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Persistent Precipitation Phase Transformation of S30432
Steeel at 650 °C and Its Effect on Material Property
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Abstract: The persistent precipitation phase transformation of S30432 steel after 650 C creep and its effect mechanism on
the material’s creep ductility were systematically investigated by using analytical methods such as scanning electron mi-
croscopy (SEM), electron backscatter diffraction (EBSD), and transmission electron microscopy (TEM), in combination
with the results of thermodynamic simulation calculations using Thermo-Calc. Results show that: after 650°C creep, large-
sized Nb(C,N) phases exists in the matrix of S30432 steel, which are prone to cracking and forming crack sources under
high stress. With the increase of creep time, the precipitates phase M,,C, at grain boundaries and twin boundaries continu-
ously distribute and significantly coarsen, which is conducive to the formation of voids. At 650 ‘Cand 9 146 h-24 432 h,
blockyophase is generated at the grain boundary. The number of o phase increases with the prolongation of creep time, ac-
companied by significant coarsening phenomenon, which promotes the nucleation of micropores and accelerates the germi-
nation and propagation of the crack along the grain. The changes in the precipitated phases during these high-temperature
long-term processes all have an important impact on the reduction of the creep ductility of S30432 steel at 650°C.
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Table 1 The main chemical composition of S30 432 steel %
C Si Mn P Cr Ni Cu Mo Nb Al N Fe
0.082 0.21 0.82 0.023 18.41 9.10 2.80 0.20 0.53 0.018 0.08 e
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Fig. 1 The equilibrium phase diagram of S30432 steel and the elemental distribution of the o phase obtained by Thermal-Cale soft-

ware: (a) the equilibrium phase diagram of S30432 steel, (b) the partial enlargement phase diagram of S30432 steel, (c) the el-

emental distribution of the o phase
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Fig. 2 Cross—sectional BSE images and fracture SEM images of S30 432 steel specimens after 650°C creep testing : (a) 87 h BSE,
(b) 1286 h BSE, (¢) 87 h SEM, (d) 1286 h SEM

R AT ) B BB A B R, A FEAT A
B CLCrun &, o 45618 X H AT 3 (1 o A H:
T My Co A o My Co S B EC AN 85 80 v s DL ATt AH
SO SE JT S5 R A ECR 1.057~1.068 nm , HAAT
O E 600~950 °C, 38 H L S 7E A AL E BT
M, Co A A A= K F2 B Tl S A 7 8, Bt o it
R B[] () 9 K i () 47 1 638 o, AT A2 aF
M, C A A

i 5k E 4 RE A oA B L E B AR ML.C AR
1kt B (BSE B v J8 8 %) B2 UKy M,,Co) 5 H
K4 (a) . (b) AN, SHE ARSIl 87 h Fil 1 286 hHT,
FEAR GRS T M, COURRIR 5347 5 R4 (e) () AT,
MEE AT Ry, 7 734 h A9 146 hif, e 44 i 5 1
M., C R B 8 4 R, 52 W 2 53 A 5 fR 181 4 (e) FT
AL, Bifi B R AT E] 3K #) 14 160 h I, 5 R B M,LC,
AR RES S, HEM 2R A AR
M,,Cq; FH BT 4 () W], B 45 47 A B[R] 35 51 24 432 h
B, AR AR A B ML, CoifE 25 A HLBH WA AE , 22 4 3
b M, Co B L5340, [ B i Pt A K s O R
FEFRIR Y M, Cyo

WFFEFE T, D AN IE R 1) ML, C T A A AT LR
AR . AR AR AT R, AR M,.Co 5 K A
HACIGITIE S0 A o TERGS I IEHTT i
TRRACP A BEHERRAE , 2 1 o 3 R A i, X AT
FATCHEA R AL 1B BT VI ), Fe 5 BMa v W 2418
ALY 2L 0., I Bl A B B2 ) e TV 2
FEARR JIVERTE , fb S RS S B S 1 ML, C R ]
5 R AL TEAZ | 3% S L 28 A5 U it 33 7 [ SR 4
Ao, e AR S LR LR BV AL, 6
S30432 5% 650 “C 14 160 h 5 AKX AEKT 11 SEM B H-,
VB 171 2% 1A S22 0 MR 1 22 T AR B R 5 S REAE TR (L oK
WEHERD LSRG | PR S 2 1 o P DB S 10 B 25
XA 5 1E 4(e)S30432 4 i A M, Co A T LA AT o




