Metallurgical Engineering 184 T2, 2021, 8(4), 222-229 Hans Xl
Published Online December 2021 in Hans. http://www.hanspub.org/journal/meng
https://doi.org/10.12677/meng.2021.84029

70 tIRE R AR A TEN B T2 LB

O, R OE:L & R
Lo g AR B AN A T, 2B Sl
2L | AN I A T KM S, 22 Dl

Wk HiH: 20214F11H22H; FRHHEM: 2021412 A20H; KA HM: 20214:12H27H

wm B

70 tREEWREFAKANERBE L2 LBRRE: BPakaiE L —REVPRERFEEHEERN
1370°C~1420°C, WRETEE1.7~2.1, w(FeO)VEE17%~21%, —EIBBERFHIN54.2%; BB B
FAARKAEE, FEERCO EBMB R EERMBRBES) %%t KBREEHTES.2~3.5, w(Fe0)
A EBH7E13.8%~14.9%, HANEEE1640C~1660CH, BBEZEFIE73.5%; HHHLBBEEMAA K
F, BRI KA D T E RS REFR££0.9 kg/t; SARIEEME, ARANETLEEAL
7.317T/t.

Xiid
—REIFIRE, w(Fe0), X, ARAEGHE, RBEER

Practice of Limestone Double Slag
Dephosphorization Processin 70 t
Top-Bottom Combined Blowing
Converter

Shun Xuet?, Bin Zhao?, Jun Pan2

'Ma’anshan Iron Special Steel Company, Ma’anshan Anhui
2Long Products Department, Ma’anshan Iron and Steel Co., Ltd., Ma’anshan Anhui

Received: Nov. 22", 2021; accepted: Dec. 20™, 2021; published: Dec. 27™, 2021

Abstract

The practice of Limestone double slag dephosphorization process in 70 t top-bottom combined

TEG|I AR, B, WEEE. 70 t TR E RO KA DU R T2 S ). 14 TR, 2021, 8(4): 222-229.
DOI: 10.12677/meng.2021.84029


http://www.hanspub.org/journal/meng
https://doi.org/10.12677/meng.2021.84029
https://doi.org/10.12677/meng.2021.84029
http://www.hanspub.org

B A5

blowing converter shows that the optimal first deslagging temperature range was 1370°C~1420°C,
when the basicity was controlled at 1.7~2.1, the w(FeO) in slag at 17%~21%, the average dephos-
phorization rate was 54.2% in limestone double slag dephosphorization process. The CO; gener-
ated in decarburization period in which adding limestone improved the stirring intensity of bath
and dephosphorization Kinetic conditions. The average dephosphorization rate was 73.5% when
the basicity of final slag was controlled at 3.2~3.5, the w(FeO) in slag at 13.8%~14.9%, and the
tapping temperature was 1640°C~1660°C. Compared with adding limestone in dephosphorization
period, the consumption of hot metal and scrap of double slag, adding limestone in the process of
decarburization period was reduced by about 0.9 kg/t; Compared with lime double slag process,
the cost of limestone double slag process was reduce about 7.31 yuan per ton steel.
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1. 5|15

T RHB A= i R UL IR, RUATRE &b T R S BRARAN 1 0o S BB 1, 635 AR A
M, EARTEMCER S R AR IS . R RE S RARA 1 K e, BRI I 722 P RE . AT AR
P PrREUE R TR R [ 1] BEAE BXER Tl A 7 7 R AR o 2 (9 R ™, R Sl 2 AR FH AN
AT 6 45 M BE A AR B R wi(P)/N T 0.01%E % 0.005%LL R [2].

P ek mEPOK, GG T 2O RINRE. R E K, @R IIA K. BEEREER R
DA A v S B e, s BRI . SRR AN R, 1 & B RICRA . AT FE S
it 7 A A5 1)

EESHER A R A AR e i R IR, SR BURBEN A B bR, KM S 44N 4 T 1 T B %
WEEAT T A KA A R TS, BRI BUIN R KA S AR B 5h ) S R R, A
W T IEE R R, T H BRI T ANEORHERE, S T RIFIENT R .

