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ABSTRACT The effects of phosphorus in rolled IN718 alloy have been studied. The results show that
phosphorus significantly improves the stress—rupture properties and strongly retards the creep process.
Increasing phosphorus to 0.02% causes an increase of the apparent creep activation energy from 678.6
kJ/mol to 746.1 kJ/mol and an increase of the diffusion activation energy along grain boundary from 276.1
kJ/mol to 349.8 kJ/mol. It has been proposed that phosphorus segregates to grain boundary due to the
reduction of the grain boundary energy by the segregation and thus decreases both grain boundary cohesion
and diffusivity. Different effects of phosphorus both observed in this work and in the literature have been

discussed in the light of this basic mechanism.
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No.1, 2 FfiR & &M E TILA INT18 &8¢, ¥
UR—LZ2HBHEHNENE 10 kg #9%. HH, No.l
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Fig.1 Invert—BSD SEM photographs of the as—standard —heat—treated samples (the rolling direction is horizontal)

{a) alloy No.1

(b) alloy No.2

®1 OEMAY INTIS 5 E&rpdrHIPEIL fprEm s
Table 1 Effects of phosphorus on the impact energy and tensile properties of IN718 alloy

Alloy ay Room temperature 750 T
No. J/em? 9.2 oy & o cu.z I & ¥
MPa MPa % % MPa MPa % %
1 T 1235 1423 21 48 704 789 18 33
2 73 1241 1425 21 44 732 818 15 25

®2 EhM INTIB S EMFAERRN NN, ¥R EMIEENLES
Table 2 Effects of phosphorus on the stress rupture properties and stress exponents (n), apparent creep activation

energies (@) of INTIR alloy

Alloy 650 C. 690 MPa 750 T, 294 MPa n Q
No. . h & % v, % T, h 5 % ¥, % kJ /mol
170 10 13 120 11 24 6.21 678.6
2 426 11 25 212 23 ar 6.23 T46.1
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B2 FANRESN SEM M A
Fig.2 SEM photographs of the samples of alloy No.1 (a, ¢) and alloy No.2 (b, d) stress—ruptured at 650 T under 690 MPa
(a), (b) near the cracking original zone (c), (d) the tensile axis is horizontal
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Fig.3 Steady state creep rate va stress (a) and temperature (b) for IN718 alloy
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Fig.4 SEM photographs of the longitudinal section of the samples of alloy No.1 (a, ¢} and alloy No.2 (b, d) crept at 650 T (the
tensile axis is horizontal)

(a), (b) 690 MPa, 176 h
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R W), PSRN REEE, &R (3) e
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YERE Qg (=415.0 kJ /mol) B FLIGRA & T BMIERE QL
fii.5 Nimonic 90 & &/ B BMIFE Q.. KHE—&. %
3 EERMET, Wi 0.02% B INT1S S 4&M AR 8
MIERE Qo B 276.1 kJ/mol #FZE 349.8 kJ/mol, M
BB T SR E
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Table 3 Creep parameters determined according to Egs.(2,3).
Also included are the activation energies for lattice
self—diffusion, Q, dl and @ d"’ in pure Ni and Nimonic
90 from Refs. [18, 19] respectively

’

Alloy ng ng, Qg Qgb Qlaa led”
No. kJ/mol kJ/mol kJ/mol kJ/mol
1 4.5 2.0 " 415.0 276.1

279.5018] 364 — 502(19]
2 4.5 2.0 4150 349.8
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BHE 2a, b o[, BT INT18 S EMERMAFEE
(strength) . EXHFARETRBEET INTI8 §E&MRF
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(1) B4 INT18 &S i EHEM B R A K,
HRERET INTIS SSHRFAYERE. IR RERILELH
7. B 0.02% BREZGSHRAFMARER, KUK
AR IEREH 678.6 kJ/mol £BFE 746.1 kJ /mol.

(2) #im 0.02% BeBEME INT18 & &M ARV R
Fxe SRR REFIEM, HREHTRENE
i, AT EIEREE 276.1 kI /mol 28 F 349.8 kJ/mol.
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