETS.
p=H/H, RN )

TZT, Hy BBOREITHY, UBzop otz
H IR & A
4.3 EEAHELER

FEOFIEIUTOLRYTHS. 7 (29) X%,
Runge-Kutta-Gill =iz X D E{ERCHEE, DWT(30)
(81) Xk » Mg RIRLRLHEH L.

SHEBEFOR ERABLEHEIDTOZ L {FE L. 60¢
VESEFIEGE (R=1065mm, H,=1900mm) iz I 300°
C oOEgE (4.5%C, 0.5%Si, 0.5%Mn, 0.05% S & 7:
1X Co=1.078X10-%mol/cm3) % 46.7 ¢t (W=6.77X
10scm?) IS CTWw5. ZORHE FICTRE 45° ©
WY B2ILT 2 (FRFER 25.4mméd) RFTEEX
ETRETS. ZOIFA&2A LT, 3Nmd/ min @ N,
H AR (Ggas=3.75 kg/ min) zDHT Mg AR
AL, Mg RO EALHET 4.17 kg/ min (M=
2.86 mol/sec) THh5. 7 BINPLAEIERIEETRKIC
RSN Tx b, FEESY, MgS otz vig
BWbDLT 5. BEEhO S OIRERENE, Graces1®
DOWEE»S 1.0x10-5cm2?/sec & L7z

PRAEZ L U CRBEAIES, P FRRIEE, BB X
O Mg R34 X, ng ZFF, THHELDTOITEL
2o X g TR 3 TR R A 5 L.

P,=0.1, 1 (atm)
B =0.4, 0.6, 0.8, 1.0
ne=3.0x10-4(2mmg), 2.40x 10-3 (4mmg) (mol)

sfEfE A Fig. 6 ~8 TR Lic. Zhvblid g &2/%5
A—=ZLLT, SEESIO MgHIHZE ¢ KXV 2
DB S ELER LTV S.

Fig. 9ic13&#% % Ciz, AEEFESKT TEM Lok
v b ETFUVOEREMEL LT, P=1latm, M=2.92
X 10-* mol/ sec, W=2.17x103
cmd, D;=2%10-5cm?/sec'® 7 K2V, k&R
1z Lk 7- b i & ERIEO EZ =7, Fig. 91C
BHBERT — 243 Lcds, ZhbizonTidld
%.

flo—4.3% 10-5 mol,
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5. £ =

51 KRy b EFIOBHGEEE

FiHER E Lo 15kg Dk v b+ B FVTIX
Mg oUW H LifER —EILT5 LR TERPDRT
L, B VTR IDART T v v o DB DR DOTREL
wARSIBGIEE L7cd 00, EEETHIZIZH 3 kg O
ERBBE ANV I LR LTz s, HDEWTER,
Mg JHERFD 7 o A NEGRED/ NS WOT, Mg i35
ARNTRIL LT W+ oicd b 2 &, EDi
DITSEFHEE LIS F VDS BRIC IR 0 sn a7 .
OFE DR AEPIA LT LIES VX, B X b #0552

50 ™ T — T T
8=0.4
40F 0.6
= 0.8
< 1.0
o
> 30F
v 208
10
8=0.4 -0
oF 0.6 Pa=1atm. =
08 2mm in size of z
1.0 magnesium 160
g
mean value dao 2
7
{0 ¥
02 o °

6
. time  (min)
Fig. 6. Computed results of desulfurization
rates by magnesium injection of 4.2
kg/min into hot metal.

50, T T T T
40
2 -t
o
5 gl X
=% 0.8
i 20+
. -100
10k 8 =8’ é
. 08 -180 ;:
Pa=0fatm. ~
2mm in size of 160 >
magnesium g
¥
mean value 140 &
40 kﬂ:'
420 g
1 - 1 1 1 1 o .~

0 2 4 6 8 10
time  (min)
Fig. 7. Computed results of desulfurization
rates by magnesium injection of 4.2
kg/min into hot metal of 47 t.

FREBCZ TSI v v M58 LTWin o, HigkixE
%5 OIEMNETHRET S, OO Mg iRhn& i
MR 2. —FRS A LEDO AR Y ) - =
XD, AT vy 2B OEDHANTROMH T HE 2
M7l B DT, PPN LT MgiRInRE L2 T <
LT E. Fig. 8 OFR—F2y, DX 5 I Em» R
Do,

5-2 THERETOHGEER

(1) iRm0 OHER

Fig. 6 ~8 S UTOHEREBIFS P THS.

