poor predictions, but the "empirical' Nernst equation and the "best
straight line" give average and maximum errors of about 9 and 16

millivolts - a slight improvement over the use of the total corcen~
». » * 4 +
tration ratio. Allowing for the complexes FeHSOZ+ and FeHSO4

as FeSOZ y HSOZ and FeSOZ gives slightly better average and maximum

errors of 8 and 15 millivolts. Including the species FeH804802 and

as weil

Fe(Soé); causes poorer predictions of the redox potential - see
Appendix II1I for the relevant printouts.
The results in Figure 5.6 were obtained by allowing for the com-

-

plex species FeSOZ,HSO4 and FeSOZ, and minimising the sum of the squar-
ed differences between the measured redox potential values and the
"theoretical” Nernst equation predictions, using the values of the
three stability quotients as independent variables. This vesulted in
average and maximum errors of 5,4 and 9,1 millivolts - a significant
improvement over the results in Figure 5.5. Unfortunately the.
values of the stability quotients arising from this regression are not
realistic, The regression and literature values of these quotients

are as follows:

Value of concentration quotient
,$pe01es Value ex Literature values
regre5510g Quotient Ionic strength
Pes0, 555 228 to 84 0,15 to 2,67
Hso; 16,5 35 to 8 0,1 to 3,0
Fesoz 88,0 17% to 1,7 0,15 to 3,4

(*Estimated - see section 4.2.3 and Appendix V)

The calculated ionic strengths, allowing for the above complexes,
ranged between 0,2 and 2,66, therefore the stability quotients should
be inside the above ranges of literature values. This is only true
for HSOZ. The stability guotients of FeSOZ and FeSOZ from the re-
gression are well above the expected ranges. These concentration
quotient values, therefore, should not be taken as physically signifi-

cant. They are merely fitted values which result in reasonable redox
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potential predictions.

c) Individual activity coefficients

Allowing for the existence of complex species and using Debye-Hiickel
individual activity coefficients in the calculation of the species
distribution in solution and the ferrous/ferric activity ratio, gives

the results shown in Figure 5.7. The complexes allowed for are

- + -
FeHSO§+, FeSOZ, HSO, , FeS0§ and FeHSO,. This is in agreement with
the work of Sapieszko et al(48), who found the only ferric species in

2+
4
Beukenkamp and Herrington(21) found the ferrous sulphate complexes to . -

. ' 9 ‘ S :
be FeSO; and PeHSO,. The removal of FeHs0,  and FeHSO, from the

species present, or the inclusion of FeHSO $0, and Fe(SO )-; both re-
, 4774 472

. , + +
acid sulphate solution to be FeSOA, FeHSG, and uncomplexed FeB .

sult in poorer redox potential predictions - see Appendix TII.

The stability constants at zero ionic strength and 25°C for

e . .
FeHSOi s FeSOZ, FeSOZ and FeHSO+, were assigned the following values:
Stability constant at 25°C

Species B

This work Literature alues
2%

FeHSO4 2306 1900  to 4900%*

Feso, 10640 8710 to 13800

FeSO; 161 158 + 18%

FeHs0, 513 HOOH*

. . - o
* Uncertainty in the stability constant of FeSOA

estimated from data in Smith and Martell for
similar species
%% Values estimated from data at non-zero ilonic

strength (5ee section 4,2.3 -~ PAACS ’%5*‘5‘7)

y s 2+ + R : i
The stability constant values for FeHSOz s FeSOa and FeSOZ are within -
the ranges of published values, and can thus be accepted as reasonable, § 

physically significant constants. The value - estimated from
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Beukenkamp and Herrington(31) - from the literature for the stability
constant of FeHSOZ is about 400. Beukenkamp and Herrington did not
control their ionic strength, nor do they give a specific temperature
at which their measurements were made, thu¢ one must presume that room
‘f;temperatdre was used. The value of 400 is therefore unlikely to be
the exact value of this constant. If similar uncertalnty is assumed
for the FeHSOZ as for the ferric analogue (PeHSO ) the llterature
value becomes 400 +~ 176, and the value from this wurk of 513 is 1n~

side this range, and can thus also be accepted as reasonable.

5.2.2 Redox potential at elevated temperature

The redox potential measurements made at 90° C, as well as values re-
ported by Verbaan(38), were correlated by means of the "theoretlcal” v
fNernst equation (section 4.2.1) using individual Dabye~Hucke1 act1v1tyw '
coefficients and allowing for the speciles FeHSOi . TeSOa, HSOQ, Fe504
and FeHSOZ in solution. The resultant predictions and measurements
are shown in Figure 5.8. At 90°C, 52°C and 22°C, good predictions of
the solution redox potential were obtained. Two of Verbaan's(38)
data points at 50°C 1ie a little further away from the "theoretical"
Nernst equation predictioms than the rest of the data points. Verbaan
plotted his measured redox potential values against the ferrlc/fetrous

‘concentration ratio:

[Fa3+}0’[:/{1?e2+} i

At 75°C and 90°C he obt iined straight lines, while at 50°C and 25°C
he éﬁfaiﬁéd curved plots. However, if one neglects the two data
j’péints further‘frOm the Nernst equation predictions (Figure 5.8) at

| 50°C, and plots the remaining three points (against the above ratlo)
as before, Varbaan's results give a straight line, as for bis results
at 75°C and 90°C. Verbaan's results at 25°C can be fitted by a
straight line with accuracy similar to the results for 75°C and 90°C.
The deviation of some of Verbaan's results at 50°C from the theory
presented in this work may be due to a measurement error in Verbaan's
work, since his results at 50°C differ from his results at other
temperatures. Alternatively, the activity ratio hetween ferrous and
ferric ions in solution may be a much more complex funr n than hasg

been assumed in this work. Since the results obtained in this work
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gpan & much grearer range of the ferrous/ferric ratio than Verbaan 5
results, and good predictions of the redox potevtlal have been obtalnw

&d; except for Verbaan's two polnts, it seems 11kely that some measure~

‘*“ént error gave rise to the larger devlatlons of these poxnts from the
,'theory In any event, the maximum error was less than 20 mllllvolts,
‘which is not disasterous. ke :
The'stabllxty constants (at zero ionic strength) for the various
’complexes Wete calculated at the higher temperatures by means. of their

‘values at amblent temperature and the well knOWn equatlnn (39)

d(ln K) _ 4B
4T | RTZ

=

o
Sy
o

D

224

i

Heat of reaction for complex formation
Too= ABSOluté temperaturé
R = Universal gas constant

K = Stability constaat

i,For the complexes reHSO% , FeASO4 -and PeSOA, the assumption of con-"
stant heat of reaction (AH) gave satisfactory results over the tempera~f
ture range studied. These values were found by trial and error (on

the accuracy of redox potential predictions) to be as follows:

Heat of reaction, kJ/mel
Species | . ’ . - ‘References
| Tnis work Literature |
',FeHSO4 63,4 | 75% {5
'?Feusoz | 60,6 70% 1 6
},;waso4 6,5 6,7 3 2,3 47 5 76

*Thege values were estimated, not measured

These heats of reaction are of the same order of magnitude as the
values in the literature, and can therefore be accepted as reasbnable.
| The temperature dependence of the stability constant of HSOZ is
accounted for in Pitzer's sulphuric acid correlation(22), as described

in section 4.2.2(b). This correlatior was used at all temperatures,
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thereforeeiseparate heat of reaction for HSO, formation iexnéﬁfﬁkf
quired. S

The assumptlon of constant heat of reaction for the formatlo

FeSO4 did not give satisfactory redox potential predlCLlODS at e e

vated tc_mperatures~ -Instead, thlS heat of reactlon was assumed t;

a 11near function of temperature, i.e., the spe01f1c heats oﬁ t

FeSO4, Fe3' andSO4 were assumed to be constant over the temper

range studied(39). This gave rise to the folloW1ng expre581on‘for

~the.stability constant as a functlon of temperature.'

o}

~In K . A+ B/T +C in T
f,where: K= Stablllty consfant of FeSO4
e s £ Absolute temperature ‘
A,B,C = Constants
Differentietihg the above equatlon glves the heat of reactlon forﬂ

foxmatlon of FeSO4 as:

1O
A RTz,g(ln,K )

* w2 d

H

~ Thevefore: AH (A+B/™«0C1lnT)

N

Therefore: AH

B

R(C*T - B
and C were found by trial and error
(on the accuracy of the redox poLent1a1 predictions) to be:

‘Tha,values of the'canstants A, B,

A = = 900,421
B = 39110,926
€ = 136,626

”,{’(iheylarge number of dlgxts is rcqulred for accurate expcnantlat1on)

