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In the present article, we present a data compilation re-
flecting recrystallized microstructures and the corresponding
mechanical properties of an equiatomic, single-phase face-
centered cubic (FCC) CrFeNi medium-entropy alloy (MEA).
For the analysis, interpretation, and discussion of the data,
the reader can refer to the original research article enti-
tled “Effects of temperature on mechanical properties and
deformation mechanisms of the equiatomic CrFeNi medium-
entropy alloy”, see Ref. (Schneider and Laplanche, Acta Mater.
204, 2020). The data related to recrystallized microstruc-
tures comprise raw backscatter electron (BSE) micrographs
(tif-files) obtained using a scanning electron microscope
(SEM) for six grain sizes in the range [10-160pum], opti-
cal micrographs of the alloy with the largest grain size
(d=327um), pdf-reports and tables presenting the corre-
sponding grain-size distributions (d, accounting for grain
boundaries only) and crystallite-size distributions (¢, which
accounts for both grain and annealing twin boundaries), the
annealing twin thicknesses (t), the average number of an-
nealing twin boundaries per grain (n), and the average Tay-
lor factor (M) of each recrystallized microstructure. These
are benchmark datasets that may serve to develop new
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algorithms for the automated evaluation of microstructural
parameters. Such algorithms would help to speed up the
analyses of microstructures and improve their reliability. Fur-
thermore, several groups pointed out that in addition to
the mean grain size, other microstructural parameters such
as the grain size distribution (Raeisinia et al., Model. Simul.
Mater. Sc. 16, 2008) and the average number of twins per
grain (Schneider et al., Int. J. Plasticity, 124, 2020) may af-
fect some material properties (e.g. Hall-Petch strengthening).
Therefore, an effort was made here to determine and re-
port almost all the microstructural parameters describing re-
crystallized microstructures of FCC alloys. The mechanical-
properties data are provided as excel-sheets in which the raw
stress-strain curves can be found. Compression tests for al-
loys with different grain sizes were performed at room tem-
perature. Additional compression tests and tensile tests for
the grain size d=160pm were performed at temperatures
between 77K and 873 K. Characteristic mechanical proper-
ties, such as yield stresses at 0.2% plastic strain (o) and
Hall-Petch parameters (oy and ky) are given for all tempera-
tures in the tables below. Moreover, the Hall-Petch parame-
ters as well as the mechanical data reported in the present
study could be used for data mining and implemented in
programs used for alloy design.
© 2021 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)

Specifications Table

Subject
Specific subject area

Type of data

How data were acquired
Data format

Parameters for data collection

Description of data collection
Data source location

Data accessibility
Related research article

Materials Science

High- and medium-entropy alloys (HEAs and MEAs), Austenitic stainless steels,
Fe-based superalloys

Micrographs (scanning electron microscopy and optical microscopy), Tables
(microstructural parameters and Hall-Petch parameters), Excel-sheets (raw
stress-strain curve data), pdf-files (assessment of grain- and crystallite sizes
using the Heyn lineal intercept method)

SEM: Quanta FEI 650 ESEM; OM: Zeiss Axio, Tensile/Compression testing
machine: Zwick Roell XForce Z100

Raw (stress-strain curves, micrographs), Analyzed (grain/crystallite sizes,
average annealing twin thicknesses, Taylor factors, Hall-Petch parameters)
Backscatter electron images were obtained using an SEM of type Quanta FEI
650 ESEM with acceleration voltages between 15kV and 30kV and a working
distance of 10 mm. Compression and tensile tests were performed at different
temperatures with a constant strain rate of 103 s-!, Assessments of grain and
crystallite sizes were carried out using the Heyn lineal intercept method.
Metallographic samples were cut, embedded, and prepared by grinding,
polishing, and etching.

