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APPENDIX A

Example of the Resampling Statistics procedure of 20 Analyses of Cu from experiment 10m4;

(Comments are in Italics)

construct a bootsirap confidence interval for the mean

maxsize default 15000

clear list

numbers (42.64 27.33 44.51 73.80 70.85 76.41 64.76 61.50 58.24 66.73 35.62 12.69 21.33 41.17
36.11 23.6210.71 17.15 27.44 20.13) 10m4

find the mean of the 10m4 data and call it Mean10m4

mean 10m4 Mean10m4

repeat 15000 times

repeat 15000

take a sample of 20 with replacement from the 10m4 data and call it d
sample 20 10m4 d

find the mean of the resample and call it mean§

mean d mean$

keep score of the trial result and put it in dd

score mean$ dd

end

calculate the 15.85 and 84.15 % and puf them into error

percentile dd (5 95) error

print the actual mean and the error

print Mean10m4 error

display as a histogram the variation of the mean in the resampled populations
histogram dd

MEAN10M4 = 41.637

ERROR = 33.893 49.521

118


http:36.1123.6210.7117.1527.4420.13
http:12.6921.3341.17
http:64.7661.5058.2466.7335.62
http:73.8070.8576.41
http:42.6427.3344.51

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

(Qg gt

Vector no. 1: DD

Bin Freq Pct Cum
Center Pct
25 15 0.1 0.1
30 372 2.5 2.6
35 2524 16.8 19.4
40 5747 38.3 57.7
45 4688 31.3 89.0
50 1476 9.8 98.8
55 168 1.1 99.9
60 10 0.1 100.0

Note: Each bin covers all values within 2.5 of its center.

Successful execution. {(21.1 seconds)
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1200°C

Exp no. |Cu Ni Fe 8

1211 74.01 20.07 1.03 4.89
1212 49.40 44.60 1.07 4.93
1213 30.06 63.84 1.13 4.97
1214 9.94 83.88 1.20 4.99
1215 59.69 29.38 1.07 9.86
1216 30.04 58.93 1.15 9.88
12m1 7272 19.49 2.90 4.90
12m2 47.91 44,22 2.92 495
12m3 29.40 62.82 2.99 4.80
12md 9.81 82.35 3.00 4.84
12m5 58.43 28.87 2.76 9.94
12mé 29.21 58.39 2.72 9.68
12n1 71.09 19.44 4.80 467
12n2 47.59 42.83 4.69 4.89
12n3 28.49 61,82 4.84 4.84
12n4 9.62 80.70 4.77 4.91
12n5 57.26 28.41 4.71 9.82
1201 67.69 18.45 9.29 4.58
1202 45.28 41.05 9.10 4.57
1203 27.30 59.05 9.10 4.55
1204 9.05 77.18 9.12 4.64
1205 54 .43 27.25 9.16 9.16
1206 27.33 54,55 8.94 9.18

1100°C
Exp no. (Cu Ni Fe
11a1 61.14 34.45 1.10 3.31
11a2 78.24 9.90 1.00 9.86
11a3 69.12 15.04 0.80 14.94
11a4 58.07 25.52 1.07 15.33
11a5 73.76 20.54 1.01 4.69
11b1 64.94 28.70 1.18 518
11b2 49 47 44,06 1.46 5.01
11b3 29.29 59.20 117 10.34
11b4 9.92 78.75 1.27 10.06
11b5 59.70 29.26 1.17 9.87
11c¢1 86.79 5.20 2.84 517
11¢2 76.55 10.32 2.94 10.19
11¢3 66.12 16.42 2.91 14.55
111c4 58.67 24.31 3.04 13.98
11c5 72.41 19.54 3.15 4.89
11d1 62.80 29.02 3.17 5.01
11d2 47.72 44.57 2.82 4.89
11d3 28.95 58.16 3.02 9.87
11d4 10.32 77.60 2.76 9.33
11d5 58.47 28.45 2.82 10.27
11el 48.35 41.93 4.98 475
11e2 56.98 28.54 4.86 9.62
11e3 66.62 14.77 4.66 13.95
11ed 57.67 23.81 4.82 13.70
11e5 71.04/ 19.50 4.66 4,80
111 61.45 28.88 4.72 4.96
112 28.76 56.94 4.80 9.50
11f3 8.54 77.08 4,87 9.51
11g1 81.90 4.31 9.18 4.61
1192 71.96 9.27 8.34 9.44
1193 64.08 13.60 9.07 13.24
11g4 59.20 26.87 9.17 4,75
11g5 67.59 18.77 9.17 447
11h1 54.36 23.02 8.96 13.66
11h2 45.02 41.24 9.20 4.55
11h3 27.61 54.27 9.1 9.01
11hd 10.60 71.32 9.09 8.99
11h5 54.35 27.31 9.10 9.24
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1000°C

No. Cu Ni Fe

10a 28.74 56.72 5.21 9.32
10b 56.80 28.04 577 9.39
10e1 9.14 76.04 5.04 9.78
10e2 75.93 9.37 5.44 9.27
10e3 18.85 66.70 557 8.88
10f1 34.14 54.12 3.08 8.65
10f4 54 .80 27.50 3.80 13.80
10g1 47.96 29.45 3.01 19.59
10g2 9.46 77.08 3.32 10.14
10g3 19.66 67.42 3.30 9.63
10g4 72.27 8.74 10.06 8.94
10h3 55.22 26.17 10.19 8.42
10h4 17.84 63.79 9.57 8.79
10i1 9.47 71.65 10.10 8.78
10i4 29.63 £59.33 1.03 10.01
10i5 10.18 78.74 1.29 9.78
10j1 68.61 16 0.87 14.52
10j3 62.78 31.05 0.88 529
10j4 77.36 9.57 3.14 9.93
10k1 67.26 13.96 4.53 14.26
10k2 62.90 29.30 3.23 4.57
10k4 62.65 12.92 12.26 12.17
10k5 47.88 29.16 10.81 12.14
1013 19.65 69.17 1.06 10.11
1014 9.88 79.27 1.03 9.81
10i5 69.05 525 0.94 24.76
10m3 39.40 44.68 1.1 14.76
10m4 59,04 20.25 1.12 19.59
10m5 29.13 58.05 2.99 9.83
10n2 63.39 28.95 2.90 4.76
10n3 67.89 14.76 3.04 14.30
10n4 67.53 512 2.94 24.41
10n5 9.30 68.12 2.68 19.91
1002 39.01 43.70 2.86 14.42
1003 58.22 18.19 2.86 19.73
1004 57.58 28.14 4.71 9.56
10p2 51.39 29.32 4.88 14.41
10p4 9.37 66.62 4.82 18.20
10qg2 63.24 4 .91 9.19 22.66
10qg4 9.43 63.50 8.93 18.13
1095 36.35 41.18 8.94 13.54
am3 58.39 4.31 9.16 28.14
9n3 64.22 4.96 1.13 29.68
9nb 8.71 77.71 . 2.80 9.78
902 18.68 67.02 479 9.51
903 47.99 28.42 4.64 18.95
o4 36.50 4512 9.36 9.02
905 18.22 63.52 8.99 g.26
806 9.34 72.05 9.13 9.47

