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Characteristics of Na,CO, Slag in the Refining of Hot Metal

with Oxygen Top-blowing

Synopsis :

Satomi YAMAMOTO and Kazumi HARASHImMA

Change in chemical composition of slag during the refining of hot metal with Na,CO, under the
condition of top-oxygen blowing in the temperature range from 1280 to 1450°C was studied.
Violent decomposition of Na,CO; in the presence of [C] was observed at the beginning of ex-

periments.
spicuous.

However, total amount of Na evaporated from slag during the experiment was not con-
Rate of vaporization of Na was found to decrease with decreasing reaction temperature and

with increasing contents of acidic compounds in the slag, such as SiO, and P,O;.
Judging from material balance calculation for S, some part of charged S was considered to be trans-

ferred to waste gas.

Chemical analysis of the dust and slag indicated that the preferential vaporization

of S and Na from the slag occurred. Vaporization loss of P was not detected by chemical analysis of
dust and slag. However, the study with thermal-balance showed that NasPO, reacted readily with
graphite and converted to CO, P and Na above 1000°C,
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AT ERL B ot KB LD L Ta-
ble 1 ® X 5i27c%.

EHEARHIA R LT, A5 7RI i ff
FHSECHIL, HbicFvr —2 =L —
OEETIE, PR ENAS T v A E LA A (B
gk & B E D) L bTERR s L

2-1-2 Jr¥rik

wWgeiArto [C1 BB, TofopimrizE LT
SR LT, A7 713 - Rk 110°C T Th &L
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22 BAXFICLIARAERR

Bz kB Nay,COy FRICIRIDH A Lo K'Y &
]~ KR (BAFF), KBFELH o R

PN

Table 1. Experimental conditions.
Chemical rSi)  0.03~0.20 (%)
compositions of [MnJ 0.30~0.60
hot metal (P] 0.10~028

S) 0.030~0.060
Reaction
temperature 1250~1450C

Consumption of 20~50g,/kg » HM

Na,CO,
Chemical Na;CO;. Na,S
o ¢ .
Spmpositions of  Na,COs+ Nay SO, , Na,PO,
Oxyg_er! blowing flow rate §NZ/min
conditions lance nozzle tmmg¢X3
lance height 50mm

~
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Fig. 1. Changes in chemical composition of slags
during the experiments. (Na,COj : 30g/kg- HM)

Table 2. Examples of chemical compositions of
slags. (at the end of experiments)
(%)

Reaction

tem?g?ture Na SiO; T.Fe MnO P S A0, V [¢]

1350 321 150 25 69 333 085 37 20 155

1400 294 160 42 105 366 1059 50 21 105

1.9 025

1450 265 164 67 111 274 0770 113

Na,CO3 30g/kg-HM
Hot metal 4% C, 0.15%Si, 0.50%Mn,

0.10%P, 0.040%S, 0.05%V

AL T A LT ArSZfE T T 1400°C ¥ T %
BL, XHICFEECHRE L TEREELRE L. &
FHI bR D NagPO, & Na,0-5i0, L#ENTL,
HHUHKEN (1200°00)  THEMUTHESR L 7.
Na,O-SiO, i1 BEiC I W B IR W 0T Tl
D HRTVH0 T, NaPO, oghsi (1583°C)
ET XG5 7-DCH T

3. R B B R

3.1 RREBOXSTHEREIL

KERRE 1350°C LLIFT Na,CO; #F#EA L # 5
A, EEABMAHE 5~15min 2 2 5 VRIS A X e BT
NP (IR

KERED 2 5 VIR F LD TURT L, Fig. 1l o
Iowient, HBREENSHVEE (Na,O) 72 g < /e
D, (MnO), (ALOy), (FeO) /el d /L et DNk
Bhahy, (8i0,+P,05 (33 —ElEER LT 5.
MEORI A EEBRTHO 2T 7RO WA+ &, Table
2 DX,
3.2 a5 Na P, ,S %B)

3:2.1 Si0, & L7z Na,CO; 1o X 2 KBk
Na,CO,; #: A fifdis, B, S|ENB UL RETS.
ZDEHIE, I ANRS S10,, PO, 7o X DEE LD LKL
bt T, |G XL IGTRECT 2 Na o
ISR E G 2 2 B2 D, SRR 2 7

T 2720, Fig 1S U RO O £ TUL 205 i
RINBROTHERLTH L.
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Fig. 2. Effect of flux composition on amount of
slags during the experiments.

