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200 t LD-LBAr-CC B &~ RSB EFRNNES FE

HER H E
(RWBH MGG & M EN A S MR AT REALRE, K 430081)

W E ORTRBAERREEE (/% 0. 036 ~0.037C.0.009Si 0. 173 ~0. 176Mn 0. 012 ~ 0. 013P 0. 005 ~
0. 006S) 4= = R #224 200 t LD F4P-80A1 0K Ar ¥545 (LBAr)-230 mm x 1 300 mm R EESHE T H, Fid LD Fipas &
i, FEIIA Mn-Fe SBAB#THREME S 3 min, HKT[OTAMIN] /514 91.8 x 107 F119.4 x 10~  FE K4
10 ~ 12 min 25 ~45 m’/hHBWREH 3 ~5 min 15 ~ 25 m’ /WY . T[O P8 ZE 42.3 x 10 ° [N]%22.0x 10 "¢,
R FIEERT[ O] 454 38.3 x 10 *F128.9 x 10 [ N] 4358 23.6 x 10 °H1 26. 5 x 107%, & 24 = Hy &5 50
WETIO] <30 x 10 MARER. 2EWERG, Bk Y ERE N 30.0% , AR 254 R 3RIK 58.7%
B EERBEY ALO, ; KA 4 £ H Si0, AL O, .Si0,-AlL 0, .Ca0-Si0,-Al, 0, .
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Cleanliness of Low Carbon Al-Killed Steel Produced by 200 t
LD-LBAr-CC Flow Sheet

Yi Zhengming and Xiao Hui
(Key Laboratory for Ferrous Metallurgy and Resources Utilization of Ministry of Education,
Wuhan University of Science and Technology, Wuhan 430081 )

Abstract The production flow sheet for test low carbon Al-killed steel (/% : 0.036 ~0.037C, 0.009Si, 0.173 ~
0.176Mn, 0.012 ~ 0. 013P, 0. 005 ~0. 006S) at steel works is 200 t LD converter-ladle blowing argon ( LBAr)-230 mm x
1 300 mm slab casting process. With slag stopping at LD converter tapping, adding Mn-Fe and aluminium bullet to deoxidi-
zing and alloying for 3 min, the liquid T[ O] and [ N] are respectively 91. 8 x 10 ™® and 19.4 x 10 °, blowing argon with
flow rate 25 ~45 m’/h for 10 ~ 12 min then soft blowing argon with 15 ~25 m’/h for 3 ~5 min in ladle at argon station,
the T[ O] decreases to 42.3 x10™° and the [ N] is 22. 0 x 10, in tundish liquid and in slab the T[ O] is respectively
38.3x10® and 28.9 x 10 ™° and the [ N] is respectively 23.6 x 10 and 26.5 x 10 °. The slab produced by this flow
sheet meets the internal control requirement i.e. T[ 0] =30 x 10 . After refining at argon station the amount of micro-in-
clusions in steel decreases by 30. 0% , while the amount of large inclusions decreases by 58. 7% ; the micro-inclusions in
steel are mainly deoxidation product Al,0,, while the large inclusions in steel are mainly SiO,, Al,0,, Si0,-Al, 0, and
Ca0-5i0,-Al, 0,.

Material Index Low Carbon Al-Killed Steel, LD-LBAr-CC Flow Sheet, Ladle Blowing Argon, Cleanliness, Inclu-

sions

RERFR RN T A7 T b R v SLAR, X
MEEEEER Lo, RER-FEEN
WHTBL AMERES I S8k R AR L , 38 AT LA
BERK R AE SR I Y R AN E RS TS
KB . W KA1 200 t LD-LBAr(4EKE ) -CC
TEAF BRI, A SR X B 4 1 0 5 1 5%
(SR 3 min FEHEHR T RIGREL) 8
It KEIeZMMTL O] [ NI BT AT, T 1
B LIFRKIER B K, Rift— 4 R B R
R R ALK .

1 B|RFZE

200 t LD 7585 , R RIS B 49, NN A Mn-
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Table 1 Basic process parameters for ladle blowing argon
at argon station

BiYE| BH
HAAE/ % 99.9
5% #1/MPa 0.21~1.5
WERE/ (m® -h!) 10 ~90
MREEE/ (m® » min ') 0~1.5
M2 4L/ (m + min ") 2 ~300
IR 22 YLE 22 E 1R/ mm 8~18
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Table 2 Main analysis of test low carbon Al-killed steel / %

T C si Mn P s

I 0037 0009 0.7 0012 0.006

2 003 0009 0173  0.013  0.006

3 0.03% 0009  0.176__ 0.012__ 0.005
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Fig.1 Schematics of sampling in slab of low carbon Al-killed
steel for analyzing
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Table 3 Average T[O] and [ N] in low carbon Al-killed
steel at each steelmaking process /10 ~°

T T[O] [N]
LD £4R& 41k 3 min 91.8 19.4
MEREREEE 43.2 22.0
a4 38.3 23.6
2 28.9 26.5

BT 52.9% , X RAERELRE

738.3x10°°, FHET 11.3% , Al RIEHLERE S
BREBRRIEE AR TREDN LR ER. B
FhEAEERIFMERIESRBREBYNEES, -
R EFENEE P MFT O] f 38.3 x 107 TR
F|28.9x107°  FBIKT 24.5% , B {RBREELHB N
REERT0] <30 x10°, AT WL R AL T2 A4 =K
BRSBERIH E NI EK

