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o E 200 kg EASBMNFA 550 mm MR ELHLITEE 1 900 MPa Ti %A &L B4R HSLA #(/% .
0.34C,0.70Si,1. 50Mn,0. 012P,0. 004S,0. 08 Ti,0.002 0B,0.004 ON) , R % .5 -MERARKERLE RXE,
i, FFELR B FASLEE A RITE 1180 CHI 1 030 CAH, BRI RGAERESE R LS, FELIEE 920 ~
950 °C ,Z% R 850 ~890 °C , HhALFM KR (900 +10) °C, [B kIR BE 200 ~230 C, SR fbT 454 (Ti,Mo) C,
SBLEE 10 2% BOURA 2 3K Bk Th 4, 722 BE N Rm 1 930 ~ 1 985 MPa, A 10% ~12.5% , =40 C K, 200 ~230 J,,

XEiR 1900 MPa LB ERHN HHAELH EIOMEREX WrHE HEERE

Structure and Properties of Developed 1900 MPa Ti
Microalloyed Ultra Low Alloy High-Strength Steel

Su Chunxia'* ,Chen Benwen'?, Yang Xi'?,Li Fukun’ and Gao Shan'*
(1 State Key Laboratory of Metal Material for Marine Equipment and Application, Anshan 114009
2 Technology Center of Angang Steel Co Litd, Anshan 114009)

Abstract The 1900 MPa Ti microallyed ultra HSLA steel (/% :0.34C,0.70Si,1.50Mn,0.012P,0.004S,0. 08Ti,
0. 002 0B,0. 004 ON) is developed by 200 kg vacuum induction furnace and 550 mm slab mill. The results show that with
first stage starting and final rolling temperature respectively at 1 180 C and 1 030 °C in austenite recrystallization zone ,and
with second stage starting rolling temperature at 920 ~950 °C and final rolling temperature at 850 ~890 °C in austenite non-
recrystallization zone,then quenching at (900 +10) °C and tempering at 200 ~230 °C , the plate precipitated phase is (Ti,
Mo) C, the grain size rating is 10, the structure is tempered martensite , with the mechanical properties are Rm 1 930 ~1 985
MPa,A 10% ~12.5% , -40 °C K, 200 ~230 J.

Material Index 1900 MPa Grade Ultra High-Strength Steel, Controlled Rolling, Quenching and Low Temperature

Tempering, Precipitate, Mechanical Properties
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Table 1 Process parameters of second stage control rolling and heat treatment

REHAHS —HBELRE/C K{BRE/C BEAEE/C HEHFA/ (mn - om')

EXEHS  FLKRE/C  RBHNEA

1* 990 940 900
2# 970 915 900
3* 950 890 900
4% 920 850 900

11 170
3 12 200 2.5
13 230

21 170
3 22 200 2.5
23 230

31 170
3 32 200 2.5
33 230

41 170
3 42 200 2.5
43 230

15 mm x200 pom X L mm,

¥E Formastor-D 4= B &1 254X - 1 % 48 25 s F1
CCT iR, Hilm R KB A E N 14 C/s, LK
HAITIR R Ms 2 343 C,Ac, RN 812 C, &7
SHMBKIREEH Ac, 1180 ~100 TP BT AR
BEH(900 £10) C, B X AR IR E] 3 min/mm, B
B EERN, BRI KR HHEEE2 C/s £H
(BES FIRA KA HIHE) , M H 150 CLA (Ms
BT, XEEREAE SRS , ATk RE=
A, PRI EEHS AR 1900 MPa, 3538 33 ¥ k5 1%
1R B kIR fihk & 2 KR [E K IR B X 8] & 150 ~
250 T R AL P08 7 b B KR MR AR =
e, R AR EIRR K, ELK R BT E2.5 h, 3R
BB KB A SHERO SR 1,

Se R A 17 XMEL RS MR OB,
£ Tecnai G 20 BUE ST T B 405E T W & B AE
Prifitl, #AbFERALE XN HE L IBGR
B, FIB AT IR BR VA W8 Th & AR, AR SRR
F 4% TEBRTE RS 75 WUR th & AR, ME BRI L
RISV 2R 5 Sl BBUASE [ - L LA B B IR e & A1
A, PR TR V BBk O, A% 10 mm x
10 mm x 55 mm, {36 5 5 GB/T229-2007 R AEH
1 PRk AT B , A R AR
% GB/T228. 12010 {R#EPAT; 17 [RBE R 0 %
GB/T231. 1-2002 #R#AEHFT
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BERT AT AR AT I, 1 ~ 4 KB R TR B
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BIMEEL IR SR BT AT R, 2 —

