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Preliminary Experiment on Elimination of Cr from

Molten Pig Iron by Bessemerizing.

Tanekazu SOMa, Mitsuru Tate and Kurs Kanamori

Synopsis:
In 1952, a test on the elimination of Cr from molten pig iron was done W1th a 3ton testing
blast furnace' of Yawata Iron & Steel Works. By this test, it was found possible to remove
- Cr from molten iron in the hearth by bessemerizing it under the condition of low tempe-
rature. ' _ :

In 1954, some fundamental experiments were performed to determine the factors affecting

the behavior of Cr during bessemerizing, particularly, the most favorable temperature for
Cr-elimination using an 150kW H.F. electric furnace. For this purpose, air or Os-enriched air
was blown into the molten iron bath with various proportions of water to maintain bath
temperature nearly at several intended levels and the change of bath composition during the
bessemerizing was observed. '

The results of this experiments were as follows:

1) The lower temperature was favorable for Cr-elimination, the upper limit of which was
determind by initial Si-content of the bath. (about 1350° for 0°5% of initial Si). -

2) The lower initial content of Si was favorable. If initial Si-content was lower, however,
it needed to maintain bath temperature lower to prevent decarbomnization whxch always.
accompamed desiliconization more or less.

3) As bessemerizing gas, Os-enriched air was more efficient than air. -

4) It was desirable to limit initial content of Mn under 0°8%, as it made difficult to remove
Cr.

* fET 33 & 10 ARSHBEKCTHSE, ¥ AMIERE, ™ HERFEEBNTER
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1954 £ 7~9 A, WK, EEFHRURFICHFESN
7o 150kW @RS SR X 2T, Wekrho Cr % Ek L
bRz B FEER T ITio7c. Thl 1952 4 12 B ANGE
Stk &xt 3 b B FFICER WTER Licli Cr 8
EAD CTHAZE O:+HeO DRIEFMGA I X 5 —SEIREE &M
TR DRMOAREM-ZERT S L, T LT, Th
W X2T Cr OERIEERIICE D HRE D W IRE % E
ERHICHED» D XS5 & LcbDTH S,

IL x5

(1) & &

150 kW 35 EEESFC 100 BOS SR HME ST
B, THUCEESR 30kg HBWEABML T, HBEHBOES
D5%9 200mm & L7z, ZHIERIEOZIES FOIESAL
ETRBISERZE»DIPOLTHS. —H T A0
4 7 EIREHY, BHSE AV L TEEICETTES
EOW, Z—ng—C\WFF, w—rF —BRIUFOE

WHEZEL7z. (Fig. 1| £88) -
Mater — | — ® il
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Fig. i.

Z A4 FREREE SIiC (RE 12mm), SR
SREML VIREHM (PME 45mm) FHE € REEEC
4 FERERL, NEEBELEE YL, vy Ew b -2
N ZVEED TR L /2.

IBEERTIE Pt-Pt-Rh OBESEAV, HBR7vIF
BORFEETIHBALICE, MUZEBHEOY — 25X

View of apparatus.

F o4y PTREL, IHCEBBEBRVTRIBD iy
+Ey b BAZVERREOR.

(2)  Worhget: ,
LR ZERE SR EFREMEL L DT, FiEk
Im?3/mn, £ O 50% T 0'6m¥/mn & L. F o
ARLEII VT DA b RAHBAEIRF I Seim 231 SRR T 1T
B LU, KRz oBEr—Ei@E2X5L
7z . )
WHHOAGEIMEEIRIC L TERK T A O 50% - H A
EEHITHHPIERAL, TORIIEHKIBEICL D 0~
0*6l/mn ITHHHEIL 7=.

IS BIREERE SVIBEELE T 80mm TH 5.

