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X80M A EXNERRAREREAS T L

& 8 EFAF BEMW #x4 BEL A R A4E

(BIREERARFTLAF)

W E R XS0M BYUEL MR EEHE, R A € - Mn - Si - Cr - Nb - Ti - V - Mo — Ni Jilisritit,
PR AR S P A ETR G E . Eid Cleeble 3500 PUEHIABHLINE X8OM FUHE LM A H iR #8
Pho SRR X80M FUn| B LN ER MG IR B2 IX 18] 25 750 ~ 850 °C, IR 775 °C Hof Wy i e 4 2R 35 B B I (L
29.6% o AHFEAREEFIS G A AR BBORS , MBI VG 1.0 ~ 1.2 m/min, “ W3R HOKE N 1.1 L,
Prildy BB TR B AR PR RIAE 720 ~ 750 °C, BE TS B HEIX . SRR AR A R . P iin  TA
VR ARS8 6 B A B BRI I I R R TR IR BB s , 3 T B ik M L R PEL SR R T BT Y R
b R A TR R AT B

XER BLWM HEREE HHERmEE B IEEX

Slab Surface Quality Improvement and Industrial Practice
of X80M Grade Pipeline Steel

Li Si,Meng Qingyong,Lu Boxun,Pan Hongwei, Wen Juwen,Zu Gang and Qin Tieyu
(Tangshan Iron and Steel Group Co. ,Ltd. )

Abstract According to the service environment demands of X80M grade pipeline steel,the C - Mn - Si - Cr -
Nb - Ti - V — Mo — Ni composition is designed, and the contents of the harmful elements such as S and P are strictly
controlled during melting. The high temperature thermoplasticity of X80M grade pipeline steel is determined by Gleeble
3500 thermal simulation testing machine. The results show that the third brittle temperature of X80M pipeline steel is in
the range from 750 °C to 850 °C , and the reduction of area reaches to the lowest value of 29.6% at 775 °C. In order to
reduce the risk of corner cracks in the continuous casting process,the conventional casting speed ranges between 1.0
m/min and 1.2 m/min,the specific water volume of the secondary cooling mode is 1.1 L/t,and the corner temperature
at the straightening section of the slab is stably controlled to the temperatures ranging from 720 °C to 750 °C ,the third
brittle zone is successfully avoided. The results of actual slab surface inspection show that no crack defects are found in
the hot slab, the off — line cold inspected slab, the macroexamination and the slab corner acid test, the slab surface
quality and the surface quality of the subsequently rolled hot steel coil are both good without forming the corner crack
defects.

Keywords Pipeline steel, High temperature thermoplasticity, Slab surface quality, The third brittle zone
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XERE KEE EAAGH EHELE (KR

Development and Production of 147 mm Extra Heavy
Normalized Type SAS516Gr70N Steel Plate for
Low — temperature Pressure Vessel

Hu Guanqun,Han Xuedong,Zhang Zhaoming, Liu Yangiang and Niu Han
( HBIS Group Wusteel Company)

Abstract Aiming at the properties and application requirements of normalized type SA516Gr70N steel plate for
low - temperature pressure vessel ,through the optimization of composition design, the appropriate addition of microallo-
ying elements such as Nb and V,combined with the two — stage controlled rolling technology , the solid solution strength-
ening, fine grain strengthening and precipitation strengthening effects of microalloying elements are brought into play.
The 147 mm extra heavy normalized type SAS16G170N steel plate for low temperature pressure vessel is successfully

developed. These plates are of excellent mechanical properties with good impact resistance at — 46 °C and uniform

Vol. 31,No.2

hardness distribution , meeting customer requirements.

Keywords

0 &I

SAS16Gr7ON Mtk W FAam LT &
BB AT B R il v, BB HIE RN AS T
AR 2 A% (BRI AR R AL ASURE A% B ST
IR 7 R PIRAL K L R K KB TR
MUy R W, Al 25 B ASTM SA 516/A516M
FrifE e H R B — B e R BN AR AL BL, SAS516Gr70N
PPER H AREL B E JORAS AR R B prag B
485 ~620 MPa, Ji A58 B =260 MPa, BEZE 4N
ol %) 1 P9I LR b R 8 0, O 1 B TR KR
B AR 7 1) &R, P B SR L ok ey
Zo TR SN A FITE NV G i

il

Large thickness, Pressure vessel steel, Controlled rolling, Low — temperature impact properties

THRALAEERN I, BA 1 R e R B AL 7= 1
147 mm $¢RARIEE 1 & 4% F SAS16Gr70N H ,
PRUERRE 172 4k -46 CARR mhEPERE I KR W
B B2 <200HBW HyZEK, TR EF=HA REFL
il PR BE DL 57 1 RE DT IRBCRE BE B/ Nl
BB AR AR R HL A s Y B AR 3T
B AL < RE 75 B AR, T AL 2 ) B R 285K
1 Baigit REEER
L1 giaristit

PR L7 B B RRAR T T 2 0 e AR R L
WLZH 2R, T R W 4 4 B A2 AR I 2 B ) A
BB DRI, Al B4R S AR R 28 ) 2



521

BSERE , % 147 mm 45 TE KRUIGIELE J1 2548 F SAS16GrTON 4RAR O HF & 54 7= <7

AYBERti . ARTEILZE I P& TR a R AR T2 P e
IR , 7E B BT BT o BE LU EAT AL, TR e
IR AT AR RE R R L L AR Ak AN AR
RSN R. i, SASI6GIT0N 44
Bt B g COs Mn MG HiE £ Nb.V K
SMARZR . Mn JLER ERS AR 4 EC AR A2 0 B R IA

HIARASIR S , 44k 5 ; Nb I 2 Be a1 5L 40 T 7
F AR5 2 B AL AE 03, TR B AR AR A AR
S EARA5 AOR E, JE R s e Wk TV
TR REPH TR ROR, /T L 5 R
B, M P . SAS16GrTON AR i 3 AR 4
W1,

#1 SAS16Gr70N $RARHLF i 5 SE Bl ( R 5 #) %
C Mn Nb Si S P
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e
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SA516Gr70N #9# , 2 Ifi 5 B 43 A ¥4 40, HL i 78
140 ~ 160HBW 22 8] , 27 &1 i <200HBW [ % />
BoR, LR 6,

R6 IER +ZTEA SASI6GrTON iR AR & 43 7

Mars  Rm1  FXmW2 RmW3  Rm4 FmS M1 Mm2 WA @4 s Wiae
1# 141 146 153 140 146 155 149 150 153 147 146
2# 150 143 152 148 148 153 156 151 154 155 149
3# 148 150 152 152 146 159 157 152 151 156 150
4# 156 147 150 152 156 166 157 148 152 147 151
5% 151 152 159 158 149 153 154 152 153 154 157

3.3 SHHAH
147 mm ¥ 2 F k F SA516Gr70N 404k B BF
174 F1 172 AbEAHHLUNE 2 s, HR FE R

BRWE + BB 59N, S EIRE 95% L L,
SRR =T R, 1K + 58 T4k SoRiig
MREE, R EEE, RIE( THF267T)
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I S 1% & F 5 B 45 32 12Cr2Mol VR SRR B & &1 5 FF &

whg REm sEE R
(1 BB FR 2 F1 52 LR SRERA A7 BR 22 ) 1 )

i OV THRRERSHRER RN TSR, B BB A R A FMKFE 5 000 mm FEEAREL
HL, B R (150 x4 500) mm RFERFFE 12C:2Mol VR MM, A7 5K BRI R F KRR (104 A AR AL 1 20 i
i, 458 Cr Mo V.\Ni 552505 &, M RAER B AE -5 R I8 B0 () I, 49 5 0 85 T 18] PR BB -5 O B b s 1
B s 12 A A IR R BOR TR Y S AR AT 65 M RS R e B S AT B RAEKE TR R BB
FLAI LA A b, P 98 BT A 2R ARAS ZRAE 30 1T ) DL AR H 20, SE i B e VR T, FE 22 R 5 R IR il e 25 o
SRR  ARIAR S P B BERS AR , FTHE T R SMEOR 2B 1T , DA IR S350 45 il 4R AL IR S b LR I
XER EAA IR 12C2Mol VR itk RIETR IKiK

Research and Development of Extra Heavy and
Extra Wide 12Cr2Mol VR Steel Plate for
Hydrogen Service Equipment

Yang Hongyu', Yuan Qiangpeng' , Lyu Fugiang” and Wang Zhen’
(1 Nanjing Iron and Steel Co. ,Lid. ;2 Manufacturing Management Department ,Shandong Iron and Steel Co. ,Ltd. )

Abstract In order to meet the market demand of extra heavy and exira wide steel plate for hydrogen service e-
quipment , Nanjing Iron and Steel Co. ,Ltd. successfully produces extra heavy and extra wide 12Cr2Mol VR steel plate
of (150 x4 500) mm by means of 5 000 mm wide and heavy plate rolling mill. The production practice shows that by
adopting a composition design of low — carbon ,low — manganese , ultra — low sulfur and phosphorus contents in combina-
tion with multiple alloying elements such as chromium, molybdenum, vanadium and nickel, the weldability and low -
temperature toughness are ensured, while the high - temperature tempering properties and the impact properties of the
plate center are enhanced. The molten steel composition is strictly controlled by applying clean steel metallurgical tech-
nology ,the amounts of inclusions and segregation are reduced by means of low segregation continuous casting. The
grains are refined by heavy draft high penetration rolling, the desired tempering bainite is attained by quenching and
tempering treatment , the matching of strength and toughness is achieved with excellent properties of high temperature
tensile strength,cold bending performance,impact toughness and stable simulated post welding heat treatment proper-
ties , which breaks the foreign technology monopoly and provides the solid material guarantee for the hygrogen service e-

quipment manufacturing.