(1) FRAFER, PREMEECE LWEEZBIE
. HAERNCII IR OE D Mg K F LT 5 44T
BT RETHD. 2O LT, GHREPHIRIKRTS T
VADYE, T AEMIMBECERET ST RERL
T Thbb, H2 Y.y OEMPMBERICERET
HABIC T v A REThIE L V.

IGWE 519 3 RHEFDE FVERIZL DY » v MEZ
DR I X CERER S % kD 5 MR E, F¥ADLV

Pa=1atm, -

>

(%)

c

@

kY]

=

@

o

. L i s X 0 =

0 2 4 6 8 10

time  (min)
Fig. 8. Computed results of desulfurization
rates by magnesium injection of 4.2
kg/min into hot metal of 47t.

time for( the plant scale
min
0 5
1.0 T 10 L3

Laboratory scale (Heat N2)

0.8r
0.6[-
0.4

02+

fraction of remaining sulfur (S/Sg)

( min)
time for the laboratory scale
Fig. 9. Comparison of computed desulfurization
rates and observed ones under inert
atmosphere,
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Mg &2 ALIT X D IEEED PR ERE 1331

4 UV ZED 100 X K BEE, DITolk{s5x
7.

Ly=1.20Pdycos § +0.78--reeeeevnene (33)

Liy=2.04Pidysing +5.6 «cceveereeeenns (34)
zzi, Ly, Lg 3hFhy = v MOEEHE (in.)
B X OUKFHERE (in.), Py 3B ET (psi), do 13/ X
AR (i) FBEO 0 vx 2 v Dl T A X ARl &
T BETCHS. 43 THRRIEERET S v A EE
X 700mm %Nz < Ly, Ly ZEH3THiE, B1x0.63
YT 5. Zhk ) 700mm OREFEFSTIEY = v
MERIBESIC TS E VTR D TRBER IS BT % 1<
V. ZTTY =y Mtz MK £ TRE2 51T
VBT o AFRERES R (33), (34 KX Eiul
BOLYEXS, 2500mm O 1790 mm, 2 000 mmo)
F:1380mm 35X 0% 1 500mmais 970 mm 75 & 2k %
5. LIZATHENGT Y ARARIERBRT 5L, i
FHTE, T ADBEHERED M TS THA
5. L7e D CEREE RERENEL S O EEERIES 2
PeED b0 LEbhs. :

(2) Mg FIRIZhE VSR S IRIE & BFAB IO BERIC B
D, BRIV, BHROIRED SIKTiIcfko
THWRRADT 5. chX VBBRECS T L RO
W, i, BIOBIE MgIRERALBEEZHNK T T
 OPEBHCHATHD L V2 5.

(3) WHFEDOBEE 2D 10, HicEEGEE 0.1atm
g, SHEE LIS REMSEAT 50T, B
TR & g 5.

(4) Mg ORi#Ed 2mm O4 o Fig. 6 & 4mmop
a0 Fig. 8 ZHBSIUE, Ri#E DX 3R E H5%
ULV SRR O 75 23R RS O SR At A3 HE K
L, ORMBOENIERERD, ERT215THS.
L LdE DRSS 4 ZEFhiE, Mghng N, #x
L BEN FETERELELT BEE~NERTSE WD
TERUSEhR EIFE LA MVWEHEBA TIN5, 43 OF
ELEMORT, FARERARKEE Mg RNEZZEZT
(8) KX vRroBEliEENES kohIE, Fig. 10 X 5TH
5. Seic s Lo W A& 3NmS/ min | ZE#EEIC LT
¥y 200m/sec THDH DT, £H 1Imm D Mg ik s5
10mm Ei9% OCHELR Y. Lo LES 0.1mm &
B LA SERE = A VT —F{LOFhRD KL
MOHA -y MPDLOMEILOMHULLS. &HF
Bk 0.1 55 1lmm Officdd &z 50508
ik Mg IRIRFIO MR, REFOXEWER EE2HEL
THRDOLNETHH .

