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These supplementary materials provide further information regarding the above-mentioned

research article. It is divided into the following seven sections labeled A through G:

A. Dendritic microstructures and homogenization

B. Chemical compositions

C. Microstructures and textures of the recrystallized alloys

D. Microstructural characteristics determined by quantitative metallurgy

E. Stacking Fault Energy

F. Evolution of the annealing twin thickness t and density n with stacking fault energy

G. Comparison of annealing twin densities reported in the literature



A. Dendritic microstructures and homogenization

The um-scale chemical homogeneity of the alloys in the as-cast and homogenized states were
investigated by means of electron dispersive X-ray spectroscopy (EDX). Elemental maps, as
well as corresponding BSE micrographs of the medium-entropy alloys (MEAS) investigated in
the present study (CoNi, CrCoNi, CrFeNi, FeCoNi, MnCoNi, MnFeNi, CrFeCoNi, MnFeCoNi)
are shown in Figs. S1to S8. Here, dendritic microstructures in the as-cast states can be observed
in the left columns. After homogenization at 1473 K for 48 h, all alloys are chemically

homogeneous (right columns of Figs. S1 to S8).

Fig. S1: BSE micrographs and EDX
maps in as-cast (left column) and
homogenized states (right column)
for CoNi:

(a), (d) BSE Micrographs,

(b), (e) Co elemental map,

(), (f) Ni elemental map.
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Fig. S2: BSE micrographs and EDX

maps in as-cast (left column) and

(@)

homogenized states (right column)
for CrCoNi:

(a), (e) BSE Micrographs,

(b), (f) Cr elemental map,

(c), (g) Co elemental map,

(d), (h) Ni elemental map.
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Fig. S3: BSE micrographs and EDX
maps in as-cast (left column) and
homogenized states (right column)
for CrFeNi:

(a), (e) BSE Micrographs,

(b), (f) Cr elemental map,

(c), (g) Fe elemental map,

(d), (h) Ni elemental map.
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Fig. S4: BSE micrographs and EDX
Mn-maps in as-cast (left column) and
homogenized states (right column)
for FeCoNi:

(a), (e) BSE Micrographs,

(b), (f) Fe elemental map,

(c), (g) Co elemental map,

(d), (h) Ni elemental map.
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Fig. S5: BSE micrographs and EDX
Mn-maps in as-cast (left column) and
homogenized states (right column)
for MnCoNi:

(a), (e) BSE Micrographs,

(b), (f) Mn elemental map,

(c), (g) Co elemental map,

(d), (h) Ni elemental map.
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Fig. S6: BSE micrographs and EDX
maps in as-cast (left column) and
homogenized states (right column)
for MnFeNi:

(a), (e) BSE Micrographs,

(b), (f) Mn elemental map,

(c), (g) Fe elemental map,
(d), (h) Ni elemental map.




Fig. S7: BSE micrographs and EDX
maps in as-cast (left column) and
homogenized states (right column)
for CrFeCoNi:

(@), (f) BSE Micrographs,

(b), (g) Cr elemental map,

(c), (h) Fe elemental map,

(d), (i) Co elemental map,

(e), (j) Ni elemental map.
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Fig. S8: BSE micrographs and EDX
maps in as-cast (left column) and
homogenized states (right column)
for MnFeCoNi:

(@), (f) BSE Micrographs,

(b), (@) Mn elemental map,

(c), (h) Fe elemental map,

(d), (i) Co elemental map,

(e), (j) Ni elemental map.



B. Chemical compositions

Concentrations of metallic elements were determined by X-ray fluorescence analysis. Carbon
and sulfur contents were determined by combustion IR absorption method and oxygen content
by carrier gas hot extraction. The accuracy of the analyzed values is 0.02% and 0.005% for
metallic and non-metallic elements, respectively. All results are summarized in Table S1.

Table S1: Chemical compositions (in at.%) of nominally equiatomic MEAs, determined by means of X-ray

fluorescence analysis, combustion IR absorption method, and carrier gas hot extraction.

