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Precipitation behavior of equilibrium phases in
nickel-based corrosion resistant alloy 028

MENG Fan-guo, DONG Jian-xin, ZHANG Mai-cang, YAO Zhi-hao

(High Temperature Materials Research Laboratory, University of Science and Technology Beijing,
Beijing 100083, China)

Abstract: In order to provide theoretical guidance for smelting component design, hot working and heat treatment,
precipitated phases in 028 alloy were observed by scanning electron microscopy (SEM) and the effects of element
contents on them were studied by Thermo-Calc software, and the reasonable control ranges of the main elements were
given. The results show that o phase precipitates at intragranular and grain boundaries of 028 alloy in different states, a
lot of spiculate o phase precipitates after aging at 720 ‘C for 1 000 h; the main equilibrium precipitated phases of 028
alloy include y, M5;Cq, o and a-Cr phases, the increase in carbon content can significantly improve the precipitation
amount and precipitation temperature of M»;Cs, the carbon content should be controlled within 0.02% (mass fraction);
with the increase of Cr and Mo contents, the precipitation amount and precipitation temperature of ¢ phase increase,
because the ¢ phase is harmful phase, Cr and Mo contents should be controlled within 26.5% and 3.5%, respectively;
with the initial Cr and Mo content increasing, Cr and Mo contents solid-soluted in the matrix y phase increase, and the
initial Cr and Mo contents should be controlled between 26.5%—27.5% and 3.0%—4.0%, respectively.
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Fig. 1 Morphologies of precipitated phase in different states and EDS analysis diagram of cold-rolled state: (a) Forging state; (b)
Extrusion state; (c) Cold-rolled state; (d) EDS pattern of cold-rolled state
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Fig. 3 Relationship between precipitation amount of 028

alloy equilibrium phases and temperatures (a) and its partial

magnification (b)
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Mass fraction/%
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Fig. 4 Redistribution of elements in 028 alloy solidification

process: (a) Elements C, Si and Mo; (b) Elements Cr, Ni and Fe

24 ESE&TENTER AR mMNE

PESERR A=l R, AN IR o A KA )
TR e A AR, A, Hr e
WA AP, TERHIE S a eIt &S5
UM, A ERET 028 AA AL RITERE,
DIAE A 4 IR o A8 A0 S A BRI HR AT S48 A R 75 TR
EEE M.

028 &4 C. Cr Al Cr. Mo. Si 20 WAL
MysCo Al o HTHAHI R ZIEMIT S, I, W50 4

Bl AT H AR e B A R . fEIX R 028
B A AR (W2 DR E S 3/E A Thermo-Calce
AR NAE, i R G b BT HARE ot
# C. Cr. Mo I Si By, 19200 Rerr thiAd, JF
TR A2 o3 AT AR R 520, 8 7 25 AR ATT
B, fEdE—AN oo G En, AR SRR
FH S BB
2.4.1 C. Cr. Mo Hl Si &5} MysCe 1541

1E 028 A4 Y T & MxsCo HH, Mp3Ce A
MEZITCEN Cr, ETH—EE=N Mo, C /& MyCs
AHI E LA ITER, 25N MysCo AHPERE M) 2200
.o C R A S ibsiE S 8 H A 0.01 %/
Ay ARREXS A A AT A, R A ) R R T
SYEHE, TR AL T vk G 4 PR R e e AR
HEM. HHES R, WA C Farysin, 028
B4 Moy Ce FRIHIT H F R HA LR A AN [F) R 2 ) 4
. ST S ORI C 5 (0.01%, 0.02%, 0.03%
0.04%, 0.05%, JiE 40, Cr %#(26.0%, 26.5%,
27.0%, 27.5%, 28.0%, JiiE/40). Mo & (2.5%,
3.0%, 3.5%, 4.0%, 4.5%, U5 HOM Si ¥ #(0.1%,
0.2%, 0.3%, 0.4%, 0.5%, JiwSHON 028 A4
WA MasCo IRIHT it 55 AT HA R BE (1) 5 0

