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APPENDICES
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Appendix B
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EDX analysis of H04 sample prepared at 155 °C, Cu: S mole ratio = 1: 2 for 12 hours.

Cu
s
A “Element | Weight %

! SK 34.92
CuK 65.08
Totals 100.00

T 1 T T
i 1 2 3

G s

HO04-Areaa
“Element \-Veight %  Atomic %
Al SK 35.26 51.90
) CuK 64.74 48.10
Totals 100.00 100.00
Cu
A_‘BL
) I 1 ! ! ! )
0 1 2 3 4 s 6 7 8 ] 10
Full Scale 1723 cts Cursor: -0.144 keV (0 cts) keV|
o s HO4-Area b
Element | Weight %  Atomic %
SK 33.24 49.66
CukK 66.76 50.34
Totals | 100.00 100.00
Cu
AJ'L
o 1 2 3 4 5 & 7 8 8 10
Full Scale 1723 cts Cursor: -0.144 keV (0 cts) keV|

HO5-Areaa

Atomic %
51.53
48.47
100.00

4 5 6 7I
Full Scale 2878 cts Cursor: -0.046 keV (34 cts)

Cu
A 0‘
A\
T
8 9
keV|

cu HO5-Area b
| 2 _ _
Element | Weight %  Atomic %
SK 35.29 51.94
CuK 64.71 48.06
Totals [ 100.00 100.00
Cu
Cu
L
T T T T T T T T
i 1 2 3 4 s 6 7 8 9
Full Scale 2878 cts Cursor: -0.046 keV (34 cts) kev]




Example of calculation for XRF analysis (Sample H01):

W1t % of Cu element = 52.8/100 x 63.546
=8.309 x 10 moles

W1t % of S element =47.2/100 x 32.064
= 1.472 x 102 moles

Atomic ratio (Cu/S) = 8.309 x 10 moles/1.472 x 102 moles
=0.56

Cu: S =8.309 x 10°/8.309 x 10: 1.472 x 10/8.309 x 107
=1:1.77

Example of calculation for EDX analysis (Sample H01):

Conc. (at % average) of Cu element = (47.01 + 46.83)/ 2

=46.92 %

Conc. (at % average) of S element =(52.99 + 53.17)/ 2
=53.08 %

Calculation Atomic ratio (Cu/S) =46.92/ 53.08
=0.88

Cu:sS = 46.92/46.92: 53.08/53.08

=1:1.13
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Peak matching for product formed at Cu: S mole ratio of 1: 1.5 (H07).
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Rietveld refinement analysis for product formed at Cu: S mole ratio of 1: 2.5 (H08).
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Rietveld refinement analysis for product formed at Cu: S mole ratio of 1: 3 (H09).
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Rietveld refinement analysis for product formed at Cu: S mole ratio of 1: 3.5 (H10).
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Rietveld refinement analysis for product formed at Cu: S mole ratio of 1: 5 (H11).
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Appendix D
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& Element | Weight %  Atomic %
SK 22.72 36.81
CuK 77.28 63.19
s _Totals 100.00 100.00
Cu
Cu
v .
I Y T ” T T T i T s T L T T T T
0 1 2 3 4 s 6 7 8 L]
Full Scale 4050 cts Cursor: -0.125 keV (0 cts) keV|
HO7-Areab |
Element | Weight%  Atomic %
SK 21.12 34.67
CuK 78.88 65.33
Totals 100.00 100.00
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EDX analysis of HO7 sample prepared at 155 °C, Cu: S mole ratio = 1: 1.5 for 12 hours.

