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Abstract 

The high temperatue deformation behavior of as-HIP PIM Rene’95 as a function of powder 
partide size has been examined. Compression testing of +230, -270+400, and -500 mesh 
materials at temperatures of 1036C, 1079X, and 1121% and constant true strain rates of 
10’1 , 1, and 5 s-1 has shown there to be virtually no difference in their flow behavior. All three 
materials exhibited a rapid work-hardening to a peak flow stress, fdlowed by a gadual flow 
softening which approached a steady-state of flow stress at a true strain of 0.50. Peak flow 
stress, rate of flow softening, steady-state flow stress, and strain at the onset of steady-state flow 
were all seen to increase with increased strain rate and/or decreased temperature. With 
lowered temperature and increased strain rate the asHIP materials exhibited nonuniform 
deformation which was attributed to strain gadients created within the material at prior powder 
partides. Deformation maps created from compression test data predict processing instability 
over most of the temperature/strain rate range of this study. 

Introduction 

The deformation behavior of various P/M nickel-base supsralloys has been studed by 
several researchers (1,2,3,4). The goal of this work has been to define the processing 
parameters which result in the optimum workabilii of these PIM materials. A new approach to 
this issue was developed (5) whereby dynamic material behavior is modeled in terms of the 
efficiency of energy dissipation in a workpiece during processing, as a function of temperature 
and strain rate. This model, known also as a deformation map, can be utilized as an aide in 
choosing optimum processing parameters, provided that metallurgical processes 
corresponding to the projected efficiencies across the map are known (6). 

This paper describes a study made of the high temperature deformation behavior of -HIP 
PIM Rene’95, as a function of initial powdar partide size, and attempts ma& to generate 
corresponding deformation maps. particular attention will be given to discussing some of the 
problems encountered with the creation and interpretation of such maps. 
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Figure 1. o - E Curves as a function of temperature. 
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the polynomial fit wa8 differentiated to give the equation for the slope of the curve at any given 
point. Thus, m could be calculated at each strain rate. Table II lists the strain rate sensitivities 
chhted in this manner for a second order polynomial fit, all of which have values of m * 0.3. 
Superplastic behavior is typified by strain rate sensitivities in the range of 0.3 - 0.8, 
cm-ding to stage II on the sigmoidal In o -In E CuTve, where deformation occurs by gain 
boundary OT interphase boundary sliding. The values presented in Table II we characteristic of 
stage Ill on the ln CJ - In i curve, where deformation occws by intraganula flow, and 
conventional hot-working mechanisms such as dynamic recovery and dynamic recrystallization 
operate (2). As seen in Table II, there does not appe~ to be a transition to stage II deformation 
over the range of strain rates tested. 

Table II Strain Rate Sensitivitv at Peak Stress As a Function of Temperature and Strain Rate 

Powder Size Temperature (‘C) Strain Rate (s-1 1 I 
, 

t I I I I 

10” 1 5 
+2.30 1036 018 0.16 0.14 

I 

-TV 

I . --- I -. .- I -. . - 

I 

I 1079 I 0.22 I 0.16 I iii I 
1121 0.22 0.21 I 0.20 

4 

-270+400 1036 0.23 -.-- I 0.13 -. _- I 
0.06 -_-- 

1079 
0 31 
-.-. 

I I 0.16 I 0.13 1121 0.22 I A- v.LL I A- V.LL 1 I 
-500 1038 0.18 0.14 0.12 

1079 0.23 0.16 0.12 
1121 0.21 0.22 0.23 * 

There was a tendency for some of the test specimens to deform non-uniformly - i.e. the 
geometry of a right circular cylinder with parallel sides was not maintained. This tendency was 
seen to increase with increased strain rate OT decreased temperature. Non-uniformity was in 
most cases accompanied by edge-cracking of the specimens. 