(2) BBFEBRE OHE

- Yo

DUTFAE 50 D3 Y% 7R3 T3 O 8RS 4 5
N5, REEFHEAT TO Mg B LETH B DT,
60 t IAPEEICIDA M CHTB L B2 T, Ar H2m e
— VLT HELOFHSE TiEhic Uiz, FHEER 2
mm O4&E Mgk (WiEE 95% LIE) We—%1)—-7
A —gREAL, EOERFHEOFELR UMY 2 7
5 A (B 2R L CHEBEPICRERALE. 4t
— FOERESE S Table 4 0RT. BAHICX DA
PRI 20°C KT 5. #EHho S ofk#REux
1 400°C 1% 1.5%x10-5¢cm?/sec & L7-. Table 4 7%
(3%), (34) B H R Y ov FNOBBESFBWEL:
T RAIRIER, BB X OWLHEHE OB SENE & —
BT 5 X ook g AR LTRL. Fig. 9
i, 2plic o CHERR EFEIEELNIE L TR L. &
WO Xy, EMERIARETVICEDILBIHIh TS
D, KEFVORUMEBEERST OB,

6. ﬁ  5

D Mg iR ERABIT X BRLHIEICDONT, Fy b
EFNE - BEFNVIZE D FRERDIT 7.
NS OFERE D L, TIENHER T OB ISHE S
Bz pHGRAEB U, LR OREL EEMZIES
T L7z, 60 t VSRR W SRICHE M L 7o BB ISR R,
AE TV X D BN X < FAEh .
BonfFHaReENThELToLE D THS.

(1) Mg WIREALEREOWRME L Ar Ix EONER:H
ATERRT D Z L IRRER ECELRBH S, K
KT oA, WorkAdK L MgS ofy 60% »Ek{b

) I

(cm)
w
]

_[diam of 2mm

Distance of detachment

[ diam of Tmm

(10%mIsec)

Fig. 10. Predicted distance of detachment
of magnesium particles from jet
front as a function of linear gas -
velocity.
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Table 4. Plant-scale results of Mg desulfurization under inert atmoshere.

. Amount | Flow rate | Time of Initial Final
IEIIS:M Heat size T(:mp. of Mg of Nz. treatment S S actual precﬁcted
() (°C) (kg/t) | (Nm3/ min) ( min) (%) (%)
1 60.5 \ 1350 0.35 2.5 4.7 0.022 0.011 } 0.8 0.70
2 60.4 1 1350 0.33 2.6 5.3 0.023 | 0.010 0.8 0.78
3 62.1 1495 | 0.40 2-4 7.9 0.014 | 0.005 ! 0.8 \ 0.80
4 51.5 1m0{ 0.68 ‘ 2.0 11.3 0.048 | 0.007 1.0 1.0

SRE BT ER L.

(2) WMERHR FAL Ny HFARERT5H & MgsN,
PERL, 0 AFEEVO—RELDXSTHLN, %
ORI ADTR L, BREIGOHERERMEE 25 ECiiEs
TE 5.

(3) ERKBOBERRFRHAY = v MBIV Y
WRFRA~EERL T % BEEEA 5 2 A HEER A EE, a3 K-
EFNICE DX OBEWER L. 7oL 21 3Nm?/ min
D Ny AL EDBITKRERARALED 2 mme Mg Firix
U= v MEEPBREA 18mm EHEHRATROHT.

(4) #EEz Xz, 3) o Mgk, #0# 0.01
sec BITIx MgZEK LKA &RME LY, BhEFE LT
5.
(5) BB OEEERE SRR AT ~D S OIREGE
Bz 530 LT, MRGERED #HimE EH L
Too HAREER, BRMEEECE L VWEELYS 2, H
AN VIBUR DR B Mg S F LT 5 &Rt
NETH 5. FPKIEI 2RI TIEKEEIEER UK
JCRERBAH AT 50T, REE DT, Mg gz
NELTIE, REEOMEA L FEHC Mg Ko P
WEFPAER 20T, HMEEIEZELIET. LirL
INEBEIE Ny TRAP5 OB AREL T2 b, G
FRIIET T2 Ei0inAS. ThoofER, v 4
2y 0.1 5 1mm Offficds b0 BEbivs.
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