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On the Silicon Transfer from Molten Slag to Mblten Iron

Masahiro AsHIZUKA, Masanori TOKUDA and Masayasu OHTANI -

Synopsis:

Some experiments on the rate of silica reduction by carbon saturated iron have been carried out in the
range of 1550~1620°C and kinetics of silica reduction has been considered combining the present results
with already published data by many investigators.

The results obtained are as follows:

1. Thereduction of silica in a graphite crucible is promoted by the increase of slag-graphite interface area,
Al addition to metal and application of external electric potential. .

2. Present result and the results already published by many investigators on the silica reduction have
been put in order by considering the ratio y =S85_¢/Ss-ym. In small value of 7, the rate of reaction is pro-
por‘uonal to activity of silica in CaO-SiO; binary slag and apparent activation energy of silica reduction
is about 90~100 kcal/mol. In this condition, silica reduction is controlled by chemical reaction in general
but diffusion sometimes affect the rate according to the composition and transport properties such as
viscosity of slag. On the contrary, in the range of y>>30 up to the present experiment diffusion step of
silicate ion in slag is considered to be the limiting step.

(Received July 3, 1968)
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Fig. 1. Crucibe arrangement. Fig. 2. Weight percent of silicon transferred from

slag to carbon saturated iron at 1550°C.
Table 1. Slag composition.

Slag A B c | b oa ! L A
. =t 36C00—-645i0; ‘
SiOz(wto) 64 55 50 46 —x=45C00~ 55SiC. /
: . —@=— 50Ce0-50S0; /
CaO(wt%) 36 45 50 54 03— o sace0-d650, 17
EAIEHL, SR LI AR, B, FERLEELE 9 o ,jf/ —]
HBibu T2 0 Th 5, Hf5DDFDNk % Fig. 1 3 X o
IRT. TEA21E (B) @ 150g oz safngk # A , 2 /q,/
N, 0gDATIEEDBEE (A) AR, 2 by o /ﬁ///,/ T
Tikd, 400kC HREPF CAIEDEE ¥ TLE S Ef:f ]
Dby, AZTETOEDELEEL, AT -2 ZVER -
. e e - (0] 10 20 30 40 50 60
BERES. '—‘EH#FEHC ?JCE%%EHE”’C*X ZOVEREERL, Time  (min)
Si S 5. Si itttk o7z, Fig. 3. Weight percent of silicon transferred from
7t¥, EERKICX BBEN ORI BE 0L slag to carbon saturated iron at 1600°C.
BrETo7-bBH5 07 —AL K. ' —
]
FEBICMHA LA ki Table 1| WRT 48 —a— 36Ca0 — 64Si0:
HThHD. —x—. 45000 — 5550,
'3 |— =—®— 50C00 — 50Si0,
FHOMIEE L TH B, SIELSEEOERR T o e —aesio, 7%
ol / "
@l A / /3/
2.2 RNRERER 2 92 =
1550°, 1600°, 1620°C iz 35t} % EBrit R % Fig. 2~ E ° o
_ / / /0/
4WIRL. A by RERWT, A7 5 ETDEOEK o1 p— 7 " —
#he LREHICRITL R REERD Si ATEITIE» | AT T
75D O b XA Bk, CHIRRECHYBINIC | o el |
BET2b02E 2505 RESER LD EEZ e o %o 4 %0 e

Time {min)

LS ER a2 B, ITEHFMC SIO; BoEix#Eiml " Fig. 4. Weight percent of silicon transferred from
Twb. @EY S0, DBRTGEELYSED LS TEDT *  slag to carbon saturated iron at 1620°C.



BEg-BiEMo Si oBFITo2vw T

1439

Si) x10% (W%/min)

af wt%
ot

Fig.

30

-log &

20

Fig.

08 =

06

o4

02

36Ca0-64 Si0:
45Co0-55Si0.
50Ca0-50Si0:

ey

54 Co0~46Si0:

" 1600°C

L%

L=

1550°C

04

06 08 o

Tsi0,

Relation between silica reduction rate &'
and activity of silica in slag.

e

e

-
-

-7

-

v

L

X
L~ AA— 36Ca0- 64 5i0:

=

—Xm=m— 45Ca0-55Si0:
=——=@=—= 50Ca0- 50Si0:

—o— 54Ca0-46Si0: |

|

520

530

540 550

177 x 10*

1650

6.

