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—— Synopsis

Large components reliable at high temperature by wrought y strengthened Ni and Ni-Fe based superalloy are strongly
demanded for advanced ultra-supercritical (A-USC) power generation, which is one of the most promising and efficient
technologies with steam temperature of above 700°C. In general, phosphorus is considered to be a detrimental element
for steels and Ni-based superalloys by making these materials embrittle. In contrast, some previous studies reported
that an adequate amounts of phosphorus has beneficial effects in improving creep properties for these materials. In this
work, the effect of phosphorus on the creep properties and microstructure change of wrought y  strengthened Ni-based
superalloy (Haynes 282) was investigated focusing on the effects of carbides precipitation. In the alloy with phosphorus
content of 8 ppm, precipitation of M,;C; carbides was observed in both grain boundaries and grain interior prior to the
creep tests. Grain boundary coverage by carbide increased with the phosphorus content up to about 30 ppm. On the other
hand, the amount of M,;Cs in grain interior decreased with increasing phosphorus content. Results of the creep tests
revealed the relationship between the time to rupture and the grain boundary coverage by carbide. Microstructure of the
crept specimen showed the existence of misorientation at the vicinity of grain boundary without carbides by means of an
electron backscattered diffraction (EBSD) analysis. These results suggest that the improvement of the time to rupture
is due to the grain boundary precipitation strengthening mechanism by grain boundary carbides and phosphorus content
affects precipitation behavior of M,;Cs carbides in grain interior and grain boundaries.
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EXFHERTH S,
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VTR R LS5 0 WE D H 21, Kie bl
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BT ETEMEDH EL, 650C /150MPa 281752 —7
TR AT B9 2 2 e M L2, CoEE, R
ARAT L7z P & fiod 540 32 & M AR K% L3
#LTWh, £72 Cao Hiz®, &4 649T /669MPa
WZBWTPIEIZ)—THRICENMER L. ZoRnEc
M H L EME LTS, Tz P& B OMESEHDS
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&M% Nb-rich MO Sk A~ OB =B ASHERR S
2o FLTC ZoFEmom g, ius»t—25751 b
SR B 12 B TR LT B AT IR L B R 12 X B
bOEIERL7 Y, Haynes282 2B\ MDAl
FRREDBEIH LA DEEZLNL, T TRIIFETIE,
Haynes282 O #lfke 7)) — 74 IS RIT§ P im0 &
L7z
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2.1 #HEM

P, D E 2 R A RIS TR B L 72 50kg
BHTH D, T IS %R T, PidieK# 150ppm
FTHRML, —EBDFEHZIE Nb-rich oM %2 ER LT
PO Nb # AWML 720 UF T P OARIMUIZR
#F (P1. P2 JLU° P3) % P HUHGRMAM. P KU Nb 2
L7230k (HP1. HP2 JUF HP3) % P+Nb #& RN &
g b, SNOFHIA M EL72)E S 35mm OHRHM %
W CH MR A ML 720

F 1 HEAAHDL

mass % (P, S, Nl&mass ppm)

Sample C Si Mn P S Ni Cr Co Mo Nb Ti Al N

Base alloy HPO || 0.056 | 0.01 0.01 5 Bal. 19.77 | 10.11 8.52 = 2.09 1.53 9
P1 0.066 | 0.01 0.01 19 3 Bal. 19.94 | 10.12 | 859 - 2.09 1.55 <9

P addition P2 0.066 | 0.01 0.01 90 4 Bal. 19.95 | 10.12 | 852 - 2.09 153 <9
P3 0.068 | 0.01 0.01 150 4 Bal. 19.94 | 10.12 | 852 - 2.07 1.51 <9

