# AN Vol. 37. No. 3
SPECIAL STEEL June 2016 < 13-

w

%37 %%
2016 4 6

a

i CaO BEMEZBY RGBEBNNANESHTN TG

REH ER & R B OF
(1 SRR S 544 TR, L 1000812 M BEEBHAER TR
5ol LA 10008353 WILHEKIR G A 7 RMA A T , R4 067002)

# E EdtFERHEARAZEAREEEMESEY R Ca0-MgO-Fe0-Li, 0-Na, 0-K, 0-5i0,-P, O,
e Rt n - WP A E L Lp B BT Ca0-Mg0-Fe0-Si0,-P, 05 FA ¥ R, - #i € F = B9 M A RAER 2
HPRERTR . 10 47 120 t BRI IEBE R R R, SR IME Z BT M KA, R Z 85 7 DU
[P]HUHEFEALZ 0. 044% AR, 3 H 240 BB R FI i 43 i b Lp 4351 )L 40. 62% F1 13. 13 75 B 67. 71% F136. 89,
Bpr PR S B R BB LE Lp 43 BIM 92.35% F1130.7 £ 5H 3] 94.85% F1 191. 9§ &R S [P AT A 72
0.005% ~0.007% ,[ P]iIfrH3 100% , Mh A At 7 i AR IR B A4 P2 B0R

XER B BHER SEEN Bl 88y REER Tk

Analysis on Thermodynamics of BOF Smelting Ultra-Low Phosphorous
Steel by CaO Series Slag Adding Lepidolite and Commercial Test

Zhang Mingbo">®, Qiu Shengtao’, Zhu Rong' and Han Yu’
(1 School of Metallurgical and Ecological Engineering, University of Science and Technology, Beijing 100083 ;
2 National Engineering and Research Center of Continuous Casting Technology, Central Iron and Steel Research
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Abstract It is obtained by coexistence theory calculation and thermodynamics analysis that the slag-steel phosphorus
partition ratio Lp of compound dephosphorizing slag Ca0-MgO-FeO-Li, 0-Na, 0-K, 0-Si0,-P, O, is obviously higher than that
of basic dephosphorizing slag series CaQ0-MgO-Fe0-Si0,-P, 05, and defined that the optimum adding lepidolite period is the
early stage of BOF blowing. The results of 10 heats 120 t BOF smelting ultra-low phosphorus steel show that as compared
with the heats non-adding lepidolite, the semisteel [ P] of heats by adding lepidolite decreases quickly to less than
0.044% , the semi-steel dephosphorization ratio and phosphorus partition ratio Lp respectively increase from 40. 62% and
13.13 10 67.71% and 36. 89, and the BOF average end dephosphorization ratio and phosphorus partition increase respec-
tively from 92.35% and 130.7 to 94.85% and 191.9, and the BOF end [ P] can be controlled in 0.005% ~0.007% with
[P] percentage of hits 100% , so the compound slag series meet the requirement of ultra-low phosphorus steel production.

Material Index BOF, Dephosphorization Slag Series, Ultra-Low Phosphorus Steel, Phosphorus Partition, Lepido-

lite, Coexistence Theory, Commercial Test
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Table 1 Formulae of forming complex molecules reaction, standard molar Gibbs free emergy, equilibrium constants and
complex molecule mass action concentration for multiple-slag series CaO-MgO-FeO-Li, 0-Na, 0-K, 0-SiO,-P, 0,
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(Ca®* + 0?7 ) +Si0, = (CaSi0;)
2(Ca’* +0%") +Si0, = (Ca,Si0,)
3(Ca?* +0%7) +Si0, = (Ca; Si05)

(Mg?* + 0?7 ) +5i0, = (MgSi0,)
2(Mg?* +0?7) +5i0, = (Mg,5i0, )