(in at.%) Cr Mn Fe Co Ni C S @) Ref.
CoNi - 0.02 - 48.94 51.01 0.015 0.015 - present study
CrCoNi 3253 009 097 3333 32.85 0.020 0.010 0.200 [4,7]
CrFeNi 33.78 - 32.19 - 33.89 0.030 0.010 0.100 [5,8]
FeCoNi - - 34.22 3241 33.32 0.016 0.004 0.030  present study
MnCoNi 0.34 3460 044 33.13 31.45 0.014 0.010 0.016  present study
33.10 - 33.25 - 33.55 0.029 0.021 0.050 [6,9]

CrFeCoNi 2441 104 2474 2479 24.79 0.028 0.012 0.190  present study
MnFeCoNi  0.14 2319 2843 23.46 24.71 0.024 0.009 0.037  present study




C. Microstructures and textures of the recrystallized alloys
Microstructure and texture analyses of CoNi, FeCoNi, MnCoNi, CrFeCoNi, and MnFeCoNi

MEAs were carried out using BSE imaging and EBSD, respectively. The obtained results are
summarized in Figs. S9 to S13, which show the same layout. In the lower part of Fig. S9, BSE
images with the same magnification are shown in the 1t column. In the 2" column, color-coded
grain orientation maps are shown, where the colors indicate the crystal orientations parallel to
the deformation direction. The swaging direction is the same for all figures and is shown with
a white arrow in the upper micrograph in the 1% column. The 3™ column shows the
corresponding inverse pole figures (IPFs) where the scale is given in the top right of each figure.
Here, three EBSD images have been summed up to calculate the textures, resulting in ~300
evaluated grains. Please note that results for CrCoNi, CrFeNi and have already been

published in some of our previous studies and can be found in Refs. [4-6], respectively.
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Fig. S9: Representative microstructures of the recrystallized binary CoNi alloy with small, intermediate, and big
grain and crystallite sizes: (a) d =16 um, ¢ =7 um, (b) d =66 um, ¢ =31 um, and (c) d =229 um, ¢ =91 um.
Figures in the left column are BSE micrographs, those in the middle are color-coded grain orientation maps, and
those in the right column are inverse pole figures showing the texture parallel to the rod axis which is indicated by
the white arrow in the lower right corner of the BSE image in (a). The colors in the grain orientation maps indicate
the crystal orientations parallel to the rod axis displayed in the stereographic triangle in the upper right corner of
the middle column. The scale of the IPFs is shown at the top right and the maximum pole density of each IPF is
highlighted with a red arrow.
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Fig. S10: Representative microstructures of the recrystallized ternary FeCoNi alloy with small, intermediate, and
large grain and crystallite sizes: (a)d =42 um, ¢=20 um, (b)d=70pum, ¢=37 um, and (c) d =274 um,
¢ =141 pm. Figures in the left column are BSE micrographs, those in the middle are color-coded grain orientation
maps, and those in the right column are inverse pole figures showing the texture parallel to the rod axis which is
indicated by the white arrow in the lower right corner of the BSE image in (a). The colors in the grain orientation
maps indicate the crystal orientations parallel to the rod axis displayed in the stereographic triangle in the upper
right corner of the middle column. The scale of the IPFs is shown at the top right and the maximum pole density
of each IPF is highlighted with a red arrow.
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Fig. S11: Representative microstructures of the recrystallized ternary MnCoNi alloy with small, intermediate, and
coarse grain and crystallite sizes: (a) d=10pum, c=5pm, (b) d=38 um, ¢ =19 pum, and (c) d =294 pm,
¢ =158 pm. Figures in the left column are BSE micrographs, those in the middle are color-coded grain orientation
maps, and those in the right column are inverse pole figures showing the texture parallel to the rod axis which is
indicated by the white arrow in the lower right corner of the BSE image in (a). The colors in the grain orientation
maps indicate the crystal orientations parallel to the rod axis displayed in the stereographic triangle in the upper
right corner of the middle column. The scale of the IPFs is shown at the top right and the maximum pole density
of each IPF is highlighted with a red arrow.
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Fig. S12: Representative microstructures of the recrystallized quaternary CrFeCoNi alloy with small,
intermediate, and large grain and crystallite sizes: (@) d=4 um, c=2pum, (b)d=13 um, ¢=7 um, and (c)
d =207 um, c = 88 um. Figures in the left column are BSE micrographs, those in the middle are color-coded grain
orientation maps, and those in the right column are inverse pole figures showing the texture parallel to the rod axis
which is indicated by the white arrow in the lower right corner of the BSE image in (a). The colors in the grain
orientation maps indicate the crystal orientations parallel to the rod axis displayed in the stereographic triangle in
the upper right corner of the middle column. The scale of the IPFs is shown at the top right and the maximum pole
density of each IPF is highlighted with a red arrow.
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Fig. S13: Representative microstructures of the recrystallized quaternary MnFeCoNi alloy with fine, intermediate,
and coarse grain and crystallite sizes: (&) d =12 um, ¢ =7 pm, (b) d =32 pm, ¢ =19 um, and (c) d = 213 pm,
¢ = 131 um. Figures in the left column are BSE micrographs, those in the middle are color-coded grain orientation
maps, and those in the right column are inverse pole figures showing the texture parallel to the rod axis which is
indicated by the white arrow in the lower right corner of the BSE image in (a). The colors in the grain orientation
maps indicate the crystal orientations parallel to the rod axis displayed in the stereographic triangle in the upper
right corner of the middle column. The scale of the IPFs is shown at the top right and the maximum pole density
of each IPF is highlighted with a red arrow.



