39 461 IR
Shandong Metallurgy

2017 4 12 A

B 4 Vol.39, No.6
December 2017

2 4 ~#H K

S
G LT~

PR RE T Z ML LR

THUE HRE BB
(LA BErE /2 |l RN, LILZR RS 250101)

W AR RGATAE MR SAART /N R REBH AR LB WA 2 7 2B — 25 [l B, A7 2 i B AR A 7 [l
AT, SRBUL LR PLC AR S ISR s TR & BRI iR S5 1 it . AL , A2 S BE TR/ 0.002 76 [
7 0.002 64, Z S iR (TFe )& it R I 1.16% , FEIBBLRIE = T 3.67%.

KEBIF  FE Y IR R G0 ; hBE AL i SR & B Wi %
FE 5% S  TF729.5 XEkFRIAED : B

1T /5

FAT, R R EARA A T Kz i
BB, 5 AMEEBORR LA A e AN/ 22 B LG
WP R G2 BUE B AR — A IE AR K
il BE AR A Bk AK AR IR, 2o AR A R A
KA, 3369 3 VR DI s ML B 8 T s I, AT 52
Ml JEE AR 5[] IR A 254 B B A L {FL AT — i
AR, AN REMR I S PR SR AL Bl R 8 5 5 IRt
RE B R JER WU /N SO BIL, AUA 5 I 3 T 9
IR RSB ZOR , 1A B T UK e 2
MR BRI EIER X, BRE TR TUR S Wif 4
DIRERY S KA . i, AR AL P IR T 2%
KRG, MR 1 50 BU2h BB P, ik 1 400K
AL B T A BRI AN K T

2 TPt A

21 HFEMEE

o RFEPIRR R R E N SRR E A B
TN B At B AT BE AR b BB K A AR AR I it
g o] Cn 58 e AR T WG 0 5 ) e A R AR
b, 33 3 T WK A5 V0 40 s AL 0% 5 A SR S, DA T S
JE AR 5 [R) s 78 45 1> B B A 3 o 1 A 2 — A
AR AR AR Al S PR T SR AL Bl 2T b 5 f oy OC B
2, DR T L B A IS IR 2 K/ B VD4 s AL, A
A2 R T AR KOG L 1 LK MR R X
I EOR TR B X A T 3 AR IR, 2045 15 T 25
T TR AR W B e S R A SR B L IE B S PR T
OIS S Wit ax T Re i) S A 4%

LI A e 4 5 R AR AT Ak T35 J2 FaB A0 1

s HH#3:2017-10-10

EE I T, B, 1973 42, 1995 4EERL T LI A v 4 Tk 224
Wb a0l FF B R R R & TR . BN IR 3F
BTN 210 6D XIEHAT TREIH , NSRRI TR T4k,

6

X E /S :1004-4620(2017 )06-0006-03

BBt , 5 AN H AR A AT AE A NNl EEER
PR DIEER AR /N A R, R BN
B AR B 0.03 m¥Y (min-t) ;2) IS 547K AT 436
BN, BB RR P B T SR AT i W Y A g 2
PR, E AN e BT AR T Tk 10 A2 T
W2 E<3;3) H AT P AT 8050 1
B, WO B — TR

A e I W) L TE AR T B i R B2 R
RO, T H DR AR Y R 45 o 1 AR B R A A
SRR, AN 45 40 R B i o R U DTS IR R S Y 1
TR R SR AR o R80T AN JE TR
PR AT R A IR B P R T IR RIS IR S e
PR TROR WL SR AL R i IR
{18 28 Ak 17 BE B X RS R s E AT B A R, DL 2P
PACEAN — T SN A AR A 3ot | R R R A1 Ot ok
SRy e ot R e N ] 2 iR &= A
bR FETUR S W6 & DhRe , 12 DUR & G
SRR, PR N R
22 HZQWmERSW

AP Tt v BB S5 N B B < [C+[0]=CO , HF
1 HOR -

= [(E)]f[(b] X f(}ifoo (1)

