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Abstract; According to nano-precipitates strengthening mechanism, an ultra-high strength steel
for marine engineering( NEU890) was designed with yield strength of 890 MPa. Under the same
solid solution conditions, the effects of aging temperature on microstructure, tensile property at
room temperature and Charpy impact at — 40 C were studied. The distribution of nano-sized
precipitates was analyzed by transmission electron microscopy and the strengthening contribution
was estimated. The results showed that the yield strength of the solid solution sample is 852 MPa,
and the aging yield strength at 500 ‘C can reach the peak value of 1 026 MPa, which is achieved
by a typical aging precipitation strengthening. The brittle aging temperature range of NEU890 steel
is 300 ~500 C. When the aging temperature is 550 ~600 C, the yield strength becomes 994 ~
910 MPa and the impact energy at —40 C is 108 ~166 J, which can meet the tensile and impact
requirements of EQ91 steel.

Key words: aging temperature; nano-precipitates strengthening; ultra-high strength steel for
marine engineering; EQ91; 890 MPa grade
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Table 1 Chemical composition of NEU890 steel( mass fraction) %
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Fig. 1 Schematic diagram of solid solution-aging
heat treatment process
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Fig. 2 Equilibrium phase mass fraction as function of temperature for NEU890 steel

Fig. 3 Effect of aging temperature on microstructure of NEU890 steel
(a)—VEKZ; (b)—400 C; (¢)—500 T; (d)—600 T.
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Fig. 4 Typical TEM images of NEU890 steel after aging treatment
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Fig. 5 Analysis of precipitation energy spectrum of nano-rich Cu

20

1200 - —a— JE ARG B L

—o— HR R BT hLoH BE 18
=

& 1100‘- ¥ 16 L
S K14

= 1000 | & .
S I3 P)
900 = 0

800 . . . . . 8 . . . . . : : .
#EL Ak 300 400 500 600 A, ¥k 300 400 500 600 L B 300 400 500 600
B 0OR B/ C B 255 3R B/ °C B ROR BE/C

6 RFEURERT NEUB9O WAL HIEAEF — 40 Cih A F NG
Fig. 6 Effect of aging temperature on tensile properties and impact energy at —40 C of NEU890 steel

£ 550 ~600 CHFRLHT , NEUSO 4 i AR5 A
994 ~910 MPa, -40 C Fuh#i Tk 108 ~166 1,1 3 i 1w
& EQI1 i iy s i T AR FH AN REFE .
NEU890 X Hh @K ATt AH A AT H3 s Ak 3



%4 M

~

B SEMESE . B R AT 890 MPa B A-4R4ARZE LR 5 M AR 09 %R 503

S

L) et PR B R . 5 A A R BT S R A AL AT
HA PRI R, X 32 5% T 90k AT i
FHBC A RS e e L5 6 8 A AR B AR AL A
REARHEE" " B 2055, Russell -
Brown 58 4L LY Orowan #5764 5T G £ P b fif ¢
B B R A AT AR A AT L SR AR B

Russell — Brown 578 56 T4 AR 0kE 5 JE {4
PR AR AR 0 22 5, X B8 DD Sk AT H8 AR T 7 A
(R B T (L UE AT BT A 0 ek b
AF T £ 2 A0 Je IR 5 T 8 7mh

Gb E, ;1 o
o, :O.SMT[I—(E—;)Z]Z ,sin"'(E/E,)<50° (1)

KM ABEESEM =3;b HEKTHE
i, 161 =0.25 nm; G HF YKL, G =80 GPa; E,

1@
Q 0.
\\

BT

TR AR A LR RE I TS E, SRR A LR BE
= P A5 B O A T T Sl Y LI < SV
E,/E, WEIRE T HRAH A28 AR .
- 1g R
Ep Ep Ty
E, E.

r

o r r’ (2)
e L
o r IO ERIE AR r =2.5 byr, NAEEESD
WEEARr, =1 000 P ET  ED N TESS HEAL
(L EERERE ). fEASCH EY /E; =0. 62.

R T WSO HAT AT NEUSOO 45 i 44
= Y Tk, H TEM 43 T 550 #1600 C %50 kh
ST AR RST 54040, Kl 7 R, 550 THERL
J5 BT BT AR SFAE2 ~ 10 nmE P, SE44 47

-
- :
| APy Sy \
’V <
T oW W) 4
-

E T

a§25-
K20+
H.,

@15t

0 2 4

6 8
7 RF/nm

10 12 14

0 2 4 10 12 14

6 8
RF RF/mm

E7 B3 ESEWRARakRimHER 5%
Fig. 7 Size distribution of nano-sized precipitates in the tested steel after aging treatment

(a) ~(c) —550 C; (d) ~(f) —600 C.
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