D. Microstructural characteristics determined by quantitative metallurgy

The mean grain sizes (d), crystallite sizes (c), along with their corresponding distributions and
average thickness of annealing twins (t) after heat treatments at different temperatures (T) and
times were determined using the line intercept method for all alloys investigated in the present
study, see Tables S2 to S21. It is worth mentioning here that even though the influence of
annealing temperature and duration on the growth of grains is relatively well understood, the
influence, of plastic deformation previously introduced into the material may also play an
important role in recrystallization. In this work, the degree of deformation of all alloys was kept
nearly constant so that all results can be compared directly. Using the data for d and c in
combination with the equation n = (d/c - 1), the average number of annealing twin boundaries
per grain (n) was calculated, see Tables S2 to S21. Grain orientation maps were obtained by
electron backscatter diffraction (EBSD) from which grain and crystallite sizes (dessp, Cessp)
were determined. Using EBSD, the mean grain and crystallite sizes were calculated, assuming
that grains and crystallites have an equiaxed geometry, using d = (Aq x 4/7)Y? (equivalent to the
mean intercept length) and ¢ = (Ac x 4/m)2, where Aq and A are the average cross-sectional
areas of the grains and crystallites, respectively. Evaluation of the data was performed using
the TSL OIM Analysis (version 6.2.0) software. Tables S3, S7, S11, S15, and S19 compare the
results of the Heyn lineal intercept method performed on BSE and optical micrographs (diim,
cuim) and the EBSD method (dessp, Cessp). Results for CrCoNi, CrFeNi and have

already been published in some of our previous studies and can be found in Refs. [7-9].



Table S2: Mean grain size (d), crystallite size (c), number of annealing twin boundaries per grain (n), and average
thickness of annealing twins (t) after heat treatments at different temperatures (T) and times for binary CoNi. The
parameter d accounts only for intersections between the test lines and grain-boundaries whereas ¢ additionally
takes intersections with twin boundaries into account.

T (K) time (min) d (um) ¢ (um) n(-) Magnification t (um)

1073 60 16+1 71 0.56 £ 0.01 300 28+0.3
1073 120 28+1 14+1 0.42 £0.05 250 6.1+£0.9
1173 30 46 £ 7 22+ 4 0.55+0.07 200 11.0+£0.7
1173 60 66 £5 31+2 0.55+0.04 70 151+£25
1273 60 95 +4 46 + 3 0.53+0.02 60 22627
1473 60 230+ 8 91+11 0.76 £0.20 55 40.3+6.2
1573 60 257 +13 105+6 0.72+0.01 50 66.1+9.2

Table S3: Comparison of the mean grain (excluding twin boundaries) and crystallite (including twin boundaries)
sizes obtained using the linear intercept method (dvim, CLim) With that determined by EBSD (degsp, Cessp) for binary
CoNi.