‘The results of SApleszko et al(48) can be used to check the reasonablife;

ness of the above values.
I‘eSO4 at 25 c, 55° C and 80%¢

They measured the stability constant of
C, and their values for this constant can~4
not be accurately represented by an equatlon of the form: 1n K =
A+ B/T (i. e., constant heat of reactlcn)
In K = A+ B/TCInT (as in this work) is ¢
represent ing their data,

An equation of the form:
apable of accurately

Using this form of equation, and the stabili-
ty constant values (at an ionic strength of 2,67) from Sapieszko et

as

02(48) results in the following values for the heat of reaction,
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compared to the values from the present work:

Heat of reaction, kJ/mol
Temperature ‘ - ‘ ;
This work Sapieszko et al
25°C 1 13,5 15,4
55°C | 47,6 43,5
80°C 76,0 I 67,0

The values from this work are similar to those ex Sap1e52ko et aZ(48

and can therufore be accnpted as reasnnable

5.2.:3 ‘Discussion

-

Tre objective of this part of the wotk was to calculate the solutlon { "
edox potential in acid ferric—~ferrous sulphate ‘solution. Flgure 5. 8fﬁ?;g,
shows that this can be done. |

’ The results summarised in Figure 5.8 cover a range of ionic
étrength from about 0,1 to almost 4. Strictly speaking the use of
Debye~ﬂuckel acnmvxty coefficients is not justified in this rauge of
,1onLC‘strangth(7) However, varmcus workers (43,44) have found that
‘ the Debye»ﬂuckel predmctxcns, wheu coupled with complex formation,

give reaﬁonable results at concentratmons far in excess oﬂ those forfw:“ i

whlch,che use of the Debye-Hiickel equation is. accepted as 3ustf"“
The following analysis also serves to Justlfy the use of the. Debye~  "
Hiickel activity coeﬁflcxanta in the range of ionic strength\used-mnw‘w
this work: :

Consider the equilibrium:

o

3+ = +
Fe + SO4 x E‘eSO4

The thermodynamic equilibrium consgtant (or the concentration quotient

at zero ionic strength) is given by:

sy o]
K« FeSO, FesO, |

Tpe* Yso; [Fe%] @04]
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or: “log K =

Where: [ ] = gspecies concentration

v = activity coefficient

The above aquilibrium can also be represented at a specific ionic

strength by a concentration quotieant, i.e.:

[FeSO ]
4 e
re*] [s07]

Values are quoted in the litefature for the eoncentratlon quotxenn ap e

log K!' at a given ionic strength

various ionic strengths (including zero). The effect of aetmv1ty.cpeai‘7
p¢ficient changes can thus be extracted from the literature as follows:

o _ Yeacn®
leg K = log k' + logl %%
| YFEB+ YéOZ‘
; ¥ &
Therefore logl '°>04__ | = log(R/K"
’YFQS‘Q‘ *‘fsom

4

Figure 5.9 was constructed by the above method for the stability quo~
tl%ncs of Fec‘o4 and FeSO& The gymbols represent data points‘galﬁué'

lated from~values quoted in the literature. The solid lines represent
| achvxty coefficient corrections calculated using the Debye-Hiickel

equat;on for individual ionic actxvmty coefficients, at the ionic

strengths indicated. TFor Fesoé values from the literature were used
For FeSOZ no consistent values at non-zero ionic strengths were found,
therefore a number of bivalent metal sulphates were used to generate
data points., This is justified because the bivalent metal sulphata .
complexes are all outer-sphere complexas(49), thus the major effect
influencing their stability constants is electrostatic attraction
between the metal and sulphate ions(50).

Figure 5.9 shows that the use of the Debye~Hlickel equation tor
individual ionic activity coefficients results in reasonable corrections
for ionic strength to the thermodynamic stability constants, Therefore
the use of the Debye-Hiickel equation is considered to be acceptable at
the ionic strengths used in this work, when coupled with complex forma-

tion,
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5.3 Combination of the leaching model with the caleulation

~of solution redox potential

Thé leaching model has been successfully fitted to the experimental
data for leaches 7 and 8, and it has been shown that the mlneral
surface potential is best approximated by the solution redox potentlal
(section 5.1). It was also shown (section 5.2) that the solution

redox potential can be calculated with an error cf 10 millivolts*or,-~ 

less, in the concentration range used in this work. All that remalns,,k;;‘

tharefore, is to combine the leaching model with caleulated solutlon .
redox potential. B o
| Thls was done for leaches 3 ta 6. These leaches were done u51ng

anreasxng amounts ‘of ferrous iron in the initial solutlons, to 1ower,

thc'SOlu lon redox potential, This gave leaching data over a w1de

range of solution redox potentlal

Fcr leaches 3 to 6, tha solutxon redox potentlals ar the tlmes N
of sampllng wera calculatad using the liquid sample composxtlons, by
means of the equations given in section 4.2, with the modified
equxllbrmum constants as detai.ad in section 5.2. These calculatud
potentlalwtlme curvas were used to approxzmate the mlnaral surface
~putentxal«xn leaches 3 to 6. The compnter printouts of these results
aré given in Appendix IX, and the leaching results are sunmarised iﬁ
Figtre?S;kQ; which shows that the leaching model, combined with cal~
cul&tedksblgtion redox potentials, correctly predicts the experimental
reéﬁlts Qf:Leaches 3 to 6. The fit is not as good as for leaches 7
and B.iﬁdividuﬁlly, but this is not surprising. Leaches 3 to 6 cover
a larger potential range and up to four sets of extraction vs time
data are fitted simultaneously by leaches 3 to 6, whereas leaches 7 and
8 were fitted separately. The calculated redox potentials may also
cause a slightly worse fit, due to small differences between actual and
calculated potential valuas.

In summary, therefore, the leaching model has been successfully
combined with the theoretical calculation of the solution redox poten—
tial. This means that the leaching of the matte can now he predicted,
and thus the leaching model can be used as a design tool in scaling=-up
the leaching of this matte. The effect of high concentrations of

nickel, copper and cobalt on the solution redox potential would have
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to be evaluated before the model could be used to simulate the leach~
ing of the matte under industrial conditions, but this is outside

the scope of this work. WNevertheless, since the model is fundamentally
based, it could be expanded to cover industrial leaching conditions,

and to extrapolate small-scale results to plant conditions.

5.4 Effect of temperature

Leaches 9, 10 and 11 were donme at 52°C, 25°C and 28°C respectiveiy;'

The leaching model was fitted to the results of these leaches in
order to find values for the constants K for each element 1eaching

from the various minerals. The values of the constants K (dependence  ,

on potential) were assigned at the various lower temperatures as

follows (see section 4.1.1.3 and 5.1.2.):

From the theory, k = (1 - B1) F/(RT)

The values of the symmetry factor 8y for the various reactions were
assumed to be independent of temperature. This allowed values of k
at the»lowér temperatures vo be calculated, using the valuss of By
found at 90°C.
The values of the various rate constants at the various tempera-
tures investigated are given in the computer printouts for the various B ,
leacheé ih Appendix TX. Plote of In(K) weg the inverse of the absolute~~~c~ix
tewpera&ure were used to evaluate Ahrrenius activation energxes for

the various rate constants from the equation:

K = K exp{- E,/(RD))

where K is the rate constant, K is a frequency factor, R the universal‘

gas constant (R = 8,314 g mol” K ), T the absolute temperature and B,

the activation energy. Figure 5.11 shows typical examples of the plots
. obtained. All the plots are presented in Appendix XI. From the slopes

of these piots, the activation energies were calculated. The values

found are given in Table 5.3

In his study of the diffusivity of the ferric ion, Madson(45)

found that the effect of temperature on the ferric ion diffusivity in

concentrated sulphate solution gave rise to an apparent activation

energy of 22.4 kJ/mol. Madsen stated that, for reactions controlled

by liquid phase diffusion, the apparent activation energy is generally
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TABLE 5.3

Values of the activation energy of the various leaching rate constants

Rate coustant Activation energy,

kJ /mol
Ni ex zlloy 68,7
Cu ex alloy 68,7
Co ex alloy 69,6
Fe ex alloy 68,7
Ni ex troilite - 80,7
Cu ex troilite 77,8
Co ex troilite 102,2
Fe ex troilite 80,0
Cu ex Cu, Fe sulphide 344,5
Fe ex Cu, Fe sulphide 344,5
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between 8 and 25 kJ/mol. The activation energies in Table 5.3 are

far above 25 kJ/mol, thus the assumption made in section 4.1(a},
namely that at no stage does liquid phase diffusion control the leach-
ing rate, is justified. The high values of the activation energies
found indicate that the leaching rates are controlled by chemical

kinetics.

