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Section 1 Colors of the Products

S1-9 S1-14 S1-20 S1-25

Fig. 1 Colors of the starting zincite (S1-0) and the products obtained after ball-milling of
zincite for1 h,2h,5h,9h, 14 h,20 hand 25 h.

S2-9 ‘ S2-14 S2-20 S2-25

Fig 2 Colors of the powder mixtures of zincite and iron with weight ratio 3:1 (S2-0) and the
corresponding products obtained after ball-milling for 1 h, 2 h,5h, 9 h, 14 h, 20 h and 25 h.
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S3-25

S3-9 S3-14 $3-20
Fig 3 Colors of the powder mixtures of zincite and iron with weight ratio 1:1 (S3-0) and the

corresponding products obtained after ball-milling for 1 h, 2 h,5h, 9 h, 14 h, 20 h and 25 h.

S4-25

Fig 4 Colors of the powder mixtures of zincite and iron with weight ratio 1:3 (S4-0) and the
corresponding products obtained after ball-milling for 1 h, 2 h, 5h, 9 h, 14 h, 20 h and 25 h.
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S5-0 (o-Fe)
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Fig. 5 Colors of the starting a-iron (S5-0) and the corresponding products obtained after ball-
milling for 1 h,2h,5h,9h, 14 h, 20 h and 25 h.
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S4-30 500°C

S5-30 S5-30 500°C S5-30 1000°C

Fig. 6 Colors of the final milling products (30 h) of samples S1, S2, S3, S4 and S5 and the
corresponding products obtained after their annealing at 500 °C and 1000 °C.
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Section 2 Quantitative Crystal Phase Analysis
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Fig. 7 Rietveld refinements on powder diffraction patterns of the starting zincite (ZnO). The
difference between the observed and calculated patterns is shown in the box below.
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Fig. 8 Rietveld refinements on powder diffraction patterns of the products obtained after high-
energy ball-milling of pure zincite (sample S1-0) and annealing of the final milling product (30 h)
at 500 and 1000 °C. The difference between the observed and calculated patterns is shown in the

box below.
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Fig. 9 Rietveld refinements on powder diffraction patterns of the products obtained after high-
energy ball-milling of the powder mixtures of zincite and iron with weight ratio 3:1 (sample
S2-0) and annealing of the final milling product (30 h) at 500 and 1000 °C. The difference

between the observed and calculated patterns is shown in the box below.
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Fig. 10 Rietveld refinements on powder diffraction patterns of the products obtained after
high-energy ball-milling of the powder mixtures of zincite and iron with weight ratio 1:1
(sample S3-0) and annealing of the final milling product (30 h) at 500 and 1000 °C. The
difference between the observed and calculated patterns is shown in the box below.
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Fig. 11 Rietveld refinements on powder diffraction patterns of the products obtained after
high-energy ball-milling of the powder mixtures of zincite and iron with weight ratio 1:3
(sample S4-0) and annealing of the final milling product (30 h) at 500 and 1000 °C. The
difference between the observed and calculated patterns is shown in the box below.
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Fig. 12 Rietveld refinements on powder diffraction patterns of the products obtained after
high-energy ball-milling of pure a-iron (sample S5-0) and annealing of the final milling
product (30 h) at 500 and 1000 °C. The difference between the observed and calculated
patterns is shown in the box below.
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Table 1

The results of quantitative phase analysis of the products obtained upon ball-milling of the
samples S1, S2, S3, S4 and S5 and calcination of the final milling products (30 h) at 500 and
1000 °C. The volume fraction of the obtained crystalline phases was determined from the results
of Rietveld refinements with the weighted residual error indexes (Rwp) given in the last column.

Sample Time Temperature Phase composition Rup
(volume fraction)

S1 - RT ZnO 0.10
S1-1 1h RT Z + aFe (traces) 0.09
S1-2 2h RT Z (0.99) + aFe (0.01) 0.08
S1-5 5h RT Z (0.98) + aFe (0.01) + W (0.01) 0.05
S1-9 9h RT Z (0.94) + W (0.03) + S (0.03) 0.06
S1-14 14 h RT Z (0.85) + S (0.13) + W (0.02) 0.05
S1-20 20 h RT Z (0.80) + S (0.19) + W (0.01) 0.06
S1-25 25h RT Z(0.77) + S (0.22) + W (0.01) 0.05
S1-30 30h RT Z (0.76) + S (0.23) + W (0.01) 0.05

