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Abstract

Aiming at the problems of molten steel purity and slab surface quality decline in the production of
Q355B by the new process of adding Ti to reduce Mn, the new process of adding Ti to reduce Mn
was studied by means of oxygen-nitrogen analyzer, metallographic microscope and scanning elec-
tron microscope. The results show that the main reasons for the quality decline are the high ni-
trogen content of molten steel, more titanium oxide inclusions and the decrease of [Mn/S]. Through
systematic process optimization, the quality of Q355B produced by “BOF-LF-CC” process reaches
the original process quality index, and the control goal of low-cost process smelting Q355B is rea-
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1. &

Q355B J& S IR & & 45 HAN[ 1], Q355 K & &4 (K Q355B) A2 SRANM I = 28 = B Fh 2 —, 7=
BRI PR L2 20%. Ti fER Z 1A b B RAFIERI[2] [3] [4], VABKARER AT 70 FEARA: 7= 1k
AR[1] [5] [6] [7]o ASSCERXF Q355B, FEFEAMRIN RE TN, NI A, 78 EA o Bt brik )
fili b, FFREMAESUEAI K, WAL BRE, UBRKEG SRR, R 2es, 1A
WL ZRILL Ti BE Mn BOSAER, JSRAE ™ i ot s BB T J5 L 2K

2. TEMUBARFREE M 5
21 WS EHFE

WA eTCRUNN PO A iR, Harfu ) EZA PR — RAMEBREA R
stk ERE e, R TTIENT AR TR B R, AR/ SRBUTTEAR S A R B
YER, IR AL B RIBEAS , AN SR AR DU i [4]: 2 A L SR R RO 2 B s A 8],
FLZE AL EE AT DASR m AN R, REAR m AN IR (2] [3], H TR/, AR AT LA 2 ok T AR,
sir R P PSR i S PR ) AR AR BEAR 22/, BIRESZ 030 5), BLTERARUN, ARG Lie 25 8 FIH]
BRI SR AN I SR AR T, FEAR I — 8 70 BROR AR Bl R PRALE IR £ <8 0 568 L AN A2 mT AT 5
HIFHER S FRAESR R LA S AR AR PN 2200, DR A W B A AL

22. RUBRBR

Q355B L& 4 #K H BOF-LF-CC Jitf 4™ . BEMIK Q355B &4 A, &) X Q355B #EAT 1 s it
1, RHE T IR B ARG R T2, MRYEAIC Ti ZEAF N S2 8, #f e 3 H bV >y 0.030%~0.050%,
(Ea BRI T, HARFR%E 0.5%~0.6%f Mn FISERALECR, A&RHERANH . #ikiitE
B, FIRESEHIRRAE L TR Lo XPE B TR, i b 22 s R ARLA460 B S G I AGHEAT
ST, A R ONT736 S A A & 7 T GHEAT 20 #, Je 2R = ik e alRE L /K 1R ] DSX-CB
SAH BB 4E & ZEISS ULTRA PLUS 13 B8 A T S E2 A R 7 0 AT

Table 1. Compositions of Q355B (mass fraction, %)
% 1. Q355B MM (RESH, %)

T Cc Si Mn P S Ti Als
JRLZ 0.16~0.20 0.25~0.35 1.20~1.40 <0.030 <0.025 — 0.015~0.040

LA 0.16~0.20 0.25~0.35 0.70~0.90 <0.030 <0.025 0.030~0.050 0.015~0.040
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R PR R, AR AT RO R 56, AR HE UG IR AN 4% BOURE 7 AT A e 2R i 1k
MR DTN Gr o 19 B S RENE IO A B i AR S e ob i ) SR 7RSI Je ) 2 BRI B A Bk
FIAR L 11 1or WAL 2), A R B A RE A A 5 R AN 1 TR .
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Figure 1. Morphology and energy spectrum analysis of inclusions at non-conforming parts of sample flaw detection
B 1. ARG & AR FIF IR R DT

Table 2. Compositions of the inclusion (mass fraction, %)

"2 REMED IR (RESH, %)

AR N Ti Fe
FRESE, % 20.85 77.00 2.14

EFRHEE 11 hEES RIAF] 20.85%, X Q355B At AR AN NI & BT TAREE, giitah Rk
3 7R

Table 3. Analysis of Nitrogen contents in the process of smelting

=3 ARSI EINZESH

ZHIN], ppm HAREIN], ppm LF 5[N], ppm FFAIN], ppm
SEIME 40.6 50.7 56.7 57.4
VB EMH 29.8~89.9 43.3~100.1 48~109.6 48.2~64.1

TSR ER, HPLSINIRE BEsh Kok e TR EEAT o0, b B 2 P 10.1
ppm, LF &G % 6 ppm, ZEHG TR 0.7 ppm; AN %A 10.1 ppm, N E S n L] .
3.2. e IERTEE

T2 s, SR R BB g e IS A MR R IR 2, PR A T T 9 SE S SR (Rm
391 MPa; A 3.88%) (ILIX 2. 4] 3).

