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Effects of Phosphorus on Creep Properties of Nickel-Iron Base Superalloy
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Synopsis

Creep properties of modeled nickel-iron base superalloy with phosphorus content of 8 to 450 ppm by mass have been
investigated at 973 K under a stress of 333 MPa. The phosphorus-doped alloys exhibit many grain-boundary precipitates in
which niobium and phosphorus are enriched after a certain heat treatment condition prior to the creep test. An alloy with
phosphorus of 130 ppm shows a maximum value of grain-boundary coverage by the precipitates (designated as p) of 0.56.
The time to rupture and minimum creep rate correspond well to the value of p. The rupture life was extended by up to
30 times and the minimum creep rate was decreased by more than two orders of magnitude in the alloy with phosphorus
of 130 ppm, with respect to those in an alloy with phosphorus of 8 ppm where p= 0. The grain-boundary precipitates
remarkably delay the onset of accelerating stage, thereby leading to the longer rupture life. These results strongly suggest
that optimization of the p value is a key to improve the creep properties of the alloys.
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k. 650C. 686MPa TO 7 1) —7 RS IEM$5 2 &
EHRELTE), ZOMBELTY Y ERRE. BIURMHO
HATCEMOMENER %22 TWb, Sun 5 ™ 13 Inconel
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L3130 % 8ppm 2 5 ik K T 450ppm & A 72 Ni-
38Fe-15Cr-1.3A1-14Ti-2.1Nb (mass%. LLTF mass% 1% %
LGRS %) G445 MThb, TNHLOEED 50kg 1~
Ty M EZEF R RICTER Lz, £ 1IEMOR
T EALFERR Z R T F M OILFR IR AT T
A TIN5 MBS THE L7z A% S, S2 B
S3TBIFEHY yEIE 7 O —EERSATEICTE L.
%A > Ty MZ 1200C T 50h OIELFBMEEE LTI 270
TP 2 B S 72t 2B IS TR S/ 1230mm, 1§
#100mm. JEEH 35mm O E LAz, BRsBEA. A5
BWOKEEERZ B0, S5 122V TIE 1090C T 5h, £
DD 4 BEERFITDOWTIZ 1040C T 5h DB AR[L B AL B
EHEL 720 WAL ALEZIZ R ETES L. TI&k X
840CTIOh D 1B HE 730CT24h D2 BRH S 5 2
BB RN B LA L 720 ARHFZEIC T 2 Be B R &h 2 L
RERA LB, 1B AR LB 5 0w g
B L7z Y MR 2 IS S 85720 TH Y, 2 BERIZ 7%
RO YR T RIS E27:0TH L, M1 ICAERICE
DRAE Y ULE S U

BERBLER B, BRI B XU 7 — 7B %
ENCE A% 102 DRI L 720 B o~ EidHA
TEEHME (JIS) D JIS Z 2201 12D &PE L7z K2 12
GRS 2 ) =T R B o~ &R 7,

#1 M OILFHE (mass%)

Alloy C Si Mn P Ni Cr Al Ti Nb Fe N 0 S
St 0.011 <0.02 <0.02 8 bal. 15.40 1.24 1.41 2.08 38.24 7 16 3
S2 0.011 <0.02 <0.02 45 bal. 15.41 1.26 1.45 2.05 38.26 13 16 2
S3 0.012 <0.02 <0.02 130 bal. 15.40 1.26 1.44 2.06 38.30 12 15 2
S4 0.010 <0.02 <0.02 200 bal. 15.52 1.25 1.45 2.08 38.20 9 16 3
S5 0.012 <0.02 <0.02 450 bal. 15.52 1.25 1.46 2.09 38.18 9 19 3

P, S, N, O : ppm by mass
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F 2 1AM ORI E 700CIZ BT 550 % K Sk TR
BB IOFHMRAEL EDITR T, FHEAMIIBVT
0.2% Tiit 77 045 1R T 734 ~ 767MPa. 700C12T 581
~ 607MPa OFEFHICH 5720 —F T FlIEES o, (Z=i
(2T 1161 ~ 1186MPa, 700CIZT 742 ~ 769MPa @%Elﬁl
2B olze ZORENPL, RFFEICB T LAY v &
DL LTI IR D N oz T2 FEaEE
LM CEITRD LN h 572,

F2 WHEMOMEE, SRR B LUCPIgRE SRR

0.2% proof stress, Tensile strength,
Phosphorus o .
0o/ MPa o,/ MPa Grain size Mean grain
Alloy content, C,, .
Room Room number, G size, d / ym
(mass ppm) 700°C 700°C
temp. temp.
S1 8 756 581 1174 742 3.4 109
s2 45 750 607 1177 765 34 109
S3 130 743 606 1175 769 3.1 121
S4 200 767 589 1186 753 33 113
S5 450 734 585 1161 760 3.1 121

3R D 5 A2 BT BRI BE O FE-SEM
BHART, SLIZBWTIRAIHH IR S h o
725, FOMOBEAIIRENT TR L ICHLR O i 2 ki
FHHRB A RS Nz BB, RPNV ot
BEAEDH 50nm Oy MR FAMLWL Tz, Fi20 i
NOBEERM BT R FIIR - 7N R IR0 b
Birotze M 4RI %O S3ICBIFBRFEE O TEM
BHE, BXU TEM-EDS v ¥ U7tz md, <
U7l BOWTIRHWEGIEE TRV EHFIET LS
ERRL TS, ROy ML) REL F
) E=F THREENTHLZEN otz KEBIY
F5 o ru b LA E T AR ITRILL T ARW
e, RFHTHPNIRA TR ALMEE XD
b,

FKILHSICHABERp L) VEOMBRERT, RR
BERARIT) Y EDHEINT 5D L7225, ) &S
130ppm (2B W THR AME 0.56 7" L. YV ¥ =% 130ppm
EBBZLEZI 720 ) EH 200ppm & 450ppm TlEW»
FTHRHRAEERIIH 0.3 TH o7
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S1 8 0
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N ) =T HED R NS 572,

X8 L9 xENENTY) =T BRI BB L /Ny
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Phosphorus
Aloy | content, C,
(mass ppm)

Temperature, | Stress, |Time torupture,| Minimum creeprate, | Elongation, | Reduction of
TiC o/ MPa tih Eoim ! n' El (%) area, RA (%)

S1 8 1396 | 1.4x10* 156 | 24.9
S2 45 14524 | 65%10° 8.0 21.1
S3 | 130 700 | 333 | 3789.1 | 7.7x107 9.6 184
S4 | 200 19235 | 4.1x10° 124 | 3441
S5 | 450 13038 | 4.0%x10° 3.1 8.5
10" v
E 700°C-333MPa
BRI
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