Keywords Pressure vessel,12C12Mol VR steel plate for hydrogen service, Heavy draft, Bainite

0wl

BEE LS 5F PR EUR R, Bk 13 A5l
B ABEA WY 5, i A B ERAR KT 5T
SREDHAEIE KRS HE. St TR
IR I B AR i A A PR, X TR AR B A R
FIPEREIR B 5K, 12C2Mol VR 81 il

il

RSB L AR, A B 1 i i e
b, B IEE R SR T RSB, B EER
e LT ORISR E 158 B S8, AT R B B R 1]
Mt

EFRTYE b, 48 Dillinger 24 R\ EEE Ar-
celor E£HE T Industeel 23 7] LI & A A< 1¥ JFE. &
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H &k P H Al , AR TR B AR BLR FSE
BERGAEF= T2, 76 e & B0 & F AR AR A 7= s i
ESEAL . 2 PN, BN SR R S
A FRAR T P LI L A T R SRR T 4 5 A
72, R B ASEA ZR Seks 60 mm J5 3 AR I
Tl Ak ERE"

MEAESR , 3 A1 A A7 Ll ok BAVEE Ji 057 4% 9
FRKMEIE N, 5Bl 2B 5 F B H AR 15 L o sk
Nt —%9 Ko MMk AR A7 (LT
FREEE4N” )5 000 mm S AT ELHIL K8 BB, S
IR A = SR T e R B ST, SR, BEAE
B 12Cr2Mol VR S B =l A A2 7= , 7 4 1B 75 S
BOMNEHERCTT L T2 AL e At Ae IR LK
FAA T BE Il B 45 S B B MERTL, W6 I B W B
RO 0 S0 25 A 1R BE 9™ B R B R
12Cr2Mol VR # i Ifh < ¢ %5 F R4 AR, X 1 3 [

TR RSN AR ZEWT AR R R A RN OEOR
A B R AN, 7] B Be B 1 B R I
W ST AR

1 12Cr2Mol VR R RE R

12Cr2Mol VR HA7EAN S5 L A% i i AU
JTiZ o REE I SR A R R K AL T 1) R, %
JEAPRHRAAR T 80 R RT  2ER . — T i, 49
BB B FFSEIE I, PE BB ¥ S) B R R w5 5 —TF
AT, W AR AL Ao HF PLS TR B BUEL 2 B
FERE R, R B RO R R LA T R R
— R, TE1FPERE L, 12C2Mol VR 4R E
172 fb By IR S R IR R B IR s B
[ K e A ) e R ELA 5 P B, 30 75 06 AL A R A
o HBRAERIT 5 1R BRESR 0 k1
52 fim.

#1 12Cr2Mol VR SRR Z M 5 B R (RES#) %
TR C Si Mn P S Cu Ni
JRBAME 0.11~0.15 <0.10 0.30~0.60  <0.008 <0.005  <0.20  <0.25
TEE Cr Mo Nb v Ti B Ca

FES ¥ 2.00~2.50 0.90~1.10

<0.07

<0.005 <0.03 <0. 002 <0.015

B BE$T=(Si+Mn) x (P+Sn) x10*<0.008% ,X = (10P +5Sb +4Sn + As) x1072<0.001 5%,

%2 12Cr2Mol VR SR B 1 F HREE R

R,/MPa  R./MPa  A/%

450 CHIRALM Ry o/MPa phifiRBE/C KV/JOBEE)  180° 8 MR BRI (D =3.5a)

=415 590 ~760 =17 =340

-30 =60 SEHF

E:D NBLHR, o HEHEE,

2 12Cr2Mol VR R RTiZ 3 & 7=

2.1 FHARMER

FERBIINE S 25 i3 e, XoF JEA AR AR 1)
BAREREFE G ™, B RE SR IR
TERLAR CFR - 30 °C Pt DA R e e 2 1 B ik
%, 5, FHNREL RS &SRR
BRI S5 RAL BT ¥ B0 MERB IR . RHE
MRS R340, SRR S # i PR IR A LR
MRATFIE K o T 2 LR MR REE SR BUN B FE LA
BEIE K gl B R RSSO R R 4k L AL
L2 B AL TR AR 7 4 T 55 T T I ™ IR R A
2.2 T2

£ 12Cr2Mol VR AR (W 3 3 TF & i B o, 3
BRI AL R A R R AL 5 51k, 8

AINERIHFERETE N RRR ., RS
T, B WA BARER AR B LA B e 2B A48
HIH SRR I IREAR WK BSY , BAH 4
BT, skl m il . s R EG R, %
R Ie 22 & &, e i, |- AR &, O/
UG i B ARIR BT f o 4K HE 460 mm B JF % 6%
W, HEEL S 000 mm FEEMRFLIL, LHAETER
BAEELG, (Lo LAk ; FE AL R B, TR
58 FE R AT R K AL B, ST PR RE R A4k,
FE PG VR 1 KR BEFRES [, PR [ ok 3404k I
LN LB (150 x 4 500) mm R f # A%
12Cr2Mol VR 4R AR [ & 7=, AR 3% GB/T 713. 2—
2023 FrdE, % TR B 50 mm ) 12C12Mol VR
BB, AR ISR 20) + [k b B



2

B % I A PSR TE 12Ce2Mol VR SUBRKOBFAI 5 7F 4 S11-

Ko FELFRA =, AR T2, WA B BTN
MRAEAT P A, 12 o B2 EC A [ B 45 DL ARG 25
(e 2 ESF, 308 3 3 1 R 5 ARV 18], i/ Bl T AR YA 2K
1, SEPUAR AR D B [7) ik R AR LA 5 R BBOBT HE Al
A A AR U A, R A5 FHAR Y [ ok U FG iR 4R
21, I FHRAR 2B , SCE R AT (BRI L EL
2.3 fkZusy

i TAEf# 12C2Mol VR AR L F s fE , R
IR IS ) R VERE , BT b, R A
ik C K Mn 1K S.P B3R ME . 1k C iR 56E
e A )t L o = i T BN Wi B A A A =
P, KO BERRAGAR 2 i, AR AR A & R
PERESREIE . ANINIE & Mo JuE n] 3RANA &
Tk FEUMBRBE IR K , SR FAR A4, 1A REAR TR

AR , SE B A 7 6 M J5 2 4 508 15 il 4
0.35% ~0.45% 2 17],

e st s, & Cr MoV JLER, A%
ERI A A, R R ] KRR, HP,V
FE A AT TE AR /N TR R BR R ALY , A T HL
Gt BLIE SRR, B AL AR MY
R ENAYSR R, R EEE KA . b, BSIE A
Ni JUR, AT S A AR O R B o o R BE , B R
AR Z T 0L T AR BEARBF R 47 0 1y 22 e,
275 (L AL 12Cr2Mol VR SR TE SEER L o B 7
HER

SR LA bR et SR s, W3R 5 B B K
N REHGTESFLG], LA R 150 mm )&
J& 12C12Mol VR 44 B R4 WLEE 36

#®3 12Cr2Mol VR SRR Z R iR (RS #) %
C Si Mn P S Cr Mo v Alt Ni Nb
0.13 0.08 0.41 0.005  0.002 2.29 0.99  0.311 0.021 0.214  0.003
Ti Sn As Sb Pb N Ca B J X
0.002  0.003 0.0052  0.001 0.0003 0.0034 0.0016 <0.0005 343 7.2

3 12Cr2Mol VR $RHEHS1ERES AR

3.1 ZiRhifh:ae

F 150 mm B 12C2Mol VR 844k #E17H0{#
R, BURE 7 B R GB/T 2975—2018 ArHfEDT 7.
ST T ERANAR IR BE O 1) A R L (R MR RE L 2

MTELFE LRZEVTREZ RE 14 RE 172,
HRUR 374 FRALBURE, BT i 46 #% ] GB/T
228. 12021 & @A RE PLMIKEe 56 1 o =
RSk ) i, 2 WE - 30 307 B A H)
P L REAT , TP IR a R R 4.

&4 150 mm S 12Cr2Mol VR AR B4 o) 4 i {4

FARACE BB A R, /MPa R, /MPa A%
AR FRE 526,524,528 685,683,686 25.5,26.5,25.0
3LFE W 1/4 500,511,503 678,671,675 25.5,24.5,25.0
D RE 12 491,488,485 662,664,666 24.5,23.5,24.0
D RIE 3/4 503,504,507 673,675,672 26.0,25.0,25.0
AL TEE 519,513,521 683,680,689 26.0,26.5,26.0
=55 FEE 524,518,523 683,690,685 26.0,25.0,25.0
B W 1/4 501,503,506 674,672,671 26.0,25.0,25.0
B R 1/2 491,493,492 667,661,665 24.5,25.5,25.0
=5 HRJE 3/4 502,503,505 677,676,673 25.5,25.5,24.5
B TEE 518,516,523 686,690,692 25.0,25.5,25.5

H1Z€ 4 Wl I, 12Cr2Mol VR i ) a7 fef 1 B
WRATHEZOR , AMURA SRR REFEAPERE, T B 174 Ab3RBEREA T %, 228 <25 MPa,

HEMRVERRI S R4, SRR 172 Akt
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3.2 WEMEE

B 2 3 150 mm JEE B2 SRR 4 ¥ 25 10 B T i
TE|25 mm )2 WARIKEE TR 20, BRI EAR
N 3.5a, 77208 GB/T 232—2024( & @Ak 75 il i,
07 s Y b ERE WE — 100 3% 37 BB BHALR:
PLLEREAT B4 R SE4f
3.3 mbrigE

B3 150 mm JERESNAIT & — R BN EEE P a7

Miks WBIRIR R 1/4 ARBURE , fK 4R GB/T 229—
2020 B ATRE B LR oh i 100 7 ) A e, 7R
PIT - 450D <@ #R4E shdriX B HL b S0t X563
B EESREEL T 1 ~2 CZR, MR
REF O 4 e LK I ) B Bk K BB GB/T
12778—2008( 4 J& B bt o Wi F1 € 77 75 ) ArHE
AR SCALE BEAT I E IR A R LR 5. K1 28

WS 174 fhrbdz i iicsh - IRBE Lk

&5 150 mm EE 12Cr2Mol VR IR RIIEEEE 1/4 st E i did 4 R

AR A/ C Kv,/] R T T 2R/ % 1% i f/ mm
20 353,352,349(351) 0,0,0(0) 3.53,3.55,3.57(3.55)
0 349 ,350,345(348) 0,0,0(0) 3.54,3.52,3.50(3.52)
-20 326,318,332(325) 11,14,12(12) 3.38,3.32,3.31(3.34)
-30 294 ,297,290(294 ) 25,20,27(24) 3.05,3.09,3.01(3.05)
-40 258,245,270(258) 31,34,30(32) 2.71,2.64,2.77(2.71)
-60 141,121,128(130) 69,75,72(72) 1.40,1.26,1.33(1.33)
-80 45 ,33,40(39) 93,94,93(93) 0.47,0.38,0.53(0.46)
-100 10,11,8(10) 100,100,100(100) 0.11,0.11,0.09(0.10)
400 BrRBE R - 30 CH,3 A BRE s B Dl 0 - 1
o ffi. NF27 WTLAA I, HARBFAE] VIE F VTS 34
= 250 fEF -50 °C, %0 150 mm EJF 12Cr2Mol VR 4K
2200 B EA RO IGIR I
= 3.4 EIRATERE
50 &%t 150 mm EFF 12C2Mol VR 44k 172 B
0 , HEALTF JE 2 9 3R B R B R 5. 1K CB/T
-100 -80 -60 -40 -20 0 20