(3) FEPtsXUHtraiss

JFOBSESR & U T, JBRIER3 b BRIty A
£ Lok PSR TR LRI L4 Cr gk (Si 0
~0"7%, Mn 1:4% fijf%, Cr 1% ®ifz) &{#EHL <
H, Si% BUHEWGEUT Fe-Si X hI3mL #-.
WIGhOBHMBEI LB BB ICy Y AF L~ T
(NE emm) EFFAL, AH¥A MTX VSR, Fa
—~TERNTE D LT

(4) ik

PEEEOUEE, Mo BB LK, oAb R &L
LW L2D, =& —%TW, 70 2BMEORE
WGEL R, FPAREZFRERRICHGTS. codiix
EERIBESIC X D E/KIE 2T L, RO Z s
T, carbon-blow BVWhHUB LA DiadicsEicS
2B R, ARk ikD. CoM 1 SEiICEsE
SEXERRLT, C, Si, Mn, Cr @4 KSEHHLT
INHOREMEIZEL & T8, RWEED, guE i
VEE LIC X DIBSE R SELT 2O TR T RO
SRE o AIE L 7.

III. & 23

Table | [ZiEEHESEHEE, initial Si %, KFEH R D
BRI URER ERRICT 2EREREZRL .

Table | Thh 5 X 5T, 1350°C BiZ, "Si 0°5~0°7
BXU 1°0% TERRFED S ODOEBRERIE, o
B OREREBEEAE K 8D TW5B. Zhig, BULD
CWZhLDFEHTHOWT, KX HBEHEOLY A,
R F OB EafTioicicdTh B LisidT
B O DI EE T R T, IBRERES DD &5 Thir
REDIDLDHRE V. LoTIN,LIRERLE LTOE
HEOBVWLIO2Hl0 % & D LiF 528 Li.
Table 2 HERD—FEETT.
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LIEBEDBE DL 81 1°0% fTiED D DIK2>WT,
ETEOBILIT & bz O DEIGHILEELTA S &,
Fig. 20X 5 A>T waH.

Fiebb, W T2 OBEO VAL ST, Si,
Mn, Cr Omgftics bhs O iE, EELRZEZLIC
WAL, Corhidits. Lo LRERICZ O
1400°C {55, Ehd THEILIRE L E23b05.

—FRiE D Si 1°0% FHEDHDITD2WT, FILED
B2 HEE (%/mn) LIBEOBGRE kDS &, Fig.3, 4
DXH5ib. Ticbh, TLTHE CrofEtEE:C
DEE LBV, BE W72V L, EOFRER L, 1400°C

100
80 c
s
_g 6‘0 Cr ‘: 4
£ U ~
3 Ma \’b
S 40
§ S/ x
)

0757 7200 757

Bath temperature ()

Fig. 2. Relation between oxygen distribution
among the 4 elements in the pig iron and
bath temperature.

Initial Si content..:--------1°0%
Bessemerizing gas - air

WA X 5 E#0 B Cr BT 5 FHER 1243
Table 1. Combination of experimental conditions.
Intended !
‘temperature °C 1350 1400 1450
Initial Si % 0°5~0°7 1+0 0°5~0"7 1°0 0°5 10 1°5
Bessemerizing . O . O: R O, . O . (o . (o .
gas \ air 5002 air 509% air 50%, air 509 air 50% air 50% air
Number of tests 5 2 6 2 2 0 2 2 5 2 2 2 1
Symbol a b c d e f g h i j k 1 m
(1) [ Cr iBE J s
Table 2 ic XhviE, FHIREC,rATHIRY, BED 22 j SEL -
BREAVRERI NN 55, LBEFEET £40°C IR £ | S
THY, BRIKEVDOT, RIPLIEECZIRL. > “Ne
s |1 -kl x N
LicninT, REDR Crili2ics XIET HEEmnm §| - . I
ZEIVEDL I T Einvgd,  initial Si S EEEHDE s e -
- S
EELVHDROWTHIE, R VEREFCR Cr 5 L=
CHFITHB L EbrD. CitbbBA, REDL S T
Hicfkisvy, Si, Mn, Cr @ O Tz %  affinity 1
. . . £ 7200 750
2, COMOEEEFEL S FARB ), HHE, 2Oz X Relation between elimination velocity

Fig. 3.
: of the 4 elements in the pig iron and
bath temperature.

