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Abstract

Masteel Special Steel Company conducted a comprehensive analysis of the factors affecting the free-
opening rate of their 120-ton ladle. By selecting high-quality and consistent drainage sand suppliers,
optimizing the storage conditions for drainage sand, standardizing the procedure for adding drain-
age sand, refining the ladle baking system, reducing the ladle’s static time on the continuous casting
table, and enhancing ladle nozzle management, the free-opening rate was increased to 99.48%. This
improvement in the free-opening rate led to a noticeable enhancement in product quality and a re-
duction in production costs.
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PR K AR T e 45 )2 s BANRAE Z R R 2, NN AR SZ5ema 1) a6 51 s, i A
SR I Z R G ——kesE 2. WIE . JRGZE . JFRERIG, RIEZ 5 EER N AR T,
R4l 2 WIAE AN /K e TR F R R IA , AT SEIR E BT 58[2]-[5]. A 7K FIGiksSEl B IF6E, 75 HEAT e s
BRI R SUR — RV P E N FARZIE[6] [7]: (1) HBIEE: RATHESBUNRTEESE
FhE: (2) BE KK SR SR KR b AR, 55 KA (3) Jrshum RN BERT
BAEN LS5 358

WTAESR, SRYE[715 NJE PR e 6, 5 . 358 FH A3 1 5 R A 03 B ORI S A K 11 A
TERETF BB NE A RIERE] T 95%A 4. EEA 815 NGS5 oy KoK o], 4T
SRS I & SOMANFRI, - [E] S0 37K i BRI DAY, DD 1 37K B TR 96% 3%
3 99.6%, MR E 7 AR B0 NG GG Lbr, #AT T ol B, EHLH S
ERERE SRV R, (A4 EAE TR 2012 4F 92.10%R 53] 2016 E 99.22%, WFEMEKT
AP AR

B, R H BN TREEHERIE L2, Randhed, RIENKTE T/ EE, [FR Stk
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Table 1. Self opening rate of steel ladles from March to April 2019
F*1.2019 F 3~4 AMBEFE

fif ] g PO EpjES
2019.3 582 572 98.28%
2019.4 579 567 97.93%
2019.3~4 1161 1139 98.11%
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Figure 1. Production process flow of Ma Steel Special Steel Company
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Figure 2. Schematic diagram of automatic pouring mechanism for ladle
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(3) FRAEMIEE RIS, AFRNM . AR . T2, AR a], ARKEAN G 4 B I ), 4R
(R A A R IR B S5 (2] [5]-[8]0 Horbr, BIRADGELE 2 JE A AN 45 R AN AN e B 2 e i) 32 2R A
4. RENLEFENZCHEIERLR
4.1. EER S RRERERNSIRAY

SIS E SRR FH R T SR BRI 2l,  DART I AN bl B3, 38 R A B m R
KEE, PAORIE FAE iR A I DR ORAS A FE RS . Z AT TR B, ek ot BB T 51 AR I UL
I, VRBNPEEZE, I R I fmrilsoRS o ol P ek o BB o 5 VAR 2 1 B P 2R AR, s A P i R 141
BRI IO KB Al IE % A TESEVERE, REA A MmN BT, BRI, Sl#EA
[F] Cr,05 5 Si0: Fr & B G, W B HF2E BRI, 51 s 5 S g 45 SR an ik 2 firs .

Table 2. Chemical composition (wt.%) and self opening rate results (%) of different drainage sands

< 2. TEISIRHER S (Wwt.%) 5B FERLER(%)

FE s Cr203 Si02 Fe203 ALOs MgO C EBjE
FER 1 18.28 46.64 16.42 11.66 5.84 0.08 82.46
Feah 2 28.45 36.26 16.23 12.53 5.12 0.06 88.68
FEdh 3 32.04 32.24 17.56 12.38 5.06 0.09 92.56
FEdh 4 35.88 18.96 21.03 15.55 6.67 0.09 97.35
FEd 5 38.57 11.30 24.66 17.39 6.66 0.10 90.12

FEfh 1~5 1RO 2840 32 BARILTE CroOs & S AR HTHI NG Si0, & R AE T/ b, LI 4h R,
T 1~5 SRR, A AR5 82.46%. 88.68%  92.56%. 97.35%- 90.12%, #]LLFE H Cr0; Xf
AL E TR AER, B CrOs S a0, X6 F T2 L OUZRETT S ra s, (H 7 2] Cr/Si 1)
ELBIAEAE T Ry, 75002 B I 3R B R BB R (FE A 5).

