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Abstract: In order to solve the problems of metallurgical defects in cast turbine blades made of nickel-
based superalloy due to inherent characteristics of process, such as porosity, pores and residual eutectic,
two kinds of processes called standard heat treatment and hot isostatic pressing ( HIP) plus standard heat
treatment were applied to test cast turbine blades and specimens of the same cast batch. Then differential
thermal analysis (DTA) , density test, mechanical properties test and X-ray 3D imaging were carried out
to comparatively analyze to the treatment effect of different processes. Results show that comparing to
standard heat treatment, specimens yield strength from HIP plus standard heat treatment increases by
3% , tensile strength increases by 1.4% , elongation and reduction of area increase by 28. 1% and 51. 5%
separately, endurance lifetime increases by 16.6% , and the closure degree of internal microporosity and
pore is 99.8% ; HIP treatment added to the cast turbine blade can eliminate internal porosity effectively

and increase the density and mechanical properties of the alloy, in addition to improve the qualification
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Fig. 1 Route of the test
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Tab. 1 Chemical composition of K444 alloys

( mass fraction, wt% )

JLER wH/ %
o 0.06
Cr 16.0
Co 10.7
W 5.3
Mo 2.0
Al 3.1
Ti 4.6
Nb 0.2
Hf 0.3
B 0.08
Ni Ei
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Tab.2 Standard heat treating of K444 alloy

% fF M/ C F1E]/h
%1 W 1170 4
552 UK 1050 4

Ve 850 16
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Fig. 2 Typical DTA curve of K444 alloy
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Tab. 3 DTA data of K444 alloy( °C)
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Fig. 3 Porosity closure degree of K444 alloy
before and after HIP
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Tab. 4 Distribution of porosity in K444 alloy
before and after HIP

B BN IR TSR AR/

BE
no Vi D/pm D/pm %

HIP 7 313 0.10 58.5 11 -

HIP J5 18 0.000 18 7.6 4 99.8
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Tab. 5 Density variations of K444 alloy before and after

treatment by different processing

FER A B/ g-em® AR/ %
B 8.2213 -
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Tab. 6 Tensile property variation of K444 alloy before and

after treatment by different processing
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FEARR 85/ % 5.7 7.3 +28.1
Wi 22 o/ % 9.7 14.7 +51.5
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Tab. 7 Durability variation of K444 alloy before

and after treatment

R JE/C RiJ1/MPa Fifi/h AL/ %
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Fig. 4 Comparison of fluorescence inspection results of
mortise machining surface of K444 alloy blade

before and after HIP
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