900°C

Exp. No. |Cu Ni Fe

a3 45.23 35.56 10.00 9.21
9b1 39.81 49.44 0.98 9.77
9b2 21.15 67.30 0.95 10.59
9b4 58.87 17.95 1.15 22.03
9¢1 49.25 44.89 0.93 4.93
9¢2 67.77 16.26 1.06 14.91
9c3 67.70 14.78 2.94 14.58
9c4 47.32 44 69 2.96 5.03
9c5 48.44 41.44 5.26 4.86
9d1 41.70 38.36 5.12 14.82
9d2 66.16 14.67 5.07 14.11
9d3 4513 40.52 10.04 4.31
9d4 40.14 36.64 10.41 12.81
9d5 62.40 13.80 10.48 13.22
9e1 68.11 21.07 1.24 9.57
9e2 35.47 47.99 1.24 15.30
9e3 53.78 19.67 1.17 25.38
9e4 5.02 58.60 1.12 35.27
9f1 67.62 19.76 3.10 9.51
9f2 33.32 48.44 3.26 14.98
9f3 5.87 57.15 3.26 33.71
9f4 67.02 18.77 4.96 9.25|
9g1 63.44 17.96 9.15 9.45
8g2 50.89 18.34 9.67 21.11
9g3 4.91 52.65 11.35 31.09
9g4 9.77 43.88 10.29 36.06
9h1 44.51 39.23 1.04 15.23
9h2 9.97 49.97 1.00 39.06
Sh3 49.37 25.25 0.99 2438
9h4 45.41 19.26 1.18 34.15
9h5 23.73 39.80 1.08 35.38
9i1 0.00 54 54 1.08 44.39
9i2 43.56 39.55 2.88 14.01
9i3 54.07 19.09 2.95 23.88
9i4 10.35 48.67 2.79| 38.18
9i5 48.25 2418 3.00 24.58
9j1 4463 19.20 2.87 33.30
9j3 0.00 52.61 2.99 44.40
9j5 34.56 46.16 4.82 14.46
9k1 52.63 18.33 4.79 24.24
9k2 4.71 57.60 4.77 32,92
k4 48.17 24.23 485 2275
9k5 42.56 19.50 4.55 33.40
g1 23.49 37.93 4.90 33.68
912 0.00 52.33 4.84 42.83
913 32.13 4475 9.51 13.61
914 44.94 23.07 9.09 22.90
915 40.98 18.74 9.04 31.24
oam1 22.23 35.93 9.48 32.35
9m2 0.00 49.15 8.94 41.91
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800°C |
Exp. No. |{Cu Ni Fe |
8al 9.45 58.44 3.60] 28,50
8a2 3.89] 82.30 3.49 10.32
8a3 14.45 71.79 3.78 9.98
8a4 2375 63.11 3.07] 10.07
8a5 18.34] 49.85 304 28.77
8b1 75.90 9.97 4.66 9.48
8b2 15.41] 69.48 505 10.07
8b3 51.33] 2021 4.87] 23.59
8b4 47.92]  25.11 516 21.80
8b5 60.14] 1014 547 2424
8c2 9.94) 56.48 5.33]  28.25
8c3 66.02] 19.47 513 9.38
8c4 22.23] 5881 9.76 9.20
8c5 592 74.94 9.86 9.27
8d1 49.24] 18.02] 10.08] 2267
8d2 57.59 9.75| 10.10] 22.56
8d3 912 5366 10.32] 26.90
8d4 18.43] 44382 9.93 26.82
8e1 79.32 9.83 1.05 9.80
8e2 4014] 4838 1.10]  10.38
8e3 25.42]  63.27 1.29] 10.01
8ed 14.55|  74.00 1.03] 1041
8f1 77.58 9.80 2.98 9.64
8f2 48.15] 23.74 3.02] 25.10
8f3 61.78] 10.23 2.94] 2505
8f4 66.93] 19.64 3.78 9.64
8f5 38.78] 53.04 3.61 4.59
891 27.60] 54.25 3.28] 14.86
8g2 66.67| 15.09 3.14]  15.09
893 38.28] 51.65 5.22 4 85
8g4 23.99] 61.41 5.01 9.59
895 6.27] 79.54 4.83 9.37
8h1 28.39] 51.49 522  14.91
8h3 17.67| 48.31 510/ 28.92
8i2 13.06| 67.47] 10.52 8.94
8i3 4486 2295 9.83] 22.36
8i4 49.24] 18.02] 10.08] 22.67
8j1 507| 83.90 1.29 9.74
8j2 49.04] 24.81 1.04]  25.11
8j3 5425  20.05 1.06] 2463
8j4 64.11 10.24 1.12]  24.53
8j5 4479 38.98 1.28] 14.95
8k1 9.89] 5874 1.12] 3025
8k2 2334 4575 1.05 2987
8k3 69.16] 19.99 1.00 9.86
8k4 29.34] 3954 121  29.91
8k5 49.31] 20.41 1.06] 29.23
8k6 0.00] 54.34 1.03] 44.63
81 30.88) 27.82 1.19] 40.11
812 28.40| 239.14 274, 29.73
813 18.87] 39.31 291 38.91

700°C

Exp. No. |Cu Ni Fe

7a1 29.82 48.82 1.16 202
7a2 554 68.63 1 24.83
7a3 78.61 9.38 0.09 11.11
Ta4

7b2

7b3

7c1

7¢2

7c3 10.07 64 1.31 24.62
7c4

7d5

7e1 28.67 57.21 917 4,96
7e2 18.52 58.09 8.84 13.55
7e3 54,07 23.28 9.42 13.24
7e4 27.21 3247 9.09 31.23
7e5 10.03 49.79 8.83 31.35
71 0.00 51.04 8.87 . 40.08
7f2 428 4213 8.83 4476
713 29.18 62.30 3.54 4.98
714 19.62 62.65 3.14 14.60
715 57.73 24.81 3.1 14,36
791 29.39 34.45 2.81 33.36
7g2 0.00 53.28 3.47 43.25
793 3.88 44 93 2.94 48.24
7g4 19.45 84,42 1.25 14,89
765 8.96 55.78 1.05 34,20
7h1 28.91 35.77 1.21 3410
7h2 58.32 25.50 1.04 15.13
7h3 0.00 54,52 1.10 4438
7h4 5.51 44 92 1.04 48.53
7h5 28.69 61.56 479 4,96
7i1 19.86 60.85 473 14.57
7i2 5412 26.73 4.10 15.05
7i3 268.81 34 .59 5.49 3312
7j2 0.00 51.74 5.31 42.95
7i3 4.50 42.81 4.93 47,75
8i4 0.00 53.65 2.96 43.39
815 29.61 28.54 2.94 38.82
8m2 19.12 38.54 4.87 37.46
8m3 28.57 38.04 4.89 28.50
8m4 48.14 19.04 4.74 28.07
8m5 26.88 36.79 9.1 27.22
8n1 45.07 18.95 8.80 27.18
8n2 19.02 35.97 9.07 35.94
8n3 0.00 50.22 8.67 41.11
8n5 27.26 27.92 8.89 35,93
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APPENDIX C

Average and 95% confidence interval (ci) Data of Electron Microprobe Analyses for all the
experiments. (*Melit = Recalculated melt analyses)

{Digenite®, B-phase®, Millerite® = Sulphide phases with exsolutions)