4.2. 5|iREVFRIRE Bt

SIRD R BC B AR L R R AR T B R, BTSRRI, KR RRL IR AR HE R AT DN,
SRV BN M LU A0 B R B 225 RIS, REDRL PR WL A] 1 2 B R SN T RSN AR, A7 5] D
BRI, AARK A S R K R K, T E RS T SRR DN B R, MEERE S I
CHRT LR, W EHIFR[15]. BT LR 4 &, ERAFRE SRS, XA TR TRT T,
SIS KL 5 St g5 AN 3 B,

SIVRD I FORLE 9 0.5~1.5 mm, SEEG45 R R W], 1 5 4-1~4-4 BN EL B T35 5115 92.05%1.97.35%
98.03%- 94.87%, B >1.5mm PPHEMK & & T, WERAFREIL T HEIRE, &EAFH T 98.03% (Ff
i 4-3), (BRI 2 AR TANK HEITTEE, FEdh 4-4 B TTR R 94.87%, Ht, FikH 0.5~1.5mm
KL RIS RY, FRRE > 1.5 mm B RSB < 5%.
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Table 3. Particle size distribution and self opening rate results of different drainage sands (%)

3. FRIGIRI BRI S B RER (%)

FEmR S <0.4 mm 0.5~0.85 mm 0.85~1.5 mm >1.5 mm HIT%
FEfh 4-1 2 25 46 27 92.05
FEdh 42 5 34 49 12 97.35
FE i 4-3 2 42 53 3 98.03
FEfh 4-4 15 35 48 2 94.87

BT Ll R, EFIRE R 4-4 B SR AT SITRP N, BUZEOR N G i ELAR 1 51 it
JS2TE B TR, ORI S A I R 7 o ) T 2R AE 97.5% LA b, (B — S I BT R WK, Wk 4. A
PR TR, BRE R BT REIARE N K7 dh

Table 4. Self opening rate of drainage sand from different manufacturers

% 4. TR RIRBEF %

I EFEIPEL EEIERE HEl%
J K — 789 776 98.35%
e 372 363 97.58%

4.3. RALSRBYEO T RUHIE

SIS K R BRI A BN 3R HOVEAINE, 8 3 7K 1 77 T A RO B 2, Sl 1
E[11]. 3. 4 ABITETRTURIER, S0 HHZM, BMREETTE. MILIH T 3R
B, BB ML R A E A RIUK R B 7 AP 2 P PE AR TR AR, IR 7
TR, GBI, TP 3 FR. 3100 R 0 RIS RPN, P RTTIA S i
BT,

Figure 3. Improved storage method for drainage sand

E 3. BftEs IR ERS R

4.4. BB REVER(E
SIS IIANTT 3] 73 3 FHAR F30, N TBNMT7E BRI BN 5, (22 AR LR SR
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AREENE, AP P SAFAERA BRI BL, BEAREHTRK D I 1R K OA SRR EAE,
HU AN AR X BEANFK LA 8o, K DAL EAR TR ERE, KA B el i R b, K
ARt AN E RIS S0 B R RO SNBR BAE A, — B B AR /K I, e 2%l SRR IR A BNV IR R B
%, S5IRIREA R, 51 RN IR 2, NG IERTITRS, SIRMRAEE 30 i, &%
FENEAETIT.