T (K) time (min)  duwm (M)  desso (MM)  Cum (UM)  Cessp (UM)

1073 60 16+1 17 +1 71 71

1073 120 28+1 24+1 14+1 11+1
1173 30 46 +7 29+ 4 22+ 4 15+5
1173 60 66 £5 45+3 31+2 25+3
1273 60 95+4 89+4 46 + 3 44 + 4
1473 60 230+ 8 205+7 91+11 98 + 10

1573 60 257 + 13 200+ 10 105+ 6 104 £ 12




Table S4: Grain size distribution and mean grain size (d) with uncertainty (Ad), after heat treatments at different
temperatures and times for binary CoNi. These data were obtained from BSE micrographs. The parameter (d) only
accounts for the intersections of the test lines with grain-boundaries.

Size range Absolute frequency
0—2pum 32 15 2 4 - - -
2-3um 21 10 1 1 - - -
3—4um 25 8 1 9 1 - -
4-5pum 28 10 2 2 - - -
5-7pum 55 19 10 11 2 - -
7 —10 um 103 41 14 18 10 1 -
10— 13 ym 116 44 18 20 12 1 1
13-19 um 183 91 30 32 34 3 -
19— 27 pym 128 113 59 78 30 7 4
27 —38 um 86 93 75 96 57 7 5
38— 75 um 27 106 138 272 178 23 14
75— 107 pm 1 14 48 152 126 20 22
107 — 151 pm - 3 16 78 114 37 35
151 — 214 pm - - 4 44 56 66 58
214 — 302 um - - 1 8 30 58 76
302 — 427 um - - - 1 12 47 44
427 — 600 pm - - - - 3 25 20
600 um + - - - - 1 6 16
d (um) 16 28 46 66 95 230 257

Ad (um) 1 1 7 5 4 8 13




Table S5: Crystallite size distribution and mean grain size (c) with uncertainty (Ac), after heat treatments at
different temperatures and times for binary CoNi. These data were obtained from BSE micrographs. The parameter
(c) is determined by counting intersections between test lines and both grain and annealing twin boundaries.

Size range Absolute frequency
0-2pum 404 97 46 41 5 - -
2-3um 175 77 44 38 19 2 1
3—4um 154 74 31 73 25 9 4
4-5pum 107 68 47 48 22 2 5
5-7pum 209 94 64 101 50 16 2
7 —10 um 229 135 92 149 83 23 19
10— 13 ym 124 104 66 144 84 29 12
13-19 um 181 145 106 194 161 56 46
19— 27 pym 82 128 130 231 165 51 56
27 —38 um 38 82 117 201 170 71 58
38— 75 um 7 59 124 363 361 170 172
75— 107 pm - 5 19 96 126 96 91
107 — 151 pm - 1 2 35 56 97 96
151 — 214 pm - - 1 12 33 73 74
214 — 302 um - - - 3 12 44 52
302 — 427 um - - - 1 5 18 16
427 — 600 pum - - - - 1 5 9
600 pm + - - - - - 2 7
c (um) 7 14 22 31 46 91 105
Ac (um) 1 1 4 2 3 11 6




Table S6: Mean grain size (d), crystallite size (c), number of annealing twin boundaries per grain (n), and average
thickness of annealing twins (t) after heat treatments at different temperatures (T) and times for ternary FeCoNIi.
The parameter d accounts only for intersections between the test lines and grain-boundaries whereas ¢ additionally
takes intersections with twin boundaries into account.