Table 3. Comparison of chemical composition
of slags and dusts.

(%)

Experimental gy nie] Na | SiO; |T.Fe [MnO . P | S
_condition | T [ PR S e
Na;CO, 120p| Slag 2535 | 11.3 [ 128 | 83 | 151 ; 959
Na,SO, _9%g . ‘ [ 837
el I T R
Ne,CO, 1200| Slag | 338 | 1499 | 437 | 311 . 399 015
Na, PO, 209 . WT T e ' 7
PRty | Dust | 356 | 1417 | 360 | 215 | 375 | 07

2, B0 810, L Na,CO, v, &
[Si] gk REBERY s sot. BIMBEABERD A
BHRDOXHER L. ARRTAERIhBD 2 5 /7 &
GtEME) #, @D Na,CO, I AOBEDR 5 /&
GtEfE) Lh#kT5L, Fig. 2 Xk’ ER
wiis s SiO, R #FEZR D E, A7 SENYEATHO
PEEND Bt

3:2.2 5 v APEHLFEARK

k&S v RACHELIMAED (FALL) 2EBRKET
Bl L, BER, Sk oicot. P, S o
BBic7c % X 51c, Na,CO, iz NayPO,, Na,SO, # ¥
mL, (P), (S)xhFh, 11% FTEL L. f
EWE2, EREE 1300°C DUTFTik 2g/e—FUF
Lobtouht,  EEREEE 1400°C LI RT3k 15~20g/ e
— bt &L, A7 S0 Na BYBCAHGT 5 &A%
[Nl Fao M ARV N

KBRKETROR 7 7 L A EHOLFARALRT L,
Table 3D X 5iz/ch, # A tdhiciz Na, S ofiic P,
Si, Fe $HHIZh T3,

3.2.3 3Na,0-P,0; DBHIK L 5BTER

KREF D PHEIEHENH, PO—FarRitcil
RUICEERE LRV E, EVBOLLEWZ EX®ER

HTWLWBYY | 235 7daD P, 4 T&HREICE 3NaO-
P,Os OFAETHBETE 2. 3Na,0-P,O; mah iz 1 583
°C LEVDT, FEAWBGOBERIEZEZ LRl
K HizY, 1250°C o RFEMATEZ Lic 3Na,0-P0;
rHEMMT5E, [Pl ALERTLZ LMD, TOK
W [CIC X 5B ERGEHEELTV% . 3Na,0-P0O;4
DEMT L ZBERICOBREY, BRXAEXHB LTk Ik
7.

H o UDHAKPTHR L 3Na,0.P,0; & Na,O-
Si0; ¢ oRERKt %, BHH2EFART 14000C T
mELT Fig. 3 wRT X5 hEBRBLLYBELL. A
SZPEMTHELEDCHEAILED, BMLVBEN
FAEL. 1400°C i RRERBECREEEE L T
b, WEADODS. RBEEC 90 min(Fig. 3 Tz 50
min DI BORREO A GRLTWS.) FEL, LD
BEHEES Na,0-5i0;, DL B UNIHTMEL 72
BRoEC o7 T, Ar FHEKOTERHA L. A
SI/BEIUCBRRLOIFOMBXREL, Thihs3, 3303
g, 0.8838g L frot-,

3-3 RSTMBRTETDED

AS IR TAHILESL LT Na, Si, P, S,Fe, Mn,
V, G, Al BT oh, ToaBRIBHAK, XE
BERE, Na,CO, FHifz/s X h®ixs. UTFCE
LTEROEGHERICOWTHNS., BaahEIERMAE

10min B, 1350°C ToONMEAHEE L.
(1) (Na): [Si}=0.15~0.20%, [P]=0.10% #

g (Nay,CO,: 30g/kg-HM) T 5Bz, (Na)ix 35
~37% LATFEis. Lo, & (S1], & [(P] SR &
THECE, PB% FETHIENDD. (L IE
% [P1=0.20%, [Si]1=0.12%, Na,CO, 50 g/kg-HM)

Melting of
1.0 mixture

(g)

2.0,

3.0

Reduced weight

4.0

Sestooo T
i 1 L 1 1 1 1 i 1
900 1000 1100 1200 1300 1400

Temperature (C) 0

10 20 30 40 50
Time at 1400 °C (min)

Weight of mixture. Na3POy : 2.4092g-+Na,O - SiO; : 4.025¢
Results of experiment.