Institute for Materials, Ruhr-University Bochum, Universitatsstr. 150, 44,801
Bochum, Germany

Data are available via https://data.mendeley.com/datasets/7d826s3mhf/1
Schneider, M., Laplanche, G., 2021, Effects of temperature on mechanical
properties and deformation mechanisms of the equiatomic CrFeNi
medium-entropy alloy, Acta Materialia 204, 116470.
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Value of the Data

» Quantitative datasets of the recrystallized microstructures of an equiatomic, single-phase FCC
CrFeNi medium-entropy alloy as well as its mechanical properties are reported here. These
data may be useful for other researchers in the community of high- and medium-entropy
alloys.

The equiatomic CrFeNi alloy may also be interesting for researchers in the fields of austenitic
stainless steels and Fe-based superalloys. Our data may improve the understanding of these
complex engineering alloys and also help to further optimize them.

The microstructural data compilation consists of BSE and optical micrographs of recrystal-
lized FCC microstructures, tables and pdf-files reporting the corresponding grain/crystallite-
size distributions, the thickness distribution of annealing twins and their density as well as
the texture of the alloys. These data could be used to further improve the automated analysis
of microstructures, e.g. algorithms for image analysis.

Our mechanical raw-data (i.e., stress strain curves) could be used to further improve the auto-
mated analysis (machine learning) of yield stress, work hardening rate, ultimate tensile stress,
homogeneous elongation and strain to fracture.

The normalized Hall-Petch parameters (relationship between yield stresses and grain/crystallite
sizes) reported here could be used to shed light on how these parameters are affected by
chemistry, microstructure (especially grain size distribution), and alloy parameters such as the
stacking fault energy and the shear modulus.

1. Data Description

Since 2004, high- and medium-entropy alloys (HEAs and MEAs) have attracted tremendous
attention in various scientific fields [1-14]. However, the corresponding research data are not
systematically reported in the literature, precluding data mining for further alloy development.
The data compilation presented in the present article includes microstructural and mechanical
data for the recrystallized, single-phase FCC, Crs33Fes33Nisz33 (composition in at.%) medium-
entropy alloy. Recrystallization heat treatments at temperatures lying in the range (1273 K-
1573 K) for times between 15min and 60 min yielded seven different recrystallized microstruc-
tures. BSE and optical micrographs of these microstructures were used in combination with
the lineal intercept method to determine the grain- and crystallite-size distributions, see Fig. 1,
Tables 1-3, and pdf-reports in the linked Mendeley Data repository. Note that each pdf-report
was obtained using the software (Imagic IMS Client V20H1) and contain a BSE image with
overlaid test lines and intercepts. As this software is in german and that it is not possible to
change the language to export the report, the most important data for the grain- and crys-
tallite size distributions were translated and can be found in Tables 2 and 3, respectively, of

Table 1

Mean grain size (d), crystallite size (c¢) and average thickness of annealing twins (t) after heat treatments at different
temperatures (T) and times of the CrFeNi alloy in the form of rods with two different diameters. Also listed are the
magnifications used to image the recrystallized microstructures. The parameter d counts only the intersections between
grain boundaries and the test lines, whereas c is determined by counting intersections with both grain and annealing
twin boundaries.

rod diameter (mm) T (K) time (min) d (um) ¢ (um) t (um) Magnification
8.1 1273 15 10+£1 7+1 29+03 200

8.1 1273 60 1942 12+1 49 +£03 150

16.5 1273 60 3441 19+1 8.6 £ 0.5 60

8.1 1373 15 55 +£2 24 £1 123+ 15 80

16.5 1373 60 75 £ 4 38 +1 18 +2 50

16.5 1473 60 160 + 8 82 +4 31+3 75

16.5 1573 60 327 + 20 144 + 10 52+ 6 50
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Fig. 1. (a) Montage of nine BSE micrographs for the CrFeNi alloy with a mean grain size of 160 um and (b) assembly of three optical micrographs used for the grain size assessment of the
coarsest microstructure, d =327 um, and (c) logarithmic cumulative probability plots representative of the grain size distributions of all the alloys investigated in the present study after
recrystallization anneals at temperatures between 1273K and 1573 K and times ranging from 15 min to 60 min.
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Table 2

Grain size distributions after heat treatments at different temperatures and times, see Table 1. These data were obtained
from BSE and optical micrographs in combination with the linear intercept method. The grain sizes only accounts for
the intersections of the test lines with grain-boundaries (annealing twin boundaries are excluded from the analysis). The
mean grain size (d) with uncertainty (Ad) are shown at the bottom of the table in bold.