S1-30-500 30h 500 °C Z (0.72) + S (0.28) 0.06
S1-30-1000 30h 1000°C Z (0.71) + S (0.29) 0.09

S2 - RT ZnO (0.81) + a-Fe (0.19)* -
S2-1 1h RT Z (0.81) + aFe (0.19) 0.09
S2-2 2h RT Z (0.80) + aFe (0.15) + W (0.05) 0.06
S2-5 5h RT W (0.62) + Z (0.34) + aFe (0.04) 0.07
S2-9 9h RT S (0.62) +Z (0.32) + W (0.05) + aFe (0.01) 0.06
S2-14 14 h RT S (0.71) + Z (0.25) + W (0.04) 0.06
S2-20 20 h RT S (0.76) + Z (0.22) + W (0.02) 0.06
S2-25 25h RT S(0.79) + Z (0.21) 0.07
S2-30 30h RT S(0.79) + Z (0.21) 0.07

S2-30-500 30h 500 °C S (0.75) + Z (0.25) 0.08
S2-30-1000 30h 1000°C S (0.74) + Z (0.26) 0.12

S3 - RT ZnO (0.58) + aFe (0.42)* -
S3-1 1h RT Z (0.55) + Fe (0.45) 0.10
S3-2 2h RT Z (0.44) + aFe (0.38) + W (0.18) 0.05
S3-5 5h RT W (0.58) + aFe (0.30) + Z (0.12) 0.06
S3-9 9h RT W (0.80) + aFe (0.11) + Z (0.09) 0.09
S3-14 14 h RT S (0.87) + W (0.12) + aFe (0.01) 0.05
S3-20 20 h RT S (0.93) + W (0.06) + aFe (0.01) 0.06
S3-25 25h RT S (0.97) + W (0.02) + aFe (0.01) 0.09
S3-30 30h RT S (0.99) + W (0.01) 0.08

S3-30-500 30h 500 °C S(0.99) + H (0.01) 0.06
S3-30-1000 30h 1000°C S(0.81) + H (0.19) 0.13
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Table 1 (cont.)

Sample Time Temperature Phase composition Ruwp
(volume fraction)
S4 - RT aFe (0.68) + Z (0.32)*
S4-1 1h RT aFe (0.65) + Z (0.35) 0.09
S4-2 2h RT aFe (0.56) + Z (0.23) + W (0.21) 0.07
S4-5 5h RT W (0.54) + aFe (0.46) 0.08
S4-9 9h RT W (0.59) + aFe (0.31) + Am (0.07) + yFe (0.03) 0.05
S4-14 14 h RT W (0.80) + Am (0.09) + aFe (0.07) + yFe (0.02) 0.08
S4-20 20 h RT W (0.46) + S (0.32) + Am (0.21) + aFe (0.01) 0.06
S4-25 25h RT S (0.63) + H (0.35) + W (0.01) + aFe (0.01) 0.06
S4-30 30h RT H (0.58) + S (0.38) + aFe (0.02) + W (0.02) 0.08
S4-30-500 30h 500 °C H (0.70) + S (0.30) 0.10
S4-30-1000 30h 1000°C H (0.69) + S (0.31) 0.10
S5 - RT oFe*
S5-1 1h RT oFe 0.12
S5-2 2h RT aFe (0.93) + W (0.07) 0.08
S5-5 5h RT aFe (0.80) + W (0.20) 0.09
S5-9 9h RT aFe (0.54) + W (0.46) 0.06
S5-14 14 h RT W (0.79) + yFe (0.16) + yFe (0.05) 0.06
S5-20 20 h RT S (0.75) + W (0.20) + H (0.04) + aFe (0.01) 0.07
S5-25 25h RT H (0.81) + S (0.15) + aFe (0.02) + W (0.02) 0.08
S5-30 30h RT H (0.79) + S (0.16) + aFe (0.03) + W (0.02) 0.06
S5-30-500 30h 500 °C H (0.92) + S (0.08) 0.07
S5-30-1000 30h 1000°C H 0.14

*Volume fractions determined from the mass ratio of starting zincite and iron powders.