RIEC
B 1 ARERE 1/4 fhebdioh - IR EE MR

R S AIAL FERRBE 174 (L& HUE, o
THRE = -40 T}, s Th I8 240 T, BLEAM
MAGIER IR . AR T DA K wh
IR AT 2, B AR B et AR IR, B
K26,

%6 150 mm EE 12Cr2Mol VR B E 1/4 4

BRI E(E
Bk VIE/C  VIS/C  whibRE/C KV,/]
B -52.2  -51.3 -30 268

Hop VTE J&EX} 57 50% & RBRYIRE, VTS
XTI 50% PR IST TAT R B E , KV, {HFRR Hid

2975—2018 PR E FEAT IR, I8 R A
& GB/T 228.2—2015 #rufESLHE , S5 HRIERE 7,
£ 7 150 mm EF 12Cr2Mol VR {51 5 2 f £ RE

RBEE/C Ry ,/MPa R,,/MPa A/ %
450 518,509 555,539 24.5,23.0
475 515,513 536,549 22.5,23.5
500 515,520 560,560 23.5,24.0
525 505,520 545,553 23.5,24.0
550 470,470 490,505 24.5,25.0
575 445,465 470,480 22.5,23.5

HoZ 7 8l A, &R KT,
12C2Mol VR H3AR 1) 5 5 i 14 BRI 7 T GB
713.2—2023 FRAEM M EER . GB 713.2—2023
PRHERITHIMRAE >500 CRET(THEIST)
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100 mm X M F45EiE X B A DH36 - Z35 It & 5 &7

MREE  INNRE OB A
(HENGERARA )

i B ETiEEXARE AR SRR IRy i VR T AR BRI, ¥ B XA I TR R A H B B
RN ZRAPI R AR  BEH B XA AR R B DA 223 G A i 3, XL P 40 1R 5 o L 1
AR ERIR DL AL R bl B R R, USSR AR R LA R ARG . A S AR
éﬁf&fr,m BHRPURELS S IEK + P TZ ,JF & Hh 100 mm K D456 - X 8 DH36 - 235, i ik

ZRIFITREH AL
*%iﬁl PHUELS Bk + R IR

Research and Production of 100 mm Thickness and Greater
Extra Heavy Steel DH36 — Z35 for Offshore Wind Power

Chen Minxia,Sun Xiaoping and Yi Chunhong
( Xiangtan Tron and Steel Group Co,Ltd. )

Abstract Based on the typical characteristics of good stability and high power generation of offshore wind power,
the exploration and utilization of wind power as a renewable energy source has become a hot spot of development and re-
search in the global wind power industry. With the tread of larger installed capacity and deeper sea installation of off-
shore wind power,the steel towers for wind power develop towards extra large single weight,extra large thickness and
excellent impact toughness to support the complex structure of large wind turbine generator units. By means of scientific
and rational composition design in combination with TMCP and normalizing + accelerated cooling process, the extra

heavy offshore wind power steel DH36 — Z35 of 100 mm thickness and greater is developed, which opens up a new path

for market exploration and technological innovation.

Keywords TMCP, Accelerated cooling after normalizing , Low — temperature toughness.

0 &I

UTAESR , EWN T B X R, T A ER
Ko BRT, MHENBRERA R R (FFR H‘H’fﬂ”)
P52 ) XL FRARTE Y b R K T T 08 B AT
B, AiTREE 1 7 o U B B TR
BIGERHRE S, TOUES a2 KR MM
R IR AR SN Sy R R AR BT 6, HLg
LIREEM R, HEREREHERTY . H
1, AR S R B N3 2 B BLAH S £ 1) SR 35 18T, 7K
AL B B K R A, i 2oL 4H 7= 5h i RE
B, TEEA A ML S50 AR o SRR I S
PRS0 XU B B R R K R A
S PERERNA G TR R H AR B IR ™ o T I

il

RN T 2 AR 48 52 i O 2 T P RIS, AR
KB TAE 15 000 mm L b, 1 H¥YREE
FEEER AR MR, — A EE 60 ~ 100 mm, 55 FF
#£3 000 mm DX b BOHBAE R A 20 ¢ L EDY,
M4 DH36 — 7235 B 4T GB 712—2022 { 4R
KOG TR 5 bR, ik M B <0.45% Ela
TRARHEFZERIWRR, EX +BATE
PR R EE T ) B@Yé/‘%ﬂi@@fﬁaxﬁu%m,ﬁ@%m
BRI R Bl = K, TR B,
100 mm & L 4RIENE |- R A Bz DH36 - 735
K FH 4 B B 5L RN LS 4 HI M 454 ) TMCP
T, 38 MK OB B LIRE , 25 e
BE 30 I BB BT 2, 41k d ok LU = 4k
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SRR 2 shebr L s o AL IE K + PR TR

W L2280 LR BT [m PR RE B3 204

1 g EX B AN DH36 - Z35 p4rigit
AN L X R AR DH36 — Z35 R F e

BT Z BN Nb V. Ti 5 S on 3 4110 Bk,
FERE RS POS S EHUR, IR A HARR M.
5N 100 mm B EE R DL bR R g b XCR
DH36 - Z35 WAk 1,

*1 MRWig L XE AR DH36 - 735 ML ER 4 (RES#) %
H C Si Mn P S Nb \
MERS  0.15-~0.17 0.15~0.45  1.40~1.60  <0.015 <0.003 0.03 ~0.05 0.03 ~0.05
H Ti Ni Cr Mo Cu N
PSR4 0.011 ~0.025 <0.15 <0.20 <0.08 <0.30 <0.008

2 REEFIEZFRE

2.1 HWILZ

TR RS &2 W% 4P e Mk, X8 R I LF P
VD(RH) §r it 47 H23 A DL AR O H 554
FESRLLIK S TR 0<0.002% ,H<
0.000 15% ,S=<0.003% . T #4505 1
i =3. 5, B mivE £ (450 x2 270) mm M
1], REERIREG LR 6 ~ 15 CAUT A
Ve, FIIEE N 0.55 m/min, SI/EHRET + K
FETRAETFEN 21 mm, 55 B HEERA ¥
B WA H N ERIZEEAR C 28 1.0 ALK
To
2.2 il E

PN B R EMIE N (1) AR bt
I, REMR B, (2) BN MR E S, B
GEEMRIREN 1. 3) MBEERBYAIA
g AR SR R P U7 S0 A R S
JSFEPTETA] 320 ~ 500 min, 00 EB 0 B AR IERE 15
HIZE1 170 ~1 240 C
2.3 EHELLZ

ELHLI AR — o A B AL R SEEL I AEEL
L3 BB . SRR P R AT 9 s ALHLEE
TP By Bt L , A4 T 45 o DX 5L W0 R0 R P 45
m XL, MHELTBIFFLIRE =1 050 C &5 3
BRI E TR = 18% , 15 18] 51 J5 25 423 ) £
140 ~200 mm Z [ ; K5 LK Be AP A P45 SR X AL
FELIRE 850 ~900 C , & 5LIRE 790 ~840 C K
HETETHE=235% , I3 IR B4 AR RBHE
TR, LS AL HIS SRtk . HIEHSH 55
HIELHIAS G, LA B R S B R A

PLES &, BRI 2 A O A LIRS R
LR E TR . M EL RIS IR % A 1R
FHIRERA - SRR AT S EEME 17
%o

L o
oA Rt

IES

R S
| - LT T H?@ﬁ %
VoCLel e ;
KW OWEEE ERER

B RIS B IR - SRR A ETE S

B 1 ATLUE I, VBT JE 0 B A S b R
N JERSBERATE B T 2 44 A M 2 A48 4k ;41
7R A B 2H SO A SR R AR ) 4k R AR AR B AR
AR AR B B AN ] LA SR AT A L A A [ i
N CIRE
2.4 FAk+HPATE

AR 100 mm JEBE & DL IR R g 1 XU E 4
D36 — Z35 FIE KR H7 (890 £10) °C , finHhk g
A 1.5 ~2.2 min/mm, IR} E] 35 ~ 50 min,
BHGERLLIRE 550 ~600 C

3 AFEHEREFIAL RN

3.1 Ji%tERe

Sy BIMGRHIAIR L R 3 RS 1/4
ARHURE I BEAT R | i AU, Jo ARSR B L
Frim & -20 T D EIERNR 2, RTEIED
7 IREHARAR - 20 C P Th{ERRETE 200 J DL |



28 PR, %5100 mm &% L _b 4R b XU FH4M DH36 — 735 IR K 54 - 15 -

F2 WMHRMEEE 1/4 L H 514

ABHES BEME AEES R/ MPa R,,/MPa iR BE/C KV,/]
14 3k 1 404 549 -20 294,278,283
1# 3k 2 421 557 -20 287,269,253
1# W 3 379 532 -20 234,238,239
1# W 4 375 534 -20 287,243,228
1# B 5 406 534 -20 235,222,221
1# B 6 386 533 -20 256,225,283
2# 3k 7 418 557 -20 260,256,256
2# 3k 8 447 570 -20 267,250,272
2# H 9 391 538 -20 234,243,227
2# W 10 396 538 -20 264,246,243
2# B 11 430 534 -20 243,273,266
2# B 12 405 533 -20 255,260,249
3# % 13 427 527 -20 223,226,229
3# 3k 14 426 529 -20 221,221,218
3# W 15 378 515 -20 236,199,249
3# W 16 391 522 -20 230,228,220
3# B 17 423 547 -20 239,237,258
3# B 18 415 547 -20 229,232,235
3.2 SHHALME e 8 ~9 G MBUERE A LN IR + DR