SR PARFAEAS I B B S5 MnS 28924, MnS S8R ER I T, K REH 28K fER X
BN, BT R ZE R TE AR T —FR AT TR X, SR s e 67 0 32 25 A
3.3. AKFEBETEL

Q355B1 JYfHERN, RN Ti B Mn flttb)a, B Ti K ett, SEENKREIIEY A%, 18
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Figure 2. Macro morphology of tensile fracture
2. RfRET O R MALSR

Figure 3. Microstructure of sample segregation zone
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Figure 4. Blocking section and section position
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EIVRE SRS ANER 24 B B ISP S BAIE W & TiBRdrise N, /K DB 28/ AR S48 0, M. Burty 8 NIAH
TIREAMA K ALTIOs A, A Ti BB AN G R IR AR AR S A

3.4. FRERARERIE

KHITiBE Mn T2)5, SWHARSRAERF RS SR RAREINRE, 72X T2
J& (BPBE Mn i Ti), Mn 2 SA R 0.50%~0.60%, {E B brifk K 8 BB & S Pt brite, a0 i & =
SERRE N 0.015%~0.025%, YJ{E w(s)% A 0.021%, FEER/K[Mn/SIAHN K. Gt [Mn/S] 5 AR K AR
KE, BAAWES, ATLLBEH, [Mn/S] > 40 I 2L K A HAb T HHR K
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Figure 5. Relationship between [Mn/S] and longitudinal crack incidence

B 5. [MNIS]ISNBEERIFR K FR

4. thUF R & EHE
4.1 BEEITH

HRTIRAHIS R, KRS ERATRENS . Wi, IR R E LR s % — R4 08
ISCHEN 2, N X RS b dl. — KA R R R 0.79 Koim®, 44K 7K i FE > 1600°C i,
ALK P VAR AIN] = 390 x 1076, AT LAK I, 1600°C I A i B 261t R AR /K 8L & B 20 IR BN R
BRI 20 £5, BT DAE EROIRES N AR IR R AR 1

4.1.1. AR

PR SR BB R, BN MK RN R R, — kK S iy 25 x 107° LAY,
SRS AT AR 10 x 10 ° fe Ay, AR S B E MR RS s BROK SR PHAR R R, T REAN R S %
2, RIREZR, HEANRWERE T AR R REIER, R ORI R, B
ERANFDRF R AN, AR AR 10 AP Bl 0 a0 20 U0 2% e S0 R (8 B v B AT RS (R AT X LR 20
HAKWA 4.

Table 4. Terminal nitrogen content corresponding to different scrap types

T4 AEERNHBEMNERRASE

B ARRLEY (ELA5) JEHEME, ppm H){E, ppm

A FHIT EL.HL(100%) 23.1~29.3 26.2

TAlkAT 5 (100%) 39.2~109.2 53.1

H ™ %44 (100%) 20.1~-28.4 24.2
PFHFITEE(50%) + TolkIT A (50%) 30.1~91.4 423
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RGP HTER, AT A R RIE T AT e, A Bl 2&om &, R K T IT Ak,
BEAh, Bl LA A RIZI C-O i, SRSt 1 RAF I S 280, 2 SUVRIN ROE 24 52
KE, AR TR N ERRES, PRI R

412 REHRMIERESR

BRI GORIE I, 07K U JE7E 200 x 10°° LA IR0 7K AR IR 260, (L 0 R A 1) 600 7K AR 8 T ™
H[9]. Mt SRR P INT 2] 5 B S S e P A 2%, BROAARR PO R imiE tE e &R, ERefH 2 <
TN ARV RS A AR P [O] S B AR, A S I AR KIS & [10]. INERREAR T 2 AR A & &1k
ARREEAR & e O, DU DT FEBGH 1 AR RS RIS A e Ty s “aRM R RN “ o
s, DAREAR AN FE g

42. XESHIZHH

BRE—FiR G EEIR TR, SEAMKIIEMT], TERFE R TiO. TiO, 114 5 1840°C, ik
/N TiO FEA/K R ME B3, 4Nk TiO, & & /e B b6 1 A2 Y I A6 727K T N BEZS 5 1 il e 45
o Nk, WERMESN T2 © SRESNMERIFATERE <5 ppm LU REF(RUR RS 0 Ti): @ %
Mm ARk (=5 70% Ti, REAN Fe)BE, WAKEAE, Fimmbaibkmag.