2 P=1.013 25 x 10° Pa i} ,m=[C] x [0]. m FX K
TR AR . Y C EEAR, R 1600 CLH
B, m=0.002 5. PR ULA] A9 A C & AT Rk .
B =) 50 B SR AR Poo BOREAR AT/ )N , BT AAE A5
L B B v B T i — AP REAIR

fo Flf, SYRBEA G A BRI 3S N, f, TR
M fo FIFAH [CI7E 0.02% ~ 2% 5 A L f-f, RS
AR LR T 1o BAESEBRAE = AP feef=10
KA

K_ PCO

= . 2
[C]O] 2




Bl R R G T2 S

2017 4F55 6 1

WP IR AL CO BT 32 1 T i A 2 -
Poo=K[C][0]=1+H,, p.. g x 107, (3)
X H, 8 CO S ENIZE B  msp,, Y
WE kg/m®s AT UL, Y R A B AEIE [CIO]6R 5 W
TR B A O A AL R S TR B A OGP Y
TR BE TR e B gl 5 o BRI, A 7 v B B
JPRIE AR AR MR B, Al R ik S5 1y i — 20 3K 3
1, B2 IR BIR B UR
TORLRW] AR A R, AR MR AR
AR/, AN 5 [CIAHXT B B R AR B0 I T T
W EE g, SR WICIE 0.10% L4 i, [ B & KRS
P=10* Pa B A ,w[C]<0.04%I} , Bt A #5E T
Pi=0.4 x 10* Pa f V- {E, B /N T Peo=10* Pa fF
M H o T H C S AR, IR B AT Y P, {E BRI
B2 (2) AT I, Sk BF A 7 P, (ELERAIG, L [C[O ]t 5
AL, S W B 1 ORI
TEAR B X rh B9 1 R AR = Y 0 2 )
S T TR 2 WA s s e, DR AT AR TG
J2 R SR CO 3 R P i 35 B A 2 10, 45
b A AR Y AR AR TR R AR Sl R A
WA P WOR ¢ s AL WO o R B AR 7 LR
Fe 1 Rt s AR BE L TR BE P R AR R
15 BE I AR A R e S IR O, R e 2 UL
PE 00 KR S A CO 43 P, MTT L2 5
M) 3 PR A5 5R
23 [EASH
ftF By minitab X J5 46 B0 47 0B 2, e 2 R
AR S 2R AR S AR S B AT
WAL KRR B FREFP IR ML bRz fE .
DA G L Sk & /ORI T 2RI, [
7
C+0=0.003 36-0.000 069 C_1,
$=0.000 365 487,R-Sq=8.8% ,R-Sq( J¥%£)=7.9%.
DA EA S EEEN LR, MIHT RN
C+0=0.001 86+0.000 002[0]_1,
$=0.000 099 7419,R-Sq=93.2%, R-Sq( J##)=93.1%.
3)AAR HA SRR R, BIH .
C+0=-0.0123+0.000 009 T_1,
$=0.000 362 584,R-Sq=10.3% ,R-Sq( % )=9.4%
4)i AR S IE MBI O R o [ 5 2
C+0=0.001 84+0.000 001 ¥ {7 ,
$=0.000 382 453,R-Sq=0.2% ,R-Sq( J#%£ )=0.0% .
S)BRSEF G L AURE B IRAL R R IS
H
C+0=-0.013 2+0.000 009 T_1+0.000 001 & {77 ,
$=0.000 364 157 ,R-Sq=10.4% ,R-Sq( J#%% )=8.6%,