Description: Z = phase structurally similar to zincite (ZnO), W = phase structurally similar to
wistite (FeO), aFe = phase structurally similar to alpha iron, yFe = phase structurally similar to
gamma iron, S = phase structurally similar to franklinite (ZnFe,Q,4) or magnetite (Fe304), H =
phase structurally similar to hematite (a-Fe,03)
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Section 3 Unit-cell parameter of spinel ferrite lattice
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Fig 13 Le Bail refinements on powder diffraction patterns of the samples S2-30, S3-30
and S5-20 with added silicon as an internal standard. The difference between the observed
and calculated patterns is shown as a line in the lower field.

14



Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2015

Table 2

Refined values of unit-cell parameters of the phase S (spinel ferrite) in the milling products with
different iron content as determined from the results of Le Bail refinements on powder diffraction
patterns with added silicon as an internal standard.

Sample Lattice parameter Rup

a/ nm
S2-30 0.84368(2) 0.058

$3-30 0.84221(2) 0.068
$5-20 0.83978(8) 0.058
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Section 4 Mossbauer spectroscopy

Table 3

"Fe Mossbauer parameters (20 °C) of the products obtained from the sample S2 and
corresponding iron oxidation state identification.

Spectral 0 A or 2¢ By o r Area Iron
Sample . 1 N <Bne> 1 .
line (mms?)  (mms?) ™ (mms™) (%)  oxidation state
$2-0 M 0.00 - 33.0 0.27 100 Fe® in o-Fe
S2-5 M 0.00 - 32.7 0.79 18.7 Fe® in o-Fe
Q 1.01 1.05 - 0.72 63.5 Fe?* inW
Q 0.36 0.86 - 0.38 17.8 Fe3*inWorS
$2-9 Q 1.01* 1.05* - 0.80 4.8 Fe?* inW
Q 0.35 0.67 - 0.57 60.8 Fe**in S
Q 0.27 - 22.8 0.40 34.4 Fe3*in S
S2-14 Q 1.01* 1.05* - 0.90 2.7 Fe?* inW
Q 0.34 0.63 - 0.54 53.7 Fe**in S
Q 0.28 - 19.8 0.40 43.6 Fe3*in S
$2-20 Q 1.01* 1.05* - 0.90 2.2 Fe?* inW
Q 0.34 0.62 - 0.58 50.9 Fe**in S
Q 0.33 - 17.7 0.40 46.9 Fe3*in S
$2-30 Q 0.34 0.63 - 0.56 51.6 Fe3*in S
M 0.30 - 18.1 0.40 48.4 Fe**in S
$2-30-500 Q 0.34 0.48 - 0.42 100.0 Fe3*in S
$2-30-1000 Q 0.35 0.44 - 0.32 100.0 Fe3*in S

Description: W = phase structurally similar to wiistite (FeO), S = phase structurally similar to
franklinite (ZnFe,O,4), H = phase structurally similar to hematite (a-Fe,03)

Errors: 6 =+ 0.01 mm s'l, 2¢=+0.01 mm s'l, Bne = £ 0.2 T. Isomer shift is given relative to a-Fe.

*Imposed
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Table 4

*"Fe Mssbauer parameters (20 °C) of the products obtained from the sample S3 and

corresponding iron oxidation state identification.

Bns or lron
Sample Spﬁﬁgal (mrf] sY) (fn ?r:’ Szf) <Bne> (mmFs 1 '?‘(;s;‘ oxidation
(T) state
S3-0 M 0.00 - 33.0 0.27  100.0 Fe® in o-Fe
S3-5 M 0.01 - 32.7 0.31 63.3 Fe® in a-Fe
Q 1.02 1.22 - 0.69 28.3 Fe* inW
Q 0.37 0.88 - 0.41 8.4 Fe* inw
S3-9 M 0.03 - 31.3 0.32 21.2 Fe® in o-Fe
Q 1.02 1.22 - 0.67 60.8 Fe* inW
Q 0.35 0.72 - 0.43 18.0 Fe* inw
S3-14 Q 1.02*  1.22* - 0.70* 11.7 Fe** inW
Q 0.38 0.75 - 0.70 42.7 Fe* inSor
M 0.65* - 22.9 0.40*  33.0 Fe***inS
M 0.27* - 28.8 0.40* 12.6 Fe**inS
$3-20 M 0.65* - 24.0 0.40* 25.8 Fe**inS
M 0.27* - 26.1 0.40* 41.7 Fe**inS
Q 1.02*  1.22* - 0.70* 4.1 Fe* inW
Q 0.35 0.80 - 0.69 284  Fe*inSor
$3-30 M 0.38 0.01 21.1 041  100.0 Fe**inS
$4-30-500 M 0.32* - 12.1 0.40*  34.6 Fe**inS
Q 0.36 0.42 - 0.35 65.4 Fe**inS
S4-30-1000 M 0.37 -022 517 0.25 29.4 Fe** inH
Q 0.36 0.38 - 0.32 70.6 Fe**inS