MK 5@ AT LA H, B C S &I, MasCe
(T Hh et R I e PRt g A, L 4N C &
B4 0.01%HM ) 0.191% EFFE] C S5H 0.05%H 1)
0.964%; My Ce BT HITREEHRE C 75 5 B3GR
FEHIHERT, 7E 0.01%C B MysCe FIAT HHRE Jy 988 C,
7t 0.02%C B} MpsCo AT HHRSE R 1 068 °C, k755 A
0.01%38 %] 0.02%, My3Ce FIFTHIREER I T 80 °C,
HmmE R R, 2 C EEIEME 0.05%I, MxCs 1]
Mribis B ETFEI 1 157 °C, Q& THAA o A
WS o MasCo FEMIHTHY, XTSRRI R MR,
WG B EIASh C SR, L2 hnf, C HEMN
ZIEHILE 0.02% LA, VR 22 8£0.01%, IXHEA)
SRR RS A B R e 5

Cr. Mo Ml Si M8 &AM & 4 AL
M3 Co T EEMAN, BT EZEXT 028 & 4 ikt
YN R = A — e e . KT S(o)rTEAE .
Cr FHM 26.0% 5] 28.0%0F, 028 44 MyCe
PRI, MaCo T H ST, MasCs AT R
JES I ETHERY, My Co AT HHREEM 10525 'C BT
F1 058 C. EAFG B S SRR HAT R
JENAREKE, 4 Cr SENZEHIE 26.5%~
27.0%2 1), FEVFIIN 2 A£0.15%. M 5(c)nT LG
Hy 2 Mo B M 2.5%38 N 2] 4.5%M], My3Ce 75 i1



$24 B2 M FUBE, % LT B2 4 028 THIHIIONT AT 437
1O} (@ 11160 (b) 11058
- - 0.3840 |
L SH 11057 ©
S 111203 < 2
s 2 303838} 11056 £
= 5 s 5
S 06f {1080 & 2 2
11
2 2 £ 03836} 055 5
© < 1%}
£ 04} 11040 2 = 11054 2
@ s 2 =)
g 9 E 038341 @
= N = 11053
oal 000
L L L ! ! 0.3832 L ! ! ! ! 1052
0.01 002 003 004 005 255 260 265 27.0 275 28.0 28.5
Mass fraction of C/% Mass fraction of Cr/%
°
© O % 03838 11053 ©
3 0.3840 1 1085 5
7 S 503837+ g
= 11056 S 411050 s
< 03835} 2 203836 2
g 5 2 {1047 5
g 11054 5 8 03835} =
3 03830} 3 £ 3
& I 2
o {1052 8 CE@0.3834— ‘1044(2
<
< 038251 038331
11050 : 11041
0.3820 ' ' ' ' ' 03832 L ' L ' :
20 25 30 35 40 45 50 01 02 03 04 05

Mass fraction of Mo/%

Mass fraction of Si/%

5 C. Cr. Mo HI Si &%) My;Ce M7 H S FIHT HH 1 B2 IR 50

Fig. 5

G, MpsCo AT H 1M\ 0.382 3% T 21| 0.384 4%
Mo Co FIHT IR BE S B ETHEE T, MasCe IRIHT H il B2
1 050 CHInE] 1059 °C. HJER| Cr FEA BRI H
WA 1 053~1 055 CH3H A4 Mo 75 1 W %3 1l
1t 3.0%~ 3.5%2 7], H AV iz 4+0.05%. MEl 5(d)
TTPAEH, 2 Si e 0.1%8E 2] 0.5%f, MyC
RS EBEWTE NS XY, St SR 0.4%I,
M3 Ce HIHT H EIA BB KA, Moz Co IIHT HE 5 M 0.383
3% £ 0.383 9% X £ F 0.383 8%, Ma3Ce (AT H
TP ) I E TR, Moy Co AT HHIELEE A 1 040 “CH
JnE] 1055 Co Bk, wTRASHA ST Si & Vi
HILE 0.4%LLN, SR 25 4+0.02%

B Cr A1 Mo 25 & S8 i et ) (1 ds R pT Hh B AR
AR, XEEZR MBS Cr Fl Mo SEMMN, &
Cr fl'sf Mo ] o AHIHTH S B2, KB Cr
H Mo B & (AR o AHIIHT H B RTRT I R S 5
Ko
2.42 Cr. Mo Ml Si &8XF o A5

