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Refining Process of Molten Iron by Sodium Carbonate

Katsukiyo MARUKAWA, Yoshiyasu SHIROTA, Syozi ANEZAKI, and Hiroaki HIRAHARA

Synopsis:

-—- As far as.we use a blast furnace to-produce hot-metal, it is most important to control -dephosphori-
zation for the improvement of the present steel making process. In view of this, many refining
processes to control dephosphorization economically have been studied.

We investigated the refining process of molten iron by using sodium carbonate, mainly for dephos-

phorization, and obtained the following results,

(i) When the sodium oxide type slag is used, the simultaneous dephosphorization and desulfuri-
zation occur, because dephosphorization proceeds in spite of its very low total iron content in com-

parison with the calcium oxide type slag.

(ii) The degree of dephosphorization is affected by the content of carbon and silicon in molten

iron as well as temperature.

(iii) The prospect for a new steel making process based on the treatment by sodium carbonate
depends upon the establishment of a technique to control desiliconization of hot metal, the simul-
taneous dephosphorization and desulfurization by sodium carbonate, and the development of a sodium

carbonate recovery process from the slag.

1. #

il

EF R IR & USRS oSy, LD dRFi X
DTKERTEY L. X LcHEER, Q-BOP ¥
BEEKEE (LREER-EREE) ~sF LV RED
Rrffisa iz X 5 & LTWw5.

Lo L, BFEESEEENETHIRMMBEHE ChEME
D, BESHEDI 5l n e AWER EDTH, BA
OREFEIIN Y v RV SEIET S E 5 o &
Thb. Titkb LD kicik\ T oHhic b3, Q-BOP
B, HAREBECE VTS, B YizEo{ALY =
— P CEBELAREEL L TEOTWS.

LS BALr D, WHIY vABROWT, 78K
X b BRI s Th, BBERETkVTh, #%
 OBEFBME bhTyvwaY.

—7, B by —AIKCIBHIEY RO ek
DCTHEXRE? YV ROND T ELAHDIDTH
Lh, SRIMEHORBRECEA SN TILEEI RO
BRBRCH LTDRTH Y, W5 kg/t Evsofcd
BYRIAMPINESE & LT 1960 EERDMETITHh T X

oo Thd Y - FIRO G MEERIG E LT OE®E DS
WHE R SELWHIET 5 £ CoRMia E b b, BT
TRL LA v — X JKABIME T EIEC H 27,
Tedb, V—FIROM KT H=r— 52 ORI
&, AERFC T B4 OFEEEOMBEICH LTH L
WHEIT R RN L, TofltEeitborcT s o
LRI, s —-31 VB IREGIKRROBEERIC
LB~ EBTLOOH DN, EbId 5 —DORER
e X, h—- A FEDOHETE 2 EEFTHB N,
HERIRR OB TE 21¥, =2 MmsEfr v — 2%
DHMTFTH DI, Tiehb, £AKE Y — FK LT
i, 2 AMRBWTE~SE0OENDD, Zhr, V-
FIRDBMEFERIGHC N BIEWET, HifotHc Xk oT
TSR ST e TERE LT,
TWELV_ADEME LTT R TWERL DT
7z

ZDXHSBHEROPTY —HKMBRS rhbny —
LR FEIY 5 Frxad BEE Ihbcvwicb
N, KEDY - FIKE2FEHTE v — LKy v BiGRE
%ME&D%ﬁ@ﬂ%ﬁﬁk%<ﬁb,%hm#w,ﬁ

EAn 54 4 10 AARSHMEARSCTRE B 55 £3 7 21 A2 (Received Mar. 21, 1980)
* EREBIE (KR EREekFT (Kashima Steel Works, Sumitomo Metal Industries, Ltd., 3 Hikari

Kashima-cho Kashima-gun 314)



324 # & @ % 6

7 & (1981) %22

ROERIKGEHER > AV iR kg L k& Bigo
T LSO A T E e bE L bl B9,
3T, TOYV— FRABE X5 —HEoFEHETR
SVWRIEL T, v— FRBKRY vRECD TR
L, shxdbticlLT, v—FKEY vEiERRLED
T4 =YEYVTF 4 —ARRE 4 = RTOROTHRETS.