2. NIPSK R EZ R AR

KM NN T 4 BEAFRZE A 70 t TR EWELY, ISR 6 4, At 4 fLE
FORAY ., BEap DA —8m ) Bk E, & 1 NBOKEER. HRTUEH, SR 051% A4, B
P 0.155% A A7, BE PRI TR B ASTE T o A% G B AR P KA R R v R [ R
BRI, W B, WNERHERER R . F E BRI R AR LR 2.

Table 1. The temperature and composition of molten iron

F 1 SRKBRERASY

WA w([C])/% w(Si)/%  w(Mn])/%  w([P])/% w([S])/% MHEIC T R
KA 4.83 1.13 0.600 0.186 0.05 1386 1.80
R/MA 4.34 0.11 0.140 0.126 0.01 1275 0.30
S 461 0.51 0.236 0.155 0.022 1312 0.55

DOI: 10.12677/meng.2021.84029 223 Ve


https://doi.org/10.12677/meng.2021.84029
http://creativecommons.org/licenses/by/4.0/

BN 25

Table 2. Technical indicators of main slag making materials for converter

2. HirEEREWRHER

w(Ca0)/% w(Si0,)/% w(S)/% PR ml IL/%
BEAKR
>85 <35 <0.060 >250 <10
w(MgO)/% w(Si0,)/% w(S)/% w(P)/% H,0/%
BRPREEER
>60 <5.0 — — <3.0%
w(Ca0)/% wW(SiO)/% w(S)/% H,0/% SR E Imm
FHRA
52 <15 <0.030 0.2 5~30

3. TREREIFARANELZ R

A2 BV F A KA B AR KA E NI AR 1 732, BIERE I R RTIINN A KA, RIS 04
G KA B R R, PRSI A K S S S B o FE 5 [ATRIFAC T 754 J S0 s 3 F
IRFARE A RO E I “ARKARGEVE” , SEILT B SR A H AR, (HTEWER AT 7E A R AR B2 1)
RTINS, o3 A T R A AT AR AL A B e b I P IR 2, v A A iR i BB I 7= A
K& CO, M BTl H A 1

FV S B A FE P XOE BRI NN A KA, IS B BER A 2 AR R B 5 i W & A I
W BRI 5] ETE, OB A B 3 il A2 1) COp SUMRARA B T4 3h 7 2 2 A S m I ORI H 1Y, K
M9 XU Mot ol A I N A KA 5 S (R P I 52

FE P A ARG I o 20 F2 A PR AN B B LR BRI P s ss . s wi(FeO) B i J /b & A K
P, R AT RR AR e s, HER T BN KA DEAK, IR
BERRAFIE RO E A, B IRZ U B e TR S R A P AR U0 T i S T 2Bk 26 0h «

1) BN SR B ANE B 40%~60% B . AL MR, O E R A R
FH N s PRk 4 e [ 4k, A 9 BT s i ke

2) JELB WO S BV A s AR KU UK (F 7 1.8~2.1 m, 4UE 0.90~1.0 Mpa)— IE 5 #A7 J 44
JE LB (VAL 1.2~1.4 m, % 0.70~0.75 Mpa)—i& 43 st Ar g IR B (Fe £ 1.4~1.6 m, %)% 0.70~0.75
Mpa) > $EAEE1E . $2 ]G IE 10— KB . e DL w(FeO) TRIE— Il . MM A 45 a2
M, ZZAREIHE R 20 60% K i A, A B A [ 1

3) MBI BeRod&E E BRAE : IMANA KA D EA KL RGENEAT IR IEE, fEH AR . 49k
BRE Fe wi(FeO) & L L ik it i 2 5

4) WG SR AL 0.9~1.0 m, %k 0.80~0.85 Mpa, RIS [ KT 20 £, /KRy RE
EAGEE R, RIS R R, D TR

4. MREREFARANELZ 04
4.1, — R B B B A B 6% R

5175 AN [ IS S0 5 098 B ML P4 22 ) R T P I o 2 AR B IS ] o T R L PR A 5 Tt 9 e
HEAIER . WU S A i E 5k R AON

logK , = log (aPZOS [t o ) — 43443/T ~33.02 )
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Figure 1. Trend diagram of reaction equilibrium constant change with temperature
1. REFEEHMERENTHBEE