124 3#AR A SULE 2, REEE 174 (KL SMAHSVRL S SRR i 20T E A
AR FFRRRR + BOLRAN, BRI ESEH B RS AARRS—2

() lHHAME R T (b) 2R AR T T (c)3#AMRIT R

() 1R AR R 143 () 2RI 14 (3B ELE /4

B2 R HESUER
3.3 JEtERE R EEHIRE S A FEEPEREARAS RAF BRI PR U BL, T 2L R

et i R A DH36 - 735 Xl Mt AR T AA =880, MRBLE . sy & Z 18]
T RE R R A LR GV TRy, MBStk RE AR hI RE S A AN Al 3 ~ AT 6
Sialhbg R TMCP HoRFIIEK + PRGTZE,  Fim,
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3.3.1 hifitkag
P 31 4 hy Ji Al 55 JBE ARG B8R B 5 AR 425
Aty & ,IiMJC.?H:EEFEET“ =100 mm ¥ b X H
4% DH36 — 735 B, Ji Al 5% BE \ P05 B2 B9 Cpk
B3R 1.43.1. 40, R T LS HRER G
B G RE  BE R, AT A

181, HL LFF
o R
LS I ‘
HH - i
B R 500 : fﬂlm/fﬂmﬁtﬁ
B Ak 395769 dl e
FAN 199 k CPU 130
PRAEZE LI 19.265 2|}; Cpk 143
FRAETE AL 0 : e S
FrHEE(EH B2 M) 19.265 2|1, Pp L30
PRIEZECRIAD 24.361 7|} : gﬁlb 143
3 480 Chm
SLMERE FHNLA A kA TR R AR
PPV < IR TFRR O ||PPM<AIR TBR  4.25]|PPM <A T IR 215.25
PPM=Ht% FFE o ||PPM==3mt BRR 0.03] [PPM=#045 1 9.41
£311 I'PM 0]|&3 prM 4201131l PPM 224.66
B3 JERE R SR R
LSL TAE TR
T 0 A~
g, TR G L
E !
Dl A | T
BEAE 55502 || f Lo
FE7R N 199 i CPU 140
Fifi 2 (2R R]) 10735 7)3: Cpk  1.40
FRHEZE(ELN) 0 i FAARE s
FRAEZSALEVALM) 10735 7]) O
W el PPU 109
Uil et | Ppk 109
510 525 540 555 570 585 600 Cpm
Sege P )4 M PR TSR PERE
PPM<#IAE TR O |IPPM<HURS TR O.15][PPU<HURTFR 3101
PPM =M B 0 | |PPM= 2R B 13.96] |PPM= 345 FFR 529.36
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Influence of Te Treatment on the Morphology of Sulfides
in Non - quenched and Tempered Steel

Yang Min' ,Deng Wei',Zhou Lei' and Chu Xiaoming
(1 Research and Development Technology Department of Special Steel Division of Nanjing Iron
and Steel Co. ,Ltd. ;2 The Second Steelmaking Plant of Nanjing Iron and Steel Co. ,Tid. )

Abstract In order to improve the morphology of sulfides in non — quenched and tempered steel , the effect of Te
treatment on the morphology and control mechanism of sulfides in steel are studied and discussed. Observation and anal-
ysis are carried out on the sulfide inclusions in the steel by metallurgical microscope and scanning electron microscope.
The results show that the sulfide morphorlogy after Te treatment has significant improvement , transforming from chain —
like shape to short rod — like shape and nearspherical shape with a high degree of discrete distribution. During the solid-
ification of molten steel,MnTe forms an encapsulation on the surface of MnS inclusion, achieving the effect of sulfide
spheroidization. The deoxidation products of melting are used to increase heterogeneous nucleation sites and promote
sulfide nucleation. Al,O, provides a large number of heterogeneous nucleation sites for sulfide formation, promoting
multi — point nucleation and the discrete distribution of sulfides ,increasing the amount of sulfide formation.

Keywords Non — quenched and tempered steel, Microstructure , Tellurium treatment , Sulfide , Nucleation
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The Development and Application of Converter
Lining Repair Technology

An Hairui, Liu Tao,Zhang Xuefeng, Kang Suo,Zhang Dan,Zhao Bengiang and Yao Jingwen
( Tangshan Medium and Heavy Plate Co. ,Ltd. )

Abstract The key to the repair technology of the converter lining is to monitor the converter operation condition
in real time during production, repair the defects and the depressions at the different parts of the lining by selecting dif-
ferent materials and modes without affecting the production pacing as the precondition. By analyzing the factors affecting
the service life of the converter lining ,the actual application effect of the lining repair technology is compared. The spe-
cific proposals to prolong the converter compaign in a more economic way are raised and put into action, repairing the
major lining of the converter using a wet process aqueous binding magnesia — carbon repair material, selecting the mag-
nesia gunning mix to repair the trunnion, using bottom refractory material to repair the furnace bottom, applying the
magnesium — chromium , basdon magnesia magnesium — carbon grouting material to fill the taphole , which not only great-
ly increase the service life of the converter major lining, achieve a good binding result of the trunnion repair, but also
prolong the service life of the lining, while the productivity of the converter is improved to certain extent by optimizing
the process flow of the lining repair technology in general.

Keywords Converter lining repair, Optimize the repair process, Magnesium repair material
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AR A i, A A B A T R A PR U7 6 o

R5 T EIMEAAER AR

BRI = BURMELA BB

. BiEAh FERREE AHLLE A
s R AN R H

‘ WL FERRE N
T iy A R

oy BORESOBANEN, Bk
MBS AN, SUUERS.

KGN  FPAR BP0 5 BURh
ERILER GRER U,

TR T, R
B, EERE.

. Wi 2 2R 00 5 U 7 A it A e
B AL HRBEME &, BEIE,
K B K T RHE AT AR

TEMMNE 2,
BT =R SURE

3.3 JPURERMEAR
120 t Zpdp KB B2 0 910 mm, i M i 72 R
S PRI JEASO0 B et U HEA T I R, AR 40 0 A 4

PEATBIAS WYY, B v v T A B S RS ) R
B M S BB TR BT R AT e s kb .
JEE Tl kA B GB/T 22589—2008 Aisfe MT — 14A 4%
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Ll A FP P ARHB AR B T & 5 8 - 25-

it , PRI BEFEHR : 0 (Mg0) =76% ,w(C) =
14% , BRILR<3% , B EE =3.0 g/em’, F
VR R =40 MPa,1 400 °C .0.5 h B H
SREE =10 MPa, 7E/RHRERE S, Bkt T/EEH
5 ERESEZEM,JEE—2Z 1 ~3 mm JEEH
VB BIRALIX o TE AR AL X H, 0 P 3 TR
FRTEAMES SHITR N =SSk
JLER (TFe) & A S AL BT, R BBk 5 & E T 19

MgO e fb 2 RN, = BUBE B % 2% T T2 B ik
JZ I T AR I RS R

PR K B AN L R R BERD O B RO, 3R
AT AR L & 50, 5 A0k L 0 BIGR MK
TR R TR A K B 450 A, 7 R R BR B RRAIR
AR (9 (R e EL B e e A B R R
LT HERERN R phRI 5% , BLREMR Tois i, #
B E E A RE AR LK 6

R6 KEXEMEIBIAE/LIERE

HEREHEPE @ (Mg0)/% (Si0),/%  w(C)/%

HFHBEREE/ (g - em2) (1000 °C,0.5 h)

it FE38 B/ MPa(1 000 C,0.5 h)

IRER =80 <5 =8

=2.2 =20

BEFUKEBAE S KISEmIEA B EE T
F—# iR R, AN LA . KRB RFE
BT BERE , AN RIT A Z G, B
VS IR D SEE T BN SR G A
RE K EBAME BNy AR T, FIHR
LR T A R I 1 M B ANEUE TR R TR
PIRR BB ERMN B, BIrrRKEBANE
WAE R N EIKR 0.5 ~ 1 t, Ba45 B4 4] 30 min,
WA FH AR 5 2] 100 ~ 200 4K

BERUKRAGANEAEER TR 5 R BRI
[ PNGE R P iy N I DN R I SR € iy
PNV — R ITIEYH , TE/F SRk
PR
3.4 HBROIER

g AR O RS R 454 GB/T 22589—2008
PRUER) MT - 16A fisE S hch% , FLBAL 1 REFE A
w(Mg0) =74% ,0(C) =16% , B E <3%,

RBURE =2.98 g/em’, K IR R HR B =35 MPa,
1400 °C .0.5 h B EHiITEE =8 MPa, B3Rk K4
R AR, AR TR K AR, HAR D RS R
M E g B R = SOR A T R, PR
WA R AR O A 488 1000 47,
Bt R AR E P AR O TR R A R B
fE,

R AN R RO B ERE TRIER
MK Z e, 3% A 5 R A R A S ) 1
F ke g s R 1 R B H R, 728
B W O, R TR S RS 1R B ANAR SR
P P SOR AT AR BRI 70 . LIESORL IBERD Ny
o4y, KB R ELE ARSI IR A B 22
B0 (BE A AKA) 4k S8 Mo . Sio,
Ok Bl M LA S AR e 2 (2 1t 5 ALk fin e 5
DAMEALELMERE o 86 T E HORH SR B Ak 2 M R
wmFER7T s,

®T BHRERHMELIERE

HEOE o(Mg0)/ w(C)/ w(8i0,)/  w(Cr,0;)/ REEE/ B R SR KA/
AR % % % % (g+em?) MPa(1 200 C,3 h) %

(237901 =90 <1.5 2~5 =2.6 =50 -1.0~0
B =85 5~10 <2.0 =2.4 =30 -0.3~0.5

HA O E AR AL AR EE AT (1) R P 58 AR
AR5 IS, F & TG FLB e B AL B 4R 1
FRARTE D, AR BRTA BR o (2) K5 T4 %% A A
SR HepE A A E FL P, O (1 %8 7E A 1
AL 22451 bo (3) BRI e i Z 4 FRlk F
£, RATELEN, BRI B & ) R AR

I e R Rt SE B, a0 3o A1 R e HR) AR K 1 JE R
PR FER VR . MEHKRL 0.5 VIR, BR&s Y H]
10 ~ 15 min,
3.5 RLHBCRA

AP R R0 A 2 B I B S O R T 470 SR A 1
BRI MT — 14A BERRES , 4P B 8 v 08 T Tt PR 1
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YrE MT - 16A SRR , H 4 H 77 398 FH it i
AR A A 2 B0 4 B A5 BRI , 4 B B
BREGJZ I 804 mm, S AF L 0. 928, fif e T Ik
JE i AN B BN B IRIAT, 1 24 T A e
R TR A T RSB R, St iR ol LA
2 16 000 4K,

4 Zig

(1) ¥ REE AN LR 2K RE5E 8B #b
B T i Rl B R T LAAR S R DR AT £ okt
ML, BAMNICR BLAF s X T A= R R,
RIABAY M R BBk % 1R & B J7 1, AT LA
P A MgO,

(2) B b B3 2R Ao Wb ok B o B Ak TR
MEAMBEHE b, 2 Tk B AR5 B B U K 7% BT
R PG T TE R R T, B RHEES LR
IBEPCPE SRR E B, [ B A {3 6 =60

(3) B ERam S HE OB IR R L S Pk i,
TR R 3 BE R, T LA RS AL R AR IS &

S S kWP E S S Lo

S 30k

1 EEE HPPREPEARRRSREEHRLT]. RGBS,
2021,43(1) :24 -27.

2 FPLE,FE R, ERR S BT B WREEE AR
B3 B HLEI L] . SR 24,2023 ,35(8 ) 1982 —988.

3 0% FEBEME,Y % AHEPREEHHNENET
SRS S BRI R4 ,2021 ,43(2) 124 -27.