HO08-Areaa

Escron image 1

HO8-Areaa
Cu
Element | Weight%  Atomic%
SK 32.18 48.46
CuK 67.82 51.54
Totals 100.00 100.00
Cu
K -
—\
o 1 2 3 4 s & 7 8 s
Full Scale 2736 cts Cursor: -0.118 keV (0 cts) kev]
ke a HOS-Area b
Element | Weight% Atomic%
SK 34.17 50.70
CuK 65.83 49.30
Totals 100.00 100.00
Cu
Cu
-, N
T T T T T T T T
0 1 2 3 4 5 6 7 8 9
Full Scale 2736 cts Cursor: -0.118 keV (0 cts) keV|

EDX analysis of HO8 sample prepared at 155 °C, Cu: S mole ratio = 1: 2.5 for 12 hours.
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cu 3 HO0S-Area a
“Element \_Velglll% Atomic%
SK 3429 50.84
CuK 65.71 49.16
Totals 100.00 100.00
Cu
ﬁi_ﬁ.ﬂ AJ“L
i PALIERY] ALt el abiod bRt | | Sl T
0 1 2 3 4 5 6 7 8 3
Full Scale 2167 cts Cursor. -0.125 keV (0 cts) kev]
~
G 3 HO9-Area b
“Element \_\"elght% Atomic%
SK 37.11 53.91
CuK 62.89 46.09
Totals 100.00 100.00
Cu
" A @
e
T T T T T T T
0 1 2 3 4 5 6 7 8 9
Full Scale 2561 cts Cursor: -0.175 keV (0 cts) keV]

om ¥ Excron mage 1

EDX analysis of H09 sample prepared at 155 °C, Cu: S mole ratio = 1: 3 for 12 hours.

H10-Areaa

H10-Areaa
Element | Weight%  Atomic%
cu SK 35.75 52.44
CuK 64.25 47.56
Totals 100.00 100.00
Cu
Ao
L
» T - T ® T & T T ¥ 1} id T
0 1 2 3 4 5 6 7 8 9
Full Scale 2561 cts Cursor: -0.175 keV (0 cts) ke
s H10-Area b
o Element | Weight%  Atomic%
SK 38.92 55.81
CuK 61.08 44.19
Totals 100.00 100.00
Cu
A
I I I T I I -—’}
0 1 2 3 4 s 6 7 8 9
] Full Scale 2561 cts Cursor: 0175 keV (O cts) keV]

Tom T Emcvonimage 1

EDX analysis of H10 sample prepared at 155 °C, Cu: S mole ratio = 1: 3.5 for 12 hours.
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s Hll-Areaa

“Element | Weight% _ Atomic%
S SK 3470 51.29
CuK | 6530 48.71
Totals | 100.00  100.00
Cu

s

b 1 2 3 4 5 6 7 8 8 10 1 1
Ful Scale 1582 cts Cursor: -0.088 keV (12 cts) kev]

H11l-Areab
Element | Weight%  Atomic%
= SK 27.78 43.26
cu CuK |[72.22 56.74
Totals | 100.00 100.00

h 1 2 3 4 5
Ful Scale 1582 cts Cursor: -0.068 keV (5 cts) keV]

EDX analysis of H11 sample prepared at 155 °C, Cu: S mole ratio = 1: 5 for 12 hours.
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Appendix E

H13-3hrs
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o
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2-Theta- Scale

Peak fitting of characteristic peak of product synthesized at 3 hours (Sample H13).

H14-6 hrs

Lin{Cps)
8 3

2-Tnews - Scak

Peak fitting of characteristic peak of product synthesized at 6 hours (Sample H14).

H15-8 hrs

Lin(Cps)
# ¥

2-Tnet - Scak

Peak fitting of characteristic peak of product synthesized at 8 hours (Sample H15).
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H05-12 hrs

T (Cre)

Peak fitting of characteristic peak of product synthesized at 12 hours (Sample H05).