2. £ B A &

HB RGO FEICOWTIE, Fig. 1, Fig. 2 ©RT £
v VIR O EBEERE R TiT o,

Fh, BEE—RECETSHF A M, Fig. 3 R
iR A, A v =2 va vEER LD, V—FREM
ITVFEE L.

AR OFIEL, TSR L 0AS (Fe-Mn, Fe-
P, Fe-S) % L OB % B DIE A A NGRS 5. FIED
REWCHE L8, Fe-Si ML, [Si]l vrma v
bE— BT, AEFEREYERRTS. t0k, V-

©

o @
Molten iron
Graphite crusible

Graphite heater

Pt -Pt13Rh Thermo couple
MgO castable

Dust catcher

Trapper

H20

Suction pump

Optical pyrometer

PP 0PERO O

o _

'_] ® Motten iron

_1 f g h('.;.;x:)cible (:lgo or Graphite)
Ty - o © g0 powder
: % ® 2| ® MgO castable
° é 2 o | ® Induction coil
o | é % | ® sampting hole
: 2 é : @ Thermocouple
° | V) |

.0 @ ]

o 0

®

Fig. 2. Experimental apparatus.
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Table 1. Composition of Slag and Dust.

:::::\\\\\\\\ c* Si0, Na,O P,0, S C T-Fe |Na,0/SiO,
T* \
[Si]=0.269 28.76 48.94 11.17 1.36 0.22 1.16 1.7
1300
51 [Si]=0.569, 39.16 42.61 6.51 0.77 0.45 1.17 1.0
ag
1400 | [Si]=0.602;, 39.33 36.14 0.56 0.80 1.29 1.51 0.92
1500 | [Si]=0.54¢9;, 57.50 21.98 0.09 0.30 1.50 7.98 0.38
1300 | [Si]1=0.56% 2.52 45.73 0.51 0.06 14.47 0.86
Dust 1400 | [Si]=0.609%; 1.33 39.94 0.06 0.07 12.53 0.94
1.500-1 [Si]=0.549, 0.62 45.45 - 014 0.0 14.12 . 1.17 B
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Fig. 4. Change in [24Si], [%Mn], [2,P] and
[9%S] with time on Na,CO; addition.
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Fig. 6. Effect of temperature on the degree of
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hot metal by sodium carbonate.
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Fig. 7. Change in [9,C], [%P], [%S] in un-
deoxidized steel by addition of sodium-
carbonate.
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Table 2. Result of P balance between slag and metal.
Metal Slag Weight P Balance [%Si]
Test —aP —JSi Sio, 7,0, ﬁs?g Metal Shag ﬁ??
(%) (%) (%) (%) s (g) (g) °
Graphite crucible 0.004 0.15 40.0 0.3 241 1.2 0.4 0.56
Graphite crucible
O, blow 0.066 0.38 31.7 7.2 770 19.8 24.1 0.48
MgO crucible 0.017 0.23 36.3 2.2 406 5.1 3.9 0.58
MgO crucible
0O, blow 0.104 0.35 21.6 8.0 1040 31.2 36.5 0.26
Hot metal 30kg, Temp=1300°C
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BghekiTs v — LRB Y vRiGE, 30BNk Fig. 15. Relation between Na and P or S in the
Wast Gas.
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(P,O5) » CHic X BBTIL, (1)AF -2 200, (2)
25 7r-52FH, (3)A5 rho RELO BEERELD
SA— b ECEATHEEZBNRS. Lpi2T, V-
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FIRESINEE, BAEWR & 5B ITBILESEREE % T o BE
BAZ FRORERT vy ABMEL b, OiRE
BIRFC LD 2 2 AR XD A S 7-2 2 A [ fEfh
PEEIND D, (1)DAS 7-2 2 AfTO(Na,0),
(P0;) DBTRIEHE LB IDIE Y VoI5 VANRA
S P-2 2 NVETIRE—HTDEEZ RS,

—Ji, V= FROZDEIMDOBAWCIL, AT bk
BHREF Ve VOBBERELETHNE D, (3)on
— M XD (Na,0), (P,O5) ORBTLERIENEL, Fhi
L D&ETLH P, O—823 2 2 0 L EMT AR H AR~
BITT5b0EELLRD. B s O30 E01,
(2)Dn— P X BBRITEEII B DY vRIED
LR IN, FAHE~OBTOEEGIH LT3 L
DEELZLND.