24 HRULB%

A R 8 A [C L [O] B i i o2 2 47 [m] 1
GIAT ST B A AR AR I B A R I R
W 2, AT S5 BV O 1 1) 3 A

3 2o X B B B TR AT, HE S DA R 2
Bk SRR 5 2 TR B (A B i A AR R AT
WAL SRR . A TRF B I SE Rz 4 LB 9
R4, B AL 3 RS Bl e i R
R, HG 3 M ST 9 R AEACHTZ  [R] )
TR 2 SR Bh A1, 5 A SRR SRR 8 B AL
WA A G, B B 2 {8 f=f(m/mo,a,b), i m/m,
N4 SRR BUE IE R a M RIS TE R AL b
WG IE AR

TR A RIAR I B 58 52 Je , AR AR 0 2 f) Bk e AR s Tt
VAL DA R 5 A6 1F S A B i R S5 A 10 4
AR EAT S AT 5, NI JRE T — P A SIS WAL i
SR 3 T R 3 i 28 50 [a] R 5 S W AR 40 4
FiRLRE SR HEAT T 3h vk £, 1 Jo b B, okt #%
R, SR R AR R 5 E Y I 2 AT R )
o 3 RINBOERMEM L 1.

*1 AERERINEEEAE
EX]| 1 2 3 4 5 6 7 8
fRE 216 200 360 400 144 144 216 144

LR 240 224 400 440 216 144 216 144
i 264 240 440 480 240 14 216 144

5 ZRINNF LY 8 A EH BEE 23 2 IR IR F g
~FrsiFa~FogsFa~F s RIERALR I 3T
B CRFI N2 70 em) J i 1 14 3% 0 15 Bl (RSN 2
40 Nm¥h) , i £ SR I O R 08

F i 1=216+(h-860) x 0.57+
(m/me=1) x 0.002 5 x 40/0.001 1-b,

H i :m=[C][0],m=-0.013 249 x 10 x T+10° x a,h
PR AL b AP IAE IE R (-1 em/ TP —F
W) . T WA ARE . HICI[0].T .a ¥ Hi
10 B2 (E o R A I 2 2% O A M - T=1 651
C,a=880 em, [CIZL[O1A 1 A TCEE, WHK m=[C]-[0]
=0.002 5, A4S AR 24

25 XHEAHR

AR A sh e A == R T 250K, it
XFIEIK PLC A2 5 AT 0401 11, X AH ¢ PLC #E 474K
P R4 AS BRI 75 T 255500 5 38 i W I e
HEATRERITT AR, 15 R A G BRI T I R I e A
Ko E MP7.2 LA W 3RSl L A2 HMT #3247 i)
TET , X W R AT E R A, SR T BE Y
Ak, i — D4R S R R SRR

DARFLIR IR PLC 2T, #8255 8 )5 3 A 1d

7

a
=
g

)




2017 4 12 A il

K om

4 539 %

P il Concep AT & IHIRIR PLC ¥, 581k
L1 g hEmh A shb il shfe, LRI Re it ,
IR ENH U8 E R

2) gl e A b W A i 1 CHMID Y 3520 AR 4
R T2 FE K , 8 7 Monitor Pro7.2 | W5 5 K¢
BT AT 5 IS W 20 i AR SR Y b o7 M 4 e T
(HMI) , 38 3 Xk {7 W 4 i A 45 A, S5 BRI WA U
=R I R

3 ) AR A PG R T 2 A R R R AR A ST WA
PR AR S B L A e RIAR I H A S PR T
B L (FeO) & w28k, 456 ORI R 45 TC R R
WU B ST IR L, VAT 58 3 R O A U S B

4)BCE e T A i B L S PR TR Mt £k
PR A T v B BB AR DR TR SIS R B 4 1) 1oy AR

5S>l 5eE A sh AL HR BRI A R R A (5 R
i 4w MR A R V& R[C 3 &2 1Y XA T R
& m A S LRI K

6 ) AL A [a] B b 28 g 42 1 R (& R [CT 5 2 1Y
A ), 2 SBORH o7 9 7 ook 17 1) J S0 it 4