T (K) time (min) d (um) ¢ (um) n(-) Magnification t (um)

1073 120 70+3 37+2 0.44 £0.01 100 156+15
1173 30 42+3 20+1 0.53 £0.07 200 94+0.3
1173 60 56 +5 28+3 0.49 £0.03 90 12.8+0.6
1273 60 93 +13 48+4  0.47+0.12 80 321+21
1473 60 2714+54 141+17 0.47+0.15 55 92.7+4.6
1573 60 283+55 137+13 054+0.20 50 86.3+3.3

Table S7: Comparison of the mean grain (excluding twin boundaries) and crystallite (including twin boundaries)
sizes obtained using the linear intercept method (diim, cuim) with that determined by EBSD (dessp, Cessp) for
ternary FeCoNi.

T (K) time (min)  dum (UM)  dessp (UM)  Cum (UM)  Cessp (UM)

1073 120 70+3 71+3 37+2 305
1173 30 42 + 3 33+2 20+1 18+4
1173 60 56+ 5 46 £ 4 28+ 3 25+5
1273 60 93+13 94 +13 48 +4 51+10
1473 60 274 £ 54 187 + 37 141 £ 17 107 + 25

1573 60 283 £55 254 + 49 137 £13 145 + 30




Table S8: Grain size distribution and mean grain size (d) with uncertainty (Ad), after heat treatments at different
temperatures and times for ternary FeCoNi. These data were obtained from BSE micrographs. The parameter (d)
only accounts for the intersections of the test lines with grain-boundaries.

Size range Absolute frequency
0—2pum 1 - - 1 - -
2—3um - 1 3 - - -
3—4pum - 3 3 1 - -
4—-5pum 2 2 5 1 - 1
5-7um 4 5 12 6 - -
7—10 pm 9 14 14 6 1 12
10 — 13 um 6 14 14 8 - 9
13—-19 pm 28 50 49 18 2 14
19 — 27 um 40 60 67 20 3 22
27 —38 um 58 84 122 44 3 45
38— 75 um 191 178 284 134 30 115
75 —107 pm 95 36 113 100 24 77
107 — 151 pm 71 8 49 99 21 61
151 — 214 pm 31 - 18 60 38 84
214 — 302 um 4 - 4 16 45 70
302 — 427 pm - - - 4 49 33
427 — 600 pm - - - - 31 13
600 pm + - - - - 13 2
d (um) 70 42 56 93 274 283

Ad (um) 3 3 5 13 54 55




Table S9: Crystallite size distribution and mean grain size (c) with uncertainty (Ac), after heat treatments at
different temperatures and times for ternary FeCoNi. These data were obtained from BSE micrographs. The
parameter (c) is determined by counting intersections between test lines and both grain and annealing twin
boundaries.

Size range Absolute frequency
0-2um 11 29 17 12 - -
2-3um 13 36 39 5 - -
3—4um 20 43 40 17 1 -
4-5pum 31 59 57 9 - -
5-7pum 42 64 100 34 3 -
7—10 pm 65 104 124 47 6 1
10— 13 um 52 78 110 55 7 -
13 -19 um 132 149 231 102 19 2
19 - 27 um 142 128 198 121 17 3
27 — 38 um 143 115 215 132 44 3
38 —75um 250 105 297 263 115 30
75— 107 pm 68 17 51 114 68 24
107 — 151 pm 37 4 20 56 66 21
151 — 214 pm 13 - 5 26 48 38
214 — 302 pm - - 1 3 39 45
302 — 427 pm - - - - 36 49
427 — 600 um - - - - 17 31
600 um + - - - - 8 13
c (um) 37 20 28 48 141 137

Ac (pm) 2 1 3 4 17 13




Table S10: Mean grain size (d), crystallite size (c), number of annealing twin boundaries per grain (n), and average
thickness of annealing twins (t) after heat treatments at different temperatures (T) and times for ternary MnCoN!i.
The parameter d accounts only for intersections between the test lines and grain-boundaries whereas ¢ additionally
takes intersections with twin boundaries into account.