4 FEIHELE OFL OB, F FiRSENRE R P B
[J]. AR, ,2003,(S1) ;1 -3.

5 WBZME,RRAEMR, AR, 5. Re R AL OR IO BRI 2 LD ).
HI4RBHE: ,2000(2) ;31 - 33.

6 EITHEE O FL O, F FiRSE RS P B
[J]. AR, ,2003,(S1) ;1 -3.

7Bk BERE, B M, F SRR RS E RS
[J]. THER 22447 ,2018,40(3) :253 —268.

HHERH, 2015 FE FHRLBTRERETRE
j.ko

Wooks H HA .2025 - 04 - 26

(L#% 8 )
ERE IR T AR

(WIRIE1 /2404 M2

() B B 1/44b 412041
&2 147 mm $REIF kA SA516Gr70N KB R 1A %S
NS AL

4 it

(1) 3@ ot B o et , A s il e B & 42
TRE B T YRR C R4, R Mn it
B8 MA L E Nb RV, AR UERIER 1 2= R AR
s B EOR BEE 1 R Al , (R 1R A A
BURIEZS - 46 CrEiENAE RN ERE

(2) B EMIE K TZ MR T B AR
LA e 4 BERE S A 3 5], S B A LR 5
P RIS Ty A PR AR IS R AN AR K

(3) &7 1 147 mm FFJEIF Ak F SA516Gr70N
WAL /NG P R0 A E6E, T
HoR -46 C b DOE, BRAT & SOR b i R 2K,
WAL T RA, BT TR AT

&% ik

1 XSRS JE 5 T2 M]. AU 5 a4 Toll i igdt, 2004 ;
121 -122,126 - 127.

2 SRR EER K R MESAMIM]. bR Re TN

Bt ,2006 .67 - 69.
3 BRFEAE. HRWE HERBEEFMIM]. LR R & T R,
1984.75.

AL, 1 ,2006 4F 6l F 5 POBHBE A Be AT R R
LR, TR,

WO 3. 2025 —03 - 24
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B B RGBT S o BORH T ey 0 R ) A G R R 3 B N B e Bk R R
B 12 IWHIRAVE R G AN 2R AUR MW, B G Fe R B 1/2 3 + S0 A Wb 8 4F ek, 7T LR R
R P2 B A, T A B S S I A 5 | A B AT R KB B e sl , e S T D B BRI R
BRI £ EEREY BRI E R P ER K] 86. 21% , B T ¥ 40 MR i A4 7 A, i 2>
TR EFFHRE IR BTG B, BUR T RAEFRY ST AL ST , T2 A1 28 R ARk Aol 2 Bk Il [T B e e U Il i
P D7 , B BT T R AT R

ZEE Mm%k BpuaE IR

Production Practice of Industrial Solid Waste Slag
Iron Recovery and Utilization in Converter
Steelmaking Production

Zhang Shiyang,Pan Jun,Wang Yong and Xie Wenzhong
(Long Product Division of Maanshan Iron and Steel Co. ,Ltd. )

Abstract The slag iron with higher mass fraction splashed from hot metal desulphurization and the one with lower
mass fraction spilled from slag pot transfer are recycled in the converter steelmaking. The slag irons from the above two
sources are mixed with the proportion of 1 to 2 as per weight are used to replace scrap completely as the cooling agent
in combination with the operation methods of half slag remaining + double slag process and high catch cathon + oxy-
gen reblowing, which can minimize the sulfur and phosphorous intake ,avoid the spashes due to large slag amount opera-
tion and the sulfur and phosphorous mass fraction fluctuation in molien steel after melting, and finally achieve the effec-
tive recycling of industrial solid waste slag iron in large quantity. The production practice shows that the average yield
rate of metal in the slag iron reaches to 86.21% ,which reduces both the production cost of converter steelmaking and
the environment pollution caused by conveter slag emission, the good economic and social benefits are attained, a bright
prospect of promotion and application are foreseen in the respect of the converter iron — bearing industrial solid waste
resouce recycling for the same type of iron and steel enterprises.

Keywords Slag iron, Converter melting, Recycling
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BOK BUAL BB AR B BT e i fe e SRR
Jii % 0. 002% AR BRK , FE B 2k Aol
PR i R T A R BRI R & B R B £ 22
FARFEZ -, HEL KR 3R M L
BRI P IR L, 2 DI AD B GOKBa FB, L
HA& B ISR SRR RAT L A8 22 B
FN 7R A P AR R, AR OK A R

il

R BRI M WO R | AR AR BE L BE
Ry T A T LA R S s F Al S5 R 2
W, A EIRBIRBR . 534, oK A R
A, 4Nl RERE O S S B R
PR, L2 2 i R K B HH TR . Tl [ v 2k
BRAKTE St B 7 e i {0 R A M i 7 o TR
P8 PR EL S SRR, Toll 10 i kb
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SME LR FT I AR, T FHENA USRI
T3, B TR

SR ERA R R A AL BB (LA T 7K
N BEKHT) TR 65 t B R AR T A, A L
[ s 2k e Y 2 Bk B TR, SR P 8k 2K Jd B otk it
BB BRI X5 F e R B U A B A o O
XPERAE R, R R R 12 AlRA M A
e RBAURW, Fe b e R B 12 + X
"R R PLANIR " BV , R PR M s D B
AR BRI R B BRAE 51 A ot I B 2 RORL R 4
KB B Bl AR AT, DUSE B Tl [ 32
TR EA R

1 ThR&EH

ODREMPA— X EEERFE:2 B 70 £k
FREIRERG 2 A 70« AT ROB ARG 4 B 65 t
TS B e 4 EWCE & & s 2 B 70 ¢ LF
AR 2 EAPLAR A (150 x 150)
mm FFREFNLM 2 & RBSEEL. 1R RN
DR RN RS L R RS eSS E, T
2N F P R RE ST i 5 R
BE%E, TUREREF XERBELFESH.F
ELE AR AR TR AR LA Bk B A2 iAo
mE 1 ~£4Ps,

x1 TREREFTIESH

BRAEF/® PEY BREE PLOEA/mm BHEE/mn HHEE/mm P EE/ mn

58.53 0.84 1.38 2 035

3767 1133 755

K2 SRBXITESH

WO S#H8 TEEE/MPa HERE/ (N’ «t7' s min™') BROER/mm  HOER/mm  JubIefi/°
1.98 0.70 ~0.90 3.2 ~3.6 32.84 41.96 12
#=3 TEEHEBHREARIER
EEAE  0(Ca0)/% w(Si0,)/% /%  EMEE/mL /% o(Mg0)/% «(Si0,)/% K45/ %
wBELRK =85.00 <3.50 <0.060 =250.0 <10.0
BREER =60. 00 <7.50 <2.00
AKA =53.00 1.50 3.00
F4 BRIEUERS(RESHE) %
eS| TFe FeO Ca0 Si0, MgO P S
Bk TEE:  78~80  16~28  20~35 15 ~18 10~12  0.089 ~0.193 0.021 ~0.064
BB 71-~75  10-~25 30-~45  12~15 6~10  0.093 ~0.181 0.036 ~0.120

MR 4 ATLIE ), BB S ER, BT
MR BRI R EARRE , LR K
FRAR M W o R 0 7 A 1 T R L R O
5, BT RIS K B, R B 2L
BB, AR AR ) ESCR A

2 BEREPERMTITES

2.1 BB T2
B A AL 2 rh R AL IR SR L R Bk
FEARNW P, R R R AR (1) K (2)
Fe,0, +3[ C] =2Fe +3CO (1)
(FeO) + [C] = Fe+CO (2)
(1) 2 (2) AT, T 1 Fe, 0, LI K

BT BT R FeO 5& MR C RAERKR
B, AU CO F1 CO, S hmas 1 die b , vl LA
BEE ML 3h 1% A . AL SRR,
fEaBW T C B S8 —E0, 3% Fe,0, I
FeO ¥ A A FARHE R [m) 1E 7 a1 64T, B8
HIZS AL R B Qe T LR (3)
Qg =My X [ Coye X AL+ Ay +
112/160w( Fe,0,) x6 459 +
56/72w(Fe0) x4 249 (3)
A m%—‘@%bﬁ%/kg; C@%_@@Uﬁ%
P/ (k) - kg - C ) BUE 1.016 k)/ (kg + C);
Ar—EERIMA RS WS 7 T+ iR E/C ;/\;gg;_%
BRI (K - kg™')  BUE R 209 k)/kg
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SRATTR S - Tl 81 2R e B P I MACAL Y B A 7 S B

.29 .