T)Ja 8 Ja 4 ", JC R B SRl LA — 25
ek C-0 ST, BRARAs S AR, 42 e K o

8) it — AL R R AL I 25 A4~ S8, i i IR IR
JelF A, 5835 F SRR R R A 27 ] ThRE

3 AR

31 BETRGLRBRER

RS W 2 S B 8 A A o, s T IR IR AR
XA Sl B PR E L AR AT W s B 4, iR
Brad RSB, R B R A I, W 2% a5 e SRR
U (E . X R Ak FIT IS B9 2 05 B SRR O, 25 21
TSN 10 000 4 2 A I IEZ S C s
0.07% R E R 1650 CHYZAMET , AL Tl Bk S AL
¥ 0.002 76, AL F- 3420 0.002 64 Ml5E 45 3K
B« 7 A R IR BE R C i T AR S ik
ST AR AL TR 0.000 12, A4 i 5 B AR
XFHE (4% 30 N EEA) LI 1,

_, 0.004
%

Se 0.002 b

& i —— AT —— A

1 35 7 9 11131517 19 21 23 25 27 29
B RABTEHRERERIT L

H T AR LA A 8 i, RO 2% S S RRUK
St 3 A, AR TS S A T i R B AKX
Lt i B AR BEARBCR AT SR 35 Bk, DAk i ¢ ik 4
A2 7KF 0.003 1065 465 AR &= 0.003 000, H1
T 0.002 896, = i & 0.002 766,
8

32 RBETEEWEER

I LA, e T A BERE A b
3 FV BN SRS B S, i SRR
HE— 25 T A 3Bt T K 2 AR Ak o WU
BAS oM X & B AR AL 5 2 s AR T (TFe ) 75
B 1.16% , NI /0 T i i & ik it m T &8
AR
33 RBETRHKELARKESE

A A HTE X L, RO R S R
0.03% , H: 5t A2 Fh T THURE &2 R AR 1 2 A s 1Y 4
Pt i AR A BRI ] TR 3R R K (FeO )+
[Mn]=(MnO )+[Fe] il 4 4 A AL 4 7 17 #E 47, 32 5 70k
PR &, DT AT LA/ i AR 4 AL R R
BB R Y B
34 RETHB.REE

T JEe 52 WA 0 AT LA TE (FeO ) B2 & i 55 1F T HE
KT P RBRE S TR AR R KT, AR
FR B B /D A T AN K R Y S R BR B TR e
FPARTR Y 7K SF o 3 3 T TR 2 WOn s 1 4 it
PFE (A0 e, A% bR, 4 R A T 4
AT, AN ST TR S AR O R A

Leg(w(P)/w[P])=22 355/T-16.0+
2.5Lgw( TFe )+0.08w( Ca0 ),
PR, IR TR S IR P A Be R A5 R AT
BHEAREENT o W, TR B2 WG 4 i) B2 WO B T
TN 2 ) R 2 D, 3 — OO MR R N A
R o AT G WOBRZE sl S B P 0 D2 2, T4k
J RIS AR T 3.67%:
F2 MALBISWRIGL SR SE P 1R

T H WS P& 1% IS R /%
R 4] 0.0123 48.63
fetb)s 0.010 1 52.30
% A 0.0022 3.67
4zt iE

WX PRI T A B R ARG HATI, IR
i S IS ASEANE E—P e T e R
P A2 Tt P RS R B A AN ) M A B Rkl
i S S g ST — 2D A AR T A TR A A
SR iR AR T RO OB SRR A T AR Y
AR T A e RIS R K B
SE Tk :
(1] R, Bl , 20l | 45 G P A 2 sl B AR LT )
2011,27(1):8.
(2] T, EsFHE, MACE, &R S5 R B s [T )k
EG4 2 ,2009(4) :42-43.
(T#% 14 70)



2017 4E 12 A i K B & 539 %

Development and Production Practice of Atmospheric Corrosion Resisting

Steel 09CuPCrNi-A for Railway Rolling Stock

WANG Xiaoke
(The Technology Center of Laiwu Branch of Shandong Iron and Steel Co., Ltd., Laiwu 271105, China)