Size range Absolute frequency

0-2 um 85 17 11 4 1 - -
2-3 pym 112 26 6 1 1 - -
3-4 pm 113 30 15 1 - - -
4-5 pm 146 36 15 5 2 - -
5-7 pm 274 96 34 9 12 1 -
7-10 pm 312 151 59 17 13 1 -
10-13 pm 269 191 66 23 17 1 -
13-19 pm 309 286 151 63 30 2 1
19-27 pm 155 238 251 103 54 1 1
27-38 ym 44 209 279 154 114 13 2
38-75 pm 10 83 403 522 340 24 1
75-107 pm - 3 81 185 232 22 6
107-151 pm - - 7 62 126 33 12
151-214 pm - - - 7 41 31 17
214-302 pm - - - - 22 26 19
302-427 pm - - - - 5 16 25
427-600 pm - - - - - 3 28
600pm + - - - - - 2 13
d (um) 10 19 34 55 75 160 327
Ad (pm) 1 2 1 2 4 8 20
rod diameter (mm) 8.1 8.1 16.5 8.1 16.5 16.5 16.5
T (K) 1273 1273 1273 1373 1373 1473 1573
time (min) 15 60 60 15 60 60 60

Table 3

Crystallite size distributions after heat treatments at different temperatures and times, see Table 1. These data were
obtained from BSE and optical micrographs in combination with the linear intercept method. The parameter (c) is de-
termined by counting intersections with both grain and annealing twin boundaries. The mean grain size (c¢) with uncer-
tainty (Ac) are shown at the bottom of the table in bold.

Size range Absolute frequency

0-2 pm 512 119 143 30 7 - -
2- 3 pm 318 153 116 96 1 - 1
3-4 ym 266 135 129 125 54 - -
4-5 pm 240 138 82 144 88 2 -
5-7 pm 400 253 239 233 117 6 1
7-10 pm 375 308 265 242 136 14 -
10-13 pm 241 273 214 236 97 1 5
13-19 pm 255 343 328 272 258 27 18
19-27 pm 105 208 355 351 248 25 22
27-38 pm 26 121 300 298 246 51 20
38-75 pm 4 49 291 452 473 71 63
75-107 pm - 1 32 78 174 40 38
107-151 pm - - - 23 71 42 34
151-214 pm - - - 2 18 27 38
214-302 pm - - - - 4 24 25
302-427 pm - - - - 1 5 23
427-600 pm - - - - - 1 12
600pm + - - - - - - 6
¢ (um) 7 12 19 24 38 82 114
Ac (pm) 1 1 1 1 1 4 10
rod diameter (mm) 8.1 8.1 16.5 8.1 16.5 16.5 16.5
T (K) 1273 1273 1273 1373 1373 1473 1573

time (min) 15 60 60 15 60 60 60
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Table 4
Average number of annealing twin boundaries per grain (n) for different recrystallized microstructures. Also given are
the mean grain/crystallite sizes.

d (um) 10+1 19+2 3441 55+2 75+4 160+8 327420

¢ (pm) 7+1 12+1 19+1 24+1 38+1 82+4 114+10

n(-) 0.23 0.27 0.41 0.62 0.49 0.48 0.63

An (=) 0.01 0.01 0.03 0.03 0.05 0.01 0.02
Table 5

Twin thickness distributions after heat treatments at different temperatures and times (see Table 1) obtained from BSE
and optical micrographs. The average twin thicknesses (t) with uncertainty (At) are shown at the bottom of the table in
bold.