5.5 Dependence of the leaching rate on the unleached

mineral remaining

In section 4,1(f) the assumption was made that the alloy and copper,

iron sulphide phases, which exist as inclusions in the troilite,

leach according to shrinking particle mathematics. The dependence of
the leaching rate of an element m can be expressed as: ‘ ‘
&S
dt

where x = 2/3 for a2 shrinking particle model, x = zero for leaching in
a cylindrical pore, and x = some other value for intermediate leaching
models.

The effect of the value of x on the fit of the leaching model to
the experimental results was examined for leach 9 (52°C) and leaches
7 and 8 (90°C). Various values of x were inserted into the model for
the leaching of nickel from the alloy phas., and copper from the copper,
iron sulphide phase. Table 5.4 lists the various values of x used, and
shows the fit of the model to the data, in terms of total squared |
errors, for the various values of x used. The variousgprintouts are
shown in Appendix IXZ. In the case of copper, the value of x has no
effect on the fit of the model to the data. For nickel at 90°C, x
has a very small ¢ff~~- while at 52°C (leach 9) the effect is larger
than at 90°C (leache..  and 8), but is still not significant, as exami-
nation of the relevai. . printouts in Appendix IX shows. From these
results, therefore, it seems that no significant penalty is incurred
by the assumption of shrinking particle mathematics for the alloy and

copper, iron sulphide phases in this particular matte.
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TABLE 5.4

Effect of X on overall squared errors

a) Leaching of Ni ex alloy:

Total squared errors

X
Leach 9 Leaches 7 and 8

"y -
2/3 5,9-107% 1,9.107°
0,6 5,1.10~4 ' 1,8.107°
0,5 3,8:10™" 1,7.107°
0,4 2,9.107% 1,7.1073
0,3 1,9.10"“ 1,7.1072
0,2 1,2.10‘4 1,8.10"’3

~4 ~3
0,1 1,3.10 2,1.10
0,05 1,5.10“4 2,3.10"3

b) Leaching of Cu ex Cu, Fe sulphide:

% Total squared errors
Leach 9 Leaches 7 and 8

2/3 1,7.1072 3,0.107°

0,5 1,7.107° 3,0.107°

0,25 1,7.1073 3,0.107>

0,1 1,7.1073 3,0.1073
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6.

CONCLUSIONS

The following conclusions are drawn from this work:

a)

b}

c)

d)

)

g)

The leaching of the low grade matte is electrochemical in

nature,

The leaching mechanism for galena (PbS) fits the experimental
results for the leaching of this matte, which is mainly
troilite (FeS).

The leaching of the matte can be modelled by a shrinking
particle model, along with an electrochemical rate ex-
pression. Because the model uses the measured quantative
matte composition (alley, troilite, copper, iron sulphide
and magnetite phases), it is fundamentally sound, and should
be able to be applied elsewhere with confidence.

The matte surface potential during leaching is best
approximated by the solution redox potential,

The solution redox potential can be calculated from the
Nernst equatlon, using Debye-Hiickel activity coefficlents,
if the various sulphate complexing equilibria are taken
into account.

The leaching model has been successfully combined with
calculated solution redox potentials, to predict leaching
rates.

The elemental sulphur formed on the matte particles during
leaching does not affect the leaching rate.
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)

b)

e)

APPENDIX I

Print-outs of results of matte phase calculations

X~ray diffraction data
Individual microtrac particle size analyses

Printouts of the results of the matte phase

calculations
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X-ray diffraction data

The X-ray diffraction measurements were done on a Phillips X~ray
diffraction unit, using powdered matte samples. The X~ray patterns
obtained were compared with those of known minerals. These reference
patterns were taken from the 'Powder Diffraction File" (Inorganic
Centre for Diffraction Data, 1601 Park Lane, Swarthmore, P.A. 19801,
U.S.A.)

Similar results were obtained for all the matte fractions ex the
Warman cyclosizer. Tables 1.1 and 1.2 give the measured interplanar
spacings and X-ray peak intensities for cyclosizer fractions 6 and 2
(i.e. coarse and fine fractions) respectively. Figures 1.1 and 1.2
give the same information in graphical form, along with the X-ray
diffraction patterns for troilite (Fe$: card 24 - 80 of the Powder
Diffraction File) and two types of pyrrhotite (Fel~x8: cards 79 - 723
and 79 - 723A of the Powder Diffraction File; and Fe758: card 24 - 79
of the Powder Diffraction File). The matte X-ray diffraction patterns
in Figures 1.1 and 1.2 are very similar, which shows that the same
phases are present in the coarse and the finer size ranges represent-
ed.

For both types of pyrrhotite, there are significant X-ray
diffraction peaks at interplanar spacingsof 5,7 and 5,8 angstroms.
These peaks do not appear in the patterns for troilite and the matte.
This implies that the matte does not contain pyrrhotite, since two
significant pyrrhotite peaks are missing from its X-ray diffraction
pattern. The similarity between the matte and troilite patterns in-
dicates that the matte containg troilite. Figure 1.3 shows a part of
the X~ray diffraction patterns for the matte, and troilite and pyrrho-
tite, on a longer interplanar spacing axis. For pyrrhotite, there are
multiple peaks at interplanar spacings of about 2,1 and 2,6 angstromé.
At these interplanar spacings, the matte and troilite only have single
peaks, which is a further indication that the matte contains troilite
and not pyrrhotite as the major phase.

The other phases present (iron-nickel alloy, copper irom sulphide
and magnetite) were identified by means of the smaller matte X-ray
diffraction peaks, and the electron microprobe analyses given in

section 2.1.
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TABLE 1.1

%-ray diffraction data for the matte-cyclosizer fraction 6

_ Interplanar Relative Interplanar Relative
spacing, intensity, spacing, intensity,
Angstroms % Angstroms % |

0,99493 1 1,6% 1
1,0499 1 1,90 1
1,0532 2 1,62 1
1,0784 1 1,63 3
1,0821 1 1,7168 32
1,0842 1 1,745 3
1,086 1 1,75 3
1,088 1 1,79 2
1,093 1 1,80 2
1,1078 2 1,93 3
1,1159 3 1,94 1
1,126 1 2,09 160
1,1315 1 2,15 3
1,1809 1 2,52 4
1,1826 1 2,66 48
1,1853 1 2,92 3
1,224 1 2,98 32
1,2684 1 3,35 1
1,2711 1 4,731 1
1,31 2 5,04 1
1,33 4

1,44 2

1,46 3
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TABLE 1.2

X-ray diffraction data for the matte~cyclosizer fraction 2

Interplanar Relative Interplanar Relative
spacing, intensity, spacing, intensity,
Angstroms % Angstroms Z
0,925 1 1,325 5
| 0,927 1 1,33 5
0,976 1 1,34 1
0,992 1 1,42 1
0,994 1 1,44 2
1,02 1 1,46 2
1,03 1 1,48 2
1,049 1 1,51 1
~ 1,0527 2 1,63 3
1,10 2 1,72 30
1,11 3 1,74
1,13 1 1,78
1,16 1 1,93 4
1,17 1 2,09 100
11,1809 1 2,146
11,1853 1 2,47
1,19 1 2,52
1,22 1 2,65 40
1,26 1 2,984 30
1,28 1 3,33 3
1,31 2 4,71 2
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MATTE SLZF DISERIBUTION MICROTRAC ANALYSES

Particle size, Percentage smaller (cumulative)
microns Individual samples Average
2,8 7,21 5,41 7,29 7,8 6,83 |
5,9 13,4 | 14,4 | 14,3 | 12,4 13,63 ;
5,5 23,4 26,6 | 26,4 | 21,9 24,08 §
7,8 35,9 32,3 | 33,3 | 34,1 33,90 f
11 41,9 38,9 | 42,3 | 41,5 41,15 S
16 55,21 34,1 | 55,2 | 52,5 54,25
22 63,5 61,0 | 61,3 | 61,9 61,93
31 70,2| 87,0 | 74,5 | 69,5 70, 30
44 79,5] 83,5 | 89,4 | 81,1 83,38
62 89,5 86,4 | 91,7 | 86,1 88,43
88 100 | 95,0 | 91,7 | 93,2 94,98
125 100 {100 95,3 | 99,9 98,80
176 100 [100 |100 99,9 99,98
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APPENDIX II

_Results of leaching experiments for leaches 1 to 8.