IR, SNk — D BRE L R R RIS, ATE > 1.0 b b e g s, wlidt—b ok
FW, PSRBT EGE RN T A e I RARAER

4.3 RETZML

431 BRESESE

SR TIOVSE TR A [O)w e 2 rh & S [O] 2 A, AT FAMK[Ow 2 B R I St . Mk, PRARZ
ARG SEER, XHRE m N K Al AR BRI ARAE Y, i A S I AR, BER— Il a3 > 85%,
FHoKE 28 S5 RRAE 0.06%~0.12% 2 [A] S F P

4.3.2. BRHRNEE

Tk - FCPAT T ZE B 1 m = [%0]*[CY%] & — M3, Sibr BREEE T, H[Cw%]—ER, B4
FIEAWT T, RIS s S 50AH P O [OE Tt iy, ML B S AR AH R L B A9IR E Bt 1C[11], &
HEAETF01x10°

433. BWHEIZME

FE BT XS O R AR . A A BRI o B0 et v m AN P SRR, T B AT
BRAEEANIEI oLl . IR, S T2 e e AR SRS R B IR N T, S AR Bk, R T2
TR HFEN 5.3 Kg/t, Buk)s RAMKIEFEIRZE 6.6 Kg/t, # HAR R>4.0 45, MR IET R & ERE S
o A, NRIERS ERE I N S I RE ST, SR G R S R KRG I 8], R D PR S ek
R R [ K AT B S AE AN TS RN — 2 S A AR IR T 45 72, (RFFRVOL R T AR, A
)T T s L A% B A P W PR e A RE T

44, TEHUAFER

2R DA AR T TR b SB, HAR Sy 40 R
1) JfmEM/S]EL R g R B, N FRRAN/K A & 5. T8I KR RSB AR R L 24k, XK HE
FR[S]% < 0.010%, H#x[Mn/S]tt >50.

o
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H
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2) AL sl R, &Gt >0.06%, — X AR > 85%, FEARHIEAIN/KEILE .

3) BRARAKE SR, MR, K Tk W BIEHI7E 5%, PR & RR S &,
BeAh, GRS N T, FRAR AN R .

4) AWM. EEBEREE <5x10° Fnmb gk, JREtmiee. BICEAR. S,
BRI B R s K sl

5) EFERMBRE > 1.0 By Erp B e, IR BRI Y, g iR Ll — P IR N K sl
1.

5. RRIIE
51 RSEMNTHL

T AL AN BORRE A K AR AR T2, R RCR R, e, SOl R A AR
P9 25.3 x 10°°, HUANE RS &M A 301 x 108 (W4 6), T faa mm. MG E S 'S %
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Figure 6. Nitrogen contents in the process of smelting
6. EIFASETILE

5.2. [Mn/S|IRESEHEWL
S AR e [S] KRB IMIVST S T8, IO A A 5 <0.10%, FLA LR % 5.

Table 5. [Mn/S] change and longitudinal crack incidence before and after improvement
5. BORRTRIMN/SI T RN =R

I 15 [Mn]/% [S1/% PELIZE 3I%
kT 0.78)}%.80 0.0%)5.365)1.025 58
B Qig§%§9 Qi%ﬁ&%flg <0.10
BT 1.2;);%).40 0.0%)?551.025 <0.15

ik B EOVERME, BT U T
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Figure 7. Trend of smelting end point [C]-[O]
E 7. RIHER[C][O]R#EH

K 7 aTLLE Y, LS b HAR[O] & B 3L AR 7E 600 x 10°° LY, [C]-[O1F 42 7E 0.0025 £ 4, 4N
TR M A R U o

HeAh, GBI R AN S . IR EAR AR . KA SN LT E LA KA R e R
7, KA KA RN IR T, e RN T, 2R ) A B AR N
6. 4518

1) FEARAN /K A B 1 B ek NP R AR Y 3k 6 R 42 1) H AR PRI 40, 38t PR sl Tk 3T R B gl K
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gz il H A

2) GBI EKER S RS 0.010%LAK, $RE[M/SIEL, SR Ti B Mn T 28R K A
TR T ZHEARKFE.
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