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Figure 18: Ni/Co SX Circuit View
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Figure 21: Co and Mg Analyses of Co Strip Liquor
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Figure 22: Zn, Mn Analyses of Co Strip Liquor
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Figure 19: Co and Zn Assays of the Cyanex 272
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Figure 20: Ni and Mg Assays of the Cyanex 272
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Figure 24: Co, Mg, Ni Analyses of Zn Strip Liquor
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ANNEX (TABLES)
Table 4: Composition of a Typical PLS
Ni 17,000
Table 1: Chemical Composition of the NorthMet Cu 20,000
Concentrates tested during the Pilot Plant Fe 3,200
ELEMENT BULK CONCENTRATE Cl 9,470
%, G/T YEAR 1999  YEAR 2000 Al 2,300
Cu % 13.8 14.7 Mg 3,600
Ni 3.52 3.0 ca 540
Fe 28.7 32.9 Co 900
Co 0.15 0.14 Mn 34
s 25.6 26.7 Na 1,400
Si 5.12 4.63 Zn 2,200
Au, g/t 2.24 141 H,S0, 75,000
Ag 44.4 - g/t
Pt 175 2.22 Au 0.1
Pd 8.91 9.90 Pt 0.23
Al 15,000 17,000 Pd 1.03
Ca 35,000 12,000
Mg 12,700 12,000
Mn 320 290
Na 4,100 3,200
Zn 6,000 2,600
Table 5: NaHS Batch Treatment of Pilot Plant Liquor
Table 2: Chemical Composition of the Limestone CONDITIONS % EFFICIENCY PGM CONCENTRATE

tested during the Pilot Plant

Pt Pd % Cu g/t (Au+Pt+Pd)

COMPONENT % MICHIGAN A 100 100 100 46.7 738
LIMESTONE B 100 65 100 3.4 6220
Ca0 54.9
Sio, 0.41
AlLO, 0.09
Fe,O, 0.20
LOI 43.9

Table 3: Average Pilot Plant Results - Leaching

ELEMENT FEED DAYS 1-3 DAYS 7-10
RESIDUE = EXTRACTION% RESIDUE  EXTRACTION %

Cu (%) 14.7 0.086 99.6 0.074 99.6
Fe (%) 32.9 45.06 - 44.07 -

Ni (%) 3.06 0.047 98.9 0.047 98.9
Co (%) 0.14 0.004 971 0.006 96.0
Pd (g/t) 9.90 1.33 90.2 0.72 94.6
Pt (g/t) 2.22 0.164 94.6 0.12 96.0
Au (g/t) 1.41 0.22 88.6 0.20 89.4
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Table 6: Analyses of Two Cu Cathode Samples Produced during NorthMet Pilot Plant

ELEMENT CU-1 CU-2 ASTM
(PPM) B115-93
Se 0.33 0.16 1
Te <0.05 <0.05 0.2 Table 8: Typical Composition of Purified Bleed
Bi <0.001 <0.001 1
ELEMENT MG/L
Cr 0.01 0.003 0.2
Co 650-700
Mn <0.001 0.005 0.2
Ni 11-12,000
Cd <0.01 <0.01 0.2
Mn ~40
P <0.001 <0.001 1
Mg ~3,500
As 0.07 0.05 1
Ca ~b80
Sb <0.005 <0.005 1 -
Si ~38
Pb 0.05 0.15 5
- Cu <2
Si 0.12 0.09 1
Fe <10
Sn <0.01 0.02 0.4
- Zn ~1900
Ni 0.03 0.006 0.8
Fe 0.02 0.01 5
Zn <0.05 <0.05 1
Co 0.02 0.007 0.2
S 2.5 0.8 10
Ag 0.16 0.15 12

Table 7: Average Composition of Bleed Stream

ELEMENT MG/L

Cu 554 Table 9: Analyses of Two Nickel Cathode Samples
Ni 12,138 ELEMENT NI CATHODE ELEMENT NI CATHODE
Fe 3,269 (GT)  SAMPLE SAMPLE SAMPLE 3 SAMPLE SAMPLE SAMPLE 3
Co 643 ) 3 REPEAT ) 3 REPEAT
Zn 1,747 Si, <50 <50 <50 Mg <0.3 <0.3 <0.3
Mn 31 As <5.0 <5.0 <5.0 Co 420 420 420
Ca 565 Ca <5 <5 <5 Fe AA) n7 120 140
Mg 3,086 Si <25 <25 <25 Pb 150 160 160
Al 1,431 Nat <25 <25 <25 Cu 110 110 110
Na 1,102 Se <2.0 <2.0 <2.0 Zn 59 63 64
Cl 5,941 B <10 <10 <10 Cd 29 28 30
H,S0, 17400 Sb <10 <10 <1.0 Sn 15 11 12
Ba <1.0 <1.0 <10 P 14 13 -
Bi <1.0 <1.0 <1.0 Mn 9.5 4.9 5
Ga <1.0 <1.0 <1.0 Na 9.0 6.4 6.7
Vv <1.0 <1.0 <1.0 Al 3.3 2.2 2.1
In <050 | <0.50 <0.50 As 16 16 19
Ag <050 | <0.50 <0.50 Te 0.61 0.62 0.63
Sr <050 | <0.50 <0.50 Cr 0.42 0.34 0.33
Tl <050 | <0.50 <0.50 Mo 0.34 0.33 0.33
Ti <0.50 | <0.50 <0.50 Ge 0.3 0.32 0.32
Be <0.5 <0.5 <0.5 Total 982.1 991.7 983.3
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Table 10: Cobalt Precipitation using NaHS - No Seed

PRODUCT ANALYSES (MG/L, %) % RECOVERY
co NI ZN NI
Start Solution 6,990 614 72.5 100 100 100
Barren <0.5 <1.0 0.95 ~0 0.2 1.0
Co Concentrate 29.9 2.64 0.40 100 99.8 99.0

Table 11: Zinc Carbonate Precipitation at 60°C

PRODUCT ANALYSES (MG/L, %) % RECOVERY
ZN ZN co
Start Solution 61,400 15.9 385 100 100
Zn Conc 1 56.3 - 0.20 86.9 49.9
Zn Conc 2 40.4 - 1.30 13.1 50.0
Final Barren 5.6 11.5 0.2 0 0.1
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