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Abstract: - A Udimet 188 alloy was subjected to thermo-mechanical processing in attempt to under-
stand the effects of cold-rolling deformation on the creep behavior. Commercially available sheet was
cold rolled to either 10%, 25%, or 35% deformation followed by a solution treatment at 1191°C for
one hour followed by air cooling. This sequence was repeated four times and the resultant microstruc-
ture was characterized using Electron Backscattered Diffraction (EBSD). In addition, the effect of
cold rolling on the high-temperature (650-815°C) creep behavior was evaluated. Conventional lever-
arm creep experiments were performed in an open air environment and novel in-situ creep experi-
ments were performed inside an SEM chamber. The measured creep stress exponents suggested that
dislocation creep was dominant at 760°C for stresses ranging between 100-220MPa. The measured
activation energies (402-450kJ/mol) suggested that lattice self diffusion was dominant; however the
material was susceptible to grain boundary cracking during creep deformation. EBSD, performed
both prior to and after creep testing, indicated that high-angle grain boundaries were more susceptible
to cracking than low angle grain boundaries and coincident site lattice boundaries. This result has sig-

nificant implications regarding grain boundary engineering of this alloy.
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1 Inroduction

Udimet alloy 188 is a cobalt-nickel-chromium-tungsten
commercially available alloy with good creep strength
and oxidation resistance up to 1093°C. The high
chromium content along with a small amount of
lanthanum produces a corrosion resistant scale. The
alloy also has exhibited good fabricability, tensile
ductility, weldability, low-cycle fatigue, and oxidation
resistance [1-3]. It has useful applications in gas
turbines, combustors, flame holders, liners, and
transition ducts. However, a complete understanding of
the physical mechanisms responsible for the elevated-
temperature creep behavior and associated microstruc-
ture-property relationships in Udimet alloy 188 is
lacking. In particular, it has yet to be established if this
alloy can be thermomechanically processed to
significantly alter the grain boundary character
distribution (GBCD), which has proven to have a
significant influence on the mechanical deformation
behavior of other fcc-based superalloy systems [4-17].
The process of altering the GBCD through processing is
called grain boundary engineering (GBE) and is traced
back to the work of Watanabe [18]. GBCD refers to the
number of each type of boundary (high-angle boundary
(greater than 15° misorientation), low-angle boundary
(less than 15° misorientation), and coincident site lattice
boundary (where the reciprocal of the number of
coincident sites is noted; for example a twin boundary
has three coincident sites as is denoted as X3) found in a

microstructure and implicitly relates to the spatial
configuration of these boundaries, i.e., nature of the
boundary network and various types of boundary
junctions. Previous data has suggested that a high
fraction of low-angle and coincident site lattice
boundaries significantly enhances resistance to creep and
grain boundary sliding at elevated temperature [17].

This work was intended to evaluate processing-
microstructure-property relationships of Udimet 188. In
particular the effect of cold rolling on the microstructure
and high-temperature creep behavior was evaluated.

2 Experimental

The as-received Udimet 188 material was subjected to
the following strain annealing sequence: cold rolled to
either 10%, 25%, or 35% deformation followed by a
solution treatment at 1191°C for one hour followed by
air cooling. This sequence was repeated four times. It is
note that the final thickness of the 35% cold rolled sheet
was 0.xxthat of the 10% cold rolled sheet, and the final
thickness of the 25% cold rolled sheet was 0.xx that of
the 10% cold rolled sheet.

Each processed sheet was sectioned and
metallographically polished to prepare it for imaging.
Spatially resolved EBSD orientation maps were obtained
from polished sections using a Field Emission Gun
CAMSCAN 44FE scanning electron microscope (SEM).
The EBSD hardware and software were manufactured by
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EDAX-TSL, Inc. The specimens were ground
mechanically by 15pum, 6um and Ilpum diamond
suspension for 10 minutes respectively, and then
polished by 0.06um colloidal silica for 60 minutes. The
typical step size used to obtain the EBSD orientation
maps was 2um and in most cases over 500 grains were
analyzed.

