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Table 1 Normal chemical compositions of single crystal

superalloy DD419 W /%
Co  Al+Tat+Ti Cr W+Mo Re Hf Ni
9 13 6.5 6.5 3 0.1 A

BXEY, MRITHEEEZ EERPHIILERY
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B EELD TN ER, 4 pmEANNFLAYER
EREEE, KALRIBFE/IMESELIE . BRIt
249, HEFR2ANEZATLAMEDDAI9S £ 1EL 290 C/2 h+
1300 C/2 AT D EIAEM A= SHHFALRI 4.

2.2 AEFHENIFALEERD

PO-MESRFEL 050 CF1190 MPa FHIFF A Hdp K f
KERNESH . NERH, AEREZINERLS
RS EZ BRI RINEGIEEAKR, DIIE
87.52, 86.87193.42 h, AMAFAR4AIEAE/9139.33 h, tb
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Table 2 HIP and heat treatment processes applied to DD419 single crystal superalloy ( AC: air cooling )

B PEER R T 20 137 i3
1 1290 °C/3 h+1300 C/6 h, AC
2 1290 °C/3 h, J77150 MPa + 10 MPa, #4300 °CLL T Hipe 1300 °C/6 h, AC
1290 C/1h, /1150 MPa = 10 MPa; FHEF]1300 °C, f#iE1h, EH 1140 C/6 h,
3 N ) 1290 °C/2 h+1300 C/5h, AC
150 MPa + 10 MPa, %4 2300 CLL T Hipr AC; 870 °C/16
< . =S| vE <
. 1290 °C/1h, F77150 MPa + 10 MPa; JHEZFI1300 °C, f#ik4h, £ 1290 °C/2 h+1300 C/2 h. AC h, AC

150 MPa + 10 MPa, %"/ %300 CLAT i)

(a) MH T AR (001) Pl LIEE (b) VAT T YRR Y (100) VI 852

El1 1300 °C/3 hEELIREDDA1IE S HHIMIIFLIBNZER K D7
Fig. 1 Morphologies and distribution of micropores of DD419 single crystal superalloy after incomplete homogenization
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Fig. 2 Distribution of micropores at cross sections of different samples after HIP
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Fig. 3 Morphologies and distribution of micropores of different samples after HIP
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Fig. 4 Histogram of micropores size before and after HIP
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Fig. 5 Stress rupture properties of DD419 single crystal superalloy
samples before and after HIP
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Fig. 6 SEM images showing the distribution of porosity near to fracture surface



F » .,
] Founone SIEAE

SHLAIHAL, XEAETHIREFBIRK=H—F
KX (BkBEETNEHAY v/ v FIBEFRE_ LA
BEEE ), AR —ERIEMRESFE RSN
BBE. AT, BENRMYT EIEEE, NtFmiiz
MTIREERAZM . RASFHELIEAIFmT
(E6a) , mEXHNFBEEREETIFZSMNS
HMBpEEENRN, BREXLERGMEERY, RIK

(b) (e) (d)
20 pm

Vol.70 No.5 2021

N, FEBIZ100 pm. AFEENIEZF, RERMH
BRBERL, BEFDRURIERX, efilZEH
EEEREMEAERENRN (E6c) . A, &
EREBRELIEZ EHNE SRR FESAEAFEH
FLBS, MZAIREFF=ERIDFLA N T EZRIREIR
DILAYER B EERIIRERY, BRI/, X4
FAFZwHRERERN.

(c) FEih3 (d) Fedha

E7 SATRIRFENTCPIESILIE
Fig. 7 TCP phase and pores in DD419 alloy samples after stress rupture testing
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Fig. 8 SEM images showing the morphology of /v ' microstructure after stress rupture testing
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Effect of Hot-Isostatic Pressing on Microstructures and Stress-Rupture
Properties of DD419 Single Crystal Superalloy

LI Han-song', SUN Shi-jiang?, DIAO Ai-min®, SUN Jing—xia‘, YANG Shu-lin?, LIU Jin-lai*, LIU Ji-
de*, MENG Jie*, WANG Xin-guang®, LI Jin-guo*

(1. AECC Commercial Aircraft Engine Cooperation Ltd., Shanghai 200241, China; 2. Shenyang Liming Areoengine
Cooperation Ltd., Shenyang 110043, Liaoning, China; 3. College of Naval Architecture & Ocean Engineering, Naval University
of Engineering, Wuhan 430033, Hubei, China; 4. Shi-changxu Innovation Center for Advanced Materials, Institute of Metal
Research, Chinese Academy of Sciences, Shenyang110016, Liaoning, China)

Abstract:

In this work, the second-generation single crystal superalloy DD419 was treated by hot isostatic pressing
(HIP) under three conditions. The samples were characterized by X-ray three-dimensional tomography
(XRT), and the effect of HIP on the stress rupture properties of the alloy was studied. The results show that
HIP can significantly reduce the diameter and number of pores. For samples with sufficient HIP, the porosity
is extremely small and the lifetime is 59% higher than that before HIP. For samples with insufficient HIP,
although the porosity is small, their lifetime does not increase significantly compared with that before HIP.
It shows that the pores produced in the process of casting and heat treatment have an important effect on
the stress rupture life of the single crystal superalloy, and proper HIP process can improve the stress rupture
properties of the alloy.
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