Reduced weight of mixture : 3.3303g

Reduced weight of crucible : 0.8838g

Fig. 3. Change in weight of Na,PO,~-Na,O-SiO,
mixture in a graphite crucible during heating in
Ar atmosphere.
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(2) (Sy) :  #gk [Si] of(Lic X h AR L7 Si0,
CHIMT S oS HEEES (S CKEL, (Si=
0.20% HiOBHAEHT HECIL,  (Si0y) 3 15~
209 +lch.

(3) (P): ## (P ozl ERLIEY A

Bt 445 . [Ek2s 7vho A+ v+ LT PO-
AL hBRIEIhTWA, FOSERIIEGH (P
AL, [P1=0.10% oficiz (P)=3~5% &

h, [P1=0.20% Tt (P)=6~7% L7c%. (Na,CO,
: 30 g/kg-HM)
(4) (8): BHOBCLVEHEINRDZHLOT,

Wek [S1=0.040% » #5801 2 B (S)=1% & /¢
%. (NayCO;:30g/kg-HM) EFHhk2 5 7y 4 # v &
LT, S, 5,0i-, SO~ 230 ic X v B S ki,

AZ b S ORREY, SHBRIZAENLGHTEZL
T A,
(5) (Fe): WB#Ho{bicls&EIhLLDT,

TOEREL (T. Fe)l~249 & RECEBL T 5 .
oL Ax NaSO, Tk o reotcig (T. Fe) il
~3% BigLieh, BELTRBELIZBETH(T. Fe)
T R LR, BBRCIVIEEBEL TV 5 2 &
2, (T. Fe) #GEL<THrHMALELLNS.

(T. Fe) iz (Na) izfkfEFL, (Na) »Ewz s (T.
Fe) »ME< 7%, AF 7vh (Fer*+)/(Fe*+);20.3~
1.0 ocEHL, (Na) MAE LB kE kLS.
(Fig. 4) ThboofRik, EH20ERLE UEAY
RLTW 5,

(6) (Mn) :%gk [Mn] OfgfLicI D EH XD L
DT, (MnO) =1~15% L L#T 5. [FiT#D wal~7c Xk
912, MnO) (245 7R KREL Bz S8 7k
4. (MnOj (1 (Na) & LD AFENA LR, “h%
JiFk Fige 5 X vl b,

1.0 =

o o o
- (2] 00
2l T T

(o]
(o]
(s}

(Fe™)/ (Fet)

o
»N
T

. ‘ \ .
% = = m

(% Na)

Fig. 4. Relation between (Fett)/(Fe#) concen-
tration ratio of slag and (%Na). (1350°C)

FER LR S PRI MO Na,CO3 2 7 7/ o5tk 35

15
o
'Y
.
~ 10| L4
(o) o
c
b3 o o
S 49
S ° o © ©o o
o 1350°C o
e 1400 ! ®
0 A 1450 | °
i Il | 1
10 20 30 40 50
(%Na)
Fig. 5. Relation between (2;MnO) and (2,Na)
in slag.

(7) (V): W& [V] offbicthraHIhsy
DT, ETOFHEIES (V] kfFT5. B (V]
=0.05% HieTix, (V)=1~3% Ltic%.

(8) (C): A3z 7duciz (C)=0.5~5.0% #4j
INTEDH, A5 7OKBRCELZHEMNTS L CO, 2
RAETDHZ b, CO2~ L LTHAETDLEEZ LA
5. A5 7 (810y), (Py0Os) M5 72512 L o 2%\,
(C) MEFT5.

(9) (Al)y: 71+ FDHIRC I HHANTE
DEETHD, (ALOy : 1~11% LEHLCT-5. 'k
Bz Y, BERRML A EHAN B D,

4. = 5

41 RSTDOWBEHTE Na,CO, F{Lie

AT 7D VEBRESBOREOOEH BT OWT, i
Tk ~X7:. Na,CO; = 3 271t Na GBS0 T,
WL TV ARETIZERR NI 4+ v & LTHEETS
EEZ RS, L, 2 TRy HET S
DIz, fFETH LBEEIh B amR%, 1T
B b L.