1200°C
Exp. no. |Phase [Cu ci Ni ci Fe ci S ci No. of analyses
1 wt%
1211 Melt 74.44| 1.53] 18.66| 1.65 065 004 6.26/ 229 50
1212 *Melt | 48.74) 1.03 41.76) 1.49) 1.09| 0.13] 8.41 1.82 50
1213 Alloy 27177 0.19) 7154, 020, 1.29] 0.01, 0.00| 000 20
*Melt | 32.64] 1.78 53.05, 286 0.68 0.10, 1364 1.86 50
1214 Alloy 9.16| 070, 89.29, O.71f, 155 002 0.00, 0.00 20
*Melt 15.42{ 2.76| 64.85 350 0.52| 0.10| 18.21) 1.41 50
1215 *Melt | 55.76] 2.18) 29.48] 1.89| 0.89| 0.06| 13.87, 1.42 50
1216 *Melt | 31.48{ 228 53.04, 3.16] 1.29] 0.19] 14.20{ 1.57 50
3 wt%
12m1 *Melt | 71.19] 0.37] 19.34] 1.07) 201 005 747 096 50
12m2  |*Melt | 47.63| 099 4398 154 248 018 590 106 50
12m3  |Alloy 26.09 030 7055 034 337, 006 0.00 000 10
*Melt | 29.69| 171.47| 58.53) 2.02 1.37 0.16] 1041, 171 50
12m4  Alloy 8.84/ 0.05 87.54| 006 362/ 002 0.00 000 10
*Melt 10.83] 044 7193, 1.08 1.09 0.12f 16.16| 1.41 48
12m5  |*Melt 1| 64.55| 1.60, 13.33] 1.42 1.34| 0.05, 20.78| 0.26 40
*Melt 2| 61.14] 0.86] 25.51| 1.46] 2.06| 0.09] 11.29| 0.77 50
12mé  |*Melt | 28.08; 2.01] 57.01, 252, 212 0.20, 12.80] 1.39 50
5 wt%
12n1 Melt 72.00) 1.27] 1741 589 3.84, 061 6.76| 6.09 50
12n2 Alloy 40.39| 0.18 52.88) 0.16/ 6.73| 0.04 0.00{ 0.00 10
Melt 48.78| 4.10| 4231, 675 4.01, 1.100 491, 514 50
12n4 Alloy 8.89f 005 8534 007 578 003 0.00f 000 10
*Melt 10.36{ 0.71, 67.86] .0.98 1.42{ 020 20.37| 133 50
12n5 Melt 26.55| 7.59| 56.44; 9,931 3.84 220 13.17| 8.08 50
10 wt%
1201 *Melt | 68.63, 085 18.31] 1.16, 8.34| 0.37| 472, 1.15 50
1202 Alloy 36.67 043 5021, 039 1312/ 0.22{ 0.00 000 20
*Meit | 50.65 1.15| 33.93] 2.07 6.82| 047, 861 1.33 50
1203 Alloy 2397 0.11) 8471 0.18 1132 011 0.00] 0.00 20
*Melt | 32.12] 1.44 51.30) 2.231 6.32] 062 10.27| 1.75 50
1204 Alloy 8.01f 0.17] 81.05 0271 1094 009 0.00 0.00 20
*Melt | 12.31] 1.07] 6363 1.27) 4.03| 028 20.04] 093 50
1205 *Melt1| 57.79) 1.11| 2517| 1.88 8.33] 0371 8.71 1.00 50
*Melt 2| 8527 1.12) 677 094 6.46] 016/ 2150, 043 50
1208 Alioy 20.08, 0.13] 65.78] 012 1414 008 0.00| 0.00 20
*Melt | 2832 209 5138/ 246 7.30;] 071 13.01f 1.79 50
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1100°C
Exp.no. |Phase Cu ci Ni ci Fe ci |8 ci No, of anai.
1 wt%
11b1 *Melt 64,72 1.03 27.93) 1.11 0.35] 0.02 7.00| 1.18 75
11b2 Alloy 51.33| 0.75 4769 075 0.98| 0.01 0.00| 0.00 20
*Melt 48.41| 1.64 39.54| 1.64 0.47| 0.03 11.88| 1.19 75
11b3 Alloy 28.52] 0.30 69.61f 0.30 1.88) 0.02 0.00; 0.00 20
*Melt 2868 1.35 54.86| 1.50 0.52 0.06 15.85) 1.21 75
11b4 Alloy 8.55| 0.12 88.69) 0.15 2.76| 0.04 0.00; 0.00 20
*Melt 9.85| 0.29 70.53| 1.03 0.68| 0.09 18.94| 1.27 75
11b5 *Melt 60.13| 0.99 2763 1.50 0.40{ 0.04 11.84| 0.96 75
3 wt%
11¢c1 Digenite® 71.40| 0.76 0.54) 0.86 5.80| 0.28 22,26 0.47 40
*Melt 90.60| 0.66 5.57| 0.21 1.70| 0.09 2.13| 0.64 75
11c2 Digenite® 71.53| 1.95 4.22| 321 3.86| 0.39 20.39| 1.94 30
*Meit 80.15 0.28 13.44) 0.55 2.12; 0.03 4.29| 0.75 75
11c4 *Melt 1 59.53| 1.42 22.07) 1.85 2.40| 0.15 16.01] 0.92 75
*Melt 2 63.01] 0.82 13.60, 0.78 2.28, 0.08 21.11) 0.42 75
11ch *Melt 73.06) 0.21 17.62| 0.99 2.941 0.05 6.38| 0.90 75
11d1 Alloy 61.70, 1.13 33.76] 0.76 4.54| 0.41 0.00] 0.00 19
*Melt 64.89) 0.65 23.40] 1.57 2.46| 0.19 9.26| 1.07 75
11d2 Alloy 46.60| 0.38 4945, 0.35 3.95] 0.07 0.00] 0.00 20
*Melt 46.69| 1.19 38.35| 0.93 1.52| 0.12 13.44| 1.33 75
11d3 Alioy 24.95| 0.28 69.13| 0.34 5.91| 0.70 0.00 0.00 20
*Melt 30.27| 1.06 5371, 1.44 2.20| 0.22 13.82| 1.34 75
11d4 Alloy 8.35| 0.13 86.50| 0.17 5.14) 0.06 0.00| 0.00 20
*Melt 10.35| 0.21 70.75| 0.97 1.49| 0.18 17.41) 1.22 75
11d5 *Melt 60.23] 1.00 24,98 1.87 2.50{ 0.13 12.30| 1.20 75
Exp. no. {Phase Cu ci Ni ci Fe ci |8 ci No. of anal.
5 wt%
11e1 Alloy 47.08| 1.03 4665/ 0.79 6.27, 0.26 0.00] 0.00 19
*Melt 4811 1.13 3471 074 2.52| 0.22 14.66) 1.93 60
11e2 *Melt 58.92| 1.00 25.68; 1.67 4.29| 0.18 11.12| 0.85 75
11e3 *Melt 1 66.97) 0.74 760 0.71 4.37| 0.08 21.08| 0.21 75
*Melt 2 66.77| 0.62 20.69] 1.56 3.66| 0.12 8.89| 1.04 75
11e4 “Melt 1 65.09| 0.88 11.13, 0.82 3.98 0.70 19.81| 0.37 75
*Melt 2 56.94| 1.26 2578 1.81 4.00{ 0.22 13.28} 1.13 75
11e5 Alloy 68.03) 0.55 25.86| 036 6.11; 0.20 0.00; 0.00 20
*Melt 71.97) 0.49 18.42) 1.67 4,03 0.27 5.58| 1.63 75
1111 Alloy 58.38, 0.80 35.19| 0.60 6.44 0.22 0.00| 0.00 20
*Melt 64.20| 0.84 2461, 1.76 3.70{ 0.15 7.49| 1.03 50
11f2 Alloy 23.67| 0.17 68.80| 0.13 7.53| 0.70 0.00| c.00 20
*Melt 30.51) 1.78 52.02| 1.64 3.00) 0.27 14.47| 1.20 50
11f3 Alloy 6.91] 0.12 85.79| 0.08 7.30; 0.08 0.00| 6.00 19
*Melt 10.06] 0.44 68.36] 1.35 223, 0.45 19.35| 1.62 50
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10 wit% |
1192 Alloy 77.88) 0.14 1410, 0.13 8.03| 0.04 0.00| 6.00 20
Digenite® 65.96| 1.32 1.75( 1.20 9.90| 0.56 22.40| 1.33 75
1193 Alloy 62.33| 0.25 26.99] 0.22 10.68 0.14 0.00| 0.00 20
Digenite® 87.01, 2.88 420, 3.46 7.48| 0.88 21.31] 1.49 75
11g4 Alloy 58.44| 0.26 31.75) 0.23 9.80| 0.09 0.00{ 0.00 20
Digenite® 66.46| 3.67 4.96| 3.04 5.87| 0.46 22.71| 0.81 40
11g5 Alloy 68.58| 0.16 2220 0.16 9.22| 0.06 0.00] 0.00 20
Digenite® 69.92| 0.80 0.57] 0.51 6.70| 0.33 22.81| 0.25 60
11h1 Alloy 4465, 0.31 4162 038 13.73 0.34 0.00| 0.00 20
*Melt 54.29| 1.40 2507, 2.06 8.07| 0.45 12.57) 1.16 75
11h2 Alloy 42.83| 0.55 46.02] 045 11.14, 0.16 0.00] 0.00 20
*Melt 50.04| 0.92 31.59] 1.39 573 0.25 12.65| 0.90 75
11h3 Alloy 2211} 0.20 64.43| 024 13.46| 0.76 0.00| 0.00 20
*Melt 32.83; 0.70 45.85| 0.99 6.19| 0.37 15.21| 0.97 75
11h4 Alloy 8.20| 0.14 79.22) 0.18 12.58} 0.15 0.00; 0.00 20
*Meit 12.25| 0.72 64.70, 1.25 6.17| 0.50 16.87 1.40 75
11h5 Alloy 48.31| 0.43 39.50| 0.37 12.19| 0.23 0.00; 0.00 20
Digenite® 67.00) 3.09 7.21) 2.25 5.31| 0.28 20.48| 1.32 50