B B AL il 8 BE X AT i AR A AR AR PR RE A e, B L
(a,b,c,d) 43 HIRF R 1 ~ 4" 4RAR 3% 5 b BE T iy
8, B ARG 8 (Ti, Mo) C 4T HiAH, WA 1
(e)o —BrEITELIEE 990 C, RELIE N 940 C
i 1 BT it AR 34 , 58 400 nm x 450 nm YLEF
H10 ~25 MERRIT Y, HREM 2 ~30 nm RE;
BB ALIREE 970 C, A5LIREEN 915 THY 2" MR
B i AEECR R 1R £, 8 400 nm x 450 nm YLEF
#7120 ~40 42 nm ~ 10 nm FIERRIT B, A 17
Pt S B BT AL BE 4 A 28 950 C
920 °C , &% IR EE4 5 890 °C 850 C Yy 3* F1 4* 4R
B, Hr AT RS A1 A BE 2R 4L, 4 400 nm x
450 nm HLEF P 40 NERR, RT/MF S nm 1
(Ti,Mo) C EEHTHAKYSIBRBUIN I MFER |
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BRI HE L BL R R B AR o
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PR B GUR ML AR BT I Y BTE A i R
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(a,b,c,d) AR REL" ~ 4" B K AR I B8 G
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P XA AAT AR GESTHREE)  AELIRE : (a) 17834R,940 °C;(b) 2°Mi#R 915 C; ()3 4H,890 T ;(d)4" Mt ,850 C
Fig.1 Precipitated phase of test steel (TEM) finishing rolling temperature: (a) 1% plate,940 °C ; (b) 2* plate,915 °C ;(¢)3" plate,

890 °C ;(d)4" plate,850 °C

B2 K5 900 °C K B AR SRR : 17K (a) ,8 22" MR (b) ,9 943" ~4" i (c,d) ,10 %
Fig.2 Austenite grain size rating of test steel quenching at 900 °C ;1% plate,8(a) ; 2* plate,9(b) ;3% plate 10(c) 4% plate 10(d)

B3 RB40 900 C K +200 C [l K ALAL, Ml K T FCfA: (a) 1R ; (b) 2°H8AR 5 () 3" M9 ; (d) 4" b
Fig.3  Structure of test steel quenched of 900 °C + tempered at 200 °C ,tempered martensite: (a) 1 plate; (b) 2* plate; (¢)3” plate;
(d)4* plate

BB, A 1% ~ 4" SRR BRI AR 40 , 1" AR R R
20 pm 7645, GRRLEE 8 4452 AR SRLR S 10 um 72
A, FRLEE O 93 R 4T IR AR RS wm 245,
B 10 %o WA ATREL T REASBR T,
] K JE RS R AL, B 3(a,b,c,d) ST 1" ~4"
AR 200 C [ K H LR, BRIk T R AR, ALY ~
AT T R AR AR IR B W 4, 1" AR AR AR R
BT 20 um, B3I A MBRERKES DT

10 jum , XA /N (8] K AR 25 25 1A 2 47 2 80
P B AR, AT AR IEBIAR 1R Bl K 4F 58 )t 0T
Ac,

TR 2 FIE 3 B doh BE A S Y
WREEST AT , BE— A UESE T ARAT A A S8 A
K& S nam Z45 (Ti, Mo) C E-AH7 Hi AR 3°F1 4741
BRERRE A, [ K R R AR A, A b S A
LA TR B ALHLE P ME— RIS R I, R
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£2 15 mm B RE S FHEEE
Table 2 Mechanical properties of 15 mm test steel plate

p 40 T
11 1545 1885 4.5 9
1* 12 1530 1870 5.0 14
13 1525 1855 6.5 18
21 1635 1940 7.0 19
2* 22 1610 1905 8.0 22
23 1580 1885 9.5 26
31 1670 1995 7.5 22
3* 32 1660 1985 10.5 30
33 1645 1940 12.0 35
41 1685 2005 7.0 21
4* 42 1 660 1980 10.0 32
43 1635 1930 12.5 39
HEARE =1600 =1900 =7 =20
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IR E NI F R E 2, AR 2 AL
EH L ABRASS 1" ~4" S0 UIE N =74, #ud
TS HBE R KR EEM 170 C EF3) 230 C, /B IRE
BERPIHRE T B, EMEM -40 CrpHTh A
Heor BB FFELIEEE 990 °C, & ELIRE K 940 THY
VB A RELE [B1 K, T AR GE BE BT BIoR B VR
A -40 CrH IR THEAHRER; ZHE&
FrELIREE 970 C, LELRE N 915 CTH 2" K
=M, 170 °C [B] kB4 21 994 JE AR 58 E AP PR
BB ARBIRE R, P ZR -40 CrHEIET
FARIEFRER,230 C [E KB 23 404 E IRGR B FiHt
b ER T ARARER , E M -40 C D)
W R ARIRER, B4 200 C 5 ki 22 R tEEE
SELETARERER, BAER/N, WA 2* 5K
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435804 950 °C 920 C, & FEE 43514 890 T,
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g LR, N1t RE S Rk F , 3" 4 WHUGE
I E YA TR T EAE R LE, X 54
WA SRR R ESHHRA TR NSRBI,
UiBA 1900 MPa 4 Ti i & &K S S ERBRNEER
HIEE B BOFELIRLEE 920 ~ 950 °C, & %LiR & 850 ~
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(2)1900 MPa & Ti & WA EEBR AN
BRI PAEE T2 R KRB (900 £10) C, [E:Xk
R 200 ~230 °C, B A 47 i Yy 7E B4 B hRad
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