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Dephosphorization influence factors in converter
hot metal pretreatment

WANG Yu-mo', TAO Lin*, GUO Haoyu', ZUO Da-wen', WEI Jie', YANG Shi-shan'
(1. School of Metallurgical and Ecological Engineering, University of Science and Technology Beijing, Beijing

100083, China; 2. Department of Materials Engineering, Henan Industrial School, Zhengzhou 450002, Henan, China)

Abstract; Dephosphorization of hot metal pretreatment in the converter is nowadays playing an important role in the
production of low or super low phosphorus steel grades. Based on the pretreatment dephosphorization converter
practice in “duplex converter steelmaking” process in domestic iron and steel enterprises, experimental studies on
dephosphorization influence factors in converter hot metal pretreatment were imitatively carried out by top addition
of dephosphorization agent and immersed blowing of gaseous oxygen in SiC electric resistance furnace of molten pig
iron. The effects of different hot metal temperature, initial silicon content in hot metal w(Si);, slag basicity, oxygen
supply (the ratio of gaseous oxygen and total oxygen), stirring strength, and fluorspar addition on dephosphoriza-
tion efficiency are compared. The results showed that the ranking order of different factors affecting dephosphoriza-
tion ratio is hot metal temperature=>w(Si); >>oxygen supply>>slag basicity, stirring strength>{luorspar addition, the
appropriate process parameters are the hot metal temperature of 1 300 “C, w(Si);of 0.10%-0. 26% or less than 0. 30% ,
slag basicity of 2.9 to 3.0, oxygen supply of 50% solid oxygen or a few more, and with stronger stirring,and the dephos-
phorization agent is probable without fluorspar during hot metal dephosphorization pretreatment in the converter.

Key words: hot metal pretreatment; dephosphorization pretreatment; dephosphorization converter; influence factor;

dephosphorization agent
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Table 1 Composition of hot metal

i H C Si Mn P S
J0 3.94~4.96 0.11~1.22 0.33~0.96 0.100~0. 167 0.006~0.092
1Y 4. 39 0.53 0.57 0.136 0.034
x2 BREFABBEANIEAS(RESH)
Table 2 Major composition of desiliconization agent and dephosphorization agent %
VAo TFe Fe, Oy FeO CaO Si0, P S CaF, Ot
Begt 56.59 69.55 10. 22 10. 18 5.01 0. 050 0.010 — 23.18
Bk 69. 20 34.15 58. 30 0.03 1.75 — — — 23.25
£1 K 91. 26 1. 00 0.028 — —
Bigal 0.027 78.33 —
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Table 3 Experimental conditions and results of converter pretreatment dephosphorization
oK ) kS 2 #A
N & (S /Y R i o B (P /Y (P)i/ % Aw(P)/ ) 9
WES HEF R e S /% AL A TP AR % wP)/% AwP)/% g/ %
1-1 1400 £ 0.32 1 2.41 50% :50% 1% 0 0.097 0.089 008  8.25
1-2 N 1 350 ik 0.31 2,48 0.092 0. 065 . 027 29. 35
BRK R
1-3 1 300 ik 0.26 2,90 0. 080 0.027 . 053 66. 25
1-4 1 250 ik 0.26 H 2.90 0. 088 0.037 051 57.95
1-11 B 0.66 1 1.23 50% :50% 1% 0 0.092 0.078 014 15.22
1-12B  #) 4 ik i i 40 80 w (S 1 300 H0.35 H 2,22 0.082 0.062 020 24.39
1-14 K 0.10 H 6. 37 0.094 0. 057 . 037 39. 36
1-21 0. 31 1.87 50% : 507 0 0.092 0.062 . 030 32.61
A 1 300 i ik %+ 50% (S
1-23 £ 0.26 & 3.60 0. 088 0.062 . 026 29.55
1-31 ¢ 0.32 2.30 80% : 207 " 0 0.110 0. 050 . 060 54. 55
A 1 300 fi% LE % % {8 5 54.5
1-33 it 0.28 1 2.86 20% : 80% 0.095 0.073 . 022 23.16
1-41 " L 0.27 2.80 50% :50% 0 ( i) 0 0.110 0.077 . 033 30. 00
B 38 1 1300 ™ 4 P07 5070 (A
1-43 ik 0.32 2,41 i 0.110 0.063 0.047 42,73
1-52B 0.22 3.17 50% : 507 2.5 0.120 0.068 0.052 43.33
AR 1 300 1% h %+ 50% ik
1-53B £ 0.20 # 3.23 5.0 0.130 0. 088 0.042 32.31
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Fig.2 Influence of hot metal temperature on