Size range Absolute frequency

0-2 pm 121 45 14 2 - - -
2-3 pm 60 52 25 1 1 1 -
3-4 pm 37 39 39 36 3 - -
4-5 pm 31 31 23 37 4 - -
5-7 pm 15 49 43 28 20 2 1
7-10 pm 13 43 47 42 27 9 -
10-13 pm 3 17 29 40 18 1 1
13-19 pm 1 2 36 27 42 5 6
19-27 pm - 4 20 27 15 10 6
27-38 um - - 3 17 16 15 9
38-75 pm - - - 6 14 13 19
75-107 pm - - - - 3 3 5
107-151 um - - - - - - 4
151-214 pm - - - - - - 2
214-302 pm - - - - - - -
302-427 pm - - - - - - -
427-600 pm - - - - - - -
600 um + B B = B B -

t (um) 29 4.9 8.6 12.3 18 31 52
At (um) 03 0.3 0.5 2 2 3 5
rod diameter (mm) 8.1 8.1 16.5 8.1 16.5 16.5 16.5
T (K) 1273 1273 1273 1373 1373 1473 1573
time (min) 15 60 60 15 60 60 60

the present article. In the present study, the mean grain/crystallite size is taken as the aver-
age intercept length. Following the standard test method ASTM E-112 [15], four equidistant and
parallel test lines of identical length were used per micrograph. Four BSE micrographs spaced
1mm apart were collected for each microstructure, except for the two coarsest. To meet the
requirements of the standard test method ASTM E-112 [15] in these two latter cases, nine
single BSE micrographs were assembled for the second coarsest microstructure while the al-
loy with the coarsest microstructure was etched to image its microstructure using optical mi-
croscopy. Fig. 1a shows the assembled BSE-micrograph while Fig. 1b displays a montage of
three optical micrograph after etching. The BSE micrographs can be either downloaded from
https://data.mendeley.com/datasets/7d826s3mhf/1 or be sent on request by email. Fig. 1c shows
a probability plot of the cumulative frequency vs. logarithm of grain diameter class for the seven
heat treatments yielding different recrystallized microstructures. Note that a numerical lineariza-
tion of the Gaussian distribution function was used on the scale of the y-axis in Fig. 1c. Besides
the measurement of the average grain (d) and crystallite (c) sizes, the BSE and optical micro-
graphs were also used to assess the number of annealing twin boundaries per grain (n) and
the distribution of annealing twin thicknesses (t), which are reported in Tables 1-5, respectively,
with their respective uncertainties.
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Table 6
Grain size distributions obtained by EBSD after heat treatments at different temperatures and times, see Table 1. The
mean grain size (dggsp) with uncertainty (Adggsp) are given at the bottom of the table in bold.

Size range Absolute frequency

0-2 pm 9 - - - - - -
2-3 pm 4 2 - - - - -
3-4 nm 4 3 1 - - - -
4-5 pm 7 - - - - - -
5-7 pm 12 6 4 - - - -
7-10 pm 18 11 7 - 8 -
10-13 pm 22 9 15 - 3 - -
13-19 pm 15 21 20 3 13 - -
19-27 pm 12 7 35 6 18 - -
27-38 pm 7 8 32 9 30 2 -
38-75 pm - 3 48 17 71 8 6
75-107 pm - - 3 4 25 2 2
107-151 pm - - - - 27 7 7
151-214 pm - - - - 15 6 8
214-302 pm - - - - - 9 13
302-427 pm - - - - - 3 9
427-600 pm - - - - - 2 2
600 pum + - - - - - - 2
dgsp (nm) 12 17 30 43 69 175 250
Adggsp (1m) 2 2 4 5 7 10 25
rod diameter (mm) 8.1 8.1 16.5 8.1 16.5 16.5 16.5
T (K) 1273 1273 1273 1373 1373 1473 1573
time (min) 15 60 60 15 60 60 60

Besides the Heyn lineal intercept method applied to BSE and optical micrographs, electron
backscatter diffraction (EBSD) was used to determine the mean grain and crystallite size distri-
butions, see Tables 6 and 7. In this case, the mean grain and crystallite sizes were calculated
using d = (A4 x 7 /4)'/2 (equivalent to the mean intercept length) and c=(Ac x 7 [4)1/2, where A4
and Ac are the average cross sectional areas of the grains and crystallites, respectively. Table 8
compares the mean grain and crystallite sizes obtained using EBSD and the Heyn lineal intercept
method (LIM) for all recrystallized microstructures and shows the Taylor factors (M) determined
by EBSD.