Raw data:
1) Experimental measurements
ii) Mass balances

1i1) Extractions ué time data
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Raw data for leach: 1 (Liquids)

Time, ‘Samplek Assay, g/l rAsSay, mg/1 » g

mins. vol., ml. 3 o - - il S S f

~ Fe Fe 303, ML Cu - (o |
0 101,2 0,0 22 1 5
26 99,6 | 3,65 112 63 K
15 2 98,2 | 4,90 158 77 | 1
30 26 | 97, 6,05 | | 196 90 13
60 23 | 97,0 | 7,29 225 10 | 14
l120 | 25 9,1 | 8,48 243 | 112 | 15
180 23 95,9 9,34 251 | 118 | 16
260 25 95,5 | 9,83 256 | 123 16
300 23 95,0 | 10,19 265 127 17
| 360 25 95,1 | 10,50 265 130 17
420 25 95,1 | 10,70 269 133 17
Preg. 94,8 | 10,80 268 133 17

Wash A 5,02 0,12 3,3 1,51 0,1

Volume of liquid into leach : 1,5 litres
Volume of liquid ex leach : 1,22 litres
Wash water volume (Wash A) : 2,84 litres
Wash water volume (Wash B) -




Raw data for leach: 1 (Solids)

Assay, mass %

Fe 1 ‘)» .

Solid
‘Ni f Cu Co
Matte into leach: 3,97 | 2,07 0,19 | 59,1
‘solids ex preg. liq.:| 0,62 | 0,28 | <0,05 | 23,0
Solids ex samples: 1,32 | 0,73 0,08 | 38,6
Misc. solids out: 1 | 0,77 0,09 | 42,6

Hasses recorded:

' Matfé‘into leach :
“Sdlidé ex preg. lig.:

ds ex samples

{sc. sollds out :

10,00 grams
2,66 grams

0,82 grams

0,47 grams
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Hass balance for leach:

Into leach
Matfe in
Liguor in

Therefore: total in

Ex leach

Solids ex preg. lig.
Solids ex samples
Misc. solids out
Pregnant liquor
Wash A liquor
Wash B liquor
Samples

Therefore: total out

Mass balance, % (Out/In)

% extraction

Mass, mg

Ni

“Cu

Co

397

207
1,5

19

1518 |

430

208,5

26,5

16,5

10,8

6,6
327

9,4‘ :

55,0

7,4
6,0
3,6
162,3
4,3

26,4

<1,3
0,7

0,4
20,7
0,3 |

3,6

0,6

0,2
128,8 |
il;& 8

25,8

425,3

210,0

<27,0

28,9 .

<102

106,2

95,3

95,6

> 94,1

91,0




Extraction vs. time data for leach: 1|

Time; Per cent extragtion
mins. Ni Cu Co Fe |
0 0 0 0 0
6 34,7 | 4b,9 31,6 28,3
15 52,4 55,1 47,4 39,0
30 67,0 64,5 63,2
60 78,2 71,7 71,1 57,3
120 85,2 | 80,4 79,0 68,4
180 88,2 84,8 86,9 4,6
260 90,2 88,6 | 86,9 | 782 |
300 93,6 91,3 94,8 82,1 |
360 93,6 93,5 9,8 | 82,8
420 95,2 95,6 ou,8 | 85,7




Raw data For leach: 2 (Liquids)

Time, Sample Assav, /1  Assay, mg/l
mins. vol., ml. Fe3+ F62+ SOz M1 cu Co
102,7 | 0,00 | 22,8 | 1,92 u,9 |
17 98,9 | 3,79 | 116 | 67,9 | 9,11
15 20 97,2 | 5,20 171 | 86,2 | 11,8
30 22 97,3 | 6,25 204 97,5 | 13,3
60 25 96,9 | 7,39 230 |18 | 14,8 |
120 26 96,1 | 8,68 251  |121 16,2 |
180 20 95,2 | 9,41 256|127 | 16,5
240 28 95,3 | 9,88 261 130 | 16,9
300 23 94,4 | 10,23 265 133 17,2
360 | o4 94,8 | 10,51 266 |13 | 17,2 |
420 22 93,7 | 10,76 270 (138 17,8
Preg. ; 93,9 | 10,74 270 137 | 17,8 |
Wash A 0,95| 0,14 | 3,92 2,071 <1
Wash B 0,70{ 0,10 4,23 | 3,74 | <1

Volume of liquid into leach : 1,5 litres

Volume of liquid ex leach : 1,23 litres
Wash water volume (Wash A) : 1,29 litres
Wash water volume (Wash B) : 1,56 litres
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Raw data for leach: 2 _(Solids)

Assay, mass %
Solid ' , ‘

N1 Cu Co - Fe

Matte into leach:  { 4,01 2,06 | 0,19 | 58,8
Solids ex preg. liq.:| 0,51 | 0,19 | <0,05 | 18,0
Solids ex samples: 1,35 | 0,73 0,08 | 38,6

Masses recorded:

Matte into leach : 10,00 grams
Solids ex preg. lig.: 2,68 grams
Solids ex samples 1,58 grams
Misc. solids out : zero
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Mass balance for leach: 2

- Mass, mg Mass, g}

e cu | co | Fe |
Matte in | so1 206 | 219 5,88 |
dgquor in el 2,9 7,35 154,05
cnerefora; total in 435,2 | 208,9 | 26,35 . 159,§3 71~
Ex leach
Sollds ex preg. liq. 13,7 | 51| <1,3 | o8
Solids ex samples 21,3 | 11,5 1,26 | 0,61
Misc. sollds out | ,
Pregnant liquor 332,1 168,5 21,89 }128,66
Wash A liquor 5,1 2,7 0,34 | 1,41
Wash B liquor 6,6 5,8 0,43 1,24
Samples 53,0 | 26,4 | 3,48 | 22,05 |
Therefore: total in 431,8 | 220,0 | <28,7 154,45
Mass balance, % (Qut/In) 99,2 105,3 K109 96,6
% extraction 96,1 97,1 97,1 | 91,8




Extraction vs. time data for leach: 2

Time, Per cent ¢xtraction
mins. Ni cu | o Fe

0 0 0 0 )

6 36,1 47,4 31,1 31,2 |
15 57,4 60,6 51,0 42,5 |
30 70,2 68,7 62,0 51,2
60 80,3 76,3 73,1 60,7

120 88,4 85,6 | 83,5 71,7
180 90,3 89,9 85,7 78,0
240 92,3 92,1 88,6 82,1
300 93,8 9,2 90,8 85,1
360 9,2 96,4 90,8 87,5
4520 95,8 £97,8 95,3 89,6




Raw data for leach: 3 (Liquids)

Time, Sample k Assay, g/l | Assay, mg/1
mins. vol., ml. :
Pt | Fe? | sof| mi cu | Co
0 101,3 0,00 22,8 | 1,88 | 4,99
6 24 98,1 3,65 112 66,8 | 8,64
15 | 30 96,7 5,05 | | 160 83,4 | 11,0
30 23 | 95,4 4,25 202 97,0 | 13,1
60 26 94,5 7,41 230 108 | 14,8
120 24 95,1 8,80 252 123 | 16,3 |
180 23 94,6 9,58 262 132 17,0
240 26 93,5 10,01 | 263 | 135 | 16,8
300 24 93,5 10,50 269 141 17,1
1360 22 93,3 | 10,59 271 W | 17,7
420 25 °7,) 10,94 274 142 17,9 |
Preg. | 93,8 | 10,80 271 140 17,9 |
Wash A 0,87 0,13 3,48 1,70 |<1
Wash B 0,67 0,10 3,32 1,29 |<i

Volume of liquid into leach ¢ 1,5 litres

Volume of liquid ex leach s 1,21 litres
Wash water volume (Wash A) : 1,51 litres
Wash water volume (Wash B) ¢ 1,49 litres
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Raw data for leach: 3 (Solids)

Assay, mass %
Solid —
Ni k Cu Co  Fe’
Matte into leach: 3,98 2,02 | 0,19 | 8,9
| solids ex preg. liq.:| 0,63 0,27 | <0,05 | 23,4 |
i Solids ex samples: 1,38 0,75 | 0,09 | 39;;'ff‘
| Misc. solids out: | " s

Masses recorded:

Matte into leach : 10,060 grams
Solids ex preg. liq.: 3,15 grams
Solids ex samples : 1,22 grams
Misc. solids out : Zero
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tass balance for leach:

3

Into leach
Matte in
Liquor in

- Therefore: total in

Ex leach

Solids ex preg. liqf
Sblids ex samples
Miso; solids out
Pregnant liquor

Wash A liquor

Wash B Liguor
Samples

Therefore: total out
Mass balance, % (Out/In)