dephosphorization amount and dephosphorization ratio
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Fig. 6 Influence of stirring strength on

dephosphorization amount and dephosphorization ratio

2.6 BRBEFIPERMNE X BEREN 0

I 2 750 R 2 A A X I A RS Wk R £ R
WA 7 s . B R AT DU L PR35 B0 88 500 i A
AL AT Z3 5] 0,500 01004 A B B vk



34 k|

B %055 &

> ORVEL SRR B 1 AR A A ) A B R
o R gt 2 LB R T B o AN R A B R
I8 8 23 B 4 73 5 A A 3k T W A B kK T
0 A58 Ak B e R AN 0 A X S R A 7 AR A
FIF IR, CaF, 7616 o A8 b 3 20k 2] B 45 75 19
VERL FEE s s Bt o i v FeO JT 40 B0 A
SR FE L PR AR R AR O T X — R R
RBEAR . T LA 38 B A IOl 700 i L S AN s A

A Aw(P)
008 o5 80
0.06 60
§ o
& BOKIREE 1300 C g
E 0.04 F w(Si),=020%~026% 0 =
w(P). = 0.080% ~ 0.130%
BB Lime (40-x/2)% + MS
(60-x/2)% + Spar x% 50 kg/t
0.02 }+0,50m’t 20
Slag R=2.90~3.23
A4 : S5~ 50% 2 50%
0 Tt AL 0
0o 1 2 3 4 5 6 7 8 9 10
AT H0%
B7 B#NPERARESEHEEEMRERENZN
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Table 4 Production practice of hot metal dephosphorization in converter domestic and abroad

. N et - . - . TR JE 406 ik E/ KIGE ERICE N
IE O REpoEst AR, BUREES.  BESRALR oo RIS BlotE - RR s
. N o . WIE/(m® + (m® + min R, B, BB
TZ RS Witk w(Sh;  FAEE N , o o BN
min ' et 1) t ) i B
w(O4.50%  w(C)3.70%  Aw(C)
230 t IR &L I T B
W o hféi;%ﬁ ?J(H:_j'io you; T 20 ket 6, w(SD0.20% w(SHIEE  0.80%
H 7 ) AN DALVN .
e AT A el B 28 ket I 0, JEM w(P)0.140% w(P)0.010% 7»=92.86% [1. 8]
Q-BOP A} . Ik it 4 fah sz 7 . B W o ok % . . ; . .
BB B (2 4 min) 2 3. 3 HA 3 ke/t 2~4 min w($)0.020% w($)0.010% ps=50.00%
BB = 1370 °C 1370 °C AT~ 0
80 t T W J gy b W% 1K 3 w(0)4.40%  w(C4.05% Aw (C) =
. W I 5 2 5 4 791 » T U‘(S.)(‘) L5 TSR BOF w(SDO0.15%  w(SHIEE  0.35%
w(S1);0. 15 . .
g ORI HWQ:M&FO WASRERK L % w(P)0.082% w(P)0.018% 7r=78.05% [2, 9]
Bt < LB 10 min, T;‘SAS ~ 26 kg/t. w($)0.038% w($)0.010% »s=73.68%
BB 5 min ~ FAT 5.1 ke/t 1290 °C 1295 °C AT~ 0
PP
AW B ST SRP BOF i ]
SRP 160 6,250 t, o0 oy o 30 160 t, 160 1. Aro. 05 W(O4.3%
wis - ~ 0 ro.
AR I3 Bt o Ao 0.4~0.9 e Y (8)0.10% ~ w(C) =4, 0% Aw(C)<
. o ) EPIAHAL 60 ke/t AR L 250 t,CO;, ) ;
kR A KEE 10~ § N 250 t, 0.30% w( S 0.40%
BEPORAT Joma R 10~ 0.10~0. 14 , . O [3. 8,
SRP 18 kg/t N . 1.0~1.3 w(P)0.103% w(P)0.010% 7p=90%
BifiE w(SD; 20 kg/t 230 1,280 t o ~ 10-11]
SRP-Z SRP-Z 230 t, 280 t 0% SRP-Z BB 230 1,280 t; N 1300 C 1280~ 7s=50%
. , . ~ o - d N e PR ING ke S Tk o
SR BT R K %; WFF%;}’; DR BRI ’ BB BE 1320 C AT~ 0
5 . e 0 ~ N Iy -
e Ak it L HOR LF o, %ifﬁ V3 - 2.5~3.0
R A 3 T o
230 1,300 t &K R FER K (P
w <
3 % S i i N SR N, KR %
Bl RBBEE e oo W N W =90%
LD “XU” TR ES i w(Sh; BB CaO/ 54T IR 25000 WBEERE  w(S< 1 320~ AT~ 0 [8,12]
ORP [ Bk IS 1K B 0. 10% ~ e 2.5~3.0  0.002% 1 350 N

