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Strengthening effect of precipitate phase in
Super304H austenitic heat-resistant steel after long-term aging
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Abstract: The precipitation behavior of three precipitate phases in Super304H austenitic heat-resistant steel during long
time aging (10—10000 h) at 650 ‘C was investigated by transmission electron microscopy (TEM), and the relevant
strengthening mechanism was analyzed. Three dimensional atom probe (3DAP) was used to study the early stage of
precipitation behavior of Cu-rich phase of Super304H aged at 650 ‘C for 1 h after solution treatment at high temperature.
The coherency strain strengthening mechanism of Cu-rich phase has been investigated in detail. The results show that the
dispersed fine Cu-rich precipitates exhibit spherical morphology and keep highly stable in austenite matrix, which have
the size of about 32 nm in diameter, even after aging at 650 C for 10000 h. The coherent relationship between Cu-rich
phase and matrix is preserved during the whole aging process. Due to the coherency strain strengthening effect of Cu-rich
phase, the microhardness of Super304H steel increases significantly; simultaneously, the MX phase can also pin the
dislocations to induce the additional strengthening effect. Moreover, the chain-like M,;Cs phase precipitated at grain
boundaries can also contribute to the strengthening effect for Super304H steel.
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Table 1 Nominal chemical composition of Super304H steel

(mass fraction, %)

C Mn P S Si Ni

0.08 <1.00 <0.040 <0.010 <0.30 9.0

Cr Nb N Cu B Al

18 0.50 0.08 3.0 0.003 0.005
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() 185HV I 4% 1000 h J5H 245HV, 5]
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Fig. 1 Microhardness change of Super304H aged at 650 ‘C
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Cu-rich particle

B2 Super304H $HH 5 Cu A7E MV LL AN 2% 10, 1000 F1 10000 h f¥] TEM 1%
Fig. 2 TEM images of Cu-rich particles in Super304H steel: (a) Solid solution; (b) Aged for 10 h; (c) Aged for 1000 h; (d) Aged for

10000 h
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Fig. 3 EDS analyses of A(a) and B(b) selected areas shown in Fig. 2(c)

R HT Y, NSFZAN 6~8 nm; B ISR T (3 HT  nm. Kk, Super304H PSRN LE K I I %02 fa BER BT
HUATZ B, £E 1000 h 2 J5 B AR ]Sk 214 14 HAHIFA B KR, RCTHARBE IRAFEGIRYL, M
nm; ZERLHRE 10000 h 5 ZAT AR R SR ERAE 32 TS 2 KA A sl 7 F . B 3(a) F(b) I BE B 2 BT I
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Fig. 4 Relationship between average diameter of Cu-rich

phase in Super304H and aging time at 650 C
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Fig. 5 Line scanning EDS analysis of Cu-rich phase in
Super304H aged for different times (Insets in (a) and (b) are
corresponding STEM images, red lines are line scanning area):
(a) 1000 h; (b) 5000 h
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B 6 650 CINAL1h /G Cu il 1 =42 [W /3 A0 B GEFEX I 11 nm X 11 nm X 120 nm)
Fig. 6 3DAP image of Cu atom distributions in Super304H heat resistant steel aged at 650 ‘C for 1 h (selected box: range,

11 nm X 11 nm X 120 nm)

#§ 2nm

B 7 Super304H HA7E 650 °C I RAS [ 7] i e 43 9 5

Fig. 7 HRTEM images of Cu-rich precipitates in Super304H aged at 650 C for 10 h(a) and 5000 h(b), enlarged image from

interface region marked by rectangle box(c) (Insets in (a) and (c) are corresponding fast Fourier transformation (FFT) of images)
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#5004 0.361 5 nm, i vH AT AIEAAR S Cu AHI RS T
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 |Cu-rich precipitate
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Fig. 8
dislocations in Super304H aged at 650 ‘C for 5000 h

Interaction between Cu-rich precipitates and



24 5 12 1)

FIsEfh, %5 KINIZUS Super304H B G SR AT H AR ¥ S A0 8%

3047

RNV & Cu MBS BRI (F Sk T A D)
L E Cu MHMIEREES) . WL a s, 4. R HY
FEAARSERE IR s Cu AT LR A 5o RS 4 (132 3,
BRI WA ER, AT Super304H # A1k 2|
B R s R
224 MXAMHBIHTHAT R

Super304H AN TER T Cu AHH FEHT H
SRACAHAN, RAEAE LA AT AR 18 9 B A 7E 10
h F1 5000 h I RO R, MX A TEM 15 LK BEE /)
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Fig. 9 TEM images of MX phase in Super304H aged at 650 ‘C for 10 h(a) and 5000 h(b), inset in (b) is corresponding electron
diffraction pattern of MX along [011] zone axis, EDS analysis of MX phase(c), HRTEM image of interface between MX phase and

matrix(d)
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E 10 Super304H FN7E 650 “CIZL 10 1 5000 h 5 MysCo M TEM 15 FIRERE 2347 45 5
Fig. 10 TEM images of M»;Cy phase in Super304H aged at 650 ‘C for 10 h(a) and 5000 h(b), inset in (b) is corresponding electron

diffraction pattern of MxCg along [123] zone axis, EDS analysis of MpCg phase(c), HRTEM image of interface between MpCyg

phase and matrix(d)
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