% extraction

Mass, mg Mass, g
Ni Cu Co Fe
398 202 19 5,89
34,2 2,8 7,49 | 151,95
| 432,2 | 208,8 | 26,49 |157,84 |
19,8 | 8,5 | <1,6 | 0,74
16,8 9,2 1,10 | 0,48
327,9 | 169,46 | 21,66 |126,57
5,3 2,6 0,35 | 1,51
4,9 1,9 0,32 1,15
56,3 | 28,7 3,69 | 25,44
431,0 |220,3 | 28,72 |155,89
99,7 |107,6 [|<108,4 | 98,8
o,k | 95,3 | 96,2 | 8,6
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Extraction

vs. time data for leach: 3

Per cent extraction

Fe o iiiiian

Time,
mins. N Cu ~ Co
0 0 0 0
33,7 4,8 26,8

15 51,9 56,2 44,1 39,0
30 67,8 65,6 | 59,4 | 48,2 |
60 78,4 73,2 71,9 | 57,3
120 86,7 83,6 82,9 | 68,4
180 90,5 89,8 88,0 7436
240 90,9 91,9 86,6 | 78,2 |
300 93,1 96,0 88,8 82,1
360 93,9 96,0 93,2 | 82,8
420 95,0 96,7 9,6 85,7




Raw data fFor leach:

4  (Ligquids)

~Wash water volume (Wash B)

137

1,20 litres

Time, Sample Assay, g/l Assay, mg/l
mins. vol., ml. N Y - ’ ‘ ,‘,‘
Fe Fe 804' N ~Cu ‘CQ,;
0 102,9 | &,9% 3,1 | L6 | 6,43 |
6 25 98,2 | 8,9 110 59,0 | 9,45 |
15 24 | 97,3 | 10,20 146 70,7 | 11,1
30 20 96,0 | 11,50 178 82,0 | 12,9
60 24 94,7 | 13,13 214 | 95,7 | 15,0
120 29 14,63 243 [110 | 16,9
180 27 93,5 | 15,50 256|120 17,7 |
240 23 93,6 | 16,18 264 130 18,4
300 23 92,7 | 16,64 267|137 18,7
Preg. 93,5 | 17,20 275 143 19,2
ffash A 1,27 0,26 4,60 | 2,27 | <1
‘Wash 8 | 1,37 0,23 4,79 | 2,47 | <1
Volume of liquid into leach 1,5 litres
Volume of liquid ex leach : 1,265 litres
Wash water volume (Wash A) 0,99




Raw data for leach: & (Liquids)

;“Ca P :

Time, Sample Assay, g/l Assay, mg/l
mlns. vol., ml. Fes+ Fe2+ SOZ N cu
102,9 | 6,9 31,1 | 1,46 |
; 25 98,2 | 8,90 {110 59,0 | 9,45
15 24 97,3 | 10,20 | 146 70,7 | 1
30 20 96,0 | 11,50 178 82,0 | 12,9 |
60 24 94,7 | 13,13 216 | 95,7 | 15,0
120 29 14,63 263|110 | 16
180 27 93,5 | 15,50 254|120
240 23 93,6 | 16,18 26t 130
300 23 92,7 16,64 267 137
Preg. 93,5 | 17,20 275 143
Wash A 1,27| 0,26 4,60 | 2,27
Wash B 1,371 0,23 4,79 | 2,47
Volume of liquid into leach : 1,5 litres
Volume of liquid ex leach : 1,265 litres
Wash water volume (Wash A) : 0,99
Wash water volume (Wash B) ¢+ 1,20 litres




Raw data for leach: 4  (Solids)
Assay, mass %
Solid

Ni Cu Co Fe
‘Matte into leach: 3,94 2,10 0,19 | 58,1
Solids ex preg. lig.:{ 0,86 | 0,70 | <0,05 27,2 |
Solids ex samples: 1,81 l,lé : 0,11  ‘¢3,8'M; ;
Ferrous sulphate in: <0,1 1 <0,1 1-<0,05 . 20’l5 ij3,é 

MassQS'recarded:

Ferrous sulphate in
_ Matte into leach
Solids ex preg. liq.
- Solids ex samples
Misc. solids out

: 50 grams

10,00 grams
: 4,42 grams
: 1,13 grams
- zero
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Mass balance for Jleach: &

Into leach

Matte in
Liquor in
Ferrous sulphate in

Ex leach

Solids ex preg. lig.
Solids ex samples
Mise. solids out
Pregnant liquor
WYash A liduor

Wash B liquor
Samples

Therefore: total out
Mass balance, % (Out/In)

% extraction
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Hass, gl

~5f81£?’&‘

Mass, mg

Ni Cu co | Fe |
394 210 19

46,7 2,2 9,65 | 154,28
5860,7 | 212,2 | 28,65 170,24 |
38,0 30,9 <2,21'| 1,20
20,5 12,7 1,24 0,49 |
347,9 | 180,9 | 24,29 | 139,97 |

4,6 2,2 0,31 1,51
4),1 19,7 2,94 | 21,13
457,8 | 2494 | 31,42 | 166,22 |
103,9 | 117,5 | 109,7 97,6
89’1 d - 77fo




Extraction vs. time data for leach:

L

Per cent extraction

Time;
mins. Ni Cu Co Fe
0 0 0 0 0
6 29,2 13,8
15 42,5 23,5
30 5k, 4 33,4
60 67,7 45,8
120 78,4 57,2
180 82,5 63,9
240 86,2 69,1
300 87,3 72,7
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Raw data for leach:

5 (Ligquids)

Time, Sample Assay, g/l Assay, mg/l
mins. | vl ML TEST re2 sof | i Cu Co
96,6 | 18,69 33,7 3,75 | 7,61
26 | 95,8 | 19,65 on,6 | 52,8 | 9,52
15 26 95,0 20,40 128 62,4 10,8
30 26 94,0 | 21,44 158 | 71,3 | 12,6
60 25 93,6 | 22,9 190 83,1 | 14,4
129 20 93,0 | 24,83 216 98,5 | 16,3
180 23 91,9 25,50 224 106 16,9
240 23 91,7 26,05 232 114 17,5
300 19 91,4 26,70 236 122 17,8
360 24 90,7 27,03 241 129 18,1
420 23 90,9 27,30 245 135 18,4
Preg. 90,5 27,24 248 137 18,5
Wash A 1,11 | 0,8l 4,34 | 2,71 | <
Wash B 1,29 0,36 3,91 1,54 | <1
Volume of liquid into leach 1,5 litres
Volume of liquid ex leach 1,27 litres
Wash water volume (Wash A) : 1,06 litres

Wash water volume (Wash B) 1,75 litres
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faw cata for leachs 5 (So0lids)

Assay, mass %

Mise. solids out:

Solid
Mi Cu Co Fe
Matte into leach: 3,96 2,12 0,19 58,7
Solids ex preg. lig.y] 1,08 0,93 0,06 33,7
Sollds ex samples: 1,90 1,20 0,12 49,6

Hasses recorded:

Matte into leach
Solids ex preg. lig.:

Y

Solids ex samples
Mise. sollds out

10,00 grams
3,53 grams

1,29 grams

zero
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Mass balance for leach:

Into leach

Matte in
Liquor in (+FeS0,)

Therefore - »tal in

Ex leach

Solids .ex preg. lig.
Solids ex samples
Misc, solids out
Pregnnant liq&or
Wash A liquor

Wash B liquor

. Samples

Therefore: ﬁotal out

Mass balance, % (Out/In)

% extraction

Mass, ﬁg Mass; g
Ni Cu Co Fe
396 212 19 5,87 |
50,6 5,6 11,62 | 172,94 |
446,6 | 217,6 | 30,42 | 178,81 |
37,1 |1 32,8 2,12 | 1,19
24,5 29,4 1,55 | 0,64
315,0 174,0 23,50 | 149,53
4,6 2,87 0,36 | 1,61
6,8 2,7 0,46 | 2,89
45,2 22,4 3,51 | 27,24
433,2 | 264,2 31,50 {183,1
97,0 | 121,4 | 103,6 |l02,4
89,6 - 86,9 | 73,7




Extraction

V5.

time data for leach: §

Per cent extraction

Time,
mins. Ni Cu Co Fe
0 0 0 0 0
6 25,5 15,2 7,1
15 39,4 25,5 13,3
30 52,0 39,8 | 22,3
60 65,3 54,2 35,7
129 76,2 69,3 52,4
180 79,6 7h,1 58,4
240 82,9 78,9 63,3
300 84,6 81,3 69,1
360 86,7 83,7 72,0
420 88,3 86,1 74,4
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Raw data for leach:

6 (Liquids)

