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Abstract

In the production of steel grade 20#~70#, the temperature fluctuation of the tundish molten steel
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process is large. The furnaces with a temperature range exceeding the range in the ladling process
were analyzed from the aspects of the refining process, temperature, pouring and node, and the
main factors affecting the large temperature fluctuation in the tundish at the early and late stages of
the pouring process were found out. By reducing the temperature drop in the process, optimizing the
use of the molten steel tank and improving the slag formation of the refining furnace, the stability of
the ladle temperature in the continuous casting process of the high-quality carbon structural steel
of the billet was greatly improved, which was beneficial to the stable improvement of the quality
of the billet, and the smelting cost was reduced by CNY 15.96/t, with obvious benefits.
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Table 1. Analysis of outlet temperature and temperature drop and rate of LF furnace

= L LF kR SRR ERN S

223 22 Y
IRIE(C) i B 2 (*C/min)
[0, 12] >12 [0, 12] >12
FIME 33 35 FEE 1.8 1.9
w/IME 20 18 B/ ME 0.8 0.8
e KAE 49 52 T ONE| 4.1 45
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Table 2. Temperature change in tundish pouring stage

F2 hERIMBBEETL
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A The 3°C Pl 5°C PR 7°C FEfk 10C FEfik 9C
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Table 3. Analysis of casting time and range from outgoing station to ladle of LF furnace

= 3. LF JrH e Z R BT R B SRESTEN 24

W 223
Hi - KBTI BET B [a] (min)
[0, 12] >12
SFRME 19.5 20.3
B /ME 10 6
B KAE 35 41
IR > 20 4380 & B 47% 51%
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Table 4. Analysis of LF furnace treatment cycle and range

T A4 LF P IB B S IR ESEE R S

&N
LF Jr b 248 30

[0, 12] >12 >0

T 89 91

e/ ME 46 53
“EIME () 90
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Table 5. Analysis of casting period and range of large ladle
F# 5 REFIANSRETENIT

e 22 S
[0, 12] >12
FME 57 60

o P 1 (min)
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bl 37%, D 2K J% B + C + D RENEEA = I R ZE . > 12°C I R 44%; @ TER— Rz ot 5%
R, RZE[0, 121895k, D 2K K& B+ C + D ZR4WHE H LL 12%. 19%, thz >12°CHIR, DKL B+C+
D ZHNE#E S EE 15%. 24%. RIMGEMERET, KA B ZE K IINERAG . ZEEH 096 3 P i) e AH B
4 it

Table 6. Analysis of casting period and range of large ladle (same level)

6. WEAFRENECENT(EFER)

e 22 31
S s 43 KT di bk
[0, 12] >12

A% 60 35 37%

B3k 1 1 50%

C 3%k 4 3 43%

Dk 9 7 44%
B+C+D¥% 14 11 44%

Table 7. Analysis of thermal grade and range range of steel tank (same range)

7. WMERFRERETESN(EIRE)

72 T
LA e
[0, 12] >12
D 2148 12% 15%
(B +C+D )% 19% 24%
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X PR RIEAT S, B 6 NI RLE BIME SR i R IR R E AT 6T, RIAT
FEWMTFRER: © PERBFEWNZEE, 12]78 A A A 5ayE SR E T HE N 12.6 m/min, & AR A2

DOI: 10.12677/meng.2022.93020 158 ek


https://doi.org/10.12677/meng.2022.93020

X F

£ > 12 YEE R P AR SR AE A 120 m/ming @ R RESIHEE %M T, HRZE0, 12]H5 4
T R T T EE RO B 34%, TENKE > 12 fbEeh, B R AR T T EE A B H 63%.
IR BRI S S R PR ZE X NG R A BRTE BB AR, e AR B AR (R A K IR K

2.7. FBIFPEERER

MR Bk = S5 R AN A 3R £ LRy 2 DL CaO i SiO, A R BRI BB A I, O —ARATE 0.9~1.3
Z 18], 2020 E5EAN) 0 BB 3R S A AN RS R 2T B 1,04 I A AR BEE AR FEAE R R O 1 /2
fi s, wERAIERANT], FRRBEN, SREREF8] (LK 1). K EMMRKH T AW
JEAR ST /KR AR, 5% e IR B 30 t DUG ) rh Bl B2 i B RE AR, 36 A B U B2 i 0 B
K, FHIZN10C. N T iREERERRIEN, & SR s R 2a i s & .