Description: W = phase structurally similar to wiistite (FeO), S = phase structurally similar to
franklinite (ZnFe,O,4) or magnetite (FesO4), H = phase structurally similar to hematite (a-Fe,03)
Errors: 0 =+ 0.01 mm s'l, 2e=+0.01 mm s'l, Bne =+ 0.2 T. Isomer shift is given relative to a-Fe.

* Imposed
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Table 5

"Fe Mossbauer parameters (20 °C) of the products obtained from the sample S4 and
corresponding iron oxidation state identification.

Sample Sple_zctral 5 Aor2 Egh(:: r_Area Iron oxidation
ine (mms™) (mms™) T (mms™) (%) state
S4-0 M 0.00 - 33.0 0.27  100.0 Fe® in a-Fe
S4-5 M 0.01 - 32.8 025  70.1 Fe® in a-Fe
Q 0.98 1.28 - 075  25.6 Fe** inwW
Q 0.28 0.67 - 0.40 43 Fe** inw
S4-9 M 0.01 - 32.9 0.30 409 Fe® in a-Fe
Q 0.96 1.27 - 0.74 472 Fe”" inW
Q 0.28 0.67 - 029 119 Fe*" inW
S4-14 M 0.04 - 321 0.33  13.0 Fe® in a-Fe
Q 0.98 1.20 - 0.73 688 Fe** inwW
Q 0.32 0.66 - 050 182 Fe** inw
S4-20 M 0.65* - 16.9 055 327 Fe***in S
M 0.28* - 42.4 052 104 Fe**ins
Q 0.98 1.11 - 094 366 Fe*" inW
Q 0.36 0.54 - 055  20.3 Fe**inWor$S
S4-30 M 0.37 -0.20 38.9 040  67.2 Fe*"inH
M 0.32* - 26.0 0.40*  32.8 Fe** inS
$4-30-500 M 0.37 -0.20 49.5 031 682 Fe*"inH
M 0.32* - 24.7 0.40*  16.0 Fe**insS
D 0.36 0.46 - 044 158 Fe**ins
$4-30-1000 M 0.37 -0.22 51.6 028  77.1 Fe*"inH
D 0.35 0.40 - 032 229 Fe**ins

Description: W = phase structurally similar to wiistite (FeO), S = phase structurally similar to
franklinite (ZnFe,O,4) or magnetite (Fe304), H = phase structurally similar to hematite (a-Fe,O3)
Errors: 6 =+ 0.0l mm s?, 2e =+ 0.01 mm s?, Bns ==+ 0.2 T. Isomer shift is given relative to a-Fe.
*Imposed

18



Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2015

Table 6

"Fe Mossbauer parameters (20 °C) of the products obtained from the sample S5 and
corresponding iron oxidation state identification.

Sample Spgctral o B A or 219 Eghg I’_1 Area Iron oxidation
line (mms™) (mms™) (T) (mms™) (%) state
S5-0 M 0.00 - 33.0 0.27 100.0 Fe’ in a-Fe
S5-5 M 0.00 - 333 025 856 Fe’ in o-Fe
Q 0.95 1.35 - 084 112 Fe?* inW
Q 0.27 0.75 - 0.43 3.2 Fe**inW
S5-9 M 0.00 - 331 028 571 Fe’ in a-Fe
Q 0.95 1.22 - 077 356 Fe?* inW
Q 0.26 0.58 - 0.41 7.3 Fe**inW
S5-14 M 0.00 - 324 033 204 Fe’ in a-Fe
S - 0.06* - - 0.40* 2.7 Fe’ in y-Fe
Q 0.95 1.19 - 073 631 Fe?* inW
Q 0.25 0.60 - 051 1338 Fe** inW
$5-20 M 0.65* - 31.2 048 419 Fe***in S
M 0.27* - 245 040 232 Fe**in S
Q 0.98 1.11 - 094 277 Fe?* inW
Q 0.26 0.40 - 0.50 7.2 Fe**inW
$5-30 M 0.37 -0.20 438 025 780 Fe**in H
M 0.65* - 40.0  1.00* 9.3 Fe***in S
M 0.27* - 46.0  1.00* 7.7 Fe**in S
Q 0.33 0.60 - 0.92 5.0 Fe** S
S$5-30-500 M 0.37 -021 500 028 907 Fe**in H
0.32* - 235  0.40* 9.3 Fe**inS
$5-30-1000 M 0.37 -022 511  0.24 100 Fe**inH