*Meit 57.33| 1.62 2173 2.36 7.15] 0.43 13.78) 1.24 75
1000°C
Exp. no. Phase Cu ci Ni ci Fe ci S ci l;lsélof
1 wt%
Fe
10i4 Alloy 28.43 1.59] 69.39 1.56 2.18 0.06 0.00 0.00 32
*Melt 29.12 1.93 50.36 2.17 0.36 0.10f 20.15 1.61 20
10i5 *Melt 7.33 0.80 70.35 1.35 0.25 0.11 22.06 2.46 20
10j1 Alloy 62.70 0.93] 36.11 0.71 1.18 0.44 0.00 0.00 45
Digenite® 74.71 2.88 3.66 2.59 0.96 0.11 20.67 0.33 20
*Meit 44.48 6.21 38.52 6.34 1.04 0.16 15.95 1.57 40
103 Alloy 60.61 0.75, 3795 0.70 1.44 0.22 0.00 0.00 48
Digenite® 77.45 2.42) 1.63 2.22 0.81 0.13 20.11 0.26] 29
1013 Alloy 20.39 0.61 78.24 0.60 1.36 0.01 0.00 0.00 20
*Melt 19.41 1.78] 60.52 2.02 0.29 0.04 19.79 1.29 44
1014 Alloy 9.85 0.19] 88.67 0.20 1.48 0.01 0.00 0.00 20
*Melt 7.54 0.56] 71.67 0.68 0.28 0.05, 20.50 1.17 42
1015 *Melt 69.85 0.83 4.88 0.60 0.85 0.01 24,42 0.24 20
10m3 *Melt 36.44 4.71 43,58 4.20 0.51 0.07 19.47 1.19 50
10m4 Digenite® 77.21 1.87 2.84 1.75 0.40 0.05 19.55 0.28 75
*Meit 39.36 3120 4210 3.79 0.64 0.04 17.90 0.71 20
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Exp. no. |Phase Cu ci Ni ci Fe ci ci ?:;;Of
3 wt%
Fe
10f1 Alloy 34.66 0.858] 60.95 0.88 4.39 0.14 0.00 0.00 23
10f4 Alloy 52.71 0.38 43.04 0.39 4.25 0.06 0.00 0.00 20
10g1 Digenite® 75.44 1.55 1.67 1.25 222 0.44| 20.66 0.46 111
"Melt 36.14 4.16] 40.49 3.68 3.42 0.66 19.95 2.10 20
10g2 Alloy 8.39 0.10 86.33 0.12 5.28 0.04 0.00 0.00 10
Melt 10.66 1.29| 67.20 5.06 1.05 0.99] 21.09 5.94 20
10g3 Alloy 17.90 0.90 76.81 0.86 5.29 0.06 0.00 0.00 16
Melt 19.03 532, 60.05 5.97 1.45 0.41 19.48 2.84 20
10i4 Alloy 75.05 0.91 21.99 0.72 2.98 0.26 0.00 0.00 77
Digenite® 74.19 1.41 1.48 1.49 3.51 0.21 20.82 0.34 30
10m5 Alloy 29.89 0.36] 65.79 0.37 4,31 0.04 0.00 0.00 21
*Melt 31.50 2.45! 48.89 2.37 1.25 0.18 18.35 1.55 50
10n2 Alloy 62.28 0.42 35.56 0.42 2.15 0.02 0.00 0.00 20
Digenite® 76.84 1.36 2.02 1.21 1.07 0.04 20.07 0.24 30
10n3 Alloy 56.40 0.55| 40.23 0.56 3.37 0.05 0.00 0.00 20
Digenite® 76.04 1.34 2.26 1.13 1.50 0.10 20.20 0.25 30
10n4 *Melt 68.25 0.48 5.19 0.37 3.02 0.02| 23.54 0.13 75
10n5 *Melt 9.21 0.29| 66.85 0.38 2.16 0.07 21.79 0.31 93
1002 *Melt 39.88 1.72 4150 1.46 2.02 0.16 16.60 1.09 75
1003 Digenite® 74.03 2.09 3.28 1.94 1.69 0.06 21.00 0.25 75
*Melt 33.39 3.41] 42.83 3.42 2.29 0.07| 21.49 0.33 30
5 wt%
Fe
10a Alloy 28.40 0.41 63.71 0.50 7.88 0.29 0.00 0.00 3N
*Melt 28.34 2.22]  49.76 2.48 2.80 0.72|  19.10 2.99 20
10b Alloy 52.40 0.321 41.08 0.32 6.52 0.13 0.00 0.00 22
Digenite® 65.94 2.52 9.50 2.54 2.93 0.42 21.71 1.18 28
10e1 Alloy 8.10 0.14 83.97 0.13 7.93 0.07 0.00 0.00 30
Melt 10.47 2.84] 68.03 5.98 2.31 1.96 18.19 7.97 20
10e2 Alloy 80.07 0.92 16.53 0.89 3.40 0.13] = 0.00 0.00 63
Digenite® 73.70 2.21 0.31 0.70 4.88 0.41 21.10 1.61 125
10e3 Alloy 16.53 0.14 75.38 0.17 8.12 0.06 0.00 0.00 20
« *Melt 19.95 4.80, 56.26 4,57 1.62 0.30 2217 1.50 20
10k1 Alloy 52.90 0.59 42.49 0.45 4.61 0.40 0.00 0.00 135
Digenite® 73.96 2.71 2.88 2.34 2.24 0.15 20.92 0.69 33
10k2 Alloy 57.28 1.30, 37.87 1.09 4.83 0.75 0.00 0.00 90
Digenite® 7517 1.87 1.24 1.66 2.99 0.20 20.60 0.49 32
1004 Alloy 44.06 0.45 50.46 0.43 5.48 0.05 0.00 0.00 20
Digenite® 74.89 2.28 2.26 2.02 1.83 0.29 21.01 0.22 30
10p2 Alloy 38.55 1.12 54.24 1.03 7.22 0.12 0.00 0.00 20
Digenite® 73.59 2.07 2.72 1.85 2.25 0.20 21.44 0.28 30
*Melt 40.25 1.88, 37.06 1.75 3.51 0.14 19.18 0.45 60
10p4 Melt 7.79 1.69 65.91 2.59 3.73 0.85 22.57 2.73 74
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Exp.no. |Phase Cu ci Ni ci Fe ci S ci :{:é;|0f
10 wt% Fe
10g4 Alloy 76.16 2.48, 14.78 1.05 9.06 1.46 0.00 0.00 188
Digenite 67.12 0.50 0.19 0.07 8.70 0.28] 23.99 0.30 20
10h3 Alloy 46.65 0.25] 40.92 0.25| 12.086 0.16 0.00 0.00 25
Digenite® 67.51 2.49 5.06 2.31 5.34 0.33] 22.08 0.29 18
10h4 Alloy 13.37 047, 7274 0.53 13.74 0.18 0.00 0.00 20
*Melt 22.68 2.82 49.88 2.68 3.99 0.19 23.45 0.47 24
10i1 Alloy 5.29 0.53] 80.64 0.77) 14.07 0.38 0.00 0.00 24
10k4 Alloy 55.86 298 3473 222 9,42 1.40 0.00 0.00 64
Digenite® 72.42 1.34 0.95 1.07 5.28 0.16] 21.35 0.43 20
10k5 Alloy 24.82 1.35] 59.65 0.89 15.53 0.54 0.00 0.00 209
Digenite® 70.15 3.66 2.12 3.03 6.18 0.58, 21.55 0.54 24
*Melt 33.97 4.14] 3548 4.13 7.07 0.57] 23.49 1.22 20
10q2 Digenite® 64.95 2.91 2.90 1.75 9.03 0.85| 23.12 0.42 51
1094 *Melt 10.00 1.03 58.76 1.66 8.70 0.60 21.55 1.73 50
1005 Alloy 23.26 0.25] 62.01 0.43 14.73 0.20 0.00 0.00 20
*Melt 33.18 1.63, 36.57 1.40 6.78 040, 23.46 1.10 50
900°C
Exp. no. |Phase Cu ci Ni ci Fe ci S ci ?:;lof
1 wt% Fe
9b1 Alloy 45.70 054 5246 0.51 1.85 0.03 0.00 0.00 20
Digenite® 76.93 1.74 2.28 1.62 0.45 0,12 20.33 0.35 15
Melt 33.65 1.31| 46.96 1.33 0.82 0.05] 18.56 0.37 8
9b2 Alloy 19.72 0.56, 79.58 0.65 0.70 0.41 0.00 0.00 40
Melt 13.67 378/ 6692 4.14 0.36 0.02] 19.06 0.89 10
9b4 Digenite® 78.82 0.93 0.28 0.49 0.65 0.58 20.26 0.65 119
*Meit 27.65 58 46.88 6.2 1.10 0.12] 24.37 0.54 15
9c1 Alloy 45,91 0.82] 5283 0.81 1.26 0.03 0.00 0.00 75
Digenite® 77.26 1.57 1.73 1.42 0.44 0.06] 20.57 0.26 40
8c2 Alloy 43.87 0.45] 53.49 0.44 2.64 0.04 0.00 0.00 48
Digenite 77.84 1.12 1.11 1.06 0.85 0.06) 20.20 0.24 22
9e1 Alloy 61.96 0.39] 36.48 0.38 1.57 0.03 0.00 0.00 77
Digenite 78.49 0.39 0.53 0.29 0.87 0.13] 20.11 0.32 34
ge2 Alloy 44.75 0.17] 53.31 0.16 1.94 0.01 0.00 0.00 20
Digenite® 77.74 1.70 2.10 1.57 0.59 0.04) 19.56 0.22 65
*Melt 30.35 7.50, 49.46 6.73 0.78 0.18] 19.41 2.02 20
9e3 B-phase’ 67.61 528 7.91 4.23 1.35 0.06) 23.13 7.13 20
*Melt 49.28 6.65] 23.46 522 0.98 0.06) 2627 1.22 20
9e4 Millerite 3.91 0.32] 59.32 0.52 0.97 0.02| 35.81 0.34 50
*Melt 13.25 1.14] 5119 0.85 0.85 0.02 34.71 0.30 121|
gh1 Alloy 43.00 0.81] 54.79 0.72 2.21 0.09 0.00 0.00 20/