1620

1600

1550

Temp. . (°C}
Arrhenius plot for the reduction of silica
in silicate slag by carbon saturated iron.

ok OB IOREICE 5ZE{E® Fig. 5 T,
log ' & 1/T oB{%% Fig. 6 Wikl 7.
Fig. 5 X hWHE B X 51T Si0, OETTERETX AT F

o Si0; OFFEPIITELHIL THHD T,

(2)iZ

(RO I HIICEEL BT EMNTES.

d [wt9%Si]/dt = k agjo, - ree e

NG D)

Fig. 6 10T EHEDODE X iEHEL v F — %k
e, 234 A, BREAL T 92kcal/ mol, 235 %
C, DAL T3 100 kcal/ mol DENE BT,

3. BHRA3OBEEORE

25 5D Si0; OVAMRRE X BT ST T
IR LI CRDLEINDED, AZT5DAF 1
HEsHETHR L, RISEEET 51 4 VDI AH
Thy, DTERMELTRABTTERTEEL, LRI
RICB T HMEREOLCHERL, RISRNEMAKT S C
LILTE. LESBD2THY - FEBT5ERAA O
BEICEERTFIRD Si BET LHEOLNER S, F
TEEEA A T oWV Th, TNHEEA A v HPEHDT
HELTWwaH, HEWIEEEL TVWa2RERE I
V. F 7oA F v OERFERIS IR S SUCHHE O
oy 2 a7 AIHELNTIEEER T, TXT over all
ELTHEDRS 5. 5siiRic/za X)X
BEoEDL S WRRSINS.

B — RES: Sitt +4e—81 -ooevveeniee o (4)
7 ) — R 2C+202-—-2C0+4e - - (5)
SHILERLIOENBETZERTHDL I LEHERTH L

(OHROFEEHEID D 5.

7/ — FRGG:  2Cgr+202-—2CO0+4e -+ (6)
(O)RDOEEHIRIBLBIE, A75-57 774 MR
HEErZibEEs o Licx b, (1)RORIGHEEICRE
EEETRTTHY, EFK SO OFBTLLKTHT /
— RIS (5), (6) THRIND 2L HD T &IX
WaRD 59 X DEES N TV 5.

3.1 RBRAZIBLURER
Fig. l TR T 52 BO~TE2NE 4O0mme T Lz

03

/

o2

wt % Si

40
Time (min)

A : Slag 150g, Metal 100g
B : Slag 100g, Metal 100g
C : Slag 50g, Metal 100g
Effect of slag/metal ratio on the silica

reduction at 1600°C.

Fig. 7.



1440 % &

% 54 £ (1968) HE145

BIAY, EBRBEL ST RCHEREIFECTHDOL.
1600°C i k17 5 ERER 0 —HID% Fig. 7 K5 7.
T REMASE 100g & CaO/SiO,=54/46 (wt%)

DR E DA T T OEMEE £ hFh 50; 100, 150g

EEXIBEDOERERT, 275 BOE L SiO: D
BIEECEELTCWS L EBELILTHS.
INODFERIIRTF-2 2 VE RS F-BDFORE
R E D XRELDVEZATR(T)NITX VEEI R
%
SS—G+;ZS—M'SS—M """ (7)
nr=Nr/Ss-m=ns-m+ ns-6'Ss—c/Ss-m
- (8)
ZZT Ss-g: RIF-BOFRHEME (cm?)
Ss-m: AT -2 2NVFRER (cm?)
AT AT -2 AVRERBIZOVDRT I

Nr=ng-g-

b2 aw~d Si OBMEE. (4)X
X G

ns-c: A F-BOEREHEDESIC X S
OBITEE. (6)RN e

ns-m: A Y-2 X AREHOELEICLS
SiOBATEE. (5)RICHs

N @ B TR
(8)RNC X DEEBL 7-f5R% Fig. 8 iRl .
ity 55Ca0-458i10; FREItiz 35Ca0-508i0,-
15MgO %, 40Ca0-40Si0;-20A1,03 ZRITXFL THE LN
FoEEBRFE R D FRFIC AR L .
I CTHINER S S -5 IEREMERT 5-» &
VREROL Ss-c/Ss-m=1 TH Y, F=THIVE SiOs &

LDV, AF 5 -2 ZOVREEEAT S Si OBITHE
20F
120 7~
3
«»y 16 100 //
‘E _
é 121 ‘E 80 A e
- € >
© o8 < & d @4/@7
e 40 BOAQ/ .
o4} P
20 rd s ——
_SL--—r--
i e
0 0 I 2 3 4 5
=556/ Ssu

A : 55 Ca0-45 SiO,
B : 35 Ca0O-50 Si0;-15 MgO
S : Sugiura, Ohtani (1570°C)
C : 40 Ca0-40 Si0,-20 Al, O3
G’ : 40 Ca0-40 Si0;-20 Al; O3 Koide, Ohtani® (1550°C)

Fig. 8. Effect of interface area ratio on the silica
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Fig. 15. Relation between silica reduction rate and the ratio of interface area at 1600°C,
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(a) HV~— FHEECHHBEREZENINT 5 L& TG
HREEND.
(b) 7/ —FEIEEERLS XS LBLEBE #
ZOVIZIRAINT B LETTRICEE M T S . '

(c) L THRETRIGEBEDHEITTAFIT

oiio.

zS: )

(d) FIGE¥ERI R 3 7 hoSiO; OiEEICHET5.
PREESEIB RIS 5 RIC AR &2 LI RGE
EHE L THRIARERRISDEDIS>SHLHOTHS.
(e) HV—FHMIKHSEBIETHERTEBEIIHEML

YA VA

(f) 7/—FRIEZERELS 5HRLERER # FVil
WL THiEITEE ML 7.