Example of calculation for peak profile analysis (Sample H13):

FWHM (°) = measured from each of the peak
FWHM (rad) = 0.274 x (3.142/180) rad
=0.00478
Angle (0) = Angle (26) /2
=15.9675
Crystallite size = (K 1)/ (B x cos 0)
= (0.94 x 0.15406)/(0.00478 x cos 15.9675)
=31.49 nm

Error Analysis:
dL = K x (tan 9/cos 9) x d®
B

dL = (0.94* 0.15406) x (tan 15.9675/cos 15.9675)x (15.9675 x 1 %)
0.00478

=1.44 nm

Therefore, crystallite size for sample H13 is (31.49 + 1.44) nm.
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Appendix F

H12-Areaa

Element | Weight%  Atomic%

SK 83.78 91.10
CuK 16.22 8.90
Totals 100.00 100.00
c
-, L o
12 3 4 5 & 1 8 3 10
Full Scale 11324 cts Cursor: 0.024 (7241 cts) kev]
H12-Area b
Element | Weight%  Atomic%
SK 37.96 54.80
CuK 62.04 45.20

Totals 100.00 100.00

Cu s
1 2 3 4 5 6 7 10

Full Scale 11324 cts Cursor: 0.024 (7308 cts) keV|

m->9
0}

H13-Areaa

Element | Weight%  Atomic%
SK 21.40 35.05
CuK 78.60 64.95
Totals 100.00 100.00

S
Cu Cu
J K“
AN
2 4

T T T » T T T T
B 8 10 12 14
Full Scale 4658 cts Cursor: -0.070 (32 cts) keV|

H13-Areab
Element | Weight%  Atomic%
SK 34.40 50.96
CuK 65.60 49.04
Totals | 100.00 100.00
Cu
J L/ L H o
b 2 4 5 8 1 12 14
Full Scale 4658 cts Cursor: -0.070 (35 cts) keV|

EDX analysis of H13 sample prepared at 155 °C, Cu: S mole ratio = 1: 2 for 3 hours.
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rl-lld—Ana a

H

EDX analysis of H13 sample prepared at 155 °C, Cu: S mole ratio = 1: 2 for 8 hours.

Full Scale 4658 cts Cursor: -0.070 (33 cts)

T . H14-Areaa
Element | Weight%  Atomic%
SK 32.73 49.08
CuK |[67.28 50.92
Totals | 100.00 100.00
Cu
T T T T ™ SYAS L T T
2 4 6 8 10 12 14
Full Scale 4658 cts Cursor: -0.070 (33 cts) keV|
i . H14-Areab
“Element | Weight%  Atomic%
SK 32.05 48.32
CuK |[67.95 51.68
Totals | 100.00 100.00
Cu
J A_i“
2 4 5 8 10 12 14

G s H15-Areaa
Element | Weight%  Atomic%
SK 33.16 49.57
CuK 66.84 50.43
Totals | 100.00 100.00
Cu
2 4 5§ 8 10 12 14
Full Scale 4658 cts Cursor: -0.070 (33 cts) ke
H15-Areab
u s
Element | Weight%  Atomic%
SK 31.22 47.36
CuK 68.78 52.64
Totals | 100.00 100.00
Cu
A_&“
< 1 & 10 12 14
Full Scale 4658 cts Cursor: -0.070 (32 cts) kev|

195



Appendix G

Areal SpotA
o S FElement | Weight%  Atomic% T Element | Weight% _ Atomic%
SK 3047 46.43 SK 31.56 47.75
CuK 16953 53.52 CuK | 68.44 52.25
Totals 100.00 100.00 Totals 100.00 100.00
u -
Cu J \ Cu
b 1 2 3 4 S & 7 8 9 10 M| p 1 2 3 4 S & 7 8 8 10 1
Full Scale 4618 cts Cursor: -0.087 (3 cts) keV| Full Scale 4618 cts Cursor: -0.087 (2 cts) keV]|
Cu SpotB Spot C
s s
Element | Weight%  Atomic% Cu Element | Weight%  Atomic%
SK 33.32 49.76 SK 33.32 49.76
CuK 66.68 50.24 CuK 66.68 50.24
Totals 100.00 100.00 Totals 100.00 100.00
Cu U
) 4 s
T T T L L) L T Ll T _,I\ T T v ' v ¥ A L] T L] Al v T T
b 1 2 3 4 s & 7 8 9 10 MNMJ|p 1+ 2 3 4 s 6 7T 8 9 10 N
Full Scale 4618 cts Cursor: -0.087 (5 cts) kev| Ful Scale 4618 cts Cursor: -0.087 (2cts) keV]
T SpotD - SpotE
Element | Weight%  Atomic% Element | Weight%  Atomic%
SK 34.34 50.89 SK 33.05 49.45
CuK 65.66 49.11 CuK 66.95 50.55
Totals 100.00 100.00 Totals 100.00 100.00
Cu j=7)
S J\ o N o
b 1 2 3 4 5 6 7 & 8 1w n|p 1 2 3 4 S5 6 7 8 9 1w 1
Full Scale 4618 cts Cursor: -0.087 (4 cts) key| Ful Scale 4618 cts Cursor: -0.087 (2cts) ke