T (K) time (min) d (um) ¢ (um) n(-) Magnification t (um)

1073 60 10+1 5+1 0.40 £ 0.07 400 3.0+£04
1073 120 19+1 11+1  0.42+0.03 300 54+04
1173 30 29+2 16+ 2 0.40 £ 0.04 250 7.9+0.7
1173 60 38+1 19+1  0.50+0.07 100 9.9+0.3
1273 60 97+ 6 51+2 0.46 +0.02 80 25324
1373 60 294+15 158+14 0.40%0.05 50 775154

Table S11: Comparison of the mean grain (excluding twin boundaries) and crystallite (including twin boundaries)
sizes obtained using the linear intercept method (dum, cum) with that determined by EBSD (degsp, Cessp) for
ternary MinCoNi.

T (K) time (min)  dum (UM)  dessp (UM) Cuim (Um) Cegsp (UM)

1073 60 10+1 13+1 5*1 71
1073 120 19+1 161 11+1 9+1
1173 30 29+ 2 21+1 16 +2 12+ 2
1173 60 38+1 32+1 19+1 16 +2
1273 60 97+ 6 112 +7 51+2 57+8

1373 60 294 £ 15 209 £ 10 158 + 14 132 £ 13




Table S12: Grain size distribution and mean grain size (d) with uncertainty (Ad), after heat treatments at different
temperatures and times for ternary MnCoNi. These data were obtained from BSE micrographs. The parameter (d)
only accounts for the intersections of the test lines with grain-boundaries.

Size range Absolute frequency
0—2pum 60 9 1 1 - -
2-3um 50 16 5 2 2 -
3—4um 58 12 5 3 3 -
4-5pum 55 20 8 10 1 -
5-7um 149 38 19 15 5 -
7—10 pm 183 66 29 27 6 -
10 — 13 um 189 60 31 35 10 -
13 -19 um 182 132 74 104 7 1
19 — 27 um 51 153 104 164 21 1
27 —38 um 7 106 111 221 43 1
38— 75 um 2 43 126 350 109 8
75 —107 pm - - 11 59 108 5
107 — 151 pm - - 1 11 92 14
151 — 214 pm - - - - 47 32
214 — 302 um - - - - 33 26
302 — 427 pm - - - - 3 29
427 — 600 pm - - - - - 16
600 pm + - - - - - 10
d (um) 10 19 29 38 97 294

Ad (um) 1 1 2 1 6 15




Table S13: Crystallite size distribution and mean grain size (c) with uncertainty (Ac), after heat treatments at
different temperatures and times for ternary MnCoNi. These data were obtained from BSE micrographs. The
parameter (c) is determined by counting intersections between test lines and both grain and annealing twin
boundaries.

Size range Absolute frequency
0-2pum 406 126 40 34 7 -
2-3um 265 97 60 57 3 -
3—4um 190 97 47 60 15 -
4-5pum 147 83 50 107 14 2
5-7um 278 125 98 135 37 2
7—10 pm 226 181 120 276 55 7
10— 13 um 143 132 96 191 67 -
13—-19 pm 93 176 148 345 73 11
19 — 27 pm 17 126 123 325 97 13
27 —38 um 3 51 90 279 119 15
38 —75um - 14 78 191 231 42
75— 107 pm - - 2 8 112 25
107 — 151 pm - - - - 70 32
151 — 214 pm - - - - 27 37
214 — 302 pm - - - - 7 34
302 — 427 pm - - - - 2 26
427 — 600 um - - - - - 9
600 um + - - - - - 3
¢ (um) 5 11 16 19 51 158

Ac (um) 1 1 2 1 2 14




Table S14: Mean grain size (d), crystallite size (c), number of annealing twin boundaries per grain (n), and average
thickness of annealing twins (t) after heat treatments at different temperatures (T) and times for CrFeCoNi. The
parameter d counts only the grain-boundary intersections whereas c is determined by counting intersection with
both grain and annealing twin boundaries. The parameter d accounts only for intersections between the test lines
and grain-boundaries whereas c additionally takes intersections with twin boundaries into account.

Table S15: Comparison of the mean grain (excluding twin boundaries) and crystallite (including twin boundaries)
sizes obtained using the linear intercept method (duim, cLim) with that determined by EBSD (dessp, Cessp) for
CrFeCoNi.