Initial Si content------ 1°0%

Bessemerizing gas------ air
L
43 : ’Mﬂ — 'L,{
S SER—— 4
a4 o
~ /:‘ -7
S NP 3
§ X P /
< ° e /'C
202 T X -
S| 7T T —L
S p L
s {4 Cr
5 e
.S 0,
T .
S T
3 - T
4
0
1350 /400 /450

Bath temperature (°C)

Relation between elimination velocity
of the 4 elements in the pig iron and
bath temperature. '
Initial Si content------ 1°0%
.Bessemerizing gas- - O; 50%

Fig. 4.

FE#EE UT, Cr O{LiEs, C OBILEEL Y
LT L ED2TRL T BB, ’
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Table 2. Results of experiments.
] 1 i . cae
Symbol Blowing velo-: bAl‘c;S:i?;ge rF\ Average Besseme- | V\i’e1igr1:)tnof Pig composition before
ymbo ﬁCitY of besse-, velocit%r { bath rizing . gegfore bes.| Dessemerizing %
number 'merizing gas . f water | Lempera-time | semerizi ﬁ
- mS/mn ¢ OV TpureoC i mp ¢ SEmeETiZingl LT Mn Cr
| v I/mn ‘ : kg " .
. 1 |Air 10| 0°28 | 1348 | 540" 30 4'25 | 065 | 1°53 | 108
2 Air 1°0 0°12 | 1348 | &' 30 4*20 | 0°55 1°43 | 1°09
b | O: 50% 0°6 060 1353 3! 30 4+ 0°76 1+39
2 0. 50% 0'6 0"63 1362 3 30 41 0°56 1+34
1 Air 140 0-10 1347 6' j 30 41 0°89 1-42 1°10
€ 2 Air 140 0-07 1353 6' : 30 4- 1°06 1+49 1+13
a ! O: 50% 06 0°40 1355 4'30" 30 4-14 1°07 123 *18
2 0. 50% 06 0-53 1360 4'30" 30 414 1°10 | 1736 1911
o 1 Air 1+0 0-11 1413 6' 30 433 | 0°56 | 1°42 18
2 Air 10 0°07 1410 &' 30 4-31 0°59 1°52 ‘14
1 Air 140 0-01 1390 6' 30 4+26 1+07 1442
g 2 Air 1+0 0-05 1403 6' 30 4+11 1°07 1+41
h ! O; 50% 0°6 0-38 1397 4'30'" 30 405 | 100 127 | 1+15
2 O 50% 06 0°51 1411 4'30" 30 4*12 | 0°95 1+35 ‘11
;| Air 1-0 0-08 . 1452 6' 30 414 | 0%66 1°52 108
2 Air 1°0 0°08 1441 6' 30 4+25 0°66 140 1-10
S 0. 50% 0°6 0-48 1442 2'17" 30 41 0°s8 141 “15
L O: 502 0°6 0°48 1447 2'17"" 30 41 0°58 1°46 ‘13
k| Air 1°0 0°05 1455 8' 30 4+15 1°01 1°38 ‘16
2 Air 1°0 0°11 1457 6' 30 4+18 1°07 1-38 1°14
;] Oz 50% 06 0°43 1454 | 4'25" 30 | 4%12 | 1702 ¢ 1°37 | 116
2 0, 50% 06 0+48 1461 4 30| 407 1917 1427 1 1715
m 1 | Air 10 0-04 — 8! 30 ! 413 , 1°55 | 1+44 | 1+15

¥z, Si, Mn, Cr % 1°0% BESLESOL
Cr WiXiBE% 1400°C AT LB EMNMUEL WS &
EMTES.

(2) Initial Si & Cr

Table | TIRE & B{L4EHEEL <, initial Si R
MAHTHERIELCABE, WTFROIBE, WThoik
{E&EITIH W TH, Si DEVEME Cr WERITH S
ZERbrb. —F Si 05% HET, BLRRBOES
DETLRDOBFEEOBER% R § Fig. 5 % Fig. 3 &
H#LTAHBLE, BiZERBNT, Si WoT<Tox
EOEBREEMEVT &, Lard, 3T 1350°C 35
EWT, Coln Cr X9ELIBELINDZ LB
N5H. T Si %lE Cr, BCITzWwL TEhh
EERZ 2T LERTLDTHSHA, Si OfEVE X
W, WHLBLWECREBS Z inLir, Cr &
B3 570, Si oFBVWEEX V) EVIBEZ Y
BT HTEEMEOTW S,