HP1 || 0.054 | 0.01 0.02 32 35 Bal. 19.80 | 10.04 | 8.46 0.49 2.1 1.52 62

P & Nb addition | HP2 | 0.060 | 0.01 0.01 100 8 Bal. 19.80 | 10.14 | 8.45 0.49 2.11 1.53 66
HP3 || 0.057 | 0.01 0.01 140 7 Bal. 19.79 | 10.15 | 8.45 0.49 211 1.54 59
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FAREBIZECIE, BN EAE T WM EE (FE-SEM:
JSM 7100F) K 0% @ 1B s (TEM: JEM2100F) %
Hvi7zo FE-SEM i BHE 20mm 104 4 2 ik ik k%
#1200 F THMINERZ, 3um DFAYEY FR—=A (DP)
WCEABNTWHETHEmME L., BRIy Fr 7ot L/ERL
720 —EBOFFHNIE DP IC X B EHMIERICT TS SV
UMK BN % i L. Electron Backscattered
Diffraction (EBSD) il % % 92 i L 72 EBSD il 2 13 4 i
BB O Tum X 7um DO FEPH % 20nm A7 v 7 Tl &
L. 6Ny —2 256, KR0S A
T 5 R 7 i 72 D 534 & e AL L7z Grain Reference
Orientation Deviation (GROD) ¥ v 7 %K 7z, TEM i
FHZIE, DPIC XN TP IS 5% BRI 7 by
J =V 72 TR E S X0 MR U7 R &
Hv/z,

22 HEFFRO Z BB % i L 723 B2 WwW
FE-SEM 2R BT 1% % 2 W R F AT I X0 R 3
(p=1U1y) AL L]0 ST AT XD B X
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iz, ZORMPICBIBRAPEEL L,

2.4 TTP HfER

AL O N BB &2 WS 5T 5720, Time-
Temperature Precipitation (TTP) MZ/ER L 72o #4
BB AR A5 20mm DY A T TIRO/BFZ YL,
1100C. Sh O ERAL B ZHE L 720 & D%, 800 ~
1050C 2B WT 0.1h ~ 40h OEFRPAL I Z G L 72 K%
WA ORI E» SR OFEmZHE L. KLY
OB EZRE L2, B, GHPONHORE
PEBR 9 57200, BB OGN & TKEE L7,

2.5 WRFEHAE

YRR AL O T 8% 747527 M A—% (Burker
D8 Advance) 1242 X MEIFEICIDPEL 720 yHO
¥ T Bl 12 iE. 1200C, 5h o &R b#%. DPIZ &
HNTHFECHm L L72# 20mm 04 3wk k2
FA7ze ALY DR TR B E I, B REE 950,
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5725 HPO (B3 (a)) ™ M,,Co (& & 5 K1 R4 B RITH
65% TH Y., FIZH MpuCe BRDSNTz0 THITK
L. HP1 (I3 (b)) TIXR I MysCo 1720 5T
BT MysCo D B R IZITIT 100% Th o720 412
HP2 @ 750°C /333MPa 7 V) — 7 M Wi #112 B1F B ki L3t
D GROD % v 7% 7R 9o MyCo DT LTV 2R R
EEIE. OTAOERICHLBDLEZ LN DAL
OWMA RO BTz —H RRIC M,y3Co 252 BT
LTWARNMETIRHMEIRERDON NI Enb,
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512, P+Nb B A& @A © 1000T K& % D K 7E
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BT, RIS MysCo DHT DS TS S 7z (KIFFRED) o
MsCo DFFHIZR DD SN=5, TS IFERIL
MHEEBRICBWTRABECTRALLDDEEZLN S,
40h D EWERRERN % (K5 (b)) Tid. R D M,,Co D
PR DSHIIN$ % L3120 RND M,3Co DA X A
WCEEIL 720 —J. HP1 TId HPO & 5740, 1h O I
BRI (5 (0) I2BWT, BT MyyCs 134 B®D
SNF. RO MyCy DT D WD T mTH o720 F
72 40h O RIEFIER)# (K5 (d) THR KRN D
MysCo OHTIIRBITIR L ZALIZRED SN h o7z, L7
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EZbN b,

B 5 P+Nb #HEWRMF O 1000CHMH DK E 14 :
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612, HPO & HP1 O RER) M O MR BIZE R R0 D
FEBL L 72 My3Co DRF R RIND TTP % RF. HPO
IZBWT, M,;Co DAL HIE 800 ~ 1050TC T L 72,
—7J. HP1LIZBWTix, 1000C Ll LTl 40h o K1
M 2 & KL RS Mo, Co DFTHIZFED SN b o720
O END, HPO DK F MysCo O HT H BRIl E 1
#11100CTH Y. HP1 DR My,Co DT H 1 BRI BE
13 HPO X W 3 # 100CH W 1000CREE £ 25N %,
F72. HPO. HP1 Ok H M,,,Co Mo/ — iR #
850CTHY., TOMMEICBVTIX0.1h FED I
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BRI BIFL P, CRFAIDRETF<Yy TERT, &
B, 5% % ALEEE CT/REND Al HSEE 20nm O ERIR
WCIRALL 72803803y 27”96 P id MpCo DINERICIZIT L
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812, LitoRERKIZEZOND y BHA~D C [
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MysCo DREEFICIR>TEAL TS, ZORHE. B HI
B (790T) 2B WT, AX 720 0t i FlE % 5K B)
DELTHAN MY ET D, —FH, HP1 Tk, BMHRIEK
O —Be HEF DR IEIZ B VT MysCo BN L 2V 2 &0 5,
B A IS HE R LR eI s b, ¥
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AlLB, Ti and P concentration (atomic%)