1.6 .
14} ] \\\

1.2 F n

N

1.0} )

08|
0.6 ///
0.4 —/

0.2 1 1 1 1
02 04 06 08 1.0 1.2 1.4 1.6 1.8

B
Figure 1. Relationship curve between slag thermal conductivity and alkalinity
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Table 8. Comparison of composition of refining slag and additive of process slag before and after adjustment
7 8. PEFIERBEERS MEIZER AT EE

i HAN T KL kg Fit it PR kg K i kg R A8 553 1%
ik XA WA AK S BEXRA B4 > Ca0 Al,04 Sio,  WER
kS 1491 170 401 241 46 2349 38.09 6.47 39.27 1.04
S 1499 170 967 300 47 2983 46.97 6.1 36.99 1.27

RS BT PORS PR R HE AR N TSR A R B, B B 1.04, AR T FE AR 2 AN
Ca0-Al,05-Si0, = e, HIELIRZZ )y 1380°C, FEELIN 1.2 Pa-s, ML ARG LR, SR
HECK, 2979 1.56 WI(m-K), AR7KIE R BOAEE s R RS R 2 VB R T sl VE AL (1w 19
BN 1.27, BEEA Bt IEALIREZIN 1400°C, KiEZI0N 5.0 Pa-s, FilfRe MurA AR B ARG 524 4
fiteeE, SFRRBOINA 1L44aWIM-K), $Em T IR TR

SEAh, S RS R MR 2 T4 634 kg, R EEAX IR, PR THE R ORR TERE,
AR Ped ik FE K EAR K IR HR B« TR AT 5 R IR RS B 0 B 2 o

Ca0: 39.27%

CaO: 46.97%
Al,O;: 6.47% Al,O,: 6.10%
Si0,: 37.75% @. @ Si0,: 36.99%
FRER: 1.04 WER: 1.27

Figure 2. Color of final slag state before and after adjustment
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Table 9. Statistics of temperature range of refined slag system high carbon steel

= 9. BWBRERMRNDEREREGR T

Fp LR R R 2
R
A =N B/ <12°C Eb 41
R 11.7 24 2 62%
Ry 5.7 15 2 82%
4. NRA¥E

TR BB 2ELR s 4 59 N R LR B DR A R A LF 7 R B A L SR B AN K A SR 35 2
LA LF A Sl i 5 AR AR RT3 S PR VS R P AR P BV RE B SR 15 . (D 2020 4777 A o7 il 3% 5 A A AR
FERE LF SR ANK k2575 B 1564.8°C, 2021 4E LF - F-Hg b6 B A 1560.4°C, % MR THE 1°C W
FEHLAE 0.5 KWh/t-°C, HLREZR 4% 0.5 JC/kWh T, TR B ek /Dt Sk R HLFE 5 £ 9% FH N TRP&{E (4.4°C) x 0.5
kWh/t-'C x 0.5 JG/kWh = 1.1 Ji/t. @ /KR HBEFEL 7 g/kWh (74 0.007 kg/kwWh), Mg 1°C
FLFEA 0.5 KWh/t-C, KR H 3 ~F 45 tH St T BRI T 4.4°C 5 FRCT 3940 4% Dl 45,000 Jo/t (HT 6 45 Ji/kg),
HL M AE T 293 ). 0.007 kg/kWh x 0.5 KWh/t-'C x 45 ji/kg x i F418(4.4°C) = 0.693 TG/t Bl LF 4
TR FEPRACH R s 1.80 Jufte @ MRAESLTE, 2020 FFE 1A 120 47, RIHHAAK 204 i, SP-3%ANK
1.7 Wi/, K 5 ZE A 4% #] 1000 Jo/t, B eI H %3505 7= AR et = 1.7 /120t x 1000 Jo/t = 14.16
Jolte WA T 4 AR 15.96 JT/t.
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