Time, Sample Assay, g/l Assay, mg/l
mins. | vol, mh. Feot | Fet s0, | Mi Cu Co
0 93,3 33,63 37,8 4,33 | 9,1t
24 93,4 33,88 96,6 | 41,5 | 10,6
15 25 92,4 34,25 138,0 | 49,6 | 12,1
30 23 92,0 35,26 166,2 | 57,0 | 13,4
60 27 91,1 36,31 189,2 | 64,6 | 15,0
120 21 90,2 38,00 205,6 | 74,0 | 16,3
180 24 89,3 | 39,03 215,3 | 79,6 | 17,2
240 21 89,0 39,95 222,8 | 84,7 | 17,8
360 24 89,1 40,69 231,6 | 9,7 | 18,6
Preg. 88,3 41,14 234,9 |111,5 | 18,8
Wash A 1,66 | 0 3,99 | 2,29 | <1
Wash B 1,00 0 2,151 0,55 | <1
Volume of liquid into leach 1,6 litres
Volume of liquid ex leach : 1,38 litres
Wash water volume (Wash A) 1,06 litres

Wash water volume (Wash B) 1,36 litres
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Raw data for leach: 6  (Solids)

Assay, mass %

Misc, solids out:

Solid
r
Ni - Cu Co Fe
Matte into leach: 4,00 2,18 0,20 58,9
Solids ex preg. liq.:| 1,28 1,10 0,09 | 35,7
50lids ex samples: 1,89 | 1,36 0,13 51,8 |

Masses recorded:

Matte into leach
Solids ex preg. lig.:
Solids ex samples
Misc. solids out

10,00 grams
4,62 grams
1,09 grams

Zero
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Mass balance for leach:

6

Into leach

Matte in
Liguor in (+ FeSOQO

Therefore: total in

Ex leach

Solids ex preg. liq.
Solids ex samples
Misc. solids out
Pregnant liquor
Wash A liquor

Wash B liquof
Samples

Therefore: totél out
Mass balance, % (Out/In)

% extraction

r——

Mass, hg Mass, g
Ni Cu Co Fe
400 218 20 5,89
60,5 6,9 14,6 | 203,0
460,5 | 224,9 | 34,6 | 208,89
59,1 | 50,8 4,16 | 1,65
324,2 153,9 25,94 1 178,57
4,2 2,4 | < 1,06 1,76
34, 4 12,8 2,85 | on,2
445,4 1 235,4 | <36,81 | 208,10
96,7 | 1o4,7 } <106,4 | 99,6
82,3 74,7 75,9 | 65,9
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Extraction vs. time data for leach:

6

Time, Per cent extraction
mins. Ni Cu Co Fe
0 0 0 0 0
6 24,6 25,9 11,8 -
15 41,8 | 31,6 23,8 -
30 53,5 | 36,7 34,3 12,2
60 63,2 52,0 47,2 21,6
120 70,1 48,6 57,7 37,2
180 74,1 52,5 64,9 46,7
240 77,2 56,0 69,7 55,3
360 80,9 63,0 76,2 82,0
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Raw. data for leach:

7 (Liquids)

Time,

mins.

Sample

vol., ml.

Assay, g/l

AsSéy, mg/l

Fe Feot

50

£ 0

NL.o|

Cu

7 CO ’:; 

16
30
60

120

182
240
300
360
420
Preg.

‘ Wash A

Wash B |

23,1

25,3
28,4
21,8
23,1
21,3
17,3
21,3
20,9

16,0

99,4 2,50
98,0 3,75
57,5 | 4,70
97,0 5,80
95,9 6,90
26,1 7,65
94,2 | 8,05
96,4 8,50
9,2 8,90
96,0 9,20
95,7 9,15
- l,lo 0
1,04 |

99,8 0,03

292

297

300
301
298

296

293

294
299
305
289
284

| 33,7

122

169

200
222
236
U
248
253
256
260
258

2,69
5,18 |

1,42 :
61,6 |
75,5 | A
' ;,1455  3‘ 
158 |
&9
18,2 |
18,4
3 18, 8
18,6 L
‘O}DS = e

94,1 1

105
112
114

118

121
124

122
1,52 |

7,80 |

10,8 |

0,26 | g

Volume of liquid into leach :
Volume of liquid ex leach H
Wash water volume (Wash A)
Wash water volume (Wash B)
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1,635
1,345
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1,355
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litres
litres
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Raw data for Leach: 7 (Potential)

Time,
| Mins,

Electrode potential, ;v | = e

© Platinum |  Matte | = Residue |

| 73 | s
e R
w6 | 576 | 450
30 | 568 L ubh
e | s 457
120 | sse | unl
182 552 166
200 | 552 455
300 548 Uh6
360 | 547 436
w20 | sS4 w3y

ALl potentials are vs. S.C.E.

150




: Raw datﬁ for leach: 7 (Solids) ‘

Solid

| Matte into leach: | 4,00 | 2,16 | 0,197
| Solids ex preg. lig.:| 1,34 Oi75l-};550833‘5.rf‘““
] Solids ex samples: 1,51 51,05;;';5,092 jf

| Misc. solids out:

Masses recorded:;

Matte fnto leach 10,00 grams

Solids ex preg. liq.: 2,78 grams

s

Solids ex samples 1,42 grams
‘Mise. solids out : zero




Mass balancg forfleach: -7 ; _ .

Mass, mg. .

Into leach | |
Matte in ‘ | o0 | 216 : ~L9,7*5; J
Liquor in ‘ 55,1 | 2,3 | 12,75 | 1

Therefore: total in | 455,1 | 218,3 | 32,85 |

Ex leach

Solids ex preg. liq. , 37,3 20,9 | 2,31
Solids ex samples - 2L,4 14,9 1,31 |
Misé; solids out |
: | Pregnant liquor 347,0 | 14,1 | 25,02
s Wash A liquor |27 | n5 | 0,08 | 1,11

. Wash B liquor 7,0 2,7 | 0,35 | 1,81
Samples 47,3 1-21,6 | 3,46 | 22,14 |

Therefore: total out 4é2,7 | 225,7 | 32,53 | 167,07 |

Mass balance, % (Out/In) 110L,7 )} 103,4 {100,2 96,9

% extraction 89,1 | 88,7 | 86,3 80,3 |
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Extraction vs. time data for leach: 7

. Per cent extraction
Time, , :

mins. | Ni | Ccu | Fe

¢ | 38 | 43,6 23,6 | 186 |
| 1 16 | s3,2 | 536 40,8 | 28,3
b | 1 30 | 854 60,4 | 52,6 | 35,7 |
| 60 | 74,1 | 67,0 62,7 | 46 |
120 79,6 74,9 7,4 | 53,6 |
w2 | s2,8 | 80,0 | 761 | 59,7 |
240 su, s | 81,5 | 78,5 | 3,1 |
300 86,3 84,4 | 81,6 | 66,8
30 | 87,5 | 86,5 | 83,2 70,1
420 89,1 | 88,7 | 863 | 725 |
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Extraction vs. time data for leach: 7

Time, Per cent extraotion

mins. s { T R O N SN
. O Ni Cu Co , Fe -

o0 | o | o | o
8 34,8 | 43,6 | 23,6 18,6 |
16 | s32 | 53,6 | 40,8 | 28,3 | -
0 | e, | eo4 | 56 | 357 |
@ | 71 | €70 | 62,7 | e |
120 79,6 74,9 | 71,4 | 53,6 1
182 | 82,8 | 80,0 | 761 | 59,7
240 84,4 | 81,5 78,5 63,1 |
300 | 86,3 8l 4 81,6 | 66,8 |
ss0 | 87,5 | 86,5 | 832 | 70,0 |
y | 89,1 | 88,7 86,3 | 72,5 | -

-
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Raw -data For Leach:

8 (Liquids)

Volume of liguld into leach

Volume of liquid ex leach

Wash water volume {(Wash A)
Wash water volume (Wash B)

: 1,5 litres

: 1,23 litres
3,00 litres

+ 2,5 litres

154

Time, Sample Assay, g/l Assay, mg/l
mins. vol., ml, Fe3+ F82+ SOZ 0 ; cu
0 99,8 | 0,03 |22 | 33,7 | 12| 7,80 |
6 20,9  |99,4 2,93 |355,7|119,6 | 4,1 [12,0 |
15 18,2 |99,7 4,20 | 364,8|162,0 | 78,9 |13,9
30 22,3 |97,6 5,30 | 359,9|194,1 | 91,6 |15,5
60 19,1 |97,8 6,30 | 369,8|216,4 |101,8 |17,0
120 19,5 |9,8 7,55 |3€8,3|231,2 |114,8 |18,1 |
180 18,6 |96,3 8,40 | 355,0(281,1 |123,7 |18,9
240 21,8  |97,6 8,95 | 365,3|246,6 |130,9 |19,2
300 21,8 96,3 o,48 |312,8|255,9 |123,5 |19,3
360 19,1 96,5 9,95 | 390,9|256,6 |143,7 |19,9
420 18,2 |96,1 | 10,15 |403,8]|259,9 |145,9 |20,2
1440 19,1 |95,0 | 11,90 | 390,4|285,0 |160,3 |21,7
Preg. 93,9 | 11,7 | 377,6|278,5 |154,1 |2l,4
Wash A 0,376 1,10 0,531 <0,2
Wash B 0, 4tity 1,95 0,449 <0,2