e €AF 3304328 650 “CH5 AT HAHAZ fb S H 0 M RE S i) - 143 -

13 S3043249650 C 87 hFf AGXFEH MX AR TEM B : (a) BF, (b) Nb,(¢) N, (d) C, (e) Cr, () Fe
Fig. 3 TEM micrographs of MX phase in S30432 steel after creep testing at 650 °C for 87 h: (a) BF, (b) Nb, (¢) N, (d) C, (e)
Cr, (f) Fe
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Table 2 The mass fraction of the main elements in the
MX phase of the S30432 steel creep specimen after 650°C

creep testing %
B4 Bk Cr Fe C N Nb
2(a) A 2.4 3.3 17.4 6.9 70.1
& 2(b) B 22 2.8 17.4 7.7 69.8
&2(c) C 52 11.6 11.9 35.9 35.4
& 2(d) D 5.0 19.6 8.4 36.5 30.4

& 3(a) E 1.0 0.2 3.0 4.4 91.4
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Fig. 4 BSE images of grain boundary precipitates in $30432 steel creep specimens after 650°C creep testing: (a) 87 h, (b) 1286 h,
(¢) 7734h,(d) 9146 h, (e) 14160 h, (f) 24432 h
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Fig. 5 TEM micrographs of M,,C, phase in S30432 steel after creep rupture testing at 650 °C for 87 h : (a) BF, (b) C, (¢) Cr
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Fig. 7 BSE images of grain boundary cracking in the S30432

steel creep specimen after 650°C for 24 432 h

R RE T A B o A7 AR 5 BRI 9 (b) AT, 4
ACHFTE] A 9 146 h, 76 B0RE & FEAL H B0 /N o 4 5
B9 (c¢) . (d)ATA, Bl £ F5 A B B B 22 K, o AH
BT, Y FE AR A 24 432 hB, o fAHAT KK
F10 pm 247, I B B R RS B

S30432 B RF A b F i A AT R I HOIR o A
M, Cy— 2 LI BAZ R S o 2, an i) 7 e
TN, TR 24 432 h INFF GRS 5, S30432 i i A &

2 pm

R3 S304328M 650 CHRARFERF LM HEREERH S
(REHH)

Table 3 The mass fraction of the main elements in the

grain boundary precipitates of the S30432 steel creep speci-

men after 650°C testing %0
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A= o MAT I PEBEE B AL LG | R 1
FLIR AL AR A o AN AZ Y R | e 208 i
TR U P 2452, 80330432 A5 A 88 M ik 20
o (AR AR, mR S I T YOk o M7 &
E iR VI R S R i | R 1
T o FTE i AL 13 22 3 A 2 M R B 4 2L 4544
BV B ) S EE A SRR Y TR,
A, o A BT TR A ) A A1 7y A 1T 45 6 o A 3
N A 8RR [ AR AR B Rl R vh 25 Kk B 3 1
TR, RIS RS i A R, R
JCIFIA] N 9 146 h 3] 24 432 h, i 5t b o AT 5k
I H RSB K, B35 BRI T S30432 #9110 15
AR

2 pm 2 pm

K8 S3043249650 °C 24 432 h R AGUFEH i B TEM B2 (a) BF, (b) C, (c) Cr,(d) Fe,(e) Ni, (f) Si
Fig. 8 TEM images of grain boundaries in the S30432 steel creep specimen after 650°C for 24 432 h : (a) BF, (b) C, (¢) Cr, (d)

Fe, (e) Ni, (f) Si
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Fig. 9 EBSD phase distribution maps of the deformation segments of S30 432 steel after 650°C creep testing at different times : (a)

7734h, (b)9146h, (¢) 14160 h, (d) 24 432 h.
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