IRYE SARAL 65 B2 4 B Y A 7= SE B, AR
sl (3) LAk 4 B mT LI 555 0, 1 ke M8
Y HIZLRI A 1 885 ~2 480 kI/kg, 1 kg A SRR
IR A 1 430 kI kg, B HIBN AL G IR

MR 1.32 ~1.73 1%,
2.2 EBMARKGE

DIBE (I AN 68 (3L A L L gk,
WA BAR S P LR BB INE, WK 5,

RS M LCGEKENER S.P T RERE

B3 MAR/ B TR HREn S BURENH0 /% P E(RES) /%
B ek W ok 1 68 0.000 31 ~0.001 2 0.001 3 ~0.002 8
BBtk 1 68 0.000 53 ~0.001 8 0.001 4 ~0.002 7

WY S Bra] S P oLREn(E _EFREE, i
AL Lk, 3 S 527 0.001 2% ~0.001 8% ,3% P

#90.002 7% ~0.002 8% , 65 t EiP Ak &)
PR i T BT AR LK 6

£6 65 tHIPIERTNFNERETERSFIRE
5 w(C)/%  w(Si)/%  w(Mn)/% w(P)/% w(8)/% KRBE/C
PEhE 0.024~0.157  JEiE 0.031~0.195 0.008~0.035 0.011~0.036 1628 ~1720
SPHE 0.081 Pl 0. 098 0.018 0.021 1 664

BiaR S Mk 6 Bliis i, Ak s A RF S P
TLER P BR 5 0.021% F10.018% , LA
WEER o[ P] o[ S]<0.035% 4R 54K
&, Tl BRI ABE B 7 5 ~6 ¢ S9'H.o

3 RKkEE
3.1 AT

BN o[ P] o[ S] <0.035% 3F & F 40
i, B Wk [ Si ] FngkKiR T%k?ﬁi/@ Wk [Si] x
100 + Ty <1 400, 1HIHRRIR AN 4 FLILFLK
wEsk , LA A 3.4 ~3.6 Nm'/ (1 + min) F 4P
B E BRI BN A R RRBERRAA KA, H
FARBIRINE 3 Fim .
3.2 BERME

b HNERE, ERER 12 g, B
BAEHITE 35 ~ 45 ke/t, LB SR, RS

2 000

HEAT IR B4 3 m LA A
3.3 AR

B ABiK 960 ~970 keg/t, ik 75 ~ 85 ke/t,
o VR EH R K B I K ot AR H I 7 A
BN EIREVE MY T 7R rh TR W P A R B IR PR R
1:2 LLBR A mia, Hi gk B & <1 000 kg,
HH T
3.4 IREEAE

HR BRI B 1/2 i + XUA” M B R b
R RAVER, A K R B EEER A KA A& 4
B 40 ~50 kg x (wyy [Si] x 100) 6 ~8 kg/t Hl
5~7 keg/t, IRE RO R EMALBLT , A B
BEM2.0~2.5 kg X (0py[Si] x100 + Ty ) 45
ilo Kl hrgr R e B R E A 0, Tl [ 5 v 2k el
W R L2 LA 1,

F900 4 500~15 00

1800 Fy7
- 1700
£ 1
£1600 b
£ 1500
2 1400
1§ 1300

m*/hj

{Eilbiss

gk

FRBEE U IMA

—

A RAVEEET 3 RIS 2/3,
12 500~13 000 m*h

12 000~12 500 m*h

i
12 000~12 500 m?/|HFF

1200
1100

+ 12 500~13 000 m*/h

b .
IARIABEREAR, FK1BEE

: BT IR AL ] L
lggg o fm/”ﬁ’f w%f'}f%ﬁ%ﬁ% H"jj”.)\*' 12500~13 000 m'h_
0 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16
&= 5t A min

A1

Tl 5 12 e I SR R B R 4P R T S B s B
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(1) RAERA R EELS K, A 1 800 mm,
4/ 900 kPa, /S 14 500 ~ 15 000 m*/h, [
IEERK, S ARG S BRSO RTE 0.5 min,

(2) RKEEE , HEMRAR AR ZE 1 200 ~
1 300 mm, & EJHZE 750 kPa, S R 12 500 ~
13 000 m’/h, 4% 1 min B, A 5 ~7 kg/t A
KA R KA 2RI = A CO, SR
AR —EMaRARE, A TElE. REREE
2.0 ~2.5 min, 2HCE, ME P Z“ FF 3" K
R, R THRE, HA 4 500 ~4 800 mm, F/H
£ 15 000 ~ 16 000 m’/h, FI| &S X W R AL AP o
AT, BRI, [k &R
RPTIE , A 0.5 min J5 B F4, Bl 40% ~
60% Tt % & &R B R 14 {81 B R] 1 ming

(3) BRELRG , R TR, SRl
1 300 ~ 1 400 mm, &S Fi & 12 500 ~ 13 000 m*/h,
S E 750 kPa, ik 1.5 ~2 min B, 3 K FEESS B
SR BB 273, BBk — IR M A

(4) InklseEe g, EMA A7 1200 ~ 1 300 mm,
4 JE 700 kPa, %&/S & 12 000 ~ 12 500 m’/h, 7
AR /3 BERAKERES 8 min 523 N5E,
T4 173 BRMBEED ARG TR 27RO

5% 10 min FyAN5E

(5) RS2 58 11 min B, i T BLET AR R
ST, 18 MR ER A E 1 400 ~1 500 mm, ¢
HEAGH , B IR bR T

(6) IHZEH 12 min B}, FARMAIFEZ 1 000
mm, & P& 12 500 ~ 13 000 m*/h, EERE
750 kPa, s A b B4 R, LAIS 5 BN Y AR 43 0
MREE, FEARETH] 0. 75 min , {850 ELEUHE ;

(7) #3498 — YR AR P AR K B0 TR, 45 R B
BREE % 0. 20% ~0.40% /min f1 20 ~ 40 °C/min
FHR R AT AR EAE, EARAR AL 1 000 mm, 55
JE 750 kPa, &S Fi5 12 500 ~ 13 000 m’/h, JEAE
BfE] 0. 75 min , TR A TR IBURE
3.5 HENERAE

BHEEH, KB FRER A TZERG,
Bsh e EE L, 2N A S S BRERD 54
MK o

4 EBRBR

4.1 ke AR
BRI S5 U 4 L R e,
27 B

R7T BPAEERBSPREEOKESIT

k=) B Yokt EHRY RET/ks BaB/ke WBREWE/ke RHEE BRSBEEBCE/%
234_06671 A992X 64.8 4,732 787 1423 0 66.5 84.37
232_06523 HRB600B 61.8 6.430 0 1 816 0 64.7 77.35
231_06767 Q2358 66.4 6.360 0 454 200 68.4 84.52
233_06472 Q235B 65.3 4.920 0 501 800 66.2 72.50
232_06924 HRB40OOEB 63.6 5.492 0 1563 0 65.1 71.18
233_06504 Q355D 62.9 4.960 0 1258 200 64.7 85.52
233_06631 HRB40OEB 67.9 4.584 0 1 540 900 70.1 87.00
232_07058 Q235B 65.2 5.790 0 497 0 66.5 82.29
232_07147 Q2358 64.8 5.750 0 472 0 66.6 91.53
23107335  $450J0 -T 66.8 5.140 0 1 473 0 68.8 91.10
231_07357  $450J0 -T 66.5 4.750 678 1 567 0 68.3 86.49
231_07393  $355J0-D 65.1 6.720 1 446 1 266 200 69.0 87.62
231_07458 Q2358 66.6 4.960 1321 473 500 68.8 95.60
234_07679 Q235B 65.6 5.530 0 469 800 68.1 94,28
231_07552 Q235B 67.1 5.068 800 468 500 69.3 98.36
231_07627 HRB40OEB 66.7 4.730 0 1626 0 68.4 89.61

LSS BINASER/ % = [ B8R x1 000 - £k7K x0.94 x1 000 — B2455" x0.42 - fE8k &4 x0.90 - 4564 x0.95 -

PR HR x 1]/ (8 x 1 000)
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MR 7 ATLAE W i ok s sk e BB UK
PE Ve ARG IR L2005 , Bk v R T R A )
WZRAE 71. 18% ~98.36% i FHl i sl , E I E R
86.21%

65 R il gk e BB UM
AR L )5, AR/ T ek & SR I
[, S e dr S B R R B R TR T s
B
4.2 BBIEHREEHAR
4.2.1 AKHFE

PRIk 5 i ik P AR R B K, T o 1 IR T
B, ABRRE 5 S P LT B M, Helb 2 IR
Fitk. 182 itk S5 G R ME MR 40 K Rl i X
AL

K2 Eek SR BRI RN O KR L

HE 2 WUER, BEEEAKARFEY R
44.36 ke/t, GG E B HA KA R 34.77 ke/t
AHEG, I T 9.59 keg/t,

4.2.2 ARAIHERE

B RBESCRIE 172 8 + XUR ™ 3 4E
B, — WA ERETRT, AR KA, FIH
A KA Z ISR CO, SR B R — &
PR PR T, F) T8 . R, B bR R i ek
B, KA R, KGR EEST B
PIRIRIEARET , A KA AR 7. 46 kg/t, 1 L
FEG I MEHA NG KA TS , A KA AR
T 7.46 kg/t,

4.3 HEFME

FZRR 65 t B lp P B Bl n A& 5.37 t,

B HNETEY 67.4 t, ISR E SN 500

TO/t BORL AR 352 3 558. 5 Ju/, A K AR
V¥ 694 U/, ARG RT3 135 SU/t Oy
TBHTHR , fdp = AR R PR AR -

5.37 x86.21% x3 558.5 —5.37 x500 -

9.59 x694 x67.4 +1 000 -

7.46 x 135 x67.4 +1 000 =13 272.54 J¢,

5 &t

(1) 38 o e B 4 ey AR RS [ 4 Tl
PR AT & B, B WO SR T B 12
o+ X0 M AR R, B KR
BT B EOR B B AR, TERRRE T K
B B A B R, R0 [l Wi 2k b < JR R, AR
BERE, B BT ECRTE 80% LA L.

(2) T BT B kA 5 B B A A 0l TR
65 t Eepp FASE BT R, M b T B R
H Gk o Tl TR kR i A 2 s SR AR AR
P S R R T o ke Syl N - U S i
Hedk RLAIERE TS 3, B T RAF B2 5T A2
i, TEFUBR Al 5 7 5 Bk ol 126173 B IR A [EhISC A
P75 T, BAT B4 RO L PR o

S 30k

1Bk 88,24 8,20 KR HUARSEH: 2K Ak 38 B i A=
FEALER[J]. ERERAN 2011 ,32(4) 134 - 37.

2 R, OB W SOKBUBRBTIR R R 4 BT AR
[1]. BENEE A 2014, (4) 44 - 46.

3 FBEH A B,ESFL,E EERR AR ANH S
Be[J]. ALIr#sk,2019,(3) :1 -4.

4 0 FEEEPEHRMSUIIM] AR 3R & Tl R ,2009.