Description: W = phase structurally similar to wiistite (FeO), S = phase structurally similar to
magnetite (Fe3O,4), H = phase structurally similar to hematite (a-Fe;03)

Errors: 0 =+ 0.01 mm s'l, 2¢=+0.01 mm s'l, Bne = £ 0.2 T. Isomer shift is given relative to a-Fe.
*Imposed
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Section 5 FE-SEM analysis

||||| B S 10.0kV X100,000 100nm WD 10.1mm

SEI 10.0kV X100,000 100 WD 10.0mm

- A
E o ¢ i ¢
LA &

100KV X50,000 100nm WD 9.8mm 3 SEI 100KV X100,000 100nm WD 10.0mm

Fig 14 FE-SEM micrographs of the products obtained after 1 h, 2 h, 5h, 9 h, 14 h, 20 h, 25 h and
30 h of high-energy ball-milling of pure zincite (sample S1-0).
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- s 4% - SNAS
SEI 10.0kV  X20,000 1um WD 10.0mm B SEI 10.0kV X100,000 100nm WD 10.0mm

Fig 15 FE-SEM micrographs of the products obtained after 1 h, 2 h, 5h, 9 h, 14 h, 20 h, 25 h and
30 h of high-energy ball-milling of the powder mixtures of zincite and iron with weight ratio 3:1
(sample S2-0)
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Fig 16 FE-SEM micrographs of the products obtained after 1 h, 2 h, 5h, 9 h, 14 h, 20 h, 25 h and
30 h of high-energy ball-milling of the powder mixtures of zincite and iron with weight ratio 1:1
(sample S3-0).
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Fig 17 FE-SEM micrographs of the products obtained after 1 h, 2 h, 5h, 9 h, 14 h, 20 h, 25 h and
30 h of high-energy ball-milling of the powder mixtures of zincite and iron with weight ratio 1:3
(sample S4-0).
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Fig 18 FE-SEM micrographs of the products obtained after 1 h, 2 h,5h, 9 h, 14 h, 20 h, 25 h and
30 h of high-energy ball-milling of pure iron (sample S5-0).
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Section 6 EDS analysis

The results of elemental analysis of the milled samples were based on several (at least three)

independent EDS measurements performed at low magnification.

! 1mm ' Electron Image 1 Y 400pm 1 Electron Image 1
Spectrum Spectrum 1
Fe Fe
Mn = - Mn Element |Weight% [Atomic% Fe
Element |Weight% Atomlc%| Em—
= SiK 0.30 0.59
Sk (020 103 Kk [2035 162
CrK 13.52 1435 Fe Fe K 7175 I7098
c MoK (073 [0.73 MoORIK ess 62 ¢
- - v
Fe K 85.56 84.54 MoL [0.94 IO 54
cr § =
Totals  |100.00 W 100.00
Fe
Cr
Si Mo Ni
Mo Ni
BERARMARY ISR (AN AN RERRAMOAR | T T T LA LA25A) LAGAAARES BASRARAARA LIBALRS] T T T T T
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 8 10
Full Scale 2714 cts Cursor: 10.309 keV (0 cts) keV| Full Scale 1853 cts Cursor: 0.000 keV keV|

Fig. 19 FE-SEM micrographs and the corresponding EDS spectra of milling balls (left) and steel
chips coming from milling vial (right). Inset tables show the results of elemental analysis.
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Fig. 20 FE-SEM micrograph of starting zincite powder (sample S1-0) obtained at 300 X
magnification (top) and the corresponding EDS spectrum (bottom). Inset table shows the results
of elemental analysis.
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Fig. 21 FE-SEM micrograph of starting iron powder (sample S5-0) obtained at 800 x
magnification (top) and the corresponding EDS spectrum (bottom). Inset table shows the results
of elemental analysis.
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Fig. 22 FE-SEM micrograph of sample S1-1 obtained at 100 x magnification (top) and the
corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 23 FE-SEM micrograph of sample S1-2 obtained at 180 x magnification (top) and the
corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 24 FE-SEM micrograph of sample S1-5 obtained at 270 x magnification (top) and the
corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 25 FE-SEM micrograph of sample S1-9 obtained at 230 x magnification (top) and the
corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 26 FE-SEM micrograph of sample S1-14 obtained at 35 x magnification (top) and the
corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 27 FE-SEM micrograph of sample S1-20 obtained at 33 x magnification (top) and the
corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 28 FE-SEM micrograph of sample S1-25 obtained at 300 x magnification (top) and the
corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 29 FE-SEM micrograph of sample S1-30 obtained at 110 x magnification (top) and the

corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 30 FE-SEM micrograph of sample S2-1 obtained at 120 x magnification (top) and the

corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 31 FE-SEM micrograph of sample S2-2 obtained at 80 x magnification (top) and the
corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 32 FE-SEM micrograph of sample S2-5 obtained at 220 x magnification (top) and the
corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 33 FE-SEM micrograph of sample S2-9 obtained at 40 x magnification (top) and the
corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 34 FE-SEM micrograph of sample S2-14 obtained at 370 x magnification (top) and the

corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 35 FE-SEM micrograph of sample S2-20 obtained at 25 x magnification (top) and the

corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 36 FE-SEM micrograph of sample S2-25 obtained at 170 x magnification (top) and the

corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 37 FE-SEM micrograph of sample S2-30 obtained at 75 x magnification (top) and the
corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 38 FE-SEM micrograph of sample S3-1 obtained at 200 x magnification (top) and the
corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 39 FE-SEM micrograph of sample S3-2 obtained at 140 x magnification (top) and the

corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 40 FE-SEM micrograph of sample S3-5 obtained at 30 x magnification (top) and the

corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 41 FE-SEM micrograph of sample S3-9 obtained at 85 x magnification (top) and the
corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 42 FE-SEM micrograph of sample S3-14 obtained at 250 x magnification (top) and the

corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 43 FE-SEM micrograph of sample S3-20 obtained at 120 x magnification (top) and the

corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 44 FE-SEM micrograph of sample S3-25 obtained at 170 x magnification (top) and the
corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 45 FE-SEM micrograph of sample S3-30 obtained at 130 x magnification (top) and the
corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 46 FE-SEM micrograph of sample S4-1 obtained at 250 x magnification (top) and the
corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 47 FE-SEM micrograph of sample S4-2 obtained at 95 x magnification (top) and the
corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 48 FE-SEM micrograph of sample S4-5 obtained at 85 x magnification (top) and the
corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 49 FE-SEM micrograph of sample S4-9 obtained at 190 x magnification (top) and the

corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 50 FE-SEM micrograph of sample S4-14 obtained at 190 x magnification (top) and the
corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 51 FE-SEM micrograph of sample S4-20 obtained at 350 x magnification (top) and the
corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 52 FE-SEM micrograph of sample S4-25 obtained at 250 x magnification (top) and the

corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 53 FE-SEM micrograph of sample S4-30 obtained at 40 x magnification (top) and the
corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 54 FE-SEM micrograph of sample S5-1 obtained at 50 x magnification (top) and the
corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 55 FE-SEM micrograph of sample S5-2 obtained at 25 x magnification (top) and the
corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 56 FE-SEM micrograph of sample S5-5 obtained at 45 x magnification (top) and the
corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 57 FE-SEM micrograph of sample S5-9 obtained at 50 x magnification (top) and the

corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.

63



Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2015

B

: 1mm L Electron Image 1
= Spectrum [I
lElement lWeight% ‘Atomic%
" ok 1636 [40.48
rK 575 438
FeK |[76.64 5431 &
NiK 124 [0.84 ns
[Totals  [100.00
Cr
N
Ni
1 2 3 4 5 6 7 8 9 10
Full Scale 325 cts Cursor: 10.243 keV (0 cts) ke

Fig. 58 FE-SEM micrograph of sample S5-14 obtained at 300 x magnification (top) and the

corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 59 FE-SEM micrograph of sample S5-20 obtained at 75 x magnification (top) and the
corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 60 FE-SEM micrograph of sample S5-25 obtained at 190 x magnification (top) and the
corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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Fig. 61 FE-SEM micrograph of sample S5-30 obtained at 200 x magnification (top) and the

corresponding EDS spectrum (bottom). Inset table shows the results of elemental analysis.
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