To investigate the effect of grain refinement on mechanical properties, compression tests
were conducted at 293K for the seven grain sizes investigated in the present study. These data
allowed us to plot the yield stress at 293K as a function of the square root of the average
grain/crystallite size. From these Hall-Petch plots, the intrinsic lattice strength (o) and the Hall-
Petch slope (ky) were determined at room temperature following the procedure reported in Ref.
[2], see Table 9. These values were then respectively normalized by G and Gb'/2, where G is
the shear modulus and b is the Burgers vector. Both parameters were taken from Ref. [8]. The
normalized Hall-Petch parameters (o¢/G and ky/(Gbl/z)) are reported in Table 10 as they allow
to compare the strength and the magnitude of grain boundary strengthening of different alloys
with the same crystallographic structure [16]. The temperature dependence of the yield stress
was determined at seven additional temperatures (77K, 173K, 223K, 373K, 473K, 673K, and
873 K) for the CrFeNi alloy with a mean grain size of 160 um, see Table 11.

The Excel-sheets containing the corresponding stress-strain data can be found in the linked
Mendeley Data repository under the “CrFeNi_Compression_Tests”-folder. This folder is divided
into eight subfolders corresponding to the eight testing temperatures. The Excel-sheets in these
folders are named using the three following characteristics: alloy composition, recrystallization
heat treatment (temperature and time), and temperature of the compression test. For instance,
the Excel-sheet for a compression test conducted at 473 K with a CrFeNi alloy that was recrys-
tallized at 1473 K for 60 min is labelled as: “CrFeNi_1473 K_60min_473 K”. From the stress-strain
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Table 7

Crystallite size distributions determined by EBSD after heat treatments at different temperatures and times, see Table 1.
These data were obtained by EBSD. The mean crystallite size (cggsp) with uncertainty (Acggsp) are provided at the bottom
of the table in bold.

Size range Absolute frequency

0-2 pm 137 - - - - - -
2-3 um 77 41 - - - - -
3-4 ym 99 30 29 - - - -
4-5 um 97 29 61 - - - -
5-7 pm 80 59 77 12 - - -
7-10 pm 72 62 97 26 73 - -
10-13 pm 30 58 98 24 81 - -
13-19 pm 25 28 93 41 95 10 -
19-27 pm 5 12 105 30 98 16 -
27-38 nm - 5 51 33 133 27 12
38-75 pm - 2 29 21 212 67 63
75-107 pm - - - - 41 41 62
107-151 pm - - - - 11 22 35
151-214 pm - - - - 5 12 38
214-302 pm - - - - - 3 1
302-427 pm - - - - - 4 10
427-600 pm - - - - - - 3
600um + - - - - - - -
Cgpsp (Hm) 5 8 15 21 35 79 116
Acggsp (nm) 1 2 2 3 4 5 15
rod diameter (mm) 8.1 8.1 16.5 8.1 16.5 16.5 16.5
T (K) 1273 1273 1273 1373 1373 1473 1573
time (min) 15 60 60 15 60 60 60

Table 8

Comparison of the mean grain (excluding twin boundaries) and crystallite (including twin boundaries) sizes obtained
using the linear intercept method (d, cym) with that determined by EBSD (dgpsp, Cepsp). Additionally given are the
corresponding Taylor factors (M).

rod diameter (mm) T (K) time (min) dyy (pm) dggsp (nm) Cum (Hm) Cegsp (Hm) M
8.1 1273 15 10+ 1 1242 7+1 5+1 3.08
8.1 1273 60 1942 17 £2 1241 8+2 3.16

16.5 1273 60 34 +1 30+4 19 +1 1542 3.03
8.1 1373 15 55+ 2 4345 24 +1 21 +3 3.19

16,5 1373 60 75+ 4 69 + 7 38+ 1 35 + 4 3.03

16.5 1473 60 160 + 8 175 £ 10 82+ 4 79+5 3.18

16.5 1573 60 327 + 20 250 + 30* 144 + 10 116 + 15* 3.10

* The EBSD map for the alloy with a mean grain size of 327 um contained only 60 grains while the size of 130 grains
could be measured using the lineal intercept method on Fig. 1b.