KT 2.6 x107°, XA T

BERELR, FBWKBRBH SR EM, 24

WA, HRERE AR, WHEERRIFRT R
R A5 %107 XA EE KA FRA,
2.2 DiEZ

MFE 4R, EE52L 3 min-Feab g R+
EE-FERMERED, NP ERERDE_ERRE
16, R B I P BE A 7. 27 A/ mm?* ; IKE RS
AR, W BRI YRR 7 30. 0% , K F 20 um
kY £ B E R 29.31% ., F L, Sk EN &
BRENPIZER T —ERRR. X6 HiER
WE HN B EEBRNES T/ N ERTERY
WEEK Ar b3, 10 T TES R, “IKELEH
REMYIK BB TERIFEK T 45.3% , KF
20 pm WIFEDMNRK P2 E LR, SRE
B, W B RE T EFE -, R
A TP BT e st T AR 4 5 R8I 4T,
ELFEEYDFERBRETY AL, , X FLEN
MnS . Si0, F4:¥),
2.3 KRBT

B S AT, &4 3 min F$E AT R, H
hRAEIIE LY (> 50 wm BRI BE DK
28.29 .11.69,11.43.5.08 mg/10 kg, & & #f K& %
B, R SE, R RYEREN 58.7%,
WBHRMRAR ., —BLE W GRS K
PR R R R B S H BT

&AL KRB e B ITH T TR, R
ERTLFHREDPEATE, BRI EA
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wh B K T R A T A B R Table 4 Average amount of micro-inclusions in low carbon Al-killed steel at each

steelmaking process
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WBIHRERRPT[O]H43.2x AL

. B2 hid (um) 4/ % - Rivfip AP et ))|

0~5 5~10 10~15 15~20 >20 M4 -mm™?)
LD 484443 min 61.77 21.15 10.73  2.86 3.50 19.94
WEREMHEER  65.89 21.27 8.82 2.71 1.30 13.95
66.53  21.77 8.55 1.92 1.23 11.97
IR 67.82  21.12 8.29 1.82 0.95 7.27
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Table 5 Average amount of large inclusions in low carbon Al-killed steel at each steel- (2) LD fe i ihi 4 31 i
making process HiEP, NP B IRy
TR mgEs  REMEE - Eiﬁif&%tﬂé(gx\)ﬁ?&o% é%%%n%%i AR BN R TR
g mg mg/l0 kg < 50 ~1 > pm , 4
LD &£ 3 min 1249.5 7.46 59.46 52.19 27.95 19.86 28.29 B GEIRAE, BRk
WEWHKHLR  1137.0 3.08  27.03  56.69 28.20 15.11 11.69 7= R B HR 30.0% , i
)4 1213.2 3.87 31.81 64.05 18.30 17.65 11.43 .
i 1486.3 2.14  14.46  64.83  26.53  8.64 5.08 RE kI L BRREE

58.7% . HIHEHREIIEZRY)
BN 5. 08 mg/10 kg,

B2 BB HEAH P EIE) Ca0-8i0,-AL O, AW AR : (a) KA ~300 pm; (b) Bk

K,20 ~50 pm
Fig.2  Morphology of typical Ca0-8i0,-Al,0, inclusion in low carbon Al-killed steel: (a)
large lump, ~300 wm; (b) globular, 20 ~50 pm
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7, FCA] BB 5 O S R T T B
3 &g

(LD #ph W B EHF LB, IR T[O] &
BERERY, 2 E S, TIOJ %K T 52.9%,
FHRHEHEMRHE, HEFT[O] A 28.9x107°,
SRR A6 x107° BHERIBELIER

) B JeZmFERN
BEY ALO,, BH LB K
MnS .SiO, Je %4y ; K& Je 7%
Y E#E K Si0,, AL 0, Si0,-
AL O, .Ca0-Si0,-AL0, .

S5 3k

(1] s=oems, 2= £, THE, %%
P-ANS-EH T2 A KRG HE
BRESRETRII] W,
2003,38(11) :15-16.

(21 %k . F R.IDEE F-E
BIREFRBBEBR TR
UMM E ()] B HER,
2004,25(12) :908-909.

[3] BB, B ER, FHE RRBESRNERERESBE LY
HIBEFE[T]. SRERBFET, 2008 ,36(2) ; 14-18.

(4] 8 ZFE Wimk, B8, % CSP ABBENNIES B £WT
JRFFTLI]. MER,2004,39 ($5F)) 1443446,

[S)#® . RES L B POMEEREATLEERERTR
[M]. Jb5 4 Tl ARk 2004 £ 134-135.

(6] B # BPrIiRrEuRaKEdHPEAYRENTER
(7. 4:59,1995(2) ;29-33.

(7] RBR, BRI, K. EHREFRBE LY RLEHFTER
[J]. iZ1E4,2002,24(2) :36-38.

(8] F f&. APMHEMI T AS#EEIIZT[ D). SLFH  RIL K 2,2006.
51-52.

HEH(1973-), B, W4, BIER, 2007 F R RFEED,
BN T EHEARMEFH = HF K. E-mail:csuyzm@ 163. com

W Fg H #7:2012-10-22

™ 8 E B
AR S BT T I B B e TRBE JKAETHIIGT <-vveveeersereseemereessneereemeeeeneseeneenesesnen s 04 E 5
ST T F LSRG IALTIFSE -ereeverervrmeoeeeeeermseeseseeieseene et e et ss st s AR
0. 47C0. 36Si-0. 67Mn 45 S5AR AR I AL 03T A TEHE FJREE o eveveeeevenee e R AE
SLBITEME R A AL U R BESL Bk S T BOBEILIERE +vvrer v A otE
AL, 0,-5i0,-Ca0 ¥§HRiE B XF 55SICrA TEEIRI L YT ABIBIMIEIN  wvevererrermrmeeenreereeesnnreens IEus
150 t S0 AL JEE R LI ZKAETEIRIFIT o cvvevmmeremmrert s em e et e et ettt e F L RE

14 4588 4 1P BRI B RO oo

....................................................... REFE