(3) E{b&EMHEELR Cr

Table L Itk T, {BEE initial Si 9% 7% <,
R AT ADOEEORL 4% >Th B L, MR
% DD Os PHifiE DB\ 0250% HAD K A3EE{ bR
EAENC EINRTH DB, 20 O YLEEE i
TESNBREXIIB,ICT X, Lid, BEOHVHE
XA L V.

DG, BHOTDICVGAENTKOHIRIT X V4
BREnD 0: 3L Tros E3ELLNS. Ly
LEDKIERA L ORIDFE T, AT S D. W. Murphy
s EOED (Fig. 6 M) T Xk, EHEIKEIZ VT
S X, KEK[DFART 50% BE (o LIBET X vz
LT 528 T ExV. X LAEKRENZAKR 100%
BERUEELTS, Si 1°0% T 1450°C fHROBED
TR EE(L 4°20 L WS EZ BT E L.

L7c#2T, air It~ O 50% HRDHH, Cr &
RIZEDTHMTHD L VS ZERTES. LbdTh
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: T )
v‘;e‘%gn()f ; Pig composition after Cr-elimin- |Cr-elimina- |Range of de- | Decarboniza-
g.f%er bes- bessemerizing _ation ratio [tion velocity (viation from | tion ratio
- semeri- ; (4Cr/Cr) (4Cr/mn) mean tempe- (4C/C)
) i 9 g arture °C g
zing ke C Si Mn Cr %o % /mn rtur %o
— 3°11 tr tr tr 100 0°191 +27 —25 | 268
15*0 2°71 tr tr 0-08 92°7 ] 0168 +17 —18 355
142 3°04 tr 0+03 011 90°6 0360 +15 —10 26°
135 2°92 o tr tr 0 93*9 0*35% +23 —26 29°8
i I -
230 391 0°*15 0°16 0°58 47°3 i 0°087 +30 —19 58
.23°0 3°76- | 031 | 0738 | 0°67 40°7 0077 +27 —13 10°5
241 3+83 tr tr 0°23 805 0°211 +25 —20 "8
.22 366 | 0°11 | 007 | 024 78°4 | 0°193 - +28 —13 116
i
10°5 222 tr 004 0-43 635 0126 +27 —18 48°7
27°5 243 tr 004 015 87°0 0167 +18 —25 43°6
250 3*79 | 0°37 022 ? 072 366 O‘d?l +22 —15 *2
22*5 362 0°20 010 l 074 339 0°063 429 —15 ‘ *9
246 356 tr tr 032 724 0-184 +13 —14 12°1
223 353 003 0°05 026 76*5 0189 +21 —18 14
- {
22*5 29 0+08 0*08 030 | 72°2 0°130 +30 —14 283
21°0 3°11 0°06 008 024 78°1 0°143 +39 —19 ! 268
—_— | 323 tr 002 016 86" 1 0434 + 8 —14 22°3
—_— 323 ir 008 034 70°0 0+ 345 +14 —17 22*3
23°0 326 040 036 0°93 198 0*030 + 8 — 3 21%4
220 364 027 034 0°84 263 0+050 +13 —11 26°8
|
221 v 304 004 004 041 621 0*112 +23 —16 | 12°9
227 2°52 004 003 021 82°0 0°235 +34 —36 | 38°0
2270 3292 | 068 | 0°37 | 086 25°2 0°036 — l 501

i3, Cr DL OVTET TR, C, Si, Mn, Cr
DERTIEIWLTES Thoe Lk Fig. 3, 4 &1
B EBEL P TH B, '

(4) Mn & g Cr

DA X 50 Cr ORROBICERLLLOT
HoH, BLXORHOBBLFATHDL, 2EDLS
EmPEDLND.