5 5KdpsE, HIGIE, R E. FEM) POk Bah AR K
[J]. H:4K,2008(1) .58.

6 VIMETC,A RN, S ok TEAh 3 B s 2k [ R A
[J]. 8%k ,2017,52(2) ;24 -27.

7 W O REM, BEM, S BRI RS R RN R
BT BRI R F¥,2022,39(4) :366 —367.

8 XPEFH. ¥ A % ST ABRBAENEEIEN
PSRRI T]. PU)IiR 4 ,2023,45(1) 147 - 48.

AL E B 2014 4ERY FAL R KRR &1L,
Wit , TR,

Woks H #9.2024 -11 - 11



EER
WIDE AND HEAVY PLATE

5 31 85 2 ]
- 32 202544 H

Vol. 31,No.2
April 2025

WELEINE A AR TR A

SEE IFE K XA FE A REBE
(B ERA )

KAH L

H OE BN s O RGBT FE AT Ay B EOC R B sk B R RS (B
Y T A5 3058 B AR AFR . B AR 1R T SRR A e i B2, Ot st e S 454
RIS R TR B RIDUR IRRE ), BB B 1 IR A R T R, R A e S
BRI, B B Y AR E R PR AR B T A5 83 BE AR 38 A B0 FR B AR O T AR T 2 38 T3, R
W AR AR A TR TR 3R

RERE TWENE  BEO SRR WEAR

Research and Application of Continuous Operation
Technology for Ladle Sliding Plate

Zhu Feifei, Wang Chongjun,Zhang Jie ,Dong Jie,Song Wenqiang and Yao Jingwen
( Tangshan Medium and Heavy Plate Co. , Lid. )

Abstract  The sliding plate is the core component of ladle sliding gate system,it$ service life directly affects the
usage cost of the ladle sliding gate,the labor intensity of on - site workers and the turnover efficiency of the ladles. By
optimizing the process parameters of steelmaking process and ladle turnover system,improving the material and structure
of the sliding plate , effectively improving the thermal shock resistance , wear resistance and erosion resistance of the slid-
ing plate,significantly improving the continuous operation of the sliding plate,and prolonging its service life. Practical
experience shows that the improved sliding plate has achieved significant results in reducing usage costs, reducing work-
er labor intensity ,and improving ladle turnover efficiency, providing strong support for efficient and stable production in

steelmaking plants.

Keywords Wear resistance , Slideplate mechanism , Aluminum zirconium carbon sliding plate , Ladle turnover
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Causes Analysis and Countermeasures of Mechanical
Properties Nonconformity for 390 MPa
Grade Weathering Steel Plate

Qi Yan and Ge Yang
( HBIS Group Wusteel Company)

Abstract For the problem of yield strength and elongation ratio nonconformity for the 390 MPa grade weathering
steel plate produced recently,the analysis is performed from the two aspects of mechanical properties and microstruc-
ture. The results show that the nonconformity of steel plate mechanical properties is caused bainite in the steel plate. By
optimizing the composition design and stringently controlling the II type controlled rolling process parameters such as
start rolling temperature , finish rolling temperature , self — tempering temperature ,the mechanical properties qualification
rate of the 390 MPa grade weathering steel plate is increased from 33.3% to 100% ,the production data and experience
are accumulated for subsequent production of such steel plate.

Keywords Weathering steel, Alloying element, Controlled rolling and controlled cooling process, Self — tempering
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512 °C\584 C 650 C, e MR LS , B A RE A , Tk RIEIRE B X HHE T ARK & T R ERE
B KRR A HAE N IUK R =85 m’/h WIEBL T , AR PR 5 8 K2 ELEE =10, 4 mm, GRS AR SR 22 18T .0
BHPIF 5 mm 10 mm EEALEEE 7351 411 °C 500 C 580 C, fRARBEUFIIPRE R . BGILMHAKEFR
T BUAR B34 2L

KR RS RERE WAE BEE

Numerical Simulation of Surface Rapid Cooling Process in
Slab Hot Delivery Process

Yang Jinhu',Li Jifeng® ,Ge Yangyang',Han Jingxiong'and Feng Junpeng'
(1 Hansteel Company;2 HBIS Group Western Sales Center)

Abstract Hansteel Nengjia New Area adopts hot delivery and hot charging process for low alloy steel production
based on its advantage of compact process arrangement. In view of the problem that there are still hot delivery cracks in
Nb — containing steel after using the surface rapid cooling process, the finite difference method is used to simulate the
rapid cooling process. The results show that under the process conditions of 120 s rapid cooling and 40 m*/h inner arc
water flowrate ,the temperatures at the center of the slab surface,the 5 mm and 10 mm thickness positions below the
slab surface center are 512 C ,584 °C and 650 °C respectively. The weak cooling intensity makes the quenching depth
insufficient , which is unable to ensure the rapid cooling effect. The thickness of the quenching layer obtained by the slab
under different water flowrate is compared and computed, when the water flowrate is equal to or over 85 m’/h, the
quenching layer depth of the slab after rapid cooling is equal to or over 10.4 mm,while the temperatures at the center
of the slab surface,the 5 mm and 10 mm thickness positions below the slab surface center are 411 °C ,500 “C and 580 C
respectively , which can obtain better rapid cooling effect. No hot deliver crack occurs again after optimizing the water

flowrate at the plant site.

Keywords Hot delivery and hot charging, Surface rapid cooling, Quenching layer, Numerical simulation

0 &I

SELU TP B, AR I BE TR AE
PR A e R, R A 18 e AT b3R5 T &
FN AR A AR R TE B X % o R
2 RS M 8k 2 1A IR B <ok 7 7 B A
H SRR T Y ) S5 R R A 3L IR A F = A 4Lk
YL XL, E PSR R R T2k

il

BILLIA RGP A . SRR T2 Ed M SR
THT AT AR K v 4, S R T L LT — € )R
FEWE B AL AL SUR , AT ot I < S A
LA A AR A e R R, R ] A B
AU IR R R (LA MR BT ) 7
Nb & MR PR B i 1 R R T R
LY, B I PR A — R FIYE 2 E] 120 s,
PR AR 40 m*/h L2 BE ., 7EIL L AR



£ 40 - IEAR

31 E

BT AL WA BUALR A, RIS
IS T 345 BT A DO RER , P IR T 2
JEEERRTF 10 mm, FKJRAE SO RS
PR EI LU , 32 3% B Bk R AR 2 e 8 52 1
BT MR o N IRAB4G IRTE %
PRV TS Bve AL, B A PR ZE i SRR 45 7
Pd it e IR E AR O, P B ARDKE T
WKERE B RRG T ZZS 8.

1 EHRPELREREIRET

L1 #5508

R T SR UERR R PR R RS i AR AR R RE
TRACAR , ook RN I R IRk, IR TE
TR (AR R T B B AR IR 3, 1
ShRE R EIRIREY A . RIERT 4%
PR X R B 10 8] 7, 38 i 7E R i) b R A
G2 FRR A A

B X AR R % S5 ML T O (260 x 1 900) mm,
FrE 1. 10 m/min, HHLK E 35 m, 4 15 MEE
Bt N EERURAR, LN Q3558 $ M4, 1F L
TEEY (1) R IR TE ST B T
THAER, AR B AR T M AR, (2)%
PR TR R n) B A PR B FR A3 A L L 174
BHEATIHE. (3) 2G0T RIEB IR Y
Sk, HEB R 5 AK FIXT i i & 8 S5
SR, (4) Z s B AR o % BE AR AL, AN
PSS BRI, (5) BEEVE M R %5
BRI, (6) ZWEANZK M Hh A ik A 45
AR IR AR, H UK TES: G2 IRE 5] .
HF UL BRIR & 5 R A A
&, W) ~50(4),

pedr = nET 0D (1)

K p— KB/ (kg - m ) s A—FHREK
B/A(W- m™ - CT) TT—RAMLRE/C;T—

EIAHLR IR/ Cse— v (J - kg™ - C71)5T,—
& R B/ C .
g AR IERHERAZB AKX (2) ¥,
g=A-B /L'y (2)

Ao g—RMERE/(W - m*); L4 & 3%
AR B/ myo— PR/ (m - s71) ;4. B—&
DR ARG IR A= P AR BB R R E

TR A AR (3) FaR O

h=708W*"T, ~"* +0.116 (3)

KA W—KFHE/ (L - m™ - s7") ;h—45
BEMRH/(W - m ™ - C71), T,— AR AR
E/C,

PR IR e R AR R, AR
(4,

g=ec[ (T, +273)* - (T, +273)"*] €))

KXF: AW EE/(W - m?); o—Boltz-
mann F¥, B 5.67 x 1072 W/ (m® - °C4) s e—5%
BREERE(RHNER) ,BUE 0.8, T,—HF R IR
B/ C;T,—3ERE/C,
1.2 kiR

B IX R IRGE ) R B RE AR R U A A
RS FIPRIR B AR 3 AET B, YIHIET ] —R
1£ 20 min 7247, PRV 1R B O 15 22 DL B) A, —
MR A B E BT 8] 120 s, (RS FEE IR RS, iR
ERRENIBIE AFE 5 ~20 min 5 AL

MRERAE VI BIRS AA% 28 R B R ATAE #4, AR
AUAAX(4) FTn. BREHEARBES, B
TORREXRE P FRER, RER IS A —
R ENREI . MRERLELR IR BN G FA R LUER
B4 (HIERIR I R H ¢ SESIF AR,
e URMARREHR Y RE e, KRR, Bt
IS5

€4 = 1 1 (5)

K e, RERIH; e —HIRR A AT
HLHUAE 0. 8 ;& —PRIBMBEZ 5T, BUH 0. 38,

Pd TZEME RS R FERERHK SR
TR 7= 2 B X 4 A, B ik 2 SR FH AH G SRR 12 41t
MR ARIIR, WA (6™,

h=0.9 x(3.56 x10°T "*W*¥ + C) (6)

KA W—KFHE/ (L - m™ - s7") ;h—45
FEHRAE/ (W - m™? - C7) ; T—RIERHE R
B/C;C— 8, 5SRNGFRETZHERA X,

TR BRI RERA ARG SR
h, 856 MMV 5 SEBR R HAE IE %4 C 11
Bl RS B & . TR SR
R AR, I HARS J5 R AR KIR , MRRET
P R A R TR B P A () e s AR AR R R Ak
. MRIZAR A CEM #5 9897H FHp 41 4f
AR o