Eaa?ll—el’gtch parameters (o, and k) obtained at room temperature for the grain/crystalitte size datasets.
grain size dataset crystallite size dataset
oo (MPa) ky (MPa pm'/2) oo (MPa) ky (MPa pm'/2)
80+38 966 + 25 50+3 897 +40

Table 10
Normalized Hall-Petch parameters (oo/G and k,/Gb"?) at room temperature for the grain/crystallite size datasets. The
shear modulus, G, and Burgers vector, b, were taken from Ref. [8].

grain size dataset crystallite size dataset
(00/G) x 1000 (MPa) ky/Gb'/2 (-) (00/G) x 1000 (MPa) ky/Gb'72 (-) G (GPa)[8] b (nm)[8]
1.01+0.05 0.76 +0.04 0.63+£0.04 0.71+£0.04 79.3 1.466
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Table 11
Compression yield stresses o,y for seven grain (d) and crystallite (c) sizes obtained at eight different temperatures.
0o2% (MPa)

d (pm) ¢ (pm) 77 K 173K 223K 293 K 373K 473K 673 K 873 K
10+1 7+1 - - - 359+2 - - - -
19+2 12+1 - - - 286 +9 - - - -
34+1 19+1 - - - 261+9 - - - -

55 +2 24 £1 - - - 213+£2 - - - -
75+ 4 38+1 - - - 185 +£3 - - - -

160 + 8 82 +4 359+12 231+£35 162 +12 149 +7 154+7 125+£4 9142 83+25

327 £ 20 144+10 - - - 163 +8 - - - -

Table 12

Temperature dependence of the tensile yield stress, o, ultimate tensile stress, UTS, uniform elongation, & iform, and
elongation to fracture, &gacrure, for the recrystallized CrFeNi alloy with a mean grain/crystallite size of d=160um and
c=382pum, respectively.

T (K) 002 (MPa) UTS (MPa) Euniform (%) Efracture (%)
77 370 + 10 875 + 12 44 + 4 45+ 3
173 254+ 7 630 + 26 42 + 1* 46 + 1*
223 198 + 10 571 + 4 40 + 1* 44 + 1+
293 174+ 9 512+ 3 36+1 40+ 1
373 175 £ 2 482 + 20 29 + 1* 35+ 2*
473 126 + 12 431 +7 36 + 1* 40 + 1*

datasets, the yield stresses at 0.2% plastic deformation (o 5) determined at different tempera-
tures for various grain and crystallite sizes are given in Table 11.

Additional tensile tests were performed at six different temperatures (77K, 173K, 223K,
293K, 373K, and 473K) on samples with a given grain size of d=160um. The result-
ing raw stress-strain data can be found in the linked Mendeley Data repository under the
“CrFeNi_Tensile_Tests"-folder. The structure of the subfolders and the naming of the Excel-
sheets is the same as for the compression tests. From these stress-strain datasets, the yield
stresses at 0.2% plastic strain (0gyy), the ultimate tensile stresses (UTS), the uniform elonga-
tion (&yuniform)» and the elongation to fracture (&g,crure) determined at different temperatures for
a given grain/crystallite size are reported in Table 12. Please note, that in the case of the &niform
and Eqacrure Values, those marked with an asterisk were determined from the crosshead dis-
placement and subsequently corrected by a correction factor (~0.8) while the other values were
directly estimated using an extensometer. For the detailed description of this procedure, the
reader may refer to the related research article [1].