Na,CO; % 5 72 EdhEWE O LD B IEEN 5 <,
X@emiz X v @i amxETs o i F 0 L
Ve Ao LR RS L Fig. 6 o X 5icie b, |

SAS MNaArSiO [° g{s .

SS | Na,SiO, P .

SF | NaFeO,

X ND‘V N " B N
estimated

- .

-~ osg ]l

_Na:395 SiO,:96%
POs 44 S:04
© T.Fe:3s Az,0,:25

sF
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BT EX{bE&Hit NaAlSiO,, Na,SiO, I X U NaFe,O
D3IFT LT ER.

AS 7 Na, Si, P kYo e v F i lw, &
BRI X D BERILEYOREEX RS Z Ieof. A5 7
D Na,0 oA (Mr.ns,0) mWBHATS 7HCoE L
B(Nc) 2ZE LG\ 2'nayo &, A F 7 Si0,, P05
DAY (nsi0;, Mr0,) EDBFEERDD E, DR ET
5.

n'nago=1.01 ng10,+3.12np,0,+0.16 --vvecev (1)
r=0.87
(' Na,0="T.Nay0 —iC)

nsio, ¥ XU npo, KB IRBOMEDL HEIE LT,
A3 7Tk Na,0:8i0,, 3Na,0-P,O; i+ % =
VT, BEENFET A L2 brs. ¥, [HEA
KFPOBREBOERKIHIIA S 7o ALO,, S, V,04 77,
Na # (Na,O-ALO,, Na,S, 3Na,0.V,0;) & LTHE
L7354 DF3#H Na,O = A HUSiL .

DL ERNfcEREERY L ECTAE, A S h e
Na,CO; D ¥BhI kD X 5HHI 5. Na,CO; (17
EAMEL (845°C) 1o, BgE LT bCEMTS.
Na,CO; OBy EOEE I/ NI VA, [Cl X HESH
ZRIEEHh Na L LTKR LT A2, Na,CO; #AER
1t Si0,, P,O; o EN VDT, [Cl LORIE
AL BT IR THBTLIENKE V. BHOBRLIC
I b SiO,, PO, piEliE b &, Na,COyiz o h itk
Rt LEREEB AR T 5. BHE > DORE{LiX Na,CO,
CEDOTHEI BT ENALRT VDY, KERT
BBESFA L LTHBINIBEREN Na,COy, oz h
Xbhd 10 fE EAXEVDOT, BHESOBILIMEY
AR EXBEELZDLRS.

Na,CO; + Si03=Na,0-8i0, +COy :----- .- (2)
3Na,CO, + P,05=3Na,0-P,0;+3CO,------ (3)
Na,CO,;+ FeS=Na,S+FeO+CO, --.------ (4)

3NaCOjy + V,05=3N2a,0-V,05+3CO,------ (5)
Na,CO; + Al O3 =Na,0-Al,Oy+ CO, ------ (6)

ChoDetmEERTHLERN FciE A X h -
Na,CO; i3, =5 7rhiz Na,COy & L< i3 Na,O & L
THETSH. =D Na,CO;, ok, EREE, =7
FHEBRCHKIFE L TERTS.

DX 5t Na,CO, X% AL T AL, Fig. 7
DXiwcisd. BRCT Uc¥EENE, #KRIE [Si] vk
AT, EHIERMITA S 7 BB LI ER
TEE. ChHOBMBEM L, Na,CO, 12k AE58IIREL
# (SiO,, PO, 70 &) HEDL L THZLd>DA, =
7 /g~ Na BFE % §<{ LT Na,COy D FUsEhE

T

Vaporized
Na,C0O,

Na,CO; reacted
with SiO; ,P,05,S

Ratio of each Na,CO; to charged amount.

Total amount of
l reacted Na,CO,,J/

n (Si0, + 3P,05 +S) (mol.)

Fig. 7. Schematic illustration of slagging process

of Na,CO,.

¥EL<TE54 T, EYTHD L2 5.
4.2 3 A Na,CO, DRy

#EAZ I Na,COz 12 A5 ZIKDE LT A5 7fc
Mz, —XER LT A L LRI S,. A
5 7~ Na BHAEY §<T52 L08, B0 ©E
H, BN YOREDHHEETHS.