Table S16: Grain size distribution and mean grain size (d) with uncertainty (Ad), after heat treatments at different
temperatures and times for CrFeCoNi. These data were obtained from BSE micrographs. The parameter (d) only
accounts for the intersections of the test lines with grain-boundaries.




Table S17: Crystallite size distribution and mean grain size (c) with uncertainty (Ac), after heat treatments at
different temperatures and times for CrFeCoNi. These data were obtained from BSE micrographs. The parameter
(c) accounts for both grain and annealing twin boundaries.




Table S18: Mean grain size (d), crystallite size (c), number of annealing twin boundaries per grain (n), and average
thickness of annealing twins (t) after heat treatments at different temperatures (T) and times for MnFeCoNi. The
parameter d accounts only for intersections between the test lines and grain-boundaries whereas ¢ additionally
takes intersections with twin boundaries into account.

Table S19: Comparison of the mean grain (excluding twin boundaries) and crystallite (including twin boundaries)
sizes obtained using the linear intercept method (duim, cLim) with that determined by EBSD (dessp, Cessp) for
MnFeCoNi.




Table S20: Grain size distribution and mean grain size (d) with uncertainty (Ad), after heat treatments at different
temperatures and times for MnFeCoNi. These data were obtained from BSE micrographs. The parameter (d) only
accounts for the intersections of the test lines with grain-boundaries.




Table S21: Crystallite size distribution and mean grain size (c) with uncertainty (Ac), after heat treatments at
different temperatures and times for MnFeCoNi. These data were obtained from BSE micrographs. The parameter
(c) takes grain and annealing twin boundaries into account.

Figure S14 shows a probability plot of the cumulative frequency versus the logarithm of grain
diameter class for all alloys with different recrystallized microstructures investigated in the
present study. Note that a numerical linearization of the Gaussian distribution function was
applied to the y-axis in Fig. S14. Figure S15 shows histograms that compare the grain size

distributions of specimens having a small (red data) and large (blue data) average grain size.
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Fig. S14: Logarithmic cumulative probability plots representative of the grain size distributions of all the alloys
investigated in the present study after recrystallization annealing: (a) CoNi, (b) CrFeNi, (c) FeCoNi,
(d) MnFeCoNi, (e) CrCoNi, (f) MnFeNi, (g) MnCoNi and (h) CrFeCoNi. Note that the data for CrCoNi,
CrFeNi and MnFeNi were reproduced from Refs. [7-9], respectively.
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Figure S16 shows a comparison of the n-values directly obtained by EBSD and those calculated

with Eq. (1), which reveals a reasonable agreement between both methods.
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Fig. S16: Average number of annealing twin boundaries n using the Heyn intercept method in combination with
Eq. 1 (red data) and obtained on EBSD images (blue data) for (a) MnCoNi and (b) FeCoNi.



E. Stacking Fault Energy

The experimental SFEs were deduced from the distances between Shockley partials using [11]:

Gb? (2 - V) (1 _ 2vcos (2 ﬁ))} (S1)

=8nyisf 1-v 2 —v

where G is the shear modulus, by is the magnitude of the Burgers vector of the partials, v is
Poisson’s ratio, and £ is the angle between the Burgers vector and the dislocation line of the
undissociated dislocation (0° for a screw dislocation, 90° for an edge dislocation).