Deformation Maps 

A deformation map is a plot of the calculated efficiency of power dissipated during plastic 
deformation, as a function of temperature and strain rate, for a given strain. Efficiency is 
defined (5) as: 

$Yl) (2) 

where m - strain rate sensitivity. 

Deformation maps corresponding to a true strain of 0.50 were generated. Flow stress data 
corresponding to 0.50 strain were used to calculate m values in the same manner as cited 
previously. As there were only three strain rates involved, a second-order polynomial 
reps&n fit of the data was initially chosen, and was subsequently compared to a linear fit. 

Values of m calculated from a linear regession curve fit of the data indicate no 
superplastidty (m s 0.3), and constant strain rate sensitivity. A second-order polynomial fit 
indicates that the materials were deforming superplastically (at true strain = 0.50) at the highest 
strain rate and highest temperature of this study (m >= 0.3). The possibility of superplasticity 
occwring at a strain rate of 5 s-1 appears unlikely. Curve fiing of log flow stress vs. log strain 
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Figure 4. SEM microgaphs of asHIP materials: (a) +230 mesh, (b) -270+400 mesh, 
(c) -500 mesh. 

wroundng prior powder partides were dynamically reuystallized and virtually dislocation- 
free. These observations support the theory that material flow occurred primwily in the regions 
swounding prior partides, with very lie flow taking place within the pwtides themselves. 
Flow that did scat within the prior pxtides resulted in the creation of den&tic remnants. 
Examination of the microstructue of a specimen which had undergone non-uniform 
deformation revealed edge cracks that fdlowed the contour of prior powder partides, with voids 
at points of pwtide decohesion. No evidence of shew banding was noted in any of the 
specimens. 

From the data presented in this study, it is qpwent that lie discernable difference exists 
between the flow behavior of asHIP PIM Rene’95 as a function of starting powder pwtide size. 
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Figure 5. TEM microstructural compaaison of (a) prior powder pertide and (b) surrounding 
reqstallized area 

Observed deformation behavior of the asHIP materials is consistent with the findings of others 
(1,2,3,4). Correlation of strain rate sensitivities and microstructural observations leads to the 
condusion that deformation over the given range of temperawes and strain rates is of the 
stage III type, characterized by intraganular flow, dynamic recovery and dynamic 
recrystallization. The tendency toward non-uniform flow behavior of all three materials with 
increased strain rate or decreased temperature is thought to be due to the inhomogeneous 
nature of the material it&f. Specifically, the presence of den&itic prior powder partides 
introduces strain gadients in the material which cannot be accommodated at high strain rates 
and low temperaties, resuMng in cracks and decohesion at prior partide boundaries. In 
general, prior partides undergo relatively little deformation, while the material surrounding 
them flows and dynamically recrystallizes. 

Interpretation of the generated deformation maps in terms of the observations made above is 
undear. Maps based on a second order polynomial fit of stress-strain data in some instances 
imply superplasticity, while those based on a linear fit do not. The latter case may seem to be a 
more realistic model, yet a polynomial fit is cited (8) as being the correct method for creating 
deformation maps. Maps based on mere than three strain rates would provide mu-e insi@ in 
this regard. 

Both types of maps predict processing instability for the three materials over most, if not all of 
the temperature-strain rate range of this study. Because both parts of the stability criterion must 
be true in order for a map region to be deemed “unstable”, the specific component that causes 
system instability may not be discernable. It is therefore difficult to know the nature of the 
instability predicted in the deformation maps. The non-unifcrm fly behavior observed could 
be assumed to be the predicted instabilii, yet two of the most severe cases occurred under 
conditions which were within stable regions of the deformation maps 

Microstructural analysis showed that all of the compressed specimens had undergone 
substantial gain refinement, with some prior powder p&de refinement, and a phase 
redistribution that resulted in a more homogeneous structure. Such microstructural change is 
generally considered favorable, yet the maps designate such processing to be unstable. It is 
undear whether stability should be interpreted as being desirable for processing, especially 
since it does not seem to correlate with microstructure. 
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