2. Experimental Design, Materials and Methods

Except for the alloy with the coarsest grain size (d=327um), the recrystallized materials
were ground with SiC abrasive papers, polished with diamond suspensions, and vibropolished
in a mixture of distilled water and colloidal silica (particle size: 0.06 um). BSE micrographs were
recorded in an SEM of type Quanta FEI 650 ESEM using a working distance of ~10 mm. Accel-
eration voltages between 15kV (small grains) and 20kV (large grains) were chosen to optimize
the BSE contrast. Four BSE images spaced 1 mm apart were collected for each grain size, except
for the two coarsest microstructures. Here, two different methods were used to obtain micro-
graphs covering sufficiently large surface areas. In the first method used for the second-largest
grain size (d=160pum), nine BSE micrographs were collected and assembled, covering an area
representative of the whole cross-section of a compression specimen, see Fig. 1a. In the second
method employed for the largest grain size (d =327 um), the sample was etched using a Kalling



10 M. Schneider and G. Laplanche/Data in Brief 34 (2021) 106712

Il etching solution prior to imaging. This solution consists of 100 ml ethanol, 100 ml hydrochloric
acid (32vol.% in distilled water) and 5g copper chloride. The specimen was hold in this solution
for ~5s. The etched specimen was then rinsed, dried and observed in an optical microscope of
type Zeiss Axio and three optical micrographs were mounted together and are shown in Fig. 1b.

The BSE and optical micrographs were then used to determine the mean grain (d) and mean
crystallite (c) sizes along with their corresponding distributions using the Heyn lineal intercept
method with four horizontal and four vertical lines, see Tables 2 and 3. Each line intersected
~50 grains resulting in 300-500 intercepts per micrograph, similar to the procedure reported in
Ref. [2]. The same procedure was used to determine the size distribution of the thicknesses of
annealing twins, which is reported in Table 5 including the mean values (t) and corresponding
uncertainties (At). Using the data for d and ¢ and the equation n=(d/c - 1), the average number
of annealing twin boundaries per grain (n) was calculated, see Table 4, similar to the procedure
reported in Refs. [17,18].

Grain orientation maps were determined by electron backscatter diffraction (EBSD) in the
above-mentioned SEM equipped with a Hikari XP camera (EDAX, AMETEK). From these orien-
tation maps, grain and crystallite size distributions (dggsp, Cpgsp, See Tables 6 and 7, respec-
tively) and Taylor factors (M, see Table 8) were determined . Evaluation of the data was per-
formed using the TSL OIM Analysis (version 6.2.0) software (see Refs. [17,18]). Table 8 com-
pares the results of the two previously mentioned methods, namely the Heyn lineal intercept
method performed on BSE and optical micrographs (dip, cym) and the EBSD method (dggsp,
Cegsp)- Please note that in the latter case grain and crystallite sizes were calculated using
d=(Agxm[4)"2 and c = (Acx7[4)!/2, which assumes that grain and crystallites have an equiaxed
geometry.

Compression and tensile tests were conducted in a Zwick Roell XForce Z100 machine at
temperatures ranging from 77K to 873K and at a nominal strain rate of 10~3 s~! for both
deformation modes. To minimize friction between the compression samples and punches, the
faces of both were lubricated with a MoS, grease. The compression specimens were deformed
up to true plastic strains ranging between 16% and 22%, while tensile tests were either con-
ducted until rupture or interrupted at various plastic strains ranging between 5% and 20%.
Tensile tests at 77K and 293 K were performed with the aid of an axial extensometer (Model
3442, Epsilon Technology Corp.) directly attached to the gage section. For the other tempera-
tures, a different method was used since the extensometer could not be used in these cases.
Here, the strains were directly calculated from the crosshead displacement and corrected by a
correction factor. The correction factor was determined by analyzing the tensile data obtained
at 77K and 293K using either the strains determined with the extensometer and those de-
termined from the crosshead displacement. At 77K and 293K, the strains calculated using the
cross-head displacement were found to represent 80% of the strains determined with the exten-
someter, resulting in a correction factor of ~0.8. The resulting values are marked with an asterisk
in Table 12.
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