BHEER R EICBITA C OBBHEZHMIE TV
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3.3 WAMEZEEICRIZT P OFE

912, P HUMRINAS 2 OF P+Nb #i &I o w81k
BOTREFGEZ KT, HPO (K9 (a) I2BWVT, EE
Tum FEE D RFEIE M,3Co DSRLNICFRD Bz, P HAR
Tt P1 (K9 (b)) & P2 (X9 (o)) idfifird HPO &[F
KoM ER L2 —Ji. P % 150ppm #MIL7z P3 (X9
(d) TIE, REED MyCo 13FRE RO SN o720 F
7zv PHNb AR OB NTD (K9 (e ~g)).
KEED M,3Co IIFRE RO LN D572,
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— P+Nb #EERNAIZB T, % 30ppm DL RN
OO TEBIIIIML 720 NS T-E DI INAFE
DOENTHEHEZ, K IZBWTRREED MyCy DFAE R
BEINT, MpCo D EE L7 E 2 5N A EHIRIST 5,

1112, HPO J O HP1 @ 950C. 0.2h RE&h#F1C B1F
% STEM BH#LEF 1%, il BRAL TP [ 4784 — > (Selected
Area Diffraction Pattern: SADP) & Of STEM-EDS
<~y Er7%RT, HPOIZBWT, FNIZIZESE 300nm
BEOMMZSHROT MW ARDSHNT. Zhbid Cr %
%<& SADP &0y BHOK 3RO T EBEH TS
ZEMD MyCo EHIWF SN 50 MyCo 1y BEFHEHE A1
AT L. FrEE Cube on Cube ({001})» //{001} 2306+ <001>
1 //<001>ypp506) DS F T IR A 5% BB,
M,;Ce DJEPHIZIE Ti HSRAL L 72 5325780 . SADP
M HIZy D 2 5 DRI O T RG5O S iz Z L
5.y MIEHE SN2, —J HPLIZHBWTIE MyCs 12
T2 AHIRERD BT y ROy (TR T2 S oA
BOLNTze TOTENSH, P OWMIE MyyCo ORIIMTH
FIMHILTCWBEER 5N D,

3.605 T T T

.(/
I;Im

. 1 l;m (O :My;C; dissolved into y matrix
9 1100CHEMALM O KETF1% : (a) HPO (P: 8 ppm),
(b) HP1 (P: 32 ppm, Nb: 049 %), (c) HP2 (P: 100 ppm, Nb: 049 %) ,
(d) HP3 (P: 140 ppm, Nb: 049 %), (e) P1 (P: 19 ppm),
(f) P2 (P: 90 ppm) MU (g) P3 (P: 150 ppm)

&
8
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10 (2, P HUMUR TN P+Nb AR O P # ke
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HPO 0 950°C. 0.2h B4 HH12> T, 3% i &> XRD ) E—— o T
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RIS BT T B3 100ppm E THREZ 10y EAHIOR FEBZEC TS P RMOEE

b9, 150ppm FEEF THRMTAIETRE ML

(@) STEMBF
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(C) STEM BF

11 950C / 0.2h FixhATo> STEM R4,
SADP J2OF STEM-EDS = v ¥ > % (a, b) HPO 2 TF (¢) HP1
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Allten® 5211 513, +—2F F 4 MR 21
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AMETDOTAIANVF—FMKTEIET M,,Co D
BARERETLEHRELTVS, —H, KALIE, Fe
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(AG) kK THFEEII 55,
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. 20 e (3)
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BRI AR AV F -2 b, AGs 30T AIA
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PFTIATIH SN2 b DL EZON D, B RIFFEICE
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ERSEEM U 7225, 2 o m eI Bnw itz
N, ZOMHIIHLLICT LI LR TELR o720 7 —=T
FEtEB TOSHIRRIC U9 Nb O BIIOWTIE, S4B EL
LIRRDALEETDH %o
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