Raw data for leach: 8§ (Potentlal

Time, Electrode potential, mV
mins. ~ ‘
Platinum Matte ’ Residue
0 700 505 516
S 579 ~ 497 498
15 571 496 493
30 563 493 478
60 556 - 487 455
120 550 475 436
180 546 463 S .1
240 544 454 417
300 543 450 ‘ 413
360 540 4441 409
420 538 438 407
1440 530 397 382

All potentials are vs. S5.C.E.
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Raw data for leach: 8 (Solids)

Assay, mass %
Solid

Nt ] cu | Co | Fe

Matte into leach: 4,00 2521 0,197 58,5
Solids ex preg. lig.:| 1,71 0,893 | 0,097 | 40,7 |
" Solids ex samples: 1,79 1 L,14 | 0,108 | 52,8 | -

Misc. solids out:

. Masses recorded:

Matte into leach : 10,00 grams
Solids ex preg. lig.: 0,44 grams
Solids ex samples ¢ 1,20 grams
Misc. solids out i zero
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Hass balance for leachs 8

Mass, mg MBSSr~Q '
Mo} e | ce | Fe
~Into leach 7
Matte in | 500|221 | 19,7 | 5,85
Liguor in ~ 50,6 ! 2,0 | 11,7 |149,70
Therefore: total in | 450,6 | 223,1 | 31,4 |155,55 |
Ex lwach ‘ ,
Solids ex preg. lig. 7,52 | 3,9 | o4 | 0,8
Solids ex samples 21,48 13,68 1,30 | 0,63 |
Misc. solids out ‘ ' ' ; f
Pregnant liquor | 342,56 | 189,54 26;32 | 129,89
Wash A liquor 3,30 1,59 | <0,6 1,13
" Wash B liquor 4,88 1,12 | <0,5 | 1,11
Samples 48,93 25,30 | 3,88 22,93
Therefore: total out 428,67 | 235,16 | 31,93 |155,87
Mass balance; % (Out/In) 95 105 K105 1100,2
% extraction 97,6 98,0 97,5 95,3

LI 157




Extraction vs. time data for leach: 8

Time, Per cent extraction

mins: Mool oo | co | Fe

0 0 0 0

33,4 38,7 29,5 22,5

15 49,8 47,8 42,8 32,5
30 62,3 55,6 54,0 | 41,2
60 | 71,0 61,9 6ty5 49,2 |
120 76,7 69,9 72,2 59,5 |

180 80,6 75,4 77,9 6655

240 | 82,7 79,9 80,0 | 71,1

300 86,3 75,3 80,7 75,6

360 86,6 | 87,5 84,9 79,3

420 87,9 89,1 87,0 80,9

1440 97,6 | 98,0 97,5 95,3
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Raw data for leach: 9

(Liquids).

Assay, ¢/l

Assay, mg/l

';8?52ft:;

Time, Sample .
mins, vol., ml. Fe3+ Fe2+ SOZ i cu Co
0 - 18 | o 351 ] 11,9 | 1,33 | 2,82 |
12 15,0 111 1,5 | 339 41,7 | 29,8 ‘v'3;5éxf 
30 15,8 116 2,2 | 346 67,2 | 33,7 472 |
63 14,6 115 2,75 | 343 97,6 | 38,3 5,85 |
122 16,7 115 3,40 | 353 131 45,1
1180 17,9 115 ) 3,75 {343 153 50,9 |
240 16,7 115 4,04 | 345 171 54,7 | 9,31 |
307 16,7 | 114 4,30 | 350 {182 57,8 | 9,95 |
368 16,7 114 4,40 | 347 191 60,7 10,2
Preg - 117 4,42 1351  |193 62,5 10,5
Wash - 4,431 - 14,2 6,50 2,20

Volume of liquid into leach :

Volume of liquid ex leach

Wash water volume

1,280
1,049
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e

. Raw data for leach: 9  (Potential)

Time, Redox potential,
mins. ‘ mV vs SCE o

12 593

30 | sl
63 571
e 566
w80 | 563
20 | 561
T . | 560
367 559
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®aw data for leach: 9  (Solids)

Assay, mass %
Solid

Si cu | co. | pe“_ﬂ _:g'»[i3 h

Matte into leach 3,58 | 2,13 |0,20 | 59,3 |
1 Solids ex preg. liq. 1,57 1,30 { 0,11 | 49,7
Solids ex samples 2,26 | 1,56 0,14 | 52;05, g

. Masses recorded:

Matte into leach : 10,00
Solids ex preg. ligq. @ 6,06
 Solids ex samples : 1,01

& Sulphur analyses (mass 7)

Total § Elemental S
Matte into leach 30,4 0
‘Solids ex preg. liq. 39,8 13,4
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Mags balance for leach:

Into leach:

Matte in

Liquor in

‘Therefore: tatal in

Ex leach:

Solids ex preg. liq.
Solids ex samples
Misac., solids out

Pregnanc liquor
Wash liquor
Samples

‘Therefore: total out

Mass balance, % (Out/In)

Per cent extraction

Mags, mg

Ni

Cu

Co

1358
17,9

213
2,0

20

| 4,23 |

375,9

24,23 |

9.1

247,0
6,8
17,2

78,8
15,8

80,0

8,1

2,3

S,G?f
1,41 )

13,44 |
3,93

0,99

0 4
0,5 1

4,6 |
15,3 |

388,9

183,0

26,44

103,5

85,1

109,1

178,83 |

97,5

70,9

49,6

59,6

Z*,'!* ,4
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rwrraction ve time data for leach: -9

Time, ' Per cent extraction
_mim‘ Ni ‘; Cou Co | Fe
0 0o 0 0 o
12 11,7 23,1 5.9 15,6
30 21,6 26,2 | 14,7 22,8
63 | 33,6 | 30,0 23,5 | 28,3
122 46,6 35,5 | 36,6 34,7
180 56,0 40,2 | 45,0 38,0
240 62,3 43,3 | 50,4 40,8
307 66,6 45,8 55,3 43,4
368 70,1 48,1 57,3 4,3
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Raw data for leach: 10  (Liquids)

. Asasy, wgll
Time, Sample : Assay, g/1 “,ssay,"g/ S

mins. vol., ml. et Fe" 0, Ni Cu | Co

| 118 | o 61 | 12,4 | 2,24 | 3,15 |
23,3 118 | 0,04 | 364 13,5 | 21,8 | o295 -
15 18,3 117 0,11 | 361 15,8 | 23,8 | 3,22
3| 18,8 117 0,40 | 361 19,6 | 26,0 | 3,24 |
61 | 14,6 118 0,79 | 366 26,7 | 29,8 | 3,57
119 21,3 117 1,10 | 370 36,0 | 31,7 3,86 |
173 22,1 | 117 1,18 | 370 43,0 32,7 a,14 |
22 | 18,8 117 1,33 | 373 1 s34 | 34,2 | 4,34 |
\ 305 26,7 117 1,35 | 379 56,8 | 33,4 | 4,28 |
380 16,7 118 1,45 | 366 65,3 | 33,8 | 4,63 |
Preg. - 115 1,53 | 351 66,4 | 33,6 | 444 |
Wash | - 3,06 | - 9,31 21,0 1,751 2,73 1

Volume of liquid into leach : 1,5 litres
Volume of liquid ex leach ¢ 1,25 litres

Wash water volume : 1,19 litres
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Raw data for leach: 10

(Liquids)

Time,

ming.,

Sample

vol,, ml.

Assay, g/l

Assay, wg/l ‘;, 2:!¥

Fe3+

Fez+

S0

Ni

15

31

61l
119
173
242
305
380
 Preg.
' Wash

23,3
18,3
18,8
14,6
21,3
22,13
18,8
26,7
16,7

nw

118
118
117

117
118
117
117

117
117

118
115
3,04

0,04
0,11
0,40
0,79
1,10
1,18
1,33
1,35
1,45
1,53

361
364

361
| 366

370
| 373

: 351

361

370

379

366

9,31

1244

13,5
15,8
19,4
26,7
36,0
43,0
53,4
56,8
65,3
66,4
21,0

| 2;24f5%~3
cate e,
ikl
26,0 |
29,8 |

32,7 |
34,2 |
33,4
33,8

31,7

33,6
1,75 |

Volume of liquid into leach

Volume of liquid ex leach

Waslh water volume

¥
y

¥

1,5 14
1,25 1
1,19 1
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Raw data for leach: 10

Time, Redox potential,
mins. ' mV vs S CE

0 737
640
15 620
31 600
61 , 580
119, 571
173 566
242 ‘ 565
305 563
380 562
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Raw data for leach: 10 (Solids)
Assay, mass 7
Solid
Ni Cu Co Fe
Matte into laach 3,55 2,13 0,20 59,1
Solids ex preg. lig 2,83 1,62 0,18 56,4

Solids ex samples

.}

Masses recorded:

Matte into leach
Solids ex preg. liq.