XE, RFEA 2 R I S 2UHERD T3, R RE B v AR R 51 i i L i — MR 18 SRR,
MR TN EL B TFE [, i 5E FAP 51 SRR I A SR A1 1 2 O 5 A A VI A8 IR 22 4R 0L, R B
RN B A, 3 S B 22 R T B A HEAT T RO AU SR . eA, AR SRR XU AR
Jias REMEEITR[12], LB I FRRE SR Z R BOR, N BT R IES B fRfE, SN
RFAA 23 )RR BER T

4.5. PLACTREL Mt BE A R SR 8]

BB FR B AN B BRI TRDXH AN EL RS BT R AR EOR . RO, M BT R B /K AR
A 52 B R T PO S T A o 2 IR BRI E T i A5 51 RO I TR i, (2468 51 D e X I FE 7 R
BUERE R E . 1R AR AE 2 AR SRR /R R XE DL ROk, AITTREME BT 8. SR e AR
FIAREL B EK CANART, i TN AR A EOK FHE AR, HARE KA AR i — R i, Bt
SEMAANEL . [ A RS ER B, AR ELERANTE 120 min DANES E RS EE, BEAE XA RN A 18 K
M BT RZHEAR, N RN 240 BRI, BITRUIERK, W3 5 o, mRH, 04
PR EAETN BN KR B A £ B I T XA L B T AN ROR, {5 B I TR, XL B T A ik
2.

UEAh, BRI SR I R, SR SRR (a3 A, 2 S1EBES RIS, - BUHK
I TR IR, RN B 51 AR RO . AP SR WY, AN AR & i LI G 30min
IER KRN EPIRE IR T (A

Table 5. Steel ladle loading time and self opening rate

= 5. MEBRMATESEFE

B R AN I A /min k| FITH 2 FIT /%
<120 34 34 100%
120~180 5456 5416 99.27%
181~240 824 810 98.30%
>240 567 555 97.88%

0T A B DR R ) e e T A

(1) XAFBRILAIAE, ARG BIEE, BRI, e LK e, AU KIS 1
N JE BN, PRIEREA LR 2GR . SIS, R ERRE LN K DL g e, R
Al RESR A RIR L o [ ST AN BB AL, B 2 NI A N RIS I DL, B RN B R 4
KBEAT

(2) PR S AN EL TR IR Ao RREA A F] A AN A S AL, ANFER A MR AANE, R
Wi R A B AN N (R TC VR, PE BN BRI RS & LSS5I A A S 30 min.
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VRN B o

Bl 4(a)FE 4(b) 53 A AN REEN A B el i SR H) B oK O ESGE JE R AT K 0. BB
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Figure 4. Water outlet shape: (a) Straight through water outlet; (b) Cone-shaped water outlet
E 4. kOFK: (2) E@EKDO; (b) #RKO
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PEK RSN B PR A B BN, WK 5 fox, FEERE=ADT7E, SNEREA R ML
NIV DTSR K D B — AN FOK O RIE R, 9 — D5 T A AN A 08 e 300 T e e DY )
FHSAT RIS, = RNAIE W R L&
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ExnA

Figure 5. The influence of the state of the ladle nozzle on the self opening rate

& 5. ek ORRZSIS B I REIF M

MBLTR L7 T 0 s A 7K 145

(1) ER TG C BRI S HEAT BV, ANEL/K 1 R JRR A B I B AN B SR F 1% o H AP ERD R4
FHVERD S T v SN GUK EE R 2 R iR miate (W AR B 5 R 4 B S A R s R 2 30 R v, AR T
WAEEE, A REST PR LT N .

(2) MBERE SUB & FHANAL, VABRT, 2 FHURRIE IR, KBS, Bl ER S A B

(3) MEEFRIERT, DAHEE G R, 73 A 7 AR 78 9 02 SR IR U, Wil 5 BLC R A Re
A AR, DAUREHERE S o E SRR I, R B I SR (R FE 200~300 mm,  F
RMAE BT 5 77 7] o T2 IR SRR AR G 0 58 B o AN ELe R 45 R R SR, RN 2 TR IR <

TR BRSE, 2020 4F 1 &2 2020 4F 12 H, LA T 7944 JPER, BIF 7903 B, AETT 41
W, BIFRIER] T 99.48%, $ET 1.37%, MBLE, HAEBIEWE 6 Prr.

Table 6. Self opening rate of improved ladle (%)
= 6. BHEWNE B TR %) ER

1 2 3 4 5 6 7 8 9 10 11 12 &it

JuY o 650 661 682 666 674 663 674 698 456 683 726 711 7944
H I 647 658 676 661 670 660 670 695 454 679 725 708 7903
EIFZE/%  99.54 99.55 99.12 9925 99.41 99.55 99.41 99.57 99.56 99.41 99.86 99.58 99.48
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