4.4 J—FRBEEORHH

B 04 BIRAEB A A BE ORI 7 v € A &
DB T, Vv —FREHOBE#MEETH L, v —
FRFZAZ 73 (P.05) OWINEEN, LFRKRAAT 7D
25l LB, LdZEofanxs 74 (T Fe) &
Binh, LHKFROH Y vEiL 20~40%0 BETHS
DXL, Vv—FKERE, | ZLUTFEERCE 2 L
HB. Fle=vrvomibd v — FIKRELIE F e 4 i
W ShboREE LTI,

©® Na,0O B CaO & P,O; & DEEA THR Licty
4, Na,0-P,0; &0k, CaO-P,0O5 X biHY
M, ERIEET vy L TH AT i Na,O-P,0,
REELTES.

@ Na0-8i0, A5 Itk Tit, FeO Xz
MnO DOFEEFHEIPERAKRITE BRURELLh, €
FeO, MnO TCTHLHEEOELET vy L E LTRD D
BEHERINS.
D2EDPHERHCIERH LTS EELBRS.

i, Tofloy — FRESEOBEE LT, BRRIE
PREIFFICHET T, HAWVIIREARE LA K4 Ulcu s
NEF OIS, Z0BHY, EROoOOHRCIBE D
EEZ DRABHIC TSI EE#E v xR & Do T W
%. Fig. 16 R h bRIGRDOBILRT v+ L ERK
JEDE R I BAR 2 R T

RCFHEA T 7T, v — X RENAE X b
70~80% @ v — XIROFBERADTREE 1D, BER T 7
ERBEFAZ 270 1/4 DDFEASD. I LIT - OFEER
SOREF RS /DX S RAEENKL, BFAS
TDRZ AR RENRTSD, TREHBE LCERAT
BETH5D.

Oxygen decrease increase
Potential < >
in slag (reduction)
~1% 20"30°/o
T.F
2n ::g (Soda Ash) (Lime )
<
il 3Naz0P;0s
Forr; of |8 [P (P) (P™)
in slag o | CazP2 3Ca0-
E P20s
2[(P) (PJ (P5)
T
Na; S H
Form of S CaZS S0z {503
. 1
in slag (s?) ()]st yus®)
Behaviour of MnO
Mn oxydation
Y (Mn) (Mn2*)
Behaviour ot 5i0,
Si oxydation
Y (si) (5i%*)

Fig. 16, Schematic expression of relation between
Oxygen potential in slag and behaviours
of [Si], [Mn], [P] and of [S] by Soda
Ash treatment,

5. V—HIREHT O ADKE

PlEo v — IR X 2880y vRIEOHEY S &
LT, BHERRTD Y — FRBEY v BBRALTE % .l
E LY v A DO\WTHERN S,

5:1 BRI DV —FNTEEK

DT rueADREH 7 v—% Fig. 17 &x3 .34
LEF NS REAE ATy, [81]1<0.10% i L1k,
V= FREK) 18kg/tEHINT A LW & b BB ORI
) v, BEiRSET 28 5. ([P1<0.010, [S]1<0.003%)
[Si], [P1, [S] DA NIBHKIIEFRNTAS # L
TR E AT T VEPRI SRR 5. BLET
VYR ADEATZ IR E, BBHEVEERRARS S
FHWe LD gBiFgc kL, [C1-[0] SEgm - EEE
ERghs LFwery, HFoAE&E B A | Lk
L, KHERESEP KB ETSEEL bhb.

