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Abstract: Nickel/nickel iron-based alloys are widely used in the manufacturing of hot end components for aircraft en-
gines, gas turbines, advanced ultra-supercritical power plants, and other equipment due to their excellent oxidation resis-
tance/corrosion resistance and high-temperature mechanical properties. Phosphorus (P) microalloying is one of the effec-
tive ways to improve their high-temperature creep strength and increase creep fracture life while maintaining the same main
elements contents. P has extremely low solubility and low activity in nickel/nickel iron-based alloys. During solidification
process, it is easy to accumulate at the front of the solid/liquid interface and is difficult to form compounds. By affecting
the solidification and thermal deformation behavior, it changes the microstructural characteristics and thus affects the final
mechanical properties. This article summarizes the distribution characteristics of phosphorus during the solidification pro-
cess and its impact on solute segregation and solidification microstructure, the influence of solidification microstructure
changes on subsequent thermal deformation behavior, the phosphorus segregation behavior during heat treatment and aging
processes and its effect on microstructure, the influence mechanism of phosphorus segregation characteristics and micro-
structure changes on mechanical properties and deformation mechanisms. The results show that P tends to become en-
riched at the solid/liquid interface front during solidification, thereby promoting element segregation. After heat treat-
ment, P segregates at grain boundaries or phase interfaces, optimizing the morphology of grain boundary precipitates and
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enhancing grain boundary strength. The influence of P on the hot deformation behavior arises from the dual effects of solute

drag by phosphorus atoms and the promotion of recrystallization nucleation by MC carbides. The influence of P on the hor
deformation behavior is related to the state of alloy. The appropriate P content can improve the creep rupture strength of al-
loys; however, this beneficial effect is constrained by both the alloy system and the magnitude of creep stress. Based on
the results mentioned above, this paper established the influence mechanism of P in the entire process of casting, forging,

and component performance. It also briefly introduces the current problems and further research directions.
Key Words: Phosphorus; Nickel/nickel Iron-based Alloys; Solidification Behavior; Hot Deformation Behavior, Mechani-

cal Properties

BB R AT B AL R,
52 5 LB E B P 5 5 4 RS
WAL SV X 3 0 Ak 7 R 4 1L 7T 5
HUE RIS S0 TERE W B S 10 FR
R TR

BT (P) TERRARBRE £ O 1 2 LA
B PRS0 40 kA 5 8 2
T 10 DA R RO T A L UG ) T
EBRIE T2 SR HIGHE  EAZES) R TR B 3
KRR AT R4 =AW B LB B A K P AL
VIS 1y 2 PERE ) I R 9 0T LA A L
TRA S5 A MR R FL B S0 44 20
221 80 47 (R 51 90 4R ) , 11 4 3 P 76 3 FLAT I 4
BRI i F BB 90 S 2520 1R
90 4F X Ff1 343 BHIIF A 5% BT it P IE 2 ) 75 T 6
ST PRI £ 4 1 25 il LR L
WTGBER , ( P T3 A1 A THARL, T A CAY
SRR FIRLR W AAS T T2 e, G
AT B8 76 36 12 PRI 5 19 TR A I I 28 % 4 149 53
7 B FVAS . B A 3 A5 B BT L 730
ARIEBARVT T 5 T A 4 LB,

LS PIE BN R RS TR AT 1
SRR T FUAFE L4 SUSAE VIS 41 81 AL
SUREE S0 B B R FRUBLARL 4 T A o 2
PERERIA RIS 1HE T PRA 2L & 24
MERE O I v IR R T AR T
Bk BT 12 P T R R AT AE R EL e
W [E1 1T 24 0 4B A AE Y 220
PR T A ROR IR T 4, ok B AL y 1k
T 37 5 45 B R LS REEE A/ A 1]
B S EOEEA RN e Ah B 0 2 T P
CHAS B 5 7390 8 152 T A £ i
R A1) L DRl L 5 4 TR T S0 £ 41
R AT Sy S I 8 A SR
1.1 BRESREHRPITENRITSFE

R W A B B AT AR A 5, T

o OoF

[y

AT AR T POTER & i 5 2E o & b TR —
IV BRI, Bl 658 1 2ok AR AR AT, DR LA oy AR [ 5 13
BN, PTG AR [ AU T B )R . RA
SE [ B [ 7 VAR 5~ S T 5 [ o 2 8 30 A A I [/
VST HTVR 9 P T 3R 43 A0 W 2 W 1 /98 33 T iU IR
FAHAETEN] 5 POCER M Bl A2, 76 [/ S
BRHUT PGV T A2 A1 P BEAR R (H P
SR fR T AR b R R e R v PR
BT WA 1 B30 A2 W AEAE v I3 IR TR S B0
4, WE 1 TR .

1
1
i
L I I 1 1 1l L I I
0 40 80 120 160 200 240 280 320 360
FEEY/ p.m

Pl 1 PSR A1 T AR S BRIE P T 3R o3 A R AE
Fig. 1 Distribution characteristics of P element near the solid/

liquid interface under planar solidification conditions
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Fig. 4 Distribution characteristics of P element at the interface of y/M,,C¢: (a) a reconstructed three—dimensional atom probe map,

(b) the equivalent atomic concentration interface at 5% Ti and 10% Ni, (c¢) 2D APT reconstruction showing P around M,,C./vy carbide

interface, (d, e) one dimensional quantitative distribution of Cr and P across M,,C /vy interface.
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Fig. 10 Stress correlation of the effect of P microalloying on creep behavior at 700 “C: (a) minimum creep rate with phosphorus con-

tent, (b) minimum creep rate with creep stress
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