EDX spectra of phase pure covellite (area 1) prepared at 155 °C, Cu: S mole ratio = 1: 2 for
12 hours.
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Appendix H

Cu Area2 1 - SpotA
s
1 0,
Element | Weight%  Atomic% l'?.le-ment \\-elght% ._Atomic %
B SK 35.27 51.92
SK 33.33 49.77 .
(e - CuK 64.73 48.08
CuK 66.67 50.23 Totals 100.00 100.00
Totals | 100.00 100.00 L : :
— Cu
SN @ JUIC o
b 1 2 3 4 s 8 7 8 9 10 1 |p 1 2 3 4 s 8 71 8 8 10 1
Full Scale 4618 cts Cursor: -0.087 (3 cts) keV| Full Scale 4618 cts Cursor: -0.087 (4 cts) keV]|
s ] Spot B k| y SpotC
Element | Weight%  Atomic% Element | Weight%  Atomic%
SK 36.53 53.29 SK 35.48 52.15
CuK 63.47 46.71 CuK 64.52 47.85
Totals 100.00 100.00 Totals 100.00 100.00
Cu A" )
AN e AN e
b1 2 3 4 S5 6 7 8 9 10 1 [p 1 2 3 4 s 8 7 8 9 10 1"
Full Scale 4618 cts Cursor: -0.087 (3 cts) keV| Full Scale 4618 cts Cursor: -0.087 (4 cts) keV]
SpotD 1 S SpotE
s
T Element | Weight%  Atomic% Element | Weight”s  Atomic%
SK 32.30 48.60 SK 35.09 51.72
CuK 67.70 51.40 CuKk 64.91 48.28
Totals 100.00 100.00 Totals 100.00 100.00
Cu p='
B, M AL 5
b 1 2 3 4 s 6 1 8 8 10 1 [p 1 2 3 4 s 8 1 8 9 10 M
Full Scale 4618 cts Cursor: -0.087 (3cts) keV| Ful Scale 4618 cts Cursor: -0.087 (4 cts) KeV]

EDX spectra of phase pure covellite (area 2) prepared at 155 °C, Cu: S mole ratio = 1: 2 for
12 hours.
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Appendix |

% Areal g Spot A
Element | Weight®o  Atomic®o Element | Weight®o  Atomic®o
SK 18.89 31.58 s SK 22.76 36.86
CuK S1.11 68.42 CuK 77.24 63.14
S Totals 100.00 100.00 Totals 100.00 100.00
b Cu
_J A ‘J A
2 4 6 H 10 12 2 4 3 8 10 12
Full Scale 3829 cts Cursor: -0.005 (7251 cts) keV| Full Scale 3829 cts Cursor. -0.005 (7320 cts) keV]
i SpotB § Spot C
Element | Weight® _ Atomic®o Ele'mem Weight®  Atomic®o
s SK 21.95 35.78 s SK 22.59 36.65
CuK 78.05 64.22 CuK 77.41 63.35
Totals 100.00 100.00 Totals 100.00 100.00
Cu
,)J A Jf A
2 & 8 g8 10 12 2 4 s 8 10 12
ull Scale 3829 cts Cursor: -0.005 (7357 cts) keV| Full Scale 3829 cts Cursor: -0.005 (7120 cts) keV]
e 1 Py Cu
Spot D
Element Weight®o  Atomic®o po Element Weight®c  Atomic%o Spot E
SK 18.78 31.42 SK 17.73 29.93
Cu K 81.22 68.58 CuK 82.27 20.07
s Totals | 100.00 100.00 s _Totals | 100.00 100.00
Cu Cu
w X Jl 2
2 4 8 8 10 12 2 4 s 8 10 12
Full Scale 3829 cts Cursor: -0.005 (7153 cts) keV| Full Scale 3829 cts Cursor: -0.005 (7054 cts) keV]

