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Effects of P on microstructures and properties of directionally
solidified superalloy DZ125

SONG Jinxia', JIANG Chihang’, KANG Yongwang', XIAO Chengbo', JIANG Liwu’,
LI Mingl, DAI Shenglong1

(1. Science and Technology on Advanced High Temperature Structural Materials Laboratory, AECC Beijing Institute of
Aeronautical Materials, Beijing 100095, China; 2. National Center for Materials Service Safety, University of Science and

Technology Beijing, Beijing 100083, China)

Abstract: The directionally solidified superalloy DZ125 is widely used as turbine blades in aero-engines. This work investigates the
influence of phosphorus(P) on the microstructure, mechanical properties and crack susceptibility of DZ125 alloy. The results
indicate that P primarily segregates at grain boundaries in DZ125 alloy and has little effect on ¥’ phases, y+y' eutectic and carbides in
the alloy. When P content reaches 0.008% (mass fraction, the same below ) P-rich phases form in the interdendritic regions during
casting, which subsequently dissolve back into the matrix during heat treatment.When the P content is no more than 0.0039%, P
shows no obvious effects on the room-temperature tensile properties or the stress rupture life at 980°C/235 MPa. However, it has a
significant impact on the stress rupture life at 760°C/805 MPa: the alloy with 0.0039% P exhibits a 37% decrease in stress rupture life
at 760°C/805 MPa compared to the alloy with 0.0013% P, due to the segregation of P at grain boundaries weakens the grain
boundaries. When the P content reaches 0.011%, the intergranular cracks appear in the DZ125 alloy hollow turbine blades during
directionally solidified process. The main reason for the increase of crack susceptibility is excessive enrichment of P at grain

boundaries and precipitation of P-rich phases nearby grain boundaries, which leads to grain boundary weakening and crack initiation.
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Fig. 1

As cast microstructures of DZ125 alloy with various P contents

(a)dendrite; (b)carbides;

(¢)carbides and borides; (d)y+y’ eutectic; (1)9P alloy; (2)39P alloy
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Table I Compositions of precipitated phases in as cast DZ125 alloy with various P contents(mass fraction/% )

Alloy Phase C B P Al Ti Cr Co Ni Mo Hf Ta w

oP TaC 723 — — — 8.45 1.09 1.1 5.1 265 11.32 5559 7.47

oP HfC 719  — — — 222 0.69 1.08 459 — 5535 23.52 5.37

9P M;B, — 8.18 — — 0.44 2057 2.87 645 2583 — 2.18 3348
39p TaC 724 — — — 8.15 132 1.12 5.53 292 1141 5359 8.71
39p HfC 700 — — — 2.00 0.55 0.85 496 — 52.60 27.52 451
39p M;B, — 8.02 — — 0.49 19.23 297 595 2227 — 2.81 38.26
80P PhaserichinP 3.00 — 725 0.12  0.64 1.63 645 3285 — 45.34 1.64 1.08

298 — 894 0.18 1.10 1.77  8.09 34.78 0.45 3832 2.40 0.7
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(a) 1 HEC A= (b)7E y+y' I fhin %k

Fig.2 P-rich phases in as cast 80P alloy (a)symbiosis with HfC; (b)besides y+y' eutectic
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Fig. 3 Microstructures of heat treated 39P alloy  (a)overall morphology of carbides;
(b)carbides in grain boundary; (¢ )y and y’ phase morphology in dendrite region
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Table 2 Average sizes of ¥’ phases in dendrite region of heat
treated DZ125 alloy with various contents of P

Alloy Average size/nm
9P 344.11+£69.73
13P 334.61+£79.04
19P 337.45459.37
39p 348.73+63.27
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Fig. 4 3D-APT reconstruction and elemental distribution(a) and concentration profile of P element(b)
at grain boundary of 39P alloy
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Fig. 5 TEM EDS mapping analysis results of compositions at grain boundary of 110P alloy
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Fig. 6 Effect of P content on mechanical properties of DZ125 alloys
(a)room temperature tensile property; (b )stress rupture property

T
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Fig. 7 Persistent tensile fracture morphology of DZ125 alloy with various contents of P after stress ruptured under 760 “C/805 MPa
(a)macro morphology of fracture; (b)microstructure of fracture; (1)9P alloy; (2)39P alloy

Intergranular

El 8 M P fak DZ125 A4 760 C/805 MPa A B 5 1) — kL (a)9P A4x; (b)13P A4 (¢)39P &4

Fig. 8 Secondary cracks in DZ125 alloy with various contents of P after prolonged tensile fracture under 760 °C/805 MPa
(a)9P alloy; (b)13P alloy; (c¢)39P alloy

PR .22 5. SR FH OP 1 80P A &AM ¥k DZ125 & 423 O iR 48 i A 1 28 S0 16 i 1 5 35 34
KIHLL, Wik A 110P & &4 12 4Rtk R, Jme anlEl s Bias, 110P & 4 P oT R 78 i A
B A1 GEE 33%) M R fEmF 2L SR AR AR EE B 5 TR A i R S G ORI A 78 B B
B PNl VR A, MK EEZ S 3~6 mm, ST R BATAE S P AH(E 9), H P S aiEH] 5.35%.
WY DZI2s A e PR S EEH 0011% K, K, S8 P 7ERFWE, T E P M, &It

F 3 PILEX DZ125 Gz i i s v i 52
Table 3 Effect of P on the cracking tendency of DZ125 alloy hollow turbine blade

P10 Number of Number of blades Number of cracks Length of each
Alloy 0 blades casted with cracks in each blade crack/mm
9p 9 12 0 0 0
80P 80 12 0 0 0

110P 110 12 4 2-3 3-6




545 3

E 9 110P &4 imfent i Rarifnt

Fig. 9 Intergranular cracks in 110P alloy turbine blades
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