(g) 872 LETEERIERFICHEATS.
Lo XS REEIRT 2Tl ~4 OERLER L Table 2,
3 kXt Fig. 15 R LB E TICHERIT IOl
EENTVWEIMERRE DL THEETS.

(1) Rk r A3/

(i) Fig. 5 X vBAS»L X 51 SiO OBETTRIGIX
ZIBETOWT(3)RTELEDLNEM(D)EZMBEL T

Wh. Ffo Ca0-5i0: 2R L TiEHIb 2 v X
~ V¥ 90~100 kcal/ mol #%87-. FHEO 2 F ¥ FRizow
TIE-ZEPIE 90~100 kcal/ mol, Furron-CHIPMANIT
11 Ca0-8i05-Al,0; Fiz > T 130 kecal/ mol, Raw—
LinG-ELvioTt®id 110~200 keal/ mol 7c 2% % L T
w5, Zh b6 Si-O bond YIHiOiEML T A v F— &
HSEX D 120~130 keal/ mol 123 < R FGHUE & e
s,

(ii) Fig. 15 @RT LS5 (6)RDORIGCOEGEE
MEE3 EFEOLEEREINT S, Thbb7 /- FRIG
ELTOO)ORIGLMMI(B)DRGRRB L S & D & IE
BEEINDHZ L1, (DYog&iEr#HEL, (6)DORE
OFESEPNPNECEHET CREGCHELHEINS.

Gil) H@EtE r 250X WiE T H Table 2 [TiRL 7S,
ME-FPOAS S 1, J, ByM-KE-FR®OOZXF 7 Kk
65~80 kcal/ mol DFHALT FANVF—HEFTWD. h
LD AT SIHIB L SR » =10~16 poise DR E
HHIDEEZ L2 TWB L ETHD. TNHDOFRTIERS
SO Si OEERE Dsie?® 23/ <, IREBH S/
TVEHEINS. ZT0HMD R T AR HERA
BRECHL CERO 5D EE08E L, EHOFSE-

Table 2. Comparison of present results with those of other authors.

CaO Si0, AlO4 7 gi X 10° 1 E, 19 E;;
(wt%) | (wt%%) | (wt) [(mol/cm2- min)|(mA/cm?)|(kcal/ mol) (pvoise) (kcal/ mol) Note Author
asic,®
A 36 64 — 1:80 1158 92 7°3 46 091 Present
B 45 55 — 1-40 90'0 92 47 1 060 work.
C 50 50 — 0-94 605 101 1-8 43 0°26 (1600°C )
D 54 46 — 0-38 24-1 101 012
_ asic,™
E | 35~.37 | 65~63 — 247 158-8 96 7°3 46 0-83 (7)
G 45 55 - 1-48 95-3 46 1 0-58
'H 50 50 — 1-00 64°3 97 1'8 43 0-34 (1600°C )
1 30 50 20 1:40 900 67 15°8 42 0-45
J 40 50 10 115 74°0 62 45 41 0-40
K 35 50 15 1-06 68-1 76 10-1 41 0 rpm (18)
L 35 50 15 2-68 171°1 125 10-1 41 540rpm | (1550°C)

Table 3. Comparison of activation energy of reaction processes (E,) with that of

transport processes (E7).

Slag composition (wt%) E,(kcal/ mol) Eq (kcal/ mol)
37~58Ca0-63~42Si0; 45 43~-46 (Viscosity)19
40~49Ca0-50~41Si0;-10A1:0; 55 40~50(Viscosity) 19
40Ca0-40Si0,:-20A1,0, 70 70 (Diffusion)?®

oo - 51 (Viscosity) 19
34~47Ca0-56~435i0,-10MgO 68 40~-51 (Viscosity)21d
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FRFFE—FL Tv5d 2k X DIAEEE L HEES N
5.

(iii) Fig. 15 X D (6) D HISDEE & B L IEHE
HORBEAET T 52 EPHLAT, TOMNCEREL T
WABHEENE 2 2 VTR, AT A B EHEE S
5.

LLEo#EER X ) RFELMEKITE D SIO, OEITHICD
AEOERRIRE L 7 AN S W CH A ERISEETH
N, FIEE(LT 20 E — 25 90~130 kcal/mol %13
ZEXDREMIEDS HTH Si LEEFED bond DY)
DBEEELHESIND.

R L 7 23K & VR CIEEEsE T D, Br DK
A A DI BTHRATZhDy )7« bAF v OJLH
MENERTRIZ A D LHESIND.

(3) FurLton-CHIPMANIDOD ZEEREER 17 4f§ % ScHU-
HMANND D FEHTLASE, REBFIFRICE S SiO: DETH
TSOEEBRRE LT, % X2 VEOBEEOIREION S % &
BETIDPHE L FEEENT VS, HEXERT ITPLD
Si0., OB ITIZAT L Tld TURKDOGAN-GRIEVERSON-BEIS-
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Fig. 16. Schematic silicon concentration profile
at slag-metal interface.
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