—F, RZ WO, BHEBEAE A S Zi3slghv o
FEEEY 2 —VvEND. TV —FKAS A3V —F
KER 75 v b ~Edbdh, v-FRAEEINEAS. L
O TCHIME SO R 5 7713 10kg/t & X bicdie 7
3. TRIEDOWTE, BB L ERKZDER
A TERND AT AL LTFHBWEERLDTHS.
5.2 BAICHT DV —KRNEZE

HEB oS T, v -—FRKEIBH Y vRigext35
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Sinter plant

A

{P)=0.100~0.150 %

Sinter ore
i 40 kg/ton

Desiliconization

(Si)£0.10 “%

Dephosphorization
Desulfurization

slag 232C03
20kgho CeONEnht
(P)£0.01%
(Sil= tr
(S$)£0.002°% ,
sludge
10kg/ton

Combined blowing
method

Fig. 17. New refining process using soda ash flux.

BikhoRRoOBEWW OWTH LM L, Thbb,
WBZADRREOTER (=6.) BHMETFTHZ LKLY,
Na,CO;—Na,0—-Na(gas) T L5V — L[KDEFE = A
PHEIL, W) YRISEHF ST Y - FIREDOWY
IET&EB. IHIC @ DETRLY, Wy vRitxDb
OIEEEIND D 1600°C Ll LoEETHEY YK
AT L, 2o v — FIREHEA & EEh b LKIE
A CE BA[REEL B 5.

INBOME X D LRI ESATRCH L, RERE
OIENBEC 35 v — FRABEBERE Z BRE. Th
vk, SERSER oL 75 B TH DR BT T 5 et
XL, b BRIEIOTHL Y — FIRAERTE
5L bDTHD. EEHITI, BIFPS X%
NEZLNS.

Z DA DR A WS & DR B\ TE
2 hEENLTh—R—E2xH5H. Thbb, R YR
DI HEZIESE, T ULHEEMBLY Vikanh Lic Xk
ST RIIDHAHH, BLESH R D EE T rs L
DYESEDOHFDRESOr AL L, FBRAE LS
By — XOMKET %= e — 2 5 VIZBESHNE
CHLIDETC LSS HENHS.

5.3 V—KIRBEROHFRE

AR 7-X 57 v — FIRKEEROBHEEE 2 B L 45%
DY — FKEEEE S m e AR, B LULELE S e ABER
DRELDEELLRS.

LoL, SEBMPTNERBELE LT, OBFSHMRELRD
BA%, @ v — KA KOS, @ v — FIKDOBER
EEED BT VAW OrOME IR I Tk
D, TROLOBENRTER TR LD THLVWEHE  »
AL LTHREE B D THDTC, $# X LRFAARN %
D TOWEMIELAED b, BELHI T IR D MBI
H5.

6. =

3kg # v= viF, 30 kg BEAWEMF R L O° 250 t %
ST RT B v — LR X BB Y v IR R RGO R &
TV, UTRRTERLB LR,

(1) v — K XBE#kOB Y v Rt [8i], [C]
BIUBRECHSEE IR, WTFhd, b BNy
Hrirlb, By vRIGHIMEIEhD Z & Hdoh D
7o

I{]

(2) HFARFEBFC B vRIBREL, V-
FRE X5 By v RIGD Bz, By vEgl Thb
P,O; & Na,O & fbZERFNnF ERCHE <, KRR
Fvv e A THART ZRCHLY v RIGAERD I ZERT
Bk, By vIRBRBERGSET L, o, #% < v
H O AR FFECARLIB EFLDND.

(3) LAbEoIEEHEER#ET L, v - #FIRCIBEY
VIR R L E L LW S e e A 2 E 2 B
E, ToFeeADiE= =, P13, OBRSEHEELE,
@ v — FKEE Y vIRGRRAE, @V — #IKEI 7 =+
AD3 TR ANR—EEL DI ULDTAREE LS.

lbEofERic Xy, v—#FRCIBHY v D
BEEEMNE b le b, ThEfhh e Ly — KIKEERO
ERMELTOREMNVRELTERLEELLNRD.

4518, HHMEARELRE, Wk oBER, BEEE S
Buiy — FRERESE OB L VLT » TEERE
WMEESL L b, SRRE S r 2 OKER A ) -
2 VHERBBELTI b0 EELDRS.
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