Blanks from the thermomechanically processed
(TMP) sheet materials were machined, using either
electrodischarge machining or milling, into a flat
dogbone geometry used for tensile-creep specimens.
Open-air creep experiments were performed on a vertical
Applied Test System, Incorporated load frame with a
20:1 lever-arm ratio. The testing temperatures and
stresses ranged between 760-815°C and 100-220MPa,
respectfully. Although the experiments were constant
load, in most cases the reduction in cross-sectional area
was not sufficient to significantly alter the stress.
Therefore the stresses were assumed to be constant.
Specimen temperatures were monitored by three
chromel-alumel type K thermocouples located within the
specimen’s reduced section. Targeted temperatures were
maintained within + 2°C. All creep specimens were
loaded parallel to the rolling direction, and the
experiments were conducted such that the specimens
were soaked at the creep temperature for at least one
hour prior to applying load in order to minimize the
thermal stresses. After the creep strain had proceeded
well into the secondary regime, either the load or
temperature was changed or the creep test was
discontinued. The tested specimens were cooled under
load to minimize recovery of the deformed structures. In
addition, a miniature dogbone geometry was used for
evaluating the creep deformation behavior in-situ where
the creep deformation was recorded at certain creep
strain levels using SEM imaging. In this technique a
specially designed tensile stage (designed by Ernest
Fullam, Inc. Latham, NY, USA), equipped with a
tungsten-based heating system, was utilized. The sample
was imaged in backscatter electron (BSE) mode both
prior to and after creep deformation. The applied
stresses ranged between 300-350MPa and the
temperature was 650°C for these experiments. In
addition, EBSD orientation maps were acquired both
prior to and after deformation.

3 Results and Discussion

3.1 Microstructure

Table I lists the measured alloy composition. Fig. 1
illustrates BSE SEM images of the thermomechanically
processed microstructures. Each microstructure
exhibited approximately two volume percent of fine
equiaxed precipitates (white particles in the images)
homogeneously distributed throughout the equiaxed fcc
grains as well as at their grain boundaries. The average
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Fig. 1. BSE SEM micrographs of the (a) 10%, (b) 25%,
and (c) 35% cold rolled microstructures.
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Table I. Measured Composition of the Udimet 188 alloy in wt.%

Co | Ni Cr W | Fe | Mn Si C La B 15

39 [ 22.0 [ 22.0 | 14.0 [ 3.0 | 1.25 | 0.35 | 0.10 | 0.03 | 0.015 220MPa

35%CR

equiaxed fcc grain size ranged from 12-16um depending 760¢

on the amount of cold rolling. Fig. 2 illustrates

. . ; . . 3210 25%CR
representative EBSD data including an orientation map e
(Fig. 2a) of a 10% cold rolled microstructure. The g
orientation map shows that the alloy exhibited an e
equiaxed microstructure and the orientations were 3
distributed fairly evenly. Pole figure analysis indicated G 3 i

that the microstructure was not strongly textured. The
GBCD was characterized using orientation maps to
determine the orientation relationships between grains.

A significant volume fraction of twins (up to 0.4) were 00 20 40 60 80 100
observed in this microstructure (Fig. 2b). It is noted that Time, hrs
the grain boundaries were intact and no cracks were Fig. 3. Creep strain versus time plots for the three TMP
present in any of the thermomechanically-processed conditions at T=760°C and 6=220MPa.
microstructures.
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Table II Creep Exponents and Activation Energies

CR, Qapp,
% o/T, MPa/°C n |o/T, MPa/°C | kJ/mol

10% | 100-220/760 | 6.8 | 165/760-815 | 402
25% | 100-220/760 | 6.5 | 165/760-815 | 450
35% | 100-220/760 | 6.4

165/760-815 | 432

4 Summary and Conclusions

This work evaluated the effect of cold rolling
deformation on the microstructure and creep behavior of
Udimet 188 alloy. The 10% and 25%CR material
exhibited lower strain rates that the 35%CR material.
Thus more than 25% cold rolling degrades the creep
resistance of Udimet 188. For the applied stresses and
temperature evaluated, the measured creep parameters
suggested that dislocation creep was the dominant
deformation mechanism. Independent of the extent of
cold rolling deformation, the material was susceptible to
grain boundary cracking during creep deformation,
where EBSD, performed both prior to and after creep
testing, indicated that high-angle grain boundaries were
more susceptible to cracks than low angle grain
boundaries and coincident site lattice boundaries.
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(b)
Figure 5. (a) BSE SEM image of a 25% cold rolled
sample that was tested in-situ at 650C and 300MPa and
(b) a EBSD map of a 25% cold rolled sample that had
undergone a creep rupture experiment at 815C and
165MPa and exhibited over 20% strain to failure