Fig.7, 81T X5 &, initial Si 23 1°0~1"1% D &
20, WRIESFIENC BV TiE, Mn psEd L, Sz
N oL@, LArLEH X KERTEE CETY
B, —% Cr £ Cix, WHHEID»SEEENDS, £0
VL Si, Mn it LNERPIAE L, L2dmE
KEFE CERETETT 5. & 2505, KT\
T, Si, Mn 2% 0°8~0"75% LI TIET3 5L, Cri
ALEERC XD ARELRD, Si, Mo OFXhIGELED
IRAME D ECHEL, REL, BEOEVWEAEIICr &
EH COMLEELLPRELLBEDTWVS.

—% Fig. 9, 10 tX5d&,

initial Si #% 0°5~0"7

DIBATE, WORIEC RIS Si oELEEs Cr,

CoxXNIEE L Tk v, Cr OER(tE, Mn 22 0°75
~0'8 DT/ 2TH bl k> THY, EofAllE
35 CORELEENRAEVEVSERZRLTVS. T
5 U EREEE, WA OBEOWPARPPDD
FRD LN LMD, Cr OBM{LEER & B I 8T 5
Mn QOEELEGEESS LD LEELLND. Fig. 11 X
COBEGREY LB b OTHBHA, initial Si OFIE
b b, FIEE, REFADVPAT»rbH D
F, Wi Cri#EESS, Mn0'8% LLFTARELABIEDN .
RENTW 5.

IV. &

DEosER»HRSE, B Cr 2FFICED ST
o X¥D XS EHNEE L.
(1) BERLLUEITDHI L.
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&

I
b

\

S
\\

S

Y

%

e

)

Helting point of Fe0

%

% H, in B0 mixture
2

T

Melting point of Fe
| a1 | ikt

50
200350 K00 50 /500 BS50 il iSh 170
Temperature in (%)

Fig. 6. Equilibrium diagram of the reaction:
FeO+H;2H:0+Fe by D. W. Murphy, W.P.
Wood and N. E. Joming.

LRV, Si 1% fHEO DIV TIE 1400°C L %45
%A, initial Si MK < IhUE 1350°C DIFiRA 5.
BEZIOIS>RRARS 5013 Cr OE{bicfite>T
T BIORREE BN LT B —F, Cr oibEpE
EIRHNEL T HDTHS. ZOEKRTHE Cr ofe
BELT, B CrR/BRERED, ZhER Cr F
ELZIlbhbhbEd ThEREGPEDLNETHS.

(2) AR ELTIHERLDD, O BEOEW
HARFERTHZ L. COEBRTIE Oy 50% DD
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DEELIT & Hh
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ke, 0 TR
#3 20% BT ’ N
Ho7).
, a5 N
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curves of the 4 elements in
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Fig. 8. One of the elimination
ETH5. curves of the 4 elements in
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(‘ ) 1’{'555{'13 Initial Si content------1°0%
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Fig. 9. One of the elimination curves of . Initial Mn (%)

the 4 elements in pig iron.
Initial Si content----- 0°5%
Bessemerzing gas----- air
Bath temperature-:-- 1350°C

Fig. 11., Relation between initial Mn content:
and Cr-elimination ratio.

a: Initial Si0°5%; bessemerizing gas: Oz 50% +
air : '

g b: Initial Si1°0%: Bessmeriging gas: air
= N Y <, BFEEOEEILE 5 AES LRET < E THS
- 5. oF Mn oW TiE, ZOERTE Cr ZHH
LRSI T X/ 5 7»IiTiy, 0°75~0"8% LUTHE
55 | ELWEEXOND. (BFL 34 4 6 A%
N T ik
AN » 1) &Ml BB D UOBIEICEET B FTS, MK
) - X . ARG EaBEABUS) A
T \'\ | 2) D. W. Murphy, W. P. Wood & W. E.
T - \A\Mn \ Goming: Trans. Amer. Soc. Steel Treat..
05 SiT \\,\ 19 (1932) p. 1~4
NN
\\{
0

2z 3. 4 5 ¢
Bessemerizing time (mn)

Fig. 10. One of the elimination curves of
the 4 elements in pig iron.
Initial Si content---1°0
Bessemerizing gas--:-- air -
Bath temperature----- 1350°C




