MATERIAL DEFECTS IN A PM-NICKEL-BASE SUPERALLOY

B. Nowak, H. Lahodny*,'E; Arztr*,
G. Konig and E. Affeldt

*Max Planck-Institut fiir Metallforschung
Stuttgart, FRG
MTU Motoren- und Turbinen-Union Miinchen GmbH
Munich, FRG

Abstract

The purpose of this work was the determination of the type, size and
frequency of defects in a nickel-base superalloy (U700). In order to
obtain a higher frequency of defects compared to the standard material
the alloy was deliberately doped with organic defects (rubber par-
ticles). Eight different types of defects were documented and their
influence on the surrounding material investigated by energy and
wavelength dispersive X-ray analysis.

With the aid of a fully automated scanning device the intersection
areas of the defects were determined (shape and size of the circum-
ferential ellipses and the distribution of linear intercepts). The
spatial defect size distributions were derived from the distributions
of intercept areas and evaluated statistically. The resulting
defect distributions were compared to those of unsieved powder.

1 Introduction

In modern aero-engines high strength nickel-base alloys are used for
disc applications. In the production of these alloys the limitation
of the number and size of defects is of fundamental importance.
Defects such as pores as well as reactive and nonreactive inclusions
are preferred sites for crack initiation. They are the reason for a
considerable scatter in measured fatigue lives. Process control
measures, especially the sieving of powders before hipping, are able
to reduce the maximum size of material defects. The assessment of
the influence of defects on the fatigue life requires knowledge of
the type, size and frequency of defects.
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Experimental procedure and statistical evaluation

U700 (HIP) has a nominal composition (in weight Z) of 0.04 C, 16 Cr,
18 Co, 5.5 Mo, 3.7 Ti, 4.2 Al, 0.03 B, 0.06 Zr and balance-Ni. The
material was doped with organic defects (particles of fluorocarbon
rubber; tradename VITON) with a concentration of 10 mg per kg powder
and a size 4 150 micron. The chemical analysis of the rubber re-
vealed the following metallic constituents (weight Z): 2.0 Zn,

0.5 Ca, 0.05 Mg and 0.02 Fe.

Metallographic sections were taken and statistically evaluated with
respect to material defects. The spatial size distribution was
derived using the following approach: The intersect areas of the
defects were described by ellipses and subsequently approximated by
circles with diameters equal to the long axis of the ellipses. From
the distribution of the intersect-circle diameters the distribution
of spheres was calculated (tomato salad problem) according to a
method described by Exner (1972); see Fig. 1.

Results

The following types of defects were established:

a) Pores

Pores were found at triple points of grains and within grains.
Pores have the highest frequency and smallest size of all defects
(500 defects per cm®; defect size 4 34 microm; see Fig. 7).

b) Ellipsoid reactive inclusion

A number of defects were found which are characterized by an

ellipsoid reaction zone larger than the particle size:

- ‘g'—agglomerations have the largest size of all the reactive
inclusions (Figs. 2a and 3); Rings of Ti (C, N) and Mo-rich
M.C (Fig. 2b); Cr-inclusions (Fig. 2c¢); Zr0,-inclusiomns
(Fig. 2d); Nb/Ti-inclusions (Fig. 2e) and Ai 0,-inclusions

- 273
(Fig. 2f)

These defects have a lower frequency but a greater size than the
pores (3.5 defects per cm?; defect size < 229 micromn).

¢) Viton defects

Organic nonmetallic inclusions are characterized by pronounced
prior particle boundaries (Fig. 5). In the defect area and reac-
tion zone the chemical compositions (Fig. 6) and hardness (Fig. 4)
differ from the matrix. Viton defects have the lowest frequency
and the greatest size of all defects (0.25 defects per cm?;

defect size £ 388 micron).



4 Summary and conclusions

In a model alloy (U700 doped with Viton) eight type of defects have
been analyzed. The defects can be categorized in three classes: .

- pores
- ellipsoid reactive inclusions
- Viton defects

Pores and reactive inclusions were described by ellipsoids. Viton
defects, the largest defects, show a rather irregular shape. Further-
more, they can be distinguished from the matrix by a much higher
value of hardness. For that reason a marked influence of fatigue

life may be expected. Kdnig (1984) has studied the effect of all
these defects on the fatigue behaviour. The Viton defects reduced

the fatigue life by more than a factor of 10 compared with undoped
material.

Fig. 7 gives a summary of the frequency of defects as a function of
size. For comparison, typical frequencies of defects in U700 of both
sieved and unsieved powders are included. The diagram suggests that
the number of reactive zones is about one decade higher than for
defects in unsieved powder. However, if the fact is taken into
account that the inclusions themselves are about one half of the
reactive zone size, there 1s a reasomnable correlation of the defect
frequencies.
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Fig. 2: ELLIPSOID REACTIVE INCLUSIONS
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Fig. 3: 5‘- AGGLOMERATIONS
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