Cr Hl Mo i it & & i H LG8 o0 R, K

Effects of C(a), Cr(b), Mo(c) and Si(d) contents on precipitation amount and precipitation temperature of M,;Cq

T, Cr WA S8R IR Cr0s ALK, f
HARMGHUEALRE ST 1T Mo (E A4 b fefg B 1B 251
(tn )il A ) FEAAS 1 #m T 6 & Ptic )i
PERR RN G I Bk e 1220 Si (R R B (it
2 (R A5 D) R s AXAHTE O IR AE AL IR B R, e
HEIERZ T H . FI, SiidEPiEiRait
FE A f 0 E

Mol 4 TP BR T BRI 5N, o AHBIAT H X 5 4
RIS JE5 P 3 B 7™ TR o X G A 3 A 7E B SRR S
w8, 75 5 S BOEA G S Ic £ (WEE Cr X),
T8 MO 2R LAk 22 S AR e, A S i il
PRk, Bl 6 25t T 5 FiAIRl Cr 57#(26.0%, 26.5%,
27.0%, 27.5%, 28.0%)~ Mo % 5(2.5%, 3.0%, 3.5%,
4.0%, 4.5%)H1 Si 5 H(0.1%, 0.2%, 0.3%, 0.4%, 0.5%)
XF 028 G4zt o AHATH B AT HE IR R

M 6(a)rT LLEH, Bl Cr =088, o #HAHT
H BT H R ) PRI . Y Cr B &N 26.0%1
I 28.0%I5, 028 H4H o AT HI & 19.63%14
Izl 25.12%, o MHPHTHEZMN 1 079 C LA



438 A G A R

201442 H

26
(@)
© 25t {1180
P o
S 24t 11160 ©
= E
© s
o B 11140 8
=
g 2t {1120 2
3 g
E 21t 11100 5
2 195)
<
= 2F {11080
19 | | | | 1
255 260 265 27.0 275 28.0 285
Mass fraction of Cr/%
27.0 1250
(b)
X L
5 B3 {1200
£ 5
S 240F =
S 11150 &
S Q
° 225t Z
2 11100 £
£ 210¢ E
2 11050 &
S 195}
180 ! | ! | ! 1000
20 25 30 35 40 45 50
Mass fraction of Mo/%
(©)
o\\° 237+ 11128
Q
z ] @)
2 24t 1122 E
o 11116 &
S 231+ g
8 11110 £
S 28} 2
£ 11104 =
g a
< L
s 223 11098
222 1092

0.0 02 03 04 05
Mass fraction of Si/%

B 6 Cr. Mo Ml Si &%) o AHHT H R H VL B A 320

Fig. 6 Effect of Cr(a), Mo(b) and Si(c) contents on

precipitation amount and precipitation temperature of o phase
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3.0%~4.0% 8], SV 253 50 R £0.15%H1+0.05%

1) 028 < fEtbil. A, RHLLL I 2%
HREPAAAEAFRRE I A, 22 o M, o
R RBURCRFNECIR 20 A, & A AERH AL & 8 U ik

PERE R E PG L, FFEERD™ M4 Cr Al Mo Jt
=i, RERD ARSIk o FHRIHTH
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s Z S, C SrENEFRAE 0.02%LA; Cr.
Mo Al Si i & AR5 4 IR MpsCe 75 55

W/, Cry Mo Al Si &N HIE 26.5%~
27.0%- 3.0%~3.5%%1 0.4% L

3) Cr fl Mo & o M F 20, SicH bt o
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WG 2, JF BT R A BT, it

WHAHMFE] Cry Mo Ml Si JuE 5 &5V 3 il il
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B 1160 C. BRI 2 h (3R Ab Bk
28

4) EFEAR y AHIE AL 5 Cr F Mo JG 20l
B PR M REA E A . B A y A Cr 5 b
W4 C 4%E’Ji'ﬁf'imfrﬁi'ﬂf'm- IMEEAA y AH ) Mo 75 &t
BEXILE Cr & G FEAK. 146 Cr Al Mo 75 5.
wapill ?E%J{i 26.5%~27.5%H1 3.0%~4.0% [F] .
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