R At T e 38 T SIS S T 06 - W AT S KRR B B o /K R SRR (R SR A0 g BB i, ZERA)
WRGIREEN, BE. BREBEOU AL, MRS IRER, BT REA A . (ARG B R B AT
AE TR, BRANEE 2 IR FEvE A A8, RIAEAR T — IR B I R T B AR S Ak, Rl S 4
b, BEIEASZ B . BB I R A TR

4(Ca0)+2[P]+5{CO} =5[C]+(4Ca0-P,0;) @)

Ao
AG, = ~1261557.85 + 742.15T + RT In— 2% ¢ _

a[P] ’ c50 ‘a(Cao)

L AGy . =0, THE BRI AR L) 1435°C o A5 SCHR[B1IA N, B i o T o Bt e S o
AN E IR B NI 30 B3 T Bl ok 28 1k SR A B FE 5 A, T R A v s YU Bl A 4R R AR SR IR RS, X
BT R A T4 FeO AL 54 C & IR BN b o SCER[7]0H 5 I B B ok 45 1k 40 A0 8 B2 7E
1300°C~1350°C, ity A6 7= i 2 o — {5 P — e B E 6 PR S AL IR 50°C~100°C . A A [81i it Tl sk
I A5 ks — AR IR B AR I 7E 1400~1440°C I, ] BUAF A0 (B 38 R o AR VA 2R A0 RO R 36— R 81 4
TGP e B I 7E 1350°C~1450°C .

4.2. —REIXFREER w(FeO)3t BT RANR R0

— AR RR R, ) CaO AR Bk, Lok, Bl 4. BZ4ksaiim, o BkiR
RETE A, WEMR IR, SR ERIERES AR T BB B e 2> FA B E, F
it B8 4% o Y TR wi(FeO) 2 52 M it B R 1) £ LD 3R, 1 wi(FeO) b v BE A 19 2 IR AR U 1) S8 AL 3%, (P2Os)
Lj(CaO) 4 & Bifa e HIBEIREY o 16 o FE il 45 (CaO) Bl F i1, K4 P,Os A2 | 3Ca0-P,0s. fitifs w(FeO)
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T, BEAEA AN K 20 TiE EL 2 B P AL R IS SR T3S K, wi(FeO) Ty 2> (2 itV v (CaO)
fifd, AT BB A HEAT o 2D w(FeO) & Sl i — 2 EHIN , (FeO) ik Hh i) (CaO) A R L
S B RE 70 S FEAIR . i Healy 70 BC 20 sUHE S B — IR BIPBE . w(FeO)fE B Bk B a3

P
|ogu =2.5-log(T, )+0.0715-{(Ca0)+0.25(MgO)}
| (3)
(11102 gos, (—10T5'1 + o.o723j[c]

R () T+ 54 — k31 IR E 1380°C~1450°C, R = 1.5~2.0, w(FeO)J)y 15%~20%Ht}, Lp A 60~90, HJ
R — REIP BBEEESR o AU A U SG— IR BB B # HIAE 2.0 47, w(FeO)F% I 7E 20% 75 4 .

4.3. TRE REFIERHEAARARIEEE

Pt B A A A PROEE HE . A KA  SE 0, 3RIEZE R CaO Sk S AL sk (1 AL Mt AT
RN, SR IEHTR EBIE, ZB|INJE CaCO; M7 [ ML HIBR 1, 38 G = 45 s /K 2Ca0-SiO, A AL,
"R T BLZ 1) CaO-Si0,, CaCOs 7 fiff ™ AL 1) CO, fH AN M AL LG 58, Rt AL, AL 1 RIS . 1E
BRIRES BN A0 SRS AL B o 738 K] COp AN ey b 15 1 568 FE AL L 8 S 82 30 ) 22 F» CO,
HA SN, TS 5PNENREL, AR T BB RN AT .