Digenite® 77.80 0.86 1.40 0.67 0.43 0.07] 20.38 0.38 34
*Meit 32.51 7.83] 48.11 7.35 0.91 0.17) 18.47 1.74 20
Sh2 Millerite 2.80 0.79] 59.50 0.79 1.04 0.02, 36.65 0.68 20
Vaesite 1.27)  0.14] 4617 0.71 0.13 0.01] 5243 0.74 20
Melt 30.05 2.78] 34.07 2.45 0.90 0.05] 34.98 1.37 36
gh3 3-phase® 71.39 2.81 6.11 2.42 0.78 0.06 2173 0.58 25
*Melt 38.55 3.60 34.89 3.01 0,62 0.03, 25,94 0.50 48
gh4 *Melt 45.52 2.15] 20.94 1.28 1.28 0.05 3226 1.18 32
gh5 *Melt 23.64 2,96 4043 2.44 1.18 0.02| 3475 0.62 33
9i1 Millerite 0.1 0.02 59.91 0.26 1.49 0,02 38.49 0.26 87
Vaesite 0.09 0.02] 46.49 0.32 0.24 0.07, 5317 0.31 77
9n3 B-phase® 66.79 3.57 6.14 2.18 1.13 0.11) 2594 1.49 20
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Exp. no. |Phase Cu ci Ni ci Fe ci ci zloé‘of
ndi.
3 wt% Fe
9c3 Alloy 50.71 0.321 4391 0.31 538 0.07 0.00 0.00 47
Digenite 76.12 0.54 0.67 0.56 213 0.15] 21.07 0.17 17
9c4 Alloy 38.67 043, 5748 0.43 3.85 0.04 0.00 0.00 48
Digenite® 77.74 1.97) 1.19 1.56 0.93 0,06 20.14 0.53 36
of1 Alloy 62.97 1.57] 33.29 1.24 3.73 0.34 0.00 0.00 38
Digenite 78.02 0.74 0.30 0.20 1.81 0.45] 19.88 0.35 40
g2 Alloy 34.26 0.55| 59.51 0.57| 6.23 0.06 0.00 0.00 46
Digenite® 78.41 1.28 0.69 1.10 1.37 0.27] 19.53 0.26 37
*Meit 25.24 2.621 5057 2,55 2.27 017, 21.92 0.77 108
9f3 Millerite 2.91 0.97| 57.80 0.99 3.68 0.04| 35.61 0.33 17
“Melt 14.31 2.54] 5246 2.23 2.71 0.09) 30.51 0.41 30
9i2 Digenite”® 77.27 1.26 1.43 1.15 1.05 0.08) 20.25 0.22 55
“Meit 20.81 3.68 55.14 3.30 1.27 0.07) 22.78 0.29 48
9i3 B-phase® 69.31 2.99 5.80 2.71 2.81 0,09, 22.07 0.42 96
Melt 21.31° 1.91] 4996 1.85 1.68 0.06| 27.05 0.35 37
Si4 Millerite 3.12 0.27, 55.37 0.31 3.32 0.04; 38.19 0.27 82
Vaesite 1.42 0.02, 4445 0.43 0.43 0.01] 5369 0.43 96
Melt 36.61 10.41 29.10 9.37 2.75 0.11 31.54 1.71 45
9i5 B-phase® 68.50 4.16 6.19 3.77 3.17 0.10 22.14 0.52 47
*Melt 25.50 2.94f 4583 2.78 2.40 004, 26.28 0.30 83
9i1 Melt 43.04| 1260 2010 7.40 2,72 0.67, 3413 6.07 50
9j2 Melt 21.39, 1213 4080 1002 2.91 0.12] 34.90 2.31 50
9j3 Millerite 0.10 0.021 56.31 0.54 4.22 0.07] 39.37 0.48 105
Vaesite 0.08 0.02, 4593 0.36 0.58 0.16. 53.41 0.43 91
9i4 *Melt 63.56 071 6.33 0.46 2.69 0.05| 2742 0.33 50
ans Alloy 9.41 0.06/ 85.82 0.08 4,77 0.03 0.00 0.00 10
Meit 8.71 1.44| 68.10 1.26 0.62 0.11, 2257 1.59 20
5 wt% Fe
9¢h Alloy 42 .20 1.13] 52.04 0.92 5.76 0.24 0.00 0.00 54
Digenite 76.19 0.99 1.23 1.09 1.95 0.12| 2063 0.50 25
9d1 Meit 29.86 1.11, 4516 0.89 3.63 0.14, 21.35 0.61 184
9d2 Alloy 55.12 1.82] 3713 1.67 7.75 0.20 0.00 0.00 86
Digenite 74.72 0.60 0.48 0.25 2.98 0.39] 21.81 0.26 35
9f4 Alloy 63.74 047 3042 0.41 5.84 0.10 0.00 0.00 33
Digenite 75.66 0.68 0.22 0.25 3.16 0.39| 20.96 0.37 89
95 Alloy 25.50 0.20, 6499 0.27 9.51 0.13 0.00 0.00 88
Digenite® 75.03 1.18 2.07 1.18 1.66 0.10, 21.24 0.28 63
*Melt 32.03 7.44] 44,99 6.47| 3.07 0.62 19.82 2.00 20
9k 1 Digenite® 85.43 0.94 7.03 0.75 4.75 0071 2279 0.54 37
*Melt 35,74 2.96| 3440 2.76 3.96 0.09] 2589 0.32 40
9k2 Millerite 0.80 0.04; 56.23 0.72 6.34 0.07] 236.63 0.71 20
*Melt 9.46 0.78/ 57.00 0.74 3.75 0.03] 29.78 0.22 40
9k4 Digenite® 70.00 2,47 4.08 2,21 4.49 0.26| 21.46 0.44 20
*Melt 21.28 212 4878 1.88 5.36 0.19] 24.58 0.15 48
9k5 *Melt 44 .51 1.51, 19.40 0.84 2.1 0.06¢ 3397 0.77 32
91 Millerite 2.52 0.55 5447 0.59 5.74 0.08, 37.26 0.63 20
*Melt 38.56 241 2504 2.13 4.59 0.06/ 30.81 0.61 40
912 Millerite 0.07 0.01 57.07 0.59 6.03 0.07| 36.83 0.65 20
Vaesite 0.04 0.01] 486,99 0.64 0.87 0.12 5210 0.62 20
902 Alloy 18.33 0,44 74.35 0.37 7.32 0.15 0.00 0.00 20
*Melt 21.25 202, 56.28 1.80 1.97 0.18, 20.50 0.88 75
903 Alloy 23.62 0.23] 64.83 0.22, 11.55 0.07 0.00 0.00 20
Digenite® 72.8 1.71 2.28 1.59) 3.08 0.07] 21.83 0.22 70
*Melt 30.72 3,20, 44.08 3.14 472 0.29, 20.47 0.82 75
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Exp.no. |Phase Cu ci Ni ci Fe ci ci g;iof
10 wt% Fe
9a3 Alloy 21.17 2.00, 5115 1.15 27.69 0786 0.00 0.00 15
Digenite 73.46 0.75 0.00 0.00 5.20 0.51] 21.34 0.50 273
9d3 Alloy 37.61 1.38] 46.01 1.30 16.38 0.30 0.00 0.00 22
Digenite 72.66 0.67 0.30 0.19 4.40 0.41| 22.64 0.27 67
9d4 Alloy 15.32 022 6773 0.30] 16.95 0.14 0.00 0.00 18
Digenite® 69.95 1.79 2.69 1.41 518 0.26| 2219 0.26 38
ad5 Alloy 42.07 4.47, 3745 2,63 2048 1.93 0.00 0.00 50
Digenite 70.10 0.76 0.42 0.47 6.16 049, 23.32 0.37 61
9g1 Alioy 61.53 0.55| 2823 0,36 1023 0.23 0.00 0.00 11
Digenite 7247 0.97 0.63 0.89 553 0.28) 2167 0.29 40
9g2 3-phase”’ 65.08 2.97 3.63 1.86 7.46 0.84) 23.83 0.35 34
*Melt 23.53 3.82 39.45 3,41 11.24 0.37| 25,78 0.38 35
1993 Melt 4.71 1.97| 52.82 2.31, 12.04 1.10, 30.43 0.41 47
9g4 Millerite 2.97 0.07) 4715 0.40, 11.40 0.20, 3849 0.38 55
*Melt 29.42] 4.20, 30.03 3.49 8.39 0.13] 3215 0.95 20
9i3 Alloy 16.92 0.80 67.21 0.66| 15.87 0.22 0.00 0.00 25
Digenite® 70.54 1.33 2.34 1.17 4.39 0.14) 2273 0.18 29
*Melt 26.45 3.94, 44.29 374, 6.13 0.23| 2312 0.61 28
9i4 B-phase® 65.16 3.56 3.08 2.35 7.68 0.86] 23.18 0.42 40
*Melt 24.11 3.65] 4205 3.23] 10.38 027 23.46 032 40
al5 Melt 41.44 0.31| 18.58 0.23 8.51 0.11) 31.47 0.23 50
9m1 Millerite 3.65 1.10 49.95 0.92] 10.80 0.18) 3580 0.33 50
*Meit 26.23 1.38] 35.20 1.29 7.88 0.11, 30.70 0.18 29
9m2 Millerite 0.14 0.02] 4963 0.271 11.56 0.18] 38.67 0.26 a8
Vaesite 0.10 0.02 4491 0.24 1.64 0.04] 53.35 0.24 100
Sm3 *Melt 58.08 1.07 3.98 0.71 9.47 0.14) 28.47 0.45 92
904 Alloy 20.97 0.78] ©66.22 0,521 12.82 0.39 0.00 0.00 20
Digenite® 72.42 1.35 2.1 1.22 3.51 0.17| 21.98 0.28 40
905 Alloy 15.30 0.31, 7207 0.500 12,63 0.24 0.00 0.00 20
*Melt 20.65 1.65, 53,31 1.57 4.46 0.33] 21.59 0. 86! 74
906 *Melt 10.89 0.65| 61.98 0.92 4.24 032 2278 0.90 75