Abstract: The anti—atmospheric corrosion hot rolled strip steel 09CuPCrNi—A was produced in Shandong Iron and Steel Group Co., Ltd. by
hot metal pretreatment—converter melting in 120 t furnace—LF refining—No.2/No.3 continuous casting—1 500 mm hot roll process. The quality
results of the real product showed that the steel strips have reasonable composition and excellent mechanical property. The yield strength and
tensile strength reach to 395 MPa and 548 MPa respectively. The average value of elongation is about 31%. Besides, the impact absorbing
energy is about 98 J tested at =40 °C. The relative corrosion rate is lower than 45% which indicated that the steel have remarkable anti—at—
mospheric corrosion property. It can be concluded that 09CuPCrNi-A steel produced by Shandong Iron and Steel Group Co., Ltd.achieved
the technical requirements of steels for railway vehicle.

Key words: steels for railway vehicle; hot rolled strip steels; 09CuPCrNi-A steel; anti—atmospheric corrosion property; mechanical property
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Practice of Long Time Blowing Down and Reblowingof Jinan Steel’s

No.11 750 m®BF

SHI Yongkui, AN Ming, ZOU Jincheng
(The Ironmaking Plant of Jinan Branch of Shandong Iron and Steel Co., Ltd., Jinan 250101, China)
Abstract: In October 2016, operation of long—time blowing—down and reblowing for 3 days has been carried out atfirst 1 750 m’ blast furnace
in]Jisteel.Much experience such as the preparation of blowing—down, operation of blowing—down, operation ofrecovery blast furnace conditions
of reblowing etc. has been summed up. The preparations of blowing—downsuch as raising coke ratio, reducing acid—to—base ratio of batch and
so on have been ensured regular furnace conditions and hearth working condition well. After starting—up, fast recovery blast furnace condi-
tions of reblowing has been realized by control critical joints such as blast volume, pulverized coal injection, tapping iron and so on.

Key words: blast furnace; blowing—down and reblowing; coke ratio; air volume
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Process Optimization Practice of Converter Bottom Blowing System

NING Zhichang, MIAO Zhenlu, ZHAO Youhu, ZHAO Liang
(The Steelmaking Plant of Jinan Branch of Shandong Iron and Steel Co., Ltd., Jinan 250101, China)
Abstract: Due to the gas flow in the bottom of converter bottom blowing system is smaller, there are the problems of unable dynamic regulation
and the simple and single mode of blowing, the end carbon oxygen product was analyzed and the regression analysis was carried out. The
measures were taken that included the PLC procedure is optimized for the bottom blowing, bottom—blow flow control model is established, the
reasonable bottom blow curve and other were selected. After optimization, the average finish carbon oxygen product decreased from 0.002 76
to 0.002 64, the terminal slag sample (TFe) decreased by 1.16%, the average desulfurization rate increased by 3.67%.

Key words: converter; bottom blowing system; dynamic model; carbon and oxygen product; metallic yield
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Development and Application of Refining Process Technology of Narrow

Composition Slag System for All Kinds of Steel

LIU Wenping
(The Steelmaking Plant of Laiwu Branch of Shangdong Iron and Steel Co., Ltd., Laiwu 271104, China)

Abgstract: In order to solve the problem of the lack of scientific and reasonable target slag system for different varieties of steel, and to solve the
problems of slow slag speed and large fluctuation of slag components in the refining process, the narrow composition slag system was deter—
mined for different varieties of steel in the refining process. At the end of the converter, dynamic deoxidization and slag treatment process are
applied to stabilize the oxidation of LF refining steel. The composition of slag is controlled by silicon equilibrium method. The application of
this technology makes the fluctuation of the alkalinity of the secondary refining slag in the upper and lower furnaces within 0.5, and the total
level of inclusions is less than 95%.

Key words: refining slag system; narrow component control; alkalinity; inclusion; process control