2

Mo B, 4 AR R W PG T Z B U 52 - 41 -

2 RERHNGTERERST

2.1 MREPETEF PR TE

MR PG% 3 TR b ) B AR Ak ] 1
R, HH aboc ABIERL YR R FE R IR BN
PRI 3 AR R B R R R O IR E 5 R
W EEREEEA R 8. R iRz
HRLODRE 924 °CJREHLIRE R 1121 C e
120 s R A, FRETR 58 HUK E R iR
ESRITRE RN BRI SH £, 5
AR R . BERITHEAS Y, 76 RV S5 BB Al 3
FmE P OBEREZE 512 CERE412 C B E RO
EEEREZ 1102 °C i\ 19 C, PR 45 5 iRER
FEASRIEE, Pt O BB A IR 4TS LA s , [vl i
THREZENHREERH, DHPRABSFELETER
T, FREEEA DA, ME 1L $ e BERn, B
RTRRER TRMBE, E - EH LT ES
ZRME, F O IR R R, R RS R
KBEFLE 12 min, Xt E H 34 min &b, SHAT 2 160
LR 871 °C R UL IRE 964 C

1200 e
T L
b}

& 800 P
= — ] 1
600 TLmﬁgi
-*m Fg

0 5 10 15 20 25 30 35 40
FAERHA] /min

K1 R iRl

Xt EEBERZR E O R T 5 mm 10 mm 4f

100-

W B mm
3

/ . / ik,
0 100 200 300 400 500 600 700 800 900
PRER LI /mm

(2)40 m*h

AR S /mm

100 200 300 400 500 600 700 800 900
MR L1 /mm

(Y70 m*h

-

P R P RRE AR AL, W 2 R, —
RS T AT EM R EE KR 600 C LT,
WX, FNAFTRE, 4R HE2 ~5 C/s
B, T RETE A/ MY R IR S 2 R RE AL R Bk O
1 S RN A=y ST TR AR?S: L4 ) ld R

FER¥E 120 s IR 40 m*/h A HIKHET,

KEBERZES512 C,A8H 3.4 C/s,)2F 5 mm
110 mm 4bJEFE 4> B Z 584 °C (650 C, ¥R
AR 2.8 °C/s F12.2 C/so Al WAL LHTEE)
AT GBS EER 10 mm ZMKREH AR,

AL IR AT BEG , ve BEAR BT 2R 18 R AP R R+

PEREH A TR
1100 &
1 000
&
=) 900
Z 500
ko 5
B 000 [ Emamn
6001 | = TBEES em
o R0 em
500
0 5 10 15 20 25 30 35 40
PG| A /min

B2 RARREEA [ A B RiR A

2.2 JKEXEEKZE B

K E T E SRR BE D TELR R H
LUS , FRZ B8R R A AR AR 58 BUR & LT Y
JE B 315 ], AR AH 5 SCR BT B 580 °C AR R R K R
Sk 2 RA . il 3 BR, W E S
AN EEAES] 40 m*/h .55 m°/h. 70 m’/h.85 m’/h
JKER, REVEKZIEE 458 4.7 mm 6.3

mm.8.5 mm.10.4 mm,

.

10() 200 300 400 500 600 700 800 90()

B

AL 50 fmm
(h )55 m*/h
£
‘V’E{ 100 E
%50 550
S
__Lé
100 2()0 300 400 500 6()0 70() 80() 900
H)(iTJu t"/mm
()85 m*/h

B3 ARKERE T HREEAE



L 42+ IEAR

31 E

BEE NI K B R &, WK 2R
ZARR , SR HIKE N 40 m’/h B, KRB E
HA 4.7 mm, 7 PG% K 5 SRR PR PR IR R
T A S AR RRE , AR R AR E R W
R IAPERAS B HE 0 , 7 5 S WA X M7 H 5
FILFEER T A5 U A TF 3, e B AT 5 3L
LA HIKE =85 m*/h I, BESRIEE K )2 )5
FE > 10 mm, S BRI RA R

3 REITZMRE

Bl 4 2R FH 85 m*/h KR At R Hh AR R
AR B R BE R AAE Bl o ARV B R B AR AR T
L R RITE 5 mm 10 mm JREEA7E R 40518
411 °C \500 °C 580 C, XN 3 v B B 18 43 7]
H4.2 C/s.3.5Cr/s 2.8 C/s, k2B HBE
REIA BTG hn . R ER SR I 7E R IR EE o RS
EE BT E 849 C, M ELZ BT 40 m*/h Peidk
BT 871 C Hi KR 22 C AR Fri s
MIRE . B mPIue s KEE, & Nb KRG %
FTERGR B AR P AT R AL

1 100 %5,
1000 =
900
800
700

O
g
]
s
e
=

600 { | — ML
S en
500 ~- EEF10) cm

400

0 5 10 15 20 25 30 35 40
FIBER]E] /min

B4 85 m'/h P /K BRI [ A B I iR BE 2Rk
4 HFig

(1) BF%5 HE 4R BB 52 BT X 7% Nb SRR % o 72 AR
YRR AR W TR R, A1) 3G BR 22 40 B X v it
PRI IRIR BE R A AT TR, G5 R R 7R
ME7 40 m’/h PUAKET , B HIBBERE AR,
RERETIRARE LT 10 mm ZMEEE 650 C, %
2.2 C/s, WAZIEHE 4.7 mm, KRBTGS R4
PR RCR

(2) X HIHEA W Hed 7K 2 T AR RS B
KRR, B K& 4514 40 m’/h 55 m’/h,
70 m*/h. 85 m’/h B}, BRI K 2 RS BE 430 A
4.7 mm.6.3 mm.8.5 mm.10.4 mm, FEHEHEIEHR
BHARZE >10 mm H B R & iREEHSAK

PR, B L IR K B =85 m®/h,,

(3) B3R 85 m’/h [ HRE K &R B, B Bt
] 120 s G R R mE 0 X LR 5 mm, 10 mm J&
FEALIRRE 4352k 411 °C (500 C 580 °C , X[
AyiH 4.2 C/s.3.5 C/s.2.8 C/s, MATHRIR
RMEFEHELRE 40 m*/h BFHZL 22 C IR
IS BOR R ALK & 5 LA A B B A ik

R,
Sk

Lo 30804 58 BREFRHGE IR AR
KIHLI]. &RAE 514 T ,2021,49(6) :38 44,52,

2 BKFE,EBMA, K S HRAGERE T 2 gk
B[ 1], AP pRAE 5 T2 ,2021,29(6) 154 - 64.

38 %L, E OB AA, B HT RSN E G RE R
BHER]C]. FEHEE%S. 2014 2 EHER—EG LI
R 04,2014 .5,

4 BKE. RGN EAR 7% 5 5 Ha% B BB TS HL B B
3E[D]. BB PR A,2013.

5 ZE@EfH. HSLA 4 M - A 41800 T8 s J15¢ R AL hp gk
AR D]. eI KRB 273 30,2007, (2) < 88.

6 HEbUr, FERE SEFE5HAEM]. dual YU Tk AR
#t, 2007.

7 WHE BEHRARERET EHARMRED]. WEB RS
B%,2022(1) :83.

8 BN, EEW.E M, E A SMES T E ARG
B[ T]. %45,2023,(5) :51 - 56.

9 FREE.B &, 8K%,%. 03558 IRILEFEREEHITHE
I T]. %4 ,2023,(2) 43 -51.

10 RMMEBE B RNESESEAEEERST]. WEE
4,2021,44(3) ;54 - 57.

11 EZW, 2R AR T Z P nd S B e R EeF
R T]. H480,2003, (3) 137 41,

12 O FESREFERERSEAEASESNEEGTHER
[D]. B KA%,2013, (3) :90.

13 JE,BRT.E 1,5 SR RE N E N RRK
FALT]. Talkhngk,1998(6) :3.

14 A R KE R, S EEFREEL MRS R
B SMERTSE[T]. $#UnT T ,2019,48(15) :60 - 63.

15 8 W KA SRR E W AR IR R 1 R P IR B ] A
WAFFEID]. PR K2E,2015,(4) 1102

16 2= VL. HSLA 4R S5HR IR #1072 P 40 2 0 AR BTt 04T
REFSE[D]. BEPRKH,2014,(3) :96.

&R, B 2013 4EE FIALER & K pih & TR B,

TR,
Fykd B TR, EIRER .

Wioks H HA.2025 - 03 -26



EER
WIDE AND HEAVY PLATE

Vol. 31,No.2
April 2025 -43-

5 31 855 2 3]
2025 4 4 H

IR A i R R R ThEE & i R LA
IEE HR HhEF
(1 LSRR A R AR 2 RRLRHE O BAR 2 57)

B E WO AR R, 5K B R, R A S R e B A AT
T 7 B A SRR R T KO RLTE 1 P 4e] B S BETT A I F IR A AR DR B B R (A, W4 A0 A 7 P K
BB IR D BRI AR Bt B FTEAT AR RIS TR KB RLBE T Frd A S K 3 TS B 4 R
S e B HA B TIAEIE e sty B M ARAP BEE RO BOR . N IE RIZEN 40 T TUBRE- AT B R L
FEAHE P AR AV R A R PR SR AR BT

KR WA RZRY WEARRL RSRE

Function Design and Technology Application of the
Refractories in Clean — Steel Production

Wang Aidong' , Kong Xiangfeng' and Xu Haifang’
(1 Tangshan Iron and Steel Group Co. ,Ltd. ;2 Tangshan Vocational College of Science and Technology)

Abstract The refractories, as the auxiliary material for steelmaking, contacts with the molten steel. The design se-
lection and application of the refractories directly affect the quality of the clean — steel ,building a clean — steel produc-
tion favorable and friendly environment is the first issue to be resolved for the application of the refractories in the met-
allurfical furnace lining or function components. The technical discussion is carried out on the design and application of
the refractories used in clean — steel production, especially the functional refractories, and in the refractory design,the
material which doesnt pollute the molten steel is to be selected ,the structure is rational and favorable for achieving the
results of inclusion floating promotion and shrouded casting improvement. At the meanwhile , the new materials and tech-

nologies are described,such as carbon — free ladle refractories, diffuse purging plug, gas curtain barrier of the tundish,

irregular shape bottom of the ladle and shrouded continuous casting technology.

Keywords Clean — steel , Inclusion , Refractory , Shrouded casting
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