129




(02 g+

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

800°C
Exp. no. |Phase Cu ci Ni ci Fe ci ci f;lr?élof
1 wt%
8e1 Alloy 81.49 0.21 17.97 0.21 0.54 0.02 0.00 0.00 20
Digenite 78.00 0.45 0.41 0.84 1.35 0.08] 20.25 0.67 40
8e2 *Meit 24.57 2.41 54 .91 2.09 0.47 0.05 20.04 0.72 75
8e3 Alloy 30.39 0.33 6764 036 1.97 0.04 0.00 0.00 20
*Melt 21.79 1.55 58.75 1.52 0.40 0.06 21.06 0.90 75
8ed Alloy 15.76 0.41 82.26 0.41 1.98 0.04 0.00 0.00 20
*Melt 12.93 0.59] 64.95 0.59 0.22 0.01 21.91 0.22 75
8j1 Alloy 519 0.07] 92.55 0.08 2.26 0.03 0.00 0.00 20
Melt 4.26 0.80] 71.94 1.39 0.19 0.08 23.60 1.87 73
8j2 B-phase’ 72.04 2.12 5.46 1.76 1.1 0.04;, 21.39 0.45 75
*Melt 17.60 060, 51.04 0.28 0.57 0.01 30.79 0.11 70
8i3 8-phase® 70.72 3.17 6.35 2.54 1.08 0.04{ 2184 0.70 75
*Melt 19.82} 0.15 49.18 1.00 0.48 0.02, 30,52 0.21 75
8i4 f-phase® 69.83 1.49 5.62 1.26 1.07 0.01 23.48 0.38 75
8i5 Digenite® 77.97 2.28 1.61 2.11 0.34 0.05] 20.08 0.25 50
*Melt 20.53 2.73] 57.28 2.43 0.52 0.04, 21.66 0.51 75
8k1 *Melt 9.30 0.96, 57.99 0.90 1.27 0.04] 31.44 0.36 33
8k2 *Melt 24.48 0.83] 4456 0.75 1.10 0.03] 29.87 0.15 80
8k3 Alloy 60.93 0.46, 37.97 0.46 1.09 0.02 0.00 0.00 20
Digenite 77.90 0.88 042 0.57] 0.69 0.29, 20,99 0.60 14
8k4 *Meit 33.75 212 36.24 1.86 1.08 0.04f 28.94 0.35 59
8k5 *Melt 48.96 1.03 19.57 1.07 1.20 0.02 30.28 0.46 70
8k6 Vaesite 0.04 0.01, 4874 0.49 0.20 0.01 53.02 0.49 18
Millerite 0.06 001 60.10 0.69 1.71 0.05] 38.13 0.71 20
81 B-phase’® 70.45 1.82 3.37 1.46 2.40 0.10, 23.79 0.47 50
Vaesite 1.78 0.38 44.72 0.48 0.16 0.02] 53.34 0.41 20
Exp. no. |Phase Cu ci Ni ci Fe ci ci N°~i0f
anat,
3 wit%
8a1 Melt 9.00 3.75  58.98 3.49 3.27 0.18] 28.74 0.57 84
8a2 Alloy 3.77 0.11 90.57 0.08 5.66 0.11 0.00 0.00 89
Melt 4.13 0.43| 72.87 1.07 0.63 0.11] 22.36 1.40 25
8a3 Alloy 13.35 0.41 80.69 0,38 5.97 0.08 0.00 0.00 72
Melt 16.72 3.89 62.11 3.84 0.99 0.18, 21.19 1.74 16
8a4 Alloy 25.086 0.34) 7028 0.32 4.65 0.11 0.00 0.00 47
*Melt 23.58 2.84 54.96 2.61 1.08 0.14, 20.38 1.04 18
8a5 *Melt 16.98 277 50.93 2.52 3.02 0.08|] 29.07 0.48 30
8f1 Alloy 81.42 0.16 16.76 0.17 1.82 0.04 0.00 0.00 20
Digenite 75.38 0.57 0.42 0.26 3.18 0.42] 21.03 0.26 20
8f2 *Melt 26.61 2.13] 4245 1.83 2.06 0.07| 28.88 0.31 75
8f3 Millerite 1.56 0.870 5919 0.69 1.70 0.02] 37.54 0.26 40
B-phase® 70.77 1.31 2.52 0.98 3.14 0.06, 23,58 0.40 60
8f4 Alloy 60.03 0.47] 35.44 0.36 4.53 0.16 0.00 0.00 18
Digenite 77.91 0.46 0.16 0.06 1.57 030, 20.36 0.27 17
8f5 Alloy 27.75 0.23f 67.73 0.22 4 .51 0.08 0.00 0.00 20
Digenite® 76.44 0.99 1.48 0.87] 0.80 0.10, 21.27 0.21 60
8g1 Digenite® 76.76 0.78 4.53 0.76 0.98 0.07, 20.73 0.19 38
*Melt 21.46 2.36) 55.50 1.98 1.69 014, 21.35 0.69 75
892 Alloy 41.85 0.26) 5164 0.23 6.51 0.10 0.00 0.00 20
Digenite 77.91 0.36 0.59 0.13 1.18 0.24] 20.32 0.23 19
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8i2 B-phase’ 67.20 1.74 5868 1.47 3.93 0.07 23.19 0.41 72
Millerite® 515 0.31) 56.55 0.39 2.64 004 35867 0.36 20
*Melt 27.72 2.13 41.13 1.86 2.00 0.06 28.15 0.33 75
813 B-phase’ 69.51 1.36 1.15 1.21 5.40 0.13 23.94 0.33 40
Millerite® 3.40 0.37) 55.24 0.38 3.32 0.04] 38.04 0.27 40
8i4 Millerite 0.04 0.01 58.14 0.20 3.59 0.04 38.24 0.18 20
Vaesite 0.02 0.02 46.38 0.28 0.40 0.02 53.21 0.28 30
815 p-phase® 66.94 2.13 2.70 1.66 5.58 0.12 24.78 0.54 50
Vaesite 3.06 2.23 43.58 1.80 0.87 0.40 52.49 0.82 20
Exp. no. |Phase Cu ci Ni ci Fe ci ci ;“:;'Of
5 wt%
8b1 Alloy 80.15 0.34 16.65 0.27 3.20 0.11 .00 0.00 34
Digenite 72.30 0.65 0.03 0.04 5.03 0.37 22.65 0.33 40
8h2 Alloy 15.38 0.13 77.23 0.24 7.39 0.14 0.00 0.00 7
Melt 16.10 0.65 61.93 0.98 1.65 0.22 20.32 1.03 27
8b3 Digenite® 72.81 1.34 1.31 1.18 4.30 0.29 21.57 0.31 46
*Melt 19.79 5.65 49.41 4,78 6.06 0.17 24.75 0.56 20
8h4 8-phase’ 70.79 1.38 212 1.06] 4 .56 0.28 22.53 0.23 36
*Melt 32
8b5 B-phase® 68.74 2.16 2.76 1.80 5.03 0.14 23.47 0.51 15
*Melt 19.34 2.88 44 39 2.78 2.76 0.54 33.51 1.53 12
8c2 *Melt 9.32 1.95 57.21 1.64 5.58 0.04 27.89 0.28 20
8c3 Alloy 63.79 4,48, 31.20 3.30 5.00 1.19 0.00 0.00 40
Digenite® 74.90 1.13 0.37 0.87 3.38 0.52 21.36 0.40 47
8g3 Alloy 27.86 0.42 65.67 0.33 6.48 0.12 0.00 0.00 20
Digenite 78.67 0.58 0.56 0.38 0.70 0.26| 20.06 0.25 20
8g4 Alloy 21.90 0.18 70.28 022 7.82 0.17 0.00 0.00 20
Digenite® 75.67 1.27 1.98 1.20 1.45 0.04 20.92 0.18 80!
*Melt 21.35 2.64 54 .45 242 2.01 0.13 22.20 0.58 75
8g5 Alioy 6.33 0.10 87.50 0.24 8.17 0.16 0.00 0.00 20
Melt 7.04 0.95 69.99 0.79 0.88 0.10 22.42 0.75 100
8h1 *Melt 20.5¢9 3.74 55.00 3.53 3.57 0.40 20.84 1.19 100
8h3 *Melt 17.19 6.23 47.44 4.84 549 0.12 29.88 0.84 20
8mz2 B-phase’ 65,86 0.77 0.65 0.52 8.26 0.20, 25.23 032 20
Millerite® 3.48 0.71 52.48 0.56 6.27 0.09 37.77 0.30 49
Vaesite 1.62 0.10 43.62 0.70 0.79 0.04 53.97 " 0.75 40
8m3 B-phase® 87.39 2.40 1.21 1.28 7.73 0.82| 2368 0.41 55
Melt 91
am4 B-phase® 67.44 2.59 2.41 2.12 5.59 0.14 24.56 0.61 69
Millerite® 2.91 0.40 56.04 0.33 3.37 0.05 37.68 0.30 SO]
10 wt%
8cd Alloy 13.85 0.19) 7258 0,24 1357 0.15 0.00 0.00 50
Digenite® 75.16 1.75 0.60 1.05 3.01 0.51 21.27 0.74 20
*Melt 20.90 1.72 53.40 1.38 4,52 0.11 21.18 0.44 12
8ch Alloy 5.01 0.13] 81.35 0.28] 1364 0.20 0.00 0.00 116
Meit 8.43 0.34 65.64 0.56 3.56 0.13 22.38 0.31 9
8d1 B-phase’® 64.32 5.36 3.81 2.38] 7.83 1.97 24.04 1.04 11
*Melt 13.19 2271 5123 1.55] 12.33 0.18 2324 1.08 20
8d2 *Melt 9.71 1.21 53.14 1.82 11.87 0.37 25.29 0.42 50
8d3 Melt 8.56 0.59 53.52 1.02 10.27 0.46 27.65 0.38 9