Density functional theory (DFT) calculations were performed employing the exact-muffin-tin-
orbital (EMTO) method [12-16] in combination with the full charge density method [17, 18]
and the generalized gradient approximation of the Perdew Burke Ernzerhof form [19]. Brillouin
zones were sampled by meshes with at least 10 000 k points per reciprocal atom. Ideal mixing
of the chemical elements was modeled with the coherent potential approximation [13, 20, 21].
The internal atomic positions were fixed. Equilibrium properties at 0 K were obtained by
computing total energies for 16 volumes in a range of 10 to 13 A%/atom and by fitting the energy
volume functions to the Vinet equation of state [22, 23]. To compute the stacking fault energies,
we used the second-order axial Ising model [24], i.e., we computed for all considered materials
the total energies in their fcc, hep and dhep structures. To account for temperature effects, we
considered the theoretical equilibrium lattice parameter of the fcc phase for the given
temperature and composition and included vibrational, magnetic, and electronic contributions
in the Gibbs energies. The vibrational contribution was computed based on the Debye
Grineisen model following Moruzzi et al. [25] (cf. Refs. [26] and [27]); the electronic
excitations were calculated by applying the Fermi smearing; the magnetic state was modeled
with the disordered local moment method; the magnetic entropy was treated with the mean field
approximation for itinerant systems [28]. A comparison for different approximations for the

treatment of magnetism is given latter in the Supplemental Material of Ref. [10].
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Fig. S17: stacking fault energies (SFEs) computed with the EMTO method as a function of temperature: (a) Ni
and CoNi, (b) ternary CrCoNi, CrFeNi, , MnCoNi, and FeCoNi, (c) quaternary CrFeCoNi and
MnFeCoNi, and (d) quinary high-entropy alloys from the Cantor system with varying Cr/Ni ratios. Stacking fault

energies at 0 K and 300 K in Figure (d) were reproduced from Ref. [10]. The grey area highlights the temperature
range, in which most recrystallization heat treatments were conducted.

The temperature dependence of the computed SFEs for: (a) Ni and CoNi, (b) ternary CrCoNi,
CrFeNi, , MnCoNi, and FeCoNi, (c) quaternary CrFeCoNi and MnFeCoNi, and (d)
five high-entropy alloys with varying Cr/Ni ratios are displayed in Fig. S17a-d. The grey shaded
area corresponds to the window in which most recrystallization heat treatments were performed.
These SFEs are compared to the experimental SFEs at 293 K in Fig. S18. Except for Ni, the

calculated SFEs systematically underestimates the experimental ones by ~33 mJ/m?2.
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F. Evolution of the annealing twin thickness t and density n with stacking
fault energy

In Fig. S19 the annealing twin density n (defined as the average number of annealing twin
boundaries per grain) is plotted as a function of the normalized stacking fault energy computed
at (a) 0 K, (b) 293 K and (c) the average between 1000 - 1200 K (see grey area in Fig. S17)
using the EMTO method. In Fig. S19, the blue colored area highlights the scatter observed at

the different temperatures and the black dashed line is a guide for the eye.

Figure S20 shows the evolution of the slope Swsa Of the t-versus-d curve with the normalized
stacking fault energy (10% SFEemto/Gb) computed within the EMTO framework at (a) 0 K,
(b) 293 K, and (c) the average between 1000 - 1200 K (see grey area in Fig. S17). The blue
colored area highlights the scatter observed at the different temperatures and the black dashed

line is a guide for the eye.

Another interesting feature can be seen in Fig. S20, i.e., Swsd Saturates at ~0.33. This may be
due to a geometrical restriction, i.e., as annealing twins become thicker, the probability to find

a full twin within a grain strongly decreases.
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G. Comparison of annealing twin densities reported in the literature

To compare our densities of twin boundaries with those reported by Véhringer for binary
Cu-based alloys [29], a conversion must be applied since different definitions were used. For
instance, in the present study, the crystallite size ¢ was measured directly using a line intercept
method (taking into account both grain and annealing twin boundaries). From this value and
that of the mean grain size (d, excluding annealing twin boundaries), the density of annealing

twin boundaries per grain was calculated using the definition reported in [7]:

n=—-—1, (82)
c

In constrast, VVohringer in Ref. [29] measured directly the average number of annealing twins
per grain, Zp (Note that the number of twin boundaries per grains is two times larger than the
number of twins per grain) and the mean grain size d. From the Z; and d values, V6hringer

calculated the crystallite size using:

d
=4 (s3)

JI+Z

Using Eq. S2 and S3, one obtains:

n=w/1+ZR—1, (84)

which allows to convert the Z-values reported by Vohringer into n-values.
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