(Ca®* +0%7) + (Mg* +0?7) +5i,0 = (Ca0 - MgO - Si0,)
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2(Ca®* +0%7) + (Mg?* +0%7) +28i,0 = (2Ca0 - MgO - 25i0,)
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2(2Li* +0%") +P,05 = (2Li, 0 - P,05)
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K3 =Nc-3/(N:iN7)
Ku =Ny/(NyNy)
K =Nc5/(1V%N7)
K =Ng/ (NyN,Ny)
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Fig. 1 Effect of basicity (a), (FeO) (b) and liquid temperature (¢) on phosphorus partition ratio of non-adding and adding lepide-

lite two slag series



%3

KIS Fe7 CaO ¥ R MNE = B R E B M B A A DL RS <17

R2 EBEMMARMERLL

Table2 Adding amounts of slagging materials and scrap

ratio

EERMMAR /(kg-t™!)
rayd HZEA gy H=y BN

mE mE EE EE AR BE s mE %

W5 M FE W OE M S
higt 31.46 14.00 3.70 5.54 0.70 23.40 13.88 O 15
Fhngr 34.58 17.45 5.41 5.34 3.13 23.74 - - 15
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Table 3 Main ingredient and basicity of BOF slag non-

adding and adding lepidolite

i Y ar /% -
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B BARTARIME R BT PR, (ERIMAE B 8
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HE 2(a) W EAE Y, RN Z Bk N
M P17 0.063% ~0.082% , i 48 = F 5™ 49
[P]7E 0.027% ~0.044% , [ P14 K H fn s
ZEP PRI 48.5% FE W [Pl B R, &
E2(b)ATUES, RN =B LW ERERRY
36. 14% ~44.73% , W FH G B R8N , L ATR
B RTII R BERCR (B R AR NS = R AT
BERERE45% ,AME B AN EB BB R
B S ENWCR G B A R BB, B R AR A
RELHER , BIRERBUR R RN it R,
R RN IG5 B TN = 89 PR R
JEBERALE 61. 26% ~76.17% , SR F- B BB R &
EK67. 7% , RAMEBZRFERMN 1.5 5, BEREK
T R S L o B A A 1 [l

HE2(c) U, RINEZBET MME =7
B RERRT A A Bl . Lp B9 FHE 4514 13,13
#136. 89, ME =BT HRBESBC L Lp ZRMNPIK
2. 81 £%5, 188 T RUBIBIBE A BC I Lp , R IR BR AT
HMAEZ B RSB E I Lp RAEENE
AL BB IREREA B L, ZEWARRTHT A S
TEFPREEN [ P] EMBRER, L WA L
Lp AR TRME =B B K,
3.3 FEFHTEANLSBRBRENE N

HE3(a) TUEH, REMEZ BT B 5 L
B, AR [PIERE,1 X 0.008%.2 K
0.009% ,2 %4 0.011% , S BIEBER T =, — R E
R[P] <0.010% ,i53 ER BT AR L, A 2
PIPIAREBAARE.2 W[ PIEDEEH S, LG
AR MES TP BRA B, S SBBRN T
[PIRAH,UE 1 P ERASER, K[ PIEAH
AR N 20% , MMARE BT HPREEH
[ P]:40.006 6% ,[ P &3 , B UL ZER SR AT 0

F®4 BOF AFEMEZBTMEMEZFT KBER
Table 4 Test results for non-adding and adding lepidolite in BOF
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(P] /% BB/ % BESYECL Lp

Bk W KRR BK  ¥E

BR¥W AN ¥ AR

8 7 BT PR B A R A

TFe & RIGET RIS B4

K ERMAE S BT P ERR

ERBARERTFRMES G

e oo s

3.2 AHZ RN R 3 4
BRI 5 4.25
it Tl R Bk FifH 4.26

EXRVAMEAGY RGN B 0O
SRS 02K 4 [ P] L% R A 3 4k
SHECH Lp HYZE 4 2 40 1A 2 5 4.3

i o SEH{E 4.30

0.06 0.1147 0.0634 0.0080 44.73 93.03 16.11 136.4
0.07 0.1364 0.0792 0.0100 41.94 92.67 11.52 113.0
0.10 0.1279 0.0770 0.0090 39.80 92.96 11.91 143.1
0.14 0.1284 0.0820 0.0090 36.14 92.99 10.01 148.9
0.09 0.1109 0.0660 0.0110 40.49 90.08 16.08 112.3
0.09 0.1237 0.0740 0.0090 40.62 92.35 13.13 130.7

0.10 0.1140 0.0440 0.0060 61.40 94.74 25.60 163.7
0.01 0.1098 0.0330 0.0066 69.95 93.99 36.69 183.2
0.06 0.1059 0.0320 0.0050 69.78 95.28 51.58 232.2
0.11 0.1133 0.0270 0.0059 76.17 94.85 39.94 132.6
0.14 0.1110 0.0430 0.0050 61.26 95.50 27.62 248.0
0.08 0.1108 0.0360 0.0060 67.71 94.85 36.89 191.9
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