8d4 *Meit 16.04 1.88 46.68 1.97 8.51 0.08 27.78 0.11 15
8i2 Alloy 11.06 015 74.43 0.21 14.51 0.13 0.00 0.00 20
*Meit 17.92 1.55, 5488 1.21 5.30 0.23] 21.90 0.65 75
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8i3 B-phase’ 66.44 3.71 2.42 202 8.19 1.19] 2295 0.617 42
Melt 11.85 594  51.10 3.85 12.49 0.78 24.56 2.72 80
8i4 *Melt 16.90 2.18 4566 1.82] 1273 0.28, 24.71 0.89 100
8m5 B-phase® 64.46 1.51 2.31 1.26 7.83 0.17) 25.40 0.42 57
Millerite® 3.23 0.44| 5344 0.37 5.69 0.09] 37.63 0.33 80
8n1 B-phase’
*Melt 18.37 564, 4463 4.73 6.22 0.20, 30,78 0.62 20
8n2 3-phase® 60.16 1.60 2.41 1.42)  10.56 0.17| 26.88 0.35 20
Millerite 3.26 1.15] 4875 0.92 9.70 0.12]  38.29 0.34 20
Vaesite 1.51 003 43.72 0.21 1.19 0.04] 53.58 0.20 24
8n3 Millerite 0.06 0.021 5040 0.13] 10.74 0.07] 38.80 0.12 20
Vaesite 0.06 0.01] 4471 0.69 1.75 0.65| 53.48 0.10 20
8n5 B-phase® 59.33 1.41 2.27 1277 11.22 0.19] 27.18 0.34 20
Millerite 2.87 0.79] 4798 0.63] 10.93 0.15 38.21 0.25 20
Vaesite 1.60 0.06] 4364 0.26 1.32 0.06| 5345 0.19 20
700°C
Exp. no. |Phase Cu ci Ni ci Fe ci S ci QI:E-“of
1 wt%
7a1 Digenite®. 79.20 0.55 0.09 0.11 0.60 0.17] 20.11 0.45 96
*Melt
7a2 Melt 7.92 2.63] 69.34 293 0.22 0.17| 2252 1.87 86
7a3 Alloy 78.76 4.69| 20.85 4.56) 0.59 0.20 0.00 0.00 29
Digenite 79.87 0.74 0.10 0.11 0.82 0.24 19.22 0.54 21
7a4 Millerite 2.45 1.35] 61.45 1.30 0.36 0.03 3573 0.20 9
B-phase’ 75.19 2.47 1.77 1.82 0.85 0.15 2209 0.78 136
7¢3 *Melt 12.99 0.70, 63.11 074 1.63 010, 2228 0.51 150
794 Alloy 24.84 0.34] 72.01 0.31 3.15 0.04 0.00 0.00 27
Digenite 79.05 0.27 0.26 0.18 0.35 0.08  20.34 0.20 30
Melt
795 f-phase® 72.80 1.92 2862 1.41 1.74 0.05| 22.84 0.53 30
Millerite 0.88 019, 61.7 0.51 0.84 0.02] 36.57 0.37 20
7h1 B-phase® 74.11 1.75 1.85 1.25 1.83 0.04f 2220 0.65 40
Vaesite 0.85 0.19] 4582 0.46 0.13 0.02 5319 0.33 29
Millerite 1.10 042 60.20 0.54 0.82 0.03] 37.88 0.54 29
7h2 Alloy 27.29 053] 71.04 0.52 1.67 0.02 0.00 0.00 18
Digenite 78.49 1.04 0.66 0.90,. 0.10 0.02| 20.75 0.51 30
Melt 12.87 7.370 63.70 7.47 0.22 0.05 23.21 1.34 50
7h3 Vaesite 0.02 0.02, 48.70 0.23 0.19 0.12| 53.09 0.16 29
Millerite 0.05 0.02, 8075 0.28 1.30 0.02] 37.91 0.28 30
7h4 B-phase 76.51 0.42 0.13 0.07) 0.24 0.02 2311 0.42 40
Millerite 0.47 0.16 5917 0,27, 1.73 0.03, 3883 0.29 30
Vaesite 2.19 1.59] 4345 2.06 0.10 0.04) 54.25 0.55 30
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Exp. no. |Phase Cu ci Ni ci Fe ci S ci Er?élof
3 wt%
7b2 Alloy 58.52 4.22] 37.03 3.38 4.44 0.94 0.00 0.00 49
Digenite 76.32 1.12 0.36 0.95 1.64 0.23 2168 0.32 57
7cd Alloy 22.23 0.43, 7474 0.42 3.02 0.08 0.00 0.00 97
Digenite 79.43 0.51 0.18 0.22 0.40 0.10 19.99 0.46 55
713 Alloy 24.08 0.29] 72.09 0.30 3.83 0.03 0.00 0.00 25
Digenite 79.41 0.43 0.19 0.22 0.48 0.23 19.92 0.20 40
*Melt 16
714 *Melt 10.40 2.52| 6385 2.07 1.51 0.09 24.45 0.47 45
7f5 Alloy 25
Digenite 78.10 0.52 0.865 0.23 1.00 0.26 2025 0.30 30
7g1 f-phase”® 70.46 0.89 1.38 0.68 463 0.08] 23.53 0.28 30
Vaesite 1.06 0.08] 486.20 0.19 0.26 0.02 52.48 0.16 30
Millerite 1.61 0.69 5775 0.62 2.23 0.05 38.40 0.64 30
7g2 Vaesite 0.086 0.02] 46.11 0.39 0.53 0.17 53.30 0.33 30
Millerite 0.08 002, 5872 0.29 3.64 0.06; 37.57 0.28 30
793 B-phase
Vaesite 1.22 1.24; 45867 1.17 0.51 0.13 52.81 0.25 30
Millerite
5 wt%
7¢c1 Alloy 14.29 0.65 78.19 0.55 7.52 0.17 0.00 0.00 20
Digenite 77.60 1.15 0.38 0.84 0.95 0.20] 21.07 0.69 191
7h5 Alloy )
Digenite 77.49 0.80 0.31 0.53 0.81 0.23 21.39 0.47 39
*Meit 11.47 3.02] 60.37 2.80, '3.26 1.04 24.90 0.50 30
7i1 Alloy 12.53 0.45] 717.860 0.45 9.86 0.09 0.00 0,00 20
Digenite 77.39 1.15 0.41 0.93 1.53 0.19] 20.67 0.47 18
*Melt 11.30 1.76] 6258 1.39 1.93 0.10, 2419 0.33 39
7i2 Alloy 12.87 0.78] 77.09 0.58 10.04 0.28 0.00 0.00 16
Digenite® 75.08 1.36 1.25 1.20 2.20 0.10] 2148 0.43 30
7i3 B-phase® 66.42 0.65 0.80 0.37 7.99 0.22 24.78 0.43 55
Vaesite 1.37 0.42] 4558 0.38 0.60 0.08 52.48 0.41 9
Millerite 1.43 0.45] 55.48 0.48 4.65 0.09 38.44 0.57 24
7i2 Vaesite 0.12 0.06 4579 1.19 1.47 1.02 52.63 0.27 20
Millerite 0.09 0,01 55.90 0.32 6.33 0.09 37.67 0.36 20
7j3 B-phase 68.21 0.63 0.26 0.25 4.71 0.15 26.82 0.53 23
Millerite 0.97 0.27] 5420 0.36 7.04 0.14 37.80 0.40 20
\Vaesite 0.74 0.13] 4575 0.30 0.77 0.04 52.74 0.28 20
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Exp. no. |Phase Cu ci Ni ci Fe ci S ci Eﬁ;ﬁf
10 wt%
7b3 Alloy 17.98 0.32 70.01 0.27 12.01 0.16 0.00 0.00 49
Digenite 75.97 1.73 0.78 1.83 2.03 0.25 21.22 0.53 111
7c2 Alloy 13.86 0.290 7761 0.25 8.53 0.16 0.00 0.00 27
Digenite 77.98 1.15 0.38 1.05 1.11 0.24 20.52 0.33 86
7d5 Melt 8.65 3.19, 58,37 3.27 10.46 1.16 24.51 1.52 75
7e1 |Alloy 14.80 0.84) 72.85 0.74 12.35 0.82 0.00 0.00 29
Digenite® 76.46 1.41 0.68 0.56 2.24 0.58 20.62 0.58 35
7e2 Alloy 9.39 0.28) 7576 0.37 14.85 0.17 0.00 0.00 30
Digenite® 7213 1.60 0.82 1.36 3.60 0.10 23.46 0.30 19
7e3 Alloy 66.73 344, 29.29 2.57 3,98 0.89 0.00 0.00 19
Digenite 74.48 0.585 0.32 0.23 3.7 0.37 21.49 0.25 15
Ted B-phase 63.69 2.16 2.66 1.59 8.98 0.28 24.67 1.10 21
Millerite 1.71 022 5293 0.52 9,27 0.13 36.09 0.57 12
7e5 B-phase 66.54 0.62 1.03 0.15 8.13 0.53 24.30 0.35 10
Millerite® 1.63 0.45 5308 0.87 10.40 0.51 34.90 0.81 17
7f1 Vaesite 0.08 0.01 4476 0.23 1.30 0.08 53.87 0.20 30
Millerite 0.09 0.02 51.75 0.38 9.79 0.08 38.36 0.34 40
712 Vaesite 0.75 0.12] 43.99 0.36 1.51 0.26 53.75 0.32 40
Millerite 1.73 0.61 47.00 0.64 12.37 0.14 38.90 0.37 38
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APPENDIX D

