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Analysis of Influence Factor on Ladle Free-Opening Rate with
Acid-Resistant Pipe Line Steel and Practice of Improvement Process

Li Yongsheng, Jiang Haitao, Qin Dengping, Shi Jinxiong and Wei Shanghao
( Steelmaking Department, Shouqin Metal Material Co Ltd, Qirhuangdao 066000)

Abstract The acid-resistant pipe line steel API X65 (/% : =<0.045C, 0.15 ~ 0.35Si, 1.50 ~ 1.65Mn, <
0.008P, <0.00128, 0.02 ~0.06Alt, 0.45 ~0.65Nb, 0.01 ~0.025Ti) is melt by desulphurized metal-100 t top and
bottom combined blowing Converter-LF-RH-slab CC flow sheet. The effect of process parameters including drainage sand
quality ( graphite content 0. 22% ~0.86% ), residence time of molten steel in ladle ( <180 ~ >270 min), LF refining
temperature { <1620 ~1690 °C), tap hole perpendicularity and ladle upper nozzle service life (2 ~28 times) on ladle
free-opening rate has been analyzed. Results show that with lower graphite content in drainage sand, longer residence time
of molten steel in ladle, higher LF refining temperature, tap nozzle and stream shifting, less service times of ladle upper
nozzle, the ladle free-opening rate is lower. By stabilizing relative technology factors, controlling the process parameters in-
cluding graphite content in drainage sand =0. 8% , residence time of molten steel in ladle 180 ~ 240 min and LF end liquid

temperature <1640 °C the free-opening rate of ladle with acid resistant steel increases from 84.52% to 97.47% .

ning

WK B RREBRBIIF R 5 W A 3)
MK ORI 1 5 | RN Pt B Rt S
WKMok O BRTEH . RK O AREE A SHITIF,
MERREM RGN, XS AR R 15 Y
EWANER. ZBESEELEMBARAE(H
ZAHE) A 3 B 100 « OB SESK B e, 3 B 100 t
BURE R E 5,2 XU T AL 100 + LF, 1 R T AL
100 t RH,3 & # LA W ¥ MBTE (mm) & 220 x
1 800,250 x 2 000,400 x 2 400 4R ¥R 3% &L, BT

HRAFANRELNERRIN:[C] < %1

Material Index Acid-Resistant Pipe-Line Steel API X65, Drainage Sand, 100 t Ladle Free-Opening Rate, LF Refi-

1 ®NEBFHRESH

PEANTIRAD B TR S A 7 BRI, 51
Tub B NAKIREE K 7E S 4D P 45 B e 1) (FE
SEIFTED) SRALK DRSO DB TS R A
H SR £ B R BRI B R S AR AR L B
$[2-3] R
1.1 5% ER

HRATF BIF RN LR —EFRFRA T

FEERN X70 MHTEELLIN API X65 L F R4 /%

0.045%, [ P] < 0.008%, (5] = Table 1 Chemical composition of common pipe-line steel X70 and acid-
0.0012% "' & T R Fi B4 A, [FIAT  resistant pipe-line steel API X65 /%

BRI EATTRE R R Ey R C Si Mn P S At Nb Ti
R 2 %, REMAR AT OAME X0 000 %5 Tu ob oo 00 0.0 g0
mEZ, HFEERNITRERMBAIN s < 015~ 150~ < < 0.2~ 0.45~ 0.01~

0.045

0.35 1.65 0.008 0.0012 0.06 0.65 0.025

Hanz 1 fim.



<42 . LE27 30

35 %

EERWERMERIIND, WO AFERNY
86.79% ~87.95% ,2013 4F 4 A 4 HFH# K]
WP, AR B FFREZE 30.00% , H-H ZHKF]
W HATRE, R4 R C S RETHRNE, 6
BEBMEERT IR REEEE,
1.2 S/KFESRE NS B LF & iR

M2 AT, B v B R R, IR R
B IZHT T B, H X7 v A 270 min B,
BIF R, 7R AR, 5] Mg =Y
JB RN, M B PRI R AL

MR 2 B[ LVEH , R RER LI, M B T
REXBTHEBES
1.3 RREY R FFREL

M 3 LA RIRFESER 8 IR ZHIR
Ko EEFHGRE WL, RIL P S5 B [
ARBT—EWAE, T N.Q SPHMREEE
il A ME AR, X AR IEFERTE

R2 PkFEmEE S GREXMNE B A RHRME
Table 2 Effect of molten steel residence time in ladle and
refining temperature on ladle free-opening rate
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Table 3 Effect of tap-hole perpendicularity and drainage
sand operation on ladle free-opening rate
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Table 4 Effect of ladle up-nozzle life on ladle free-opening
rate
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Table 5 Effect of graphite content in drainage sand on ladle free-opening

rate in commercial pilot production
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Table 6 Ingredient and size distribution of drainage sand of original 2013 4£ 6 A 18 HAF= 6 i@

drainage sand for common pipe-line steel and special drainage sand for

acid-resistant pipe-line steel
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Table 7 Relative index of drainage sand got by self-taught model
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Schematics of structure of nozzle pocket block before
(a) and after (b) improvement
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