EDX spectra of phase pure digenite (area 1) prepared at 155 °C, Cu: S mole ratio =1: 1.5
for 12 hours.
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Appendix J

% Area 2 g SpotA
Element | Weight®o  Atomic®o Element | Weight®s  Atomic®o
S l\ 19.05 31.80 S S K 22.9" 3--15
2 Cu K 80.95 68.20 CukK ==03 62.85
Totals 100.00 100.00 Totals 100.00 100.00
- s . 100.
AJ l A J A
T2 4 6 g8 10 12 T2 4 6 8 10 12
Full Scale 3829 cts Cursor: -0.005 (7258 cts) keV| Full Scale 3829 cts Cursor: -0.005 (6375 cts) keV|
q = s 1
Element | Weight®o  Atomicoe POt B - Spot C
SK 24.19 38.74 Ele'mem Weight®s  Atomic®o
S uk -5.81 61.26 SK ) 19.92 33.02
Totals | 100.00 100.00 s Quk 80.08 66.98
Totals 100.00 100.00
Cu AT
T2 4 6 8 10 12 T2 4 6 8 10 12
ul Scale 3829 cts Cursor: -0.005 (7211 cts) keV| Ful Scale 3829 cts Cursor: -0.005 (7086 cts) keV]
1 Spot D SpotE
Element | Weight®e  Atomic®o Element | Weight®e  Atomic%o
SK 19.82 32.89 SK 7.58 13.98
s CukK 80.18 67.11 CuK 92.42 86.02
Totals 100.00 100.00 Totals 100.00 100.00
u o
Cu s
JJ A J A A
2 4 6 8 10 12 2 4 & 8 10 12
Full Scale 3829 cts Cursor: -0.005 (7085 cts) keV| Ful Scale 3829 cts Cursor: -0.005 (7171 cts) keV]

EDX spectra of phase pure digenite (area 2) prepared at 155 °C, Cu: S mole ratio =1: 1.5
for 12 hours.
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Appendix K

SpotA & B SpotA
é Element Weight%o Atomic®
Yo OK .16 18.78
SK 30.62 40.09
CuK 62.63 41.12
Totals 100.00 100.00
SpotB
|
| ( Element Weight©o Atomic®o
cu OK 23.44 47.38
o " SK 27.42 27.64
1 \ CuK 49.1%8 25.00
chi I I\ _Totals 100.00 100.00
AN Uil N NGO R —
100 200 300 400 S00 600 700 300 9500 1000 keV
AreaC&D
AreacC
Cu ¢
Element Weight®o Atomic%
OK 3.66 10.16
SK 32.74 45.37
CuK 63.60 4447
Totals 100.00 100.00
AreaD
Element Weight® Atomic®
Co OK 10.71 26.29
o j' SK 30.56 37.42
cflw i ' CuK 58.73 36.29
AU . r‘L, Totals 100.00 100.00
200 400 600 800 1000 1200 1400  keV
Area E
Cul Areak
SK Element Weight©o Atomic®
‘ OK 6.60 16.90
SK 36.09 46.13
CuK 57.31 36.97
Totals 100.00 100.00
| CuK
0K |
ChJLAE .
100 200 300 400 S00 600 700 800 keV

EDX spectra of phase transformed covellite.
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