LR 0.30%




ER AR AF B K Tl BB B Y 5 i PR 35

Gk 4

TR RO /R R I/

TR RS AR, BUREES. BB : A ¥ 7 AT H e BH
o o e . . o (m* e« (memin™' e 00 o JId Wt 25 S o
TZ PRERE PR w(SD; FUIMA il . 1y FE RO P B R SCHik
300 t,400 t & W% K 0~
\ v ' %A% A Bt aR 1000 w(4.10% w((3.28%  Aw(C)=
BB B AR . 20.5 kg/t . . Nz 200~ . o (8,
R o N w(Si); ) 8tk , w(Si0.28%  w(SHIERE 0.82%
4 R T LT B L AR By 0~ N 350 g , , 12,
B L 0.21%~ JI 9 i , o w(P)0.150%  w(P)0.020%  pp=287%
MURC B3 it #GR [l . . 72 kg/t N (8 tikEpn o o s 13]
W ST 60 39% ST 0 1.5~2.2 1170 °C 1360 °C AT T+
320 t, 330 t WA TR RE )
NKK ZSP K 10~
7 vk KR il ARRE oK ax V. Nz Ar o w(P)0.012% o (8,
JFE - e e . 15 kg/t, B @ 30 000 CR#) o o i
LD.NRp WEEHBBA wSDi< e 253 000 1350 C 14]
’ e, /i 0 0.10% &
L AT Ak e o s e X (PY<<
oy 00 VHIREERTRL T 8 I 5 e 4 ISR w(P)0.100% §m£; .
5 R ! i e b=t 2y g . . 0 ]
Bk WA . & . /N T (&5 0.09~ T 5 37 Tk AN 7p>84 %
BRP gl 0.10%~ ’t . T 2.2 1280~ 14]
e 0.40% & e : 1350 C
S e (C)4. 337 €)3. 559
s s00 e T OEE e 00 ket o f o f Aw(C)
ook pgpm Y T w(8D0.22%  w(SD0.05% " Lo s
Hop o R B 0.22% A e 0,25 w(P)0.099%  w(P)0.024% ., o
T o & I 4 A ; B 41 keg/t S oe>T5% 15]
g8 0.16% ~ ST 2.3 ka/t JERTF 2.0 1368(1 302~ 1322(1 285~ 0 N
~ Rk 0.66%) o 1435) °C 1360) °C
] w(C)2. 0~
100 t o WK % 4 = ) K 33~
- Ej_}\\%w Rt ik 18 000~ 3.0% S,
AR L w(ShH 12 ket 20 000 w(SD0.30~  w(sp<0,05% T 7
; (FeO) it 5 8 - I o A 17~ ) ; RN DU 700 6
B e LB 0.30% ~ A=t i X 0.50% w(P)< A . 6]
it 0.50% 22 ket 2.0~2.5 0.020% AT THi
(FeO)>25" SO B 2.0k e : ’
w(Fe0)=>25% WA g/t 1450~1 490 C
ST e
100 t TR &4 . . . . (P)=
150 260 grupre D R 2.5 R f& w(C)4.13% :()2]%~
W"XX‘%”‘YZE 0.18%~  WEEEIEE 2B K w(SD0. 48 % 0' 026 % Tk p="60%~
g ﬁ@e&iﬁﬂﬁﬁ?‘ 0.90% 2.5~3.0, F 3.0 CRIE) w(P)0. 064 % 1'4oow ; 80%% [7]
n e LR W w(SD; w(FeO) w(FeO) > 1303(1 203~ o . AT FHE
e i 0.30%~ 16% ~26% 25% 1379 C LA50C AR
w(Fe0)>25% s ! ! ! 1300~1 350 °C
0.80%
120 ¢ 52 R g W ASTRBLAE 5 0.7 0.25, w(C)3.04%
Fg;%ﬁ”&,ﬂﬁﬁﬁ%kﬁﬁ w(SD); 7K 33.3 ke/t Hﬁ.éﬁz‘eﬁ;ﬁz‘ﬁﬁrjz BREIE w(SDO0.42%  w(SD<C0.03% —67.7%
S I b R R T R R 0. 42 BERR B PRI o(TFe) w(P)0.088% w(P)0.028% T [16]
MRP . . o J# 1. 51 . : ATA0
HAN[w(C) 0.13%~  ®EHEw (1. 21, 8) 14 % ~ w($)0.032% 1330~
0.10%~0.36%]  0.84%) ’ ’ 19% 1351 °C