Experiment labels according to starting Fe content:

The phase relations and experiment labels at 1200°C.
Starting Fe | 2-Melt field Alloy + Melt Melt

content
1 wt% Fe 1215 1212 1211
1213
1214
1216
3 wt% Fe 12m5 12m2 12m1
‘ 12m3 12mé
12m4
5 wt% Fe 12n1 12n2
12n4
12n5
1205 1202 1201
1203
1204
1206

10 wt% Fe

The phase relations and experiment labels at 1100°C.

Starting Fe | 2-Melt field Alloy + Melt Alloy + Digenite + Alloy + Digenite
content Melt
1 wt% Fe 11b5 11b1
11b2
11b3
11b4
3 wt% Fe 11c1 11¢c5
11c2 11d1
11c4 11d2
11d3
3 11d4
5 wi% Fe [ 11e3 TTe
11e4 11e5
1111
112
1113
10 wt% Fe 11h1 11h5 11g2
11h2 11g3
11h3 1194
11h4 11g5
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The phase relations and experiment labels at 1000°C.

Starting Fe | Alloy + Digenite Alloy + Digenite + | Alloy + Melt Digenite + | Melt
content Melt Melt
1 wt% Fe 10§11 10i4 10i2,3 10i5
10j3 1013 10m4 1015
1014 10m3
3 wt% Fe 10j4 104 101 10g1 10n4
10n2 10g2 1003 10n5
10n3 10g3
10mb5
1002
5 wt% Fe 10b 10p2 102 10p1 10p4
10e2 10e1 10p3
10k1 b 10e3
10k2
1004
10 wt% Fe 1004 10ht 10h4 Digenite:
10h3 10k5 10i1 1092
10k4 1095 10q4

The phase relations and experiment labels at 800°C.

Starting Alloy + | Alloy + | Alloy + B-phase + Digenite | Millerite | Millerite + | Millerite + | Melt
Fe content | Digenite | Digenite + | Meit Melt + Melt + Melt Vaesite + | Vaesite
| Melt Melt
K wt% Fe 9e1 ab1 gb2 Sh3 8h4 Jed gh2 9i1 ghd
9c1 8e3 9h5 9n3
9c2
9e2
Sh1
3wt% Fe | 8f1 9c4d 9ns gi3 9f3 9j2 9j3 9j1
9c3 8f2 9i5 8i4 8j4
gi2
9n4
9n6
5 wt% Fe 9c¢c5 9d1 902 . 9k1 9k4 oKk2 9k3 912 9k5
9d2 g9j5 a1
gf4 901
| Bo03
0 wi% Fe | 9g1 EE 505 514 994 om2 993
9d5 9d4 906 9g2 9m1 a6
9d3 904 9m3
9a3
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Starting | Alioy + | Alloy + | Alloy + | p + | Millerite Millerite Millerite Millerite + | Millerite Vaesite Meit
Fe Digenite | Digenite + | Melt Melt + Melt + + p + | Vaesite + | 48 +p
content Melt Vaesite Melt B
1 wt% | 8et 8e2 8ed 8j2 8k4 8k6 8i1 8k1
Fe 8k3 8e3 8j1 8j3 8k2
8i5 8j4 8k5
3 wt% | 8f 8g1 8a2 8f2 8i4 812 813 83 8at
Fe 8f4 8a3 1 8aS
8f5 8a4
8g2
5 wit% 8b1 8g4 8b2 8b3 Bm2 8md 8c2
Fe 8¢ 8h1 8g5 8b4 8h3
8c3 8b5
8g3 8m3
10 wt% 8c4 8i2 8d1 8n3 8n2 8m5 8d3
Fe 8c5 8d2 8nS
8d4
8i3
8i4
8n1
The phase relations and experiment labels at 700°C.
Starting | Alloy + | Alloy + | Alloy + | p+ Melt Millerite + | Millerite + | Millerite + | Meit
Fe Digenite Digenite + | Melt Vaesite + | B Vaesite
content Melt g
1 wit% | 7a3 7al 7ht 7g5 7h3 7a2
Fe 7h2 7hd 7¢3
7g4 7d1
3 wt% | 7b2 7c4 7gt 792
Fe 73 733
74
715
5 wit% 7i1 7d2 7i3 7i2
Fe 7i2 7j3
7hs
10 wit% | 7b3 7e2 7d3 72 7ed 7 7d5
Fe 7c2 7d4 7e5
7el
7e3
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APPENDIX E

X-ray diffraction patterns of the s — phase and associated Ni-sulphides.

800C NO17 5Fe

8

Lin (Counts)
g

8

i TR W, (W L“LH | A LM A “1 ;J U‘]h dusedn ol o

2 60 7

2-Theta - Scale

Wsooc NO17 5Fe -File: WILLEMO1-1.raw- Type: 2T Thlocked - Start 3.000° - End: 70.000 ° - Step: 0.040 ° - Step time: 15 s - Temp.: 25 °C (Room)- Time Started: 0's -2-Theta: 3.000 ° - Theta: 1.500
[L1144-1418 (*) - Heazlewoodite - Ni3S2

[[122-1193 (N)- Godlevskite - Ni9S8

370471 (*) - Chalcopyrite - CuFeS2

171-0540 (C) - Nickel Suffde - Ni2252519.44

-0476 (C) - Digentte, syn - Cu9S5

800C NO16 3Fe
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2-Theta - Scale
meooc NO16 3Fe -File: WILLEMO1-2.raw- Type: 2Th/Th locked - Start 3.000 ° - End: 70.000 ° - Step: 0.040 ° - Step time: 1.5 s - Temp.: 25 °C (Room)- Time Started: 0s -2-Theta: 3.000 ° - Theta: 1.500
[L1111-0099 (N)- Vaesite - Nis2
[11}42-1405 (*) - Bomite - CuSFeS4
76-2306 (C) - Nickel Suffide - Ni17518
[11126-0476 (C) - Digenite, syn - CuS5
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900C NO20 1Fe
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Eoucumw--mmsum-a raw- Type: 2TWThiocked - Start 3.000 - End 70,000 - Siep: 0.040 * - Step fme: 15 8- Tamp: 25'C (Room)- Time Staried: 08 -2-Theta 3000 *- Theta 1 500
7-1748 ) - Digerite - LSS
(111110080 (N)- Vaeste - Ni52
900C NO16 10Fe

h AT il lul

3 10 k]

[
ﬁ‘l b

2-Theta - Scale
00O NC1B 10Fe - File: WLLEMO1-4 raw - Typer 2TVTh locked - Start 3000* -End: 70000* - || 186-2470 (C)- Pertandite - syréhetic 8t 773 K - Fe5NidS8
44-1418 [7) - Heazlewoodite - NI3S2
[[}28-0578 () - Chalcoci®e-Q, syn- Cut 988
[L133.0481 (N)- Geerite - CL8SS
380416 (N)- Awanues -FeNi3
[L78-1888 (C) - Godlewkits -NBS8
|L126.0476 (C) - Digente, syn - CudS5
(1110008 (N)- Vaests - NiS2
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