BIEN T~ 7o Na,CO; D 2 5 7 {bilr b LT+ 5
L, BAXRhic Na,CO, D ¥ENI KD 2BREEH T &
ha.

(1) BgEmEECERL, SiO,, P,Os /Lot
MERIG LT RELBMA S 7 Lich. - - DNa,CO;,
i [Cl CIZBILRICOERERT 5.

(2) BRMAZ 7ELT, BHERILTA.
ZDEMNBEEA Na,CO; 0¥HEh%, # A% S5min %
TOAZ 7T 5 CORI L, Smin D2 5 7'k
LB 2 Rzl CRE L7,

4.2.1 #£ A% 5min ¥ TO%E)

[Si] EEEAMET L, 22225 VRO EH B X ¥
% Na,CO; #£ A% S5min ¥ TH, =35 7L+ 5
HYT5 L L.

5min F§&H T, Si, P HEPNIHHRDIZAT 7 Eiw
bliclizAs i~ Na BEK L, EBEE X o
{fa T4+ Fig. 8 X otk sd. ERIEBE M &Lz
Y, Na BYLRHIEL IeDoT5. FEIOEY Na
BHE (kna-1)(g/cm?es) &R, ERRiBEE, Na,CO, ¥
AR EOBFETTRTE, Fig. 9 0Xs5insd. £
BEAEVIEE, Na,COy ZFABMKEZVITLY,
NKEL DTS, Fig. 9 R LI EBRER Y
RBaviTs L, 7)) RDX5Kk5.
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ging)
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® shows the result obtained by charging
(Na;CO3+8i0;) to 0.02% [Si] hot metal.
(Na,COj3 : 30+ 510, : 3.5)g/kg-HM.
Fig. 9. Relation among rate of Na vaporization
{kna-1y, reaction temperature and consumption of
Na,CO,.

Chnn -1 (g/cm2.s.10-4) — —13.64(1/7T-10%)
+0.075(Na,CO; A K : g)+83.83 -..... (7)
y—0.76

kf oy, Ar FH &b T Na,CO, iR k)
ML, X BRI FOME Y STV 5. Na,
CO; M N FLO AR &, 2P /EIR D NayCO; i
(kLfin 6,2 2IF L Tolf L5 &, R
Fligipz8) Xt ?.

(k> (g/cm?-s) =2.68.x 103/ exp (—60 790/ RT)

- 37 -

R LR S iKMo Na,CO, 25 /o

37

! PRAYPEEE (cm)

AHEB T, »F ZHACE A LIRS, FOFESE (1
2, Wk SRR TOLBEESCEY TS &L,

Na,CO;, #3020 X b Na pipET % & +hid,

FOEEL3) Xovbh, <k)=1.75x10-4(Na BE T
%E 0.77x10-4) (g/em?-s) Lich. —F, KERT
DHOITHA RS- H D Na,CO; EARY, HH S
DFEBE I LT, 7)) Xvb Bna-1) RO B &
11.3x10-4(g/cm?-s) & 7ch, Na,CO; MEREDOH K
X I EREELD., BAHBOEE - H
Wil OBRREEEZ B> D L,

Na,CO;+2C=2Na+3CO T/RINBRIEDOHEMNS
W, lknp-p DEBT EREL oL HE I R
5.

Lo Rz, HBREHIIL SiO,, P,O5; O H: A Na,
CO, DOEAEEICHE LTH#L 72, Na,COy & [C]
LORIGHBULL B 2 IbEEZBRD.

COMERELT H L, [5i1<0.03%, [P]1<0.02
%OE [S1] B, BB LU Si0,([Si] Ek{kE 0.16
% wHYTA) HEAE LK Na,CO, # A T5ER
izt (Fig. 2) kna-1) #EEL, Fig. 9 @
Bt L7z, Fig. 2 WWRLCEBREHLT) REnbR
HHhd kna-10=8.8x10"¢(g/cm?-s) xf LT, X
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Fig. 11. Relation among amount of evaporated

Na during experiment, consumption of Na,CO,
and amount of oxidized [Si], [P].

o

RE L OBFEYRT L Fig. 11
R AHBEA AR B 5.

ChHDBEFRM 5, FE 15 min R ¥ To Na R
B (Wya:g/kg-HM) ERiGCHEBEER L OMFEY, &
T TRDB L (10) KD X515,
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