AR AR 52 o 2 R 4% 22 Bl IR 3R 25 45 R R A 4 R L A
PRI BB GREEG AU B XA TR OOR A9
RXEHGHARMN T ZHEAR . LG A TAER
[ P A 7= 256, X CaO R i 5 4k /K 10006 11
SR DR 2 RIAR IO 1 it 11 i

(1) BRI a3 Xt Jd w2 14 5 W A O 2 . kUKL
JEE T 5 Wi AL A B ) 2 Bl g 24 05 T R AR A T
It % » ik B2 e D) A ] T DR R A Bl P R A 3 DA
T S 3 el PR S R R R R R i B R
Fi0 o B PR 3t T B e S BN R A R AR PR YL 3~
5 min il fE 0 2 foc IR w o i O B R R S B
BROK R JEE I 45 Ml 78 1 250 ~1 300 °C BAH i L,
FEAR SR RE R AL 1 350 CH T g ple p 6 i
A B R B e R Bl Lk R L B SR

Jon A S Ak R0 G 4k A T R v R SRORS R
o A 3R 1] AR B0 8 7)o DA R AR A K R it R A o o e
PIRI

(2) BRIK ) Ui e o 5 53 80 w0 (SO X B 95 119 52
M A AR WY K, W RS Y 52 e U] A X IR Z .
w (S, FAE FBE S 5T b 2 AH X5 L A 5 <o (S g W
B A I 8) o Xof JBE Ml 0 < /D s " AN ), A 7 S BB
HHOE ELAY w (S B HIFE 0. 10 %6 ~0. 30 %0, 48k 7K
w(SD; 33 7 (=0, 30 %) B WL R FH 4 40 1908 7k 1)
T REARAE 5T 5 43 55 o) A Jee A 1 O 15 02 1 P iR R A
FERRIK o 38 B A LB v R LA R Ry 2.5~3.0
L I EL AR GE R A 2 i v ) T i e
REE . B RIS R T IO 85 L B8 K F 2.5 B B4
A PR BT 2ok v ) S RE S A R R R



36 W

B %055 &

o R . FE PN e A R AN T ) U0 i
T 30 [ B ek 0 W08+ A 000 Ak ) < LR ™ 3k e 16
[vi) i 56 A B 9 4 A 25, M BROK w (SO & T
0. 30 26 I e A J3E 5 AU o M0 2002 A B, ELAS )
AR AT BRI AE A S o JBE B ¢ 05 w (P 242 0. 02000,
Wk R ARG HR— IR B R [ (PY 2528 0. 01026 ],

° HeKIEE 1250 ~ 1400 °C
6 w(P),=0.080% ~ 0.110%
Wi Lime 20.0 kg/t + MS
30 kg/t + 0, 5.0 m¥t

w4
=
3
Y
LY
5 [ ]
1 ' ' ' - ' .
0 010 020 030 040 050 060 0.0
w(Si), /%

8 PiEEEWE R SH%KVIKE
RESHHXER
Fig. 8 Relationship between slag basicity R

and initial silicon content in hot metal

(3) PSR Y 08 3 XoF IO ol 1 2 i) A T
ZAHAE F AR B, TR AR R, R
SACHE R ) 32 0 R A A R A ) T 5
o 7R 0 TV 4 5 B T 6 e 44 G I 0 A S G R
T S 0 5 50 Al 790 e o] 4% S TR R 2 0 T 1Y B — T
PRALEIR IR N 50« 5 — J T R R T G #)
FIVERD AL @ 2 i s R . A0 45 18 HiE H
R e = R T K 2 = R A T K =R E AN
77 S B P AR S I AR BB e 8 FR K R TR
RWAT . A I 2 B B b IO I S5 B 2 R
BRI 1/6~1/25 10 1%