AR RATEE S A HGHEMEL, SOV EENA il , T 2R R KRR E N A (1) COp i
BNIFE H EAER FEVORE R P AR AR A R Z YOI & R R EAR AL S R

5. AXRANERNIE 54T
5.1. IRIEBRKFH

BN IR AT RS e A I TV AREG 34T 73 47, RIS ANy Q235B, 4 A IEH HIANIR FE (BN HE LY
IEFIRS) N A KA RIS IE 51 40 A A BB I R 56 25 47, BN 26 47 IE% 4K
KRG 22 J71. RIGBR KLU0 T 3R 3 Fios.

Table 3. Composition and temperature of test furnace molten iron

3. IR EIK N AR E

5 H w(C)/% wW(Si)/% w(Mn)/% w(P)/% w(S)%  BOKIREE/C AR
a A 4.42~463  0.33~0.76  0.156~0.318 0.128~0.181 0.018~0.035 1305~1366  0.40~1.10
FHME 454 0.48 0.184 0.139 0.024 1334 0.58

A4 XA RIS — B BRE R 3, FTEUE Y A KA A OB BTV R P2 7E 1.85~2.01 X [a],
w(FeO) & & 1E 16.9~19.3%, 1% & 7E 2.65%~3.05% [f].

Table 4. Compositions of slag in early stage of double slag dephosphorization

4 WERBHRIHER 5

i3 w(Ca0)/% w(SiO)/%  w(MgO)/% w(FeO)/% w(P,05)/% R
FRA BB I 32.4~41.5 16.9~22.8 6.2~8.6 14.3~23.3 2.15~3.52 1.15~2.51
YA 36.6 18.8 6.9 17.8 2.65 1.94

o
S
H
i
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Continued
YEWZEY IR T2V IUN 35.1~43.5 17.6~24.3 6.7~7.6 15.7~23.5 2.48~3.28 1.21~2.54
AL 37.8 21.3 7.1 16.9 2.89 1.85
FIRA 36.5~45.2 17.7~20.6 5.9~8.2 14.9~24.1 2.71~3.16 1.32~2.63
ST 38.5 19.6 6.8 19.3 3.05 2.01

5.2. —REIFRE RBECEIEH]

B 2 R A KA XU RS — B B S R S — BB G R IE. ATRUE H, B — 5
JEE (R T R — {8 MO0 236 S0 1 J 0, — {8 Il R UG [X [RI7E 1370°C~1420°C 2 [], — 131 i ik 2% 43.6%~62.7%,
SPYIRLER 54.2%; BEEBUZIN, —FEBBEE R LI, EE—BINR > 2.1), —EIRBERZE
Wb . BREEAE 17~2.1 XIS, — BB R G . A KA XA T2 — AR iR R A A A
1370°C~1420°C, Jri&Rg/EyaH 1.7~2.1.
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Figure 2. Influence of first deslagging temperature and slag basicity on the average dephosphorization rate

[E 2. —REAPR B R AP BT 3 — R B R 5200

5.3. —REIPTE w(FeO)ZEIEHI

I 3 BB R AT SRR IE — 3 R 5 b w(FeO) Ik R AT LG Y, — BB gl
W(FeO) I iy K, 7+ w(FeO)7E [X 8] 17%~21%30 [l R 35 7545 H AR ) — {81 i i 2% . 24 wi(FeO) > 21%
I, —FEI B T w(FeO) 3G INIZ# FE(S. H R — BB, — B w(FeO) M 4% Hil £
17%~21%.
54. ARANELZLRSEH

% 5 RANFIRGE T 24 S PO R gL, % 6 NARFIE TELEBRIy . —FXE T 224 B HE
PN 3.2~3.5, 43 w(FeO)E 13.8%~14.9%, HIAWIE AL IEAAE 1640~1660°C, £ i it % 68.5%~79.8%,
PSR 73.5%, ANFEIRUE T Z MBI R LR TR . IR UOS FEE I . S MBI
NAKAEBEMLL, ERBIAIMANA KA SRR 5 B ECrRL, BB A n 4%, RiEREAS 7
B I N AT AT 5] S A IR B I %