Solids ex samples

*
*

10,00 grams

:} 8,94 grams




Mass balance for leach:

10

Into leag&:

Matte in

Liquor in

Therefore: total in

Ex leach:

Solids ex preg. liq}‘

Solids ex samples

Pregnant liquor
Wash liquor

Samples

Therefore: total out

Mass balance, % (Out/In)

Per cent extraction

Mags, mg Mass, g
Ni Cu Co Fe
355 213 20 5,91
18,6 3,36 4,73 1 177,0
373,6 216,4 24,73 | 182,9
253,0 | 44,8 16,09 5,04
83,0 42,0 5,55 146,3
25,0 2,08 3,25 3,6
6,7 5,36 0,69 21,3
367,7 194,2 25,58 176,2
94,4 89,8 103,4 96,4
21,1 21,3 9,1 14,7
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Extraction ve time data for leach: 10
Time, Per cent extraction

mins. Ni Cu Co Fe

0 0 0 Q 0

0,4 13,3 0 0
15 1,3 14,6 0,4 0,7
31 2,7 16,1 0,6 3,7
61 5,8 18,7 2,6 7,7
119 g,2 20,0 4,4 10,8
173 12,0 20,7 6,1 11,4
242 16,0 21,7 7,3 12,8
305 17,3 21,2 6,9 13,0
380 20,7 21,4 9,1 13,9
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Raw data for leach: 11
Time, Sample Assay, g/l Assay, mg/l
mins. vol., ml. Fe3+ Fa2+ SOZ Ni cy Co
0 101 0 302 8,23 1,21 2,02
15 18,3 79,7 0,05 245 9,37 21,5 0,952
30 18,8 78,4 | 0,40 |241 12,1 22,7 1,01
60 17,9 77,9 | 0,87 {235 18,7 26,2 1,25
120 19,6 77,7 1,64 242 29,3 28,6 1,59
180 18,8 77,7 1,98 236 38,1 30,7 2,22
240 19,2 77,2 2,25 243 45,8 31,8 2,52
300 16,3 77,3 2,43 237 53,2 32,9 2,92
362 18,8 77,6 2,55 237 59,1 32,3 2,74
440 17,9 77,8 2,62 240 67,0 33,2 3,08
Preg 79,4 2,65 247 70,1 35,0 3,39
Wash 1,84 5,37 1 6,79 0,446 | 2,66

Volume of liquid into leach :

Voiume of liquid ex leach

Wash water volume

1,5 i(itres

1,30
1,10
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Raw data for leach: 11
Time, Sample Assay, g/l Assay, mg/l
mins. vol., ml. Fe3+ Fe2+ SOZ Ni Cu Co
0 101 0 302 8,21 1,21 2,02
15 18,3 79,7 | 0,05 |245 9,37 | 21,5 0,952
30 18,8 78,4 | 0,40 |241 12,1 22,7 1,01
60 17,9 77,9 0,87 235 18,7 26,2 1,25
120 19,6 77,7 1,64 |242 29,3 28,6 1,59
180 18,8 77,7 1,98 |236 38,1 30,7 2,22
240 19,2 77,2 2,25 {243 45,8 31,8 2,52
300 16,3 77,3 2,43 237 53,2 32,9 2,92
362 18,8 77,6 2,55 |237 59,1 32,3 2,74
440 17,9 77,8 | 2,62 |240 67,0 33,2 3,08
Preg 79,4 2,65 | 247 70,1 35,0 3,39
Wash 1,84 5,37 6,79 0,446 2,66
Volume of liquid into leach : 1,5 litres
Volume of liquid ex leach 1,30 litres
Wash water volume 1,10 litres
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Raw data for leach: 11

Time, Redox potential,

mins. m vs SCE
0 705
619
15 598
30 576
60 555
4 120 540
180 535
2640 532
300 531
362 530
440 529
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Raw data for leach:

11

Tine, Redox potential,
wins., mV vs S CE
0 705
, 619

15 598

30 576

60 555

- 120 540
180 535

240 532

300 531

362 530

440 529
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Raw data for leach: 11 (Solids)

Assay, mass %

Solid
Ni Cu Co Fe
Matte into leach 3,59 2,13 0,20 59,3
Solids ex preg. lig. 3,10 1,64 0,18 55,1
Solids ex samples 3,01 1,75 0,18 53,6
Masses recorded:
Matte into leach 10,00
Solids ex preg. liq. 7,62
Solids ex samples 0,79
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Mass balance for leach:

11

Into leach:

Matte in

Liquor in

Therefore: total in

Ex leach:

Solids ex preg. lig.

Solids ex samples

Pregnant liquor
Wash liquor

Samples

Therefore: total out

Mass balance, % (Out/In)

Per cent extraction

Mass, mg Mass, g
Ni Cu Co Fe
359 213 20 5,93
11,4 1,8 2,51 | 119,6
370,4 214,8 22,51 | 125,5
236,72 125,0 13,72 | 4,20
23,8 | 13,8 1,42 | 0,42
91,1 45,5 4,41 | 106,6
7,5 2,9 0,49 2,0
6,1 4,8 0,33 39,7
364,7 192,0 20,37 | 126,4
98,5 89,4 90,5 | 100,7
25,6 26,0 14,0 19,9
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Twtraction vs time data for leach: 11

Time, Per cent extractiom
mins. Ni | Cu Co Fe
0 0 0 0 0]
15 0,5 16,5 0 0,1
30 1,6 17,5 0,4 2,9
60 4,3 20,3 1,7 6,5
120 8,7 22,3 3,7 12,5
180 12,4 24.0 7,3 15,1
240 15,5 24,9 9,0 17,1
300 18,6 25,8 11,3 18,4
362 21,0 25,3 10,3 19,3
440 24,3 26,0 12,2 19,7
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APPENDIX IIIX

Results of redox potential measuring experiments.

a) Raw data

b) Printouts of measured vs predicted values




a) Raw data

Experiment A (90°C)

Measured Total concentrations, gmol 1~
potential, '
- 3+ 2+ e =
"y Fe Fe H S0,
630 1,705 | 0,013 | 1,957 | 3,446
609 1,692 0,026 1,764 3,446 |
585 1,678 0,050 | 1,779 3,456 -
563 1,692 0,099 1,637 3,456 |
537 1,694 0,197 1,457 3,467
508 1,642 0,383 1,324 3,508 |

Experiment B (90°C)

Measured Total concentrations, gmol 1™t

potential, ‘
mV Feo* Fe*t H* S0,
636 1,866 0,014 1,286 3,456
614 1,828 0,029 1,412 3,477
588 1,794 0,057 1,457 3,477
565 1,764 0,117 1,408 3,467
538 1,683 0,235 1,456 3,487
507 1,552 | 0,458 1,442 3,508
460 1,223 0,951 1,404 3,487




Redox potential measurements at 22°C

Solution compositions and measured potentials

Concentration, gmol/litre Redox
Solution potential,

et ut 50, relt oV

Al 0,010 | 0,204 | 0,127 | 0,010 435
A2 0,099 | 0,204 | 0,260 | 0,010 487
A3 0,990 0,204 1,597 9,010 542
A4 0,010 | 0,204 | 0,215 | G,099 372
A5 0,099 0,204 0,350 | 0,099 423
A6 0,990 | 0,204 | 1,686 | 0,099 481
A7 0,010 0,204 1,107 0,990 310
A8 0,099 0,204 1,241 | 0,990 357
A9 0,990 | 0,204 | 2,578 | 0,990 420
Bl 0,010 2,041 1,045 0,010 427
B2 0,099 | 2,041 | 1,178 | 0,010 484
B3 0,990 | 2,041 | 2,515 | 0,010 539
B4 0,010 | 2,041 | 1,134 | 0,099 370
B5 0,099 2,041 1,268 | 0,099 425
B6 0,990 2,041 2,605 0,099 483
B7 0,010 2,041 2,025 | 0,990 311
B8 0,099 | 2,041 | 2,159 | 0,990 365
B9 0,990 2,041 3,496 | 0,990 428
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APPENDIX IV
Results of electrochemical curre “.potential curve measurement

a) Raw data
b) Computer printout of measured v4 predicted results