TR B WA < MU i R AR R A 2
RS T U6 5 - B WO IR AT TP 5 8 (IR 420
R U5 o A 7t JEC 45 5 3 4T 38 9 L 7 AR R
B A 91 v s 03 i ) S 3 5 3 A R T R IR
B FeO 0 B (& S0k 10X AR VIR
WAS e IRl Rs — MBI . — R e R Y
PR B L e A 7 0 6 O R VS A0 5 B 249 Ol T Al
fly 1/2~10 1010

(A TR A v R AS e A 3 3k A v O L
(FeO) Jo 18t 43550 CRE XS 12 5 1 T 58 95 ) R0 348 548 43k
SR ARIE T 1 KT sh M R

R R P 22 5000 v e ot 4 SR B0 1
BCOBUPE i o T B R OB i R R A ) i
2R PR MO0 0 s ) A B L (AR XU Tk i 2 HUBRIR
PR A 8 T — O 008 0 9% 30 T i 40 4
297k 0.020 %0, R A K o [7) ot A e 1
Ve, BK w (S, I ME L2 5% Hu iR S KB 9 i
AR B9 (<C0. 005 %0) .

BB TR - TTRE TR BT
AU A R FE A AR AT S R 4R T L R ARCHL R R AR
WA AR 4N AP (<20, 005 %) B 5 K i AKX 55 49 b
(<20.002%) » H b5 A2 2 18 B 4 30 0 95 0 L 28 0%
BRI . A SRR TP E T E A R R WG AT
W), & ¥4 52 WG P 2R 5 T g AN RE F IHD 9t 0] B 26 Ty
RE B “OL 7T 2 AT T . (L) Ja il JBd e o THIEL
AN AR RS I AE 1350 (CRATR . A B
511 R % = A/ I | BT R 1 R ) |7 RS U=
P18 T It 4 3 R B 4 o T I L 42 S L O g
Ul BB B 5 (2) MR K w(SD; KT 0. 30 %0 B i 77
TR A L AN BE A Sy W 9 ot i ) B 0 A G 9k gl A
ISR T A A K o (ST 096 B v » 24 4R P 32 1) 2 5
PR HARRED K X R BERE S B b A K
I, SCRE R TIE AR 20 458 i 1 T R 5 (3D i A 3 R A T0
W SRR 32 T 2050 0 1 UG I A T A5 4 o O ok
FE P FeO Ji i 20 BOK H FEAIK - 38 B2 5 FeO Ji
HTEE 1020 LA 3 B BE A 48 e Ak U A5 % o ] £
TIE T8 W 2o A 10 O 26 5 () X TR K v A A B
TE A 1 TR0 B R 32+ S 42 T 0 o R R A R
AR L % 5 o 34 B2 A 6 W9l R0 Bt WM o AR IE — 2 1
B %, B 1k 3k 22 [l A7 s R SR U 21 e A o L 4R
il 4P i 2 3 FeO 5tk 20 80U W] BEAIRLE | 1Y 5 IS WA
FEAF T35 5 (5) SR F A S8 3 20, A To0we 5 A sl
WA o 47 PR ML 56 A s IS8 4 J 8 6 5 49 70D o I3
T8 700 T BC ARG R TS S IR B R A DL DA AR
J LR U5 R R A R R AT R U B A AN KR
M 3k R 0 A8 FBE A U2 A0 DR T FE i R T L PRI
AR

(1) 2% PR3 Xt 8 = 52 ey 1y L/ O = kUK i
J3E =Bk AR A Ay A Rk 2> R R o R > i U
JE B PR R > A AR

(2 Ji i SV iy 400 3 BEARBR - 5 min BRF 3 A i 1]
T AR 5 2 20 . AR R 3R L ] A S A R
B DRI A 5 7 1A T A S A 790 X e e e o 5 119



oM

AR L AE . B BOKTRAL B B

EPEATIEE S 37

(3) BRI B XoF JBd B 200 2% 1) 5% W A Oy b 3 3
B B Al S T BE A 1300 C AR S e v N AR
KRB 1 300 CHmEit £ .

(4) Bk 7K v ) B ik BT 43 B o (ST X 5 9 4
)5 A AR B L S Y w (S A 0. 1026 ~
0.26 %MK F 0.30% ., A= EH, H8K w(SD,
1 (>0, 30 %0) B g 2R 0 A0 0158 6 35 7 0
fRHERR K o

(5) Ol TS 32 AR SR o) L 40 e e 3 T IS8 1l 2
R AR IR Z L BB IR R O 2. 9~3.0 K
B E AR R AR A 50 D0 B E AR
T s 25 2 A 2 v 1 40 e 5o 8 B AT

(6) T dyr YA K T 0B85 Ak B, WT R i s R R
AR 77 A SUAH RT3

SE

[1] Tsutomu Nozaki, Shuji Takeuchi, Osamu Haida, et al.
Mechanism of hot metal dephosphorization by injection lime
base fluxes with oxygen into bottom blown converter[ ] ].
Trans Iron Steel Inst, 1983, 23(6): 513.