DOI: 10.12677/meng.2021.84029 227 Ve


https://doi.org/10.12677/meng.2021.84029

BN 25

— {51 J T 2/ %

35 PR BT N U NENE S RN S R S R
13 14 15 16 17 18 19 20 21 22 23 24 25

— K w(Fe0)/%

Figure 3. Influence of the w(FeO) in slag on the average dephos-
phorization rate

3. & w(FeO)x— IR B R RSN

Table 5. Composition and temperature of end-point molten steel by limestone and Lime double-slag process

#®5 ARASARNETIZESRNKRD SRE

eS| w(C)/% W(P)/% w(S)/% IEEIC AR

ARATRE R II A 0.40~0.10 0.011~0.029 0.016~0.027  1643~1661 o
A3 5 4N

HME 0.07 0.021 0.025 1648
A IRAT S T BTN 0.50~0.11 0.009~0.028 0.014~0.023  1640~1658 .

HUG A 1 g i

HE 0.08 0.019 0.019 1652
AR 0.50~0.13 0.006~0.025 0.018~0.025  1645~1665 —
AT 3T 1 /N

H)H 0.09 0.017 0.021 1649

Table 6. Final slag composition of limestone and Lime double-slag process
6. ARASARNELZEERS

eS| w(Ca0)/%  w(SiO,)/%  w(FeO)/%  w(MgO)/%  w(P,0s)/% R
IR BB 43.2~485 11.5~14.8 13.8~16.8 6.6~9.2 2.65~3.08 3.0~3.7
L 49.3 13.9 14.9 7.3 2.75 35
FRA BRI 44.1~51.6 13.1~15.7 13.5~15.2 7.1~8.4 2.29~2.97 3.3~3.8
B 48.4 14.5 14.5 7.5 2.68 3.4
IR 1 45.3~50.4 12.9~14.6 12.7~16.5 6.2~7.8 2.75~3.16 3.1~3.4
L (E 47.2 13.9 13.8 6.8 2.91 3.2
5.5. MamitHE

T T NAFUE T 2R R NEREHEAEX . WBUE M, A RKAXE S A E T 2R &
ARG B0 T 2B AIR 14~15 ko/t, HRBRBHEFEFRIRZ) 6~7 ka/t: S5 RIGE TZMEL, A RAXE T ZME
R R IEREAZ) 7.31 Jo/ts AR AAAXGE T 25 EA S, E5RBEImA
FORAAHEE, FEBBR I I AR P b~ AS, SRR #E LU B B M A A AE B IRZ) 0.9 kglt.
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Table 7. Raw material and iron and steel material consumption in different process

* 7. TRIIZHAIRAESWNEKELER

) FIRATHRAE vl iﬁ%f% BERRLFE AR EE PRI FE
(kg/t) (kg/t) (kg/t) (kg/t) (kglt)
e Bk 46.2 2.8 7.6 56.6 1071.8
R AR (B I N) 31.7 5.2 6.1 43.0 1065.6
1 IRAT R (BB SN 28.2 6.7 6.5 41.4 1064.7
VEW/ =R R Ci<erS 6.2 25.6 7.4 39.2 1064.9
6. Z5it

1) A3 3K AT R T2 — AR IR S B VU FELE 1370°C~1420°C, Bl 7E 1.7~2.1, w(FeO)7E 17%~21%,
R LRI A, — BB 2 2 1H 54.2%:

2) RHAAKAERE AN CO, S I i B #E o BE 42 S B IR RR B2, CO, IS 5 b R B,
A FIT i . AT 5

3) £ KA AU 5 A0 K WU 8 i R 3.2~3.5, w(FeO) & : 13.8%~14.9%, 2 fiiH )& 1640°C~1660°C,
Jii i 2% 68.5%~79.8%, “F-HIfiila 73.5%, IR E T 2R

4) S5EEBEIMANA KA, ERBIHIMAA KA, W RRR B 5] EF, R H AR,
IS A KA 51 R AR P I 5 o B0 T I I N A A Y A L T B SR I N KA 2 0.9 kgt

5) StEGpiE T2, KA XE 54 K DU T 24k & PR 14~15 kolt, AR FEFER
29 6~7 kglt. SR T ZAL, A RAXGE T2 AL 7.31 Jilt.
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