[ 2] Kiminori Hajika, Matsuhide Aoki, Masaki Nitta. Quality im-
provement and energy saving by a newly-developed steelmak-
ing process C]//Steelmaking Conference Proceedings. Chica-
go: ISS-AIME, 1989. 325.

[3] Matsuo T, Yamazaki I, Masuda S, et al. Development of new
hot metal dephosphorization process in top and bottom blo-
wing converter [ C]//Steelmaking Conference Proceedings.
Detroit: ISS-AIME, 1990. 115.

41 WA BEEHHEWRE . €9 BRP H AR5 59 & LT
B8k ,2005,40(3) :25. (KANG Fu,LU Zhi-xin,JIANG Xiao-
fang,et al. Research and development of BRP technology at
Baosteel[ J]. Iron and Steel, 2005, 40(3): 25.)

[51 XAsEs, sk IELr, EMUAT, 55, 50 5 A w0 XU R R L2 R
FRFEARLT]. I HCIE S K2 2 4 - B ARRL 24 AR 2012, 34 (3)
23. (LIU Hao-ming, ZHANG Jin-hong, WANG Shuo-ming,
et al. Duplex melting process of converter and its analysis of
technical index in Jingtang Company[J]. Journal of Hebei U-
nited University: Natural Science, 2012, 34(3) . 23.)

[6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

ZRAE UK, E A IMIR T L 45 BRAW 100 ¢ TR A e 0L IBk 5 JId e T
LRI L], BN R 2018 (1) : 26, (LUAN Hua-bing.
WANG Shuang, SUN Zhen-ning, et al. Study on dephospho-
rization by duplex smelting process in 100 t top blowing con-
verter in Ansteel[ J]. Angang Technology. 2018(1): 26.)
T IR RN S B R ROE R LT S
SERLT]. 4 %k, 2012, 47 (6): 32. (WAN Xuefeng, CAO
Dong, LI De-gang, et al. Technical study and practice on deep
dephosphorization with double slags in converter in Ansteel
[J]. Tron and Steel, 2012, 47(6): 32.)
Toshihiko Emi. Steelmaking technology for the last 100
Toward highly efficient mass production systems for
high quality steels[J]. ISIJ International, 2015, 55(1): 36
G TE & AR 984T R T . M P R T2 B 1T 5 iz
Pl LS 7 vt 20 #ET]. 8 X 8,1990,76
(11):1900.
W ST L L0 L PR AR AR 2 B A R & o
2 W BE T A ALHL R IR B X 2w R R Sk o B L) . 8k
L 8,1990,76(11) :1871.
BB HA BF R L B CaO ERE BB ) A
HBOMIL]. 2T H:HELEF545H,.2012.51(1) :16.
e EA AR R R D F A L SRR
BrH &k .2011,391.88.
AR REFIE SRR MEZ, 5. B 0D A 53 i 4L 2 7°
D ZADMFELI] FTH &: HAEE % 2. 2014, 53
(3):107.
W22, FHoLn, AR & B NSMNE I BRI L2 i
[T R4k, 2010(1): 19, (PAN Xiu-lan, WANG Yan-
hong, LIANG Hui-zhi, et al. Analysis of converter dephos-

years:

phorization steelmaking technology at home and abroad[]].
World Iron and Steel, 2010(1): 19.)

RS PN EHE R R AR S e B8 5 2 = W ok >
R AR, M8k, 2016,51(5):28. (ZHAO Chang-liang.,
SUN Yan-hui, YAN Tian-xiang, et al. Dephosphorization
pretreatment in LD converter and less-slag steelmaking
process[ J]. Iron and Steel, 2016, 51(5); 28.)

WS TTOR AR AL SRR B U R 65 A9 L
2t 5 L] B, 2014, 30(3): 5. (ZENG Xing-fu,
FANG Yu-rong, HUANG Biao-cai, et al. Research and ap-

plication on 65 steel smelting with duplex melting process in

two converters[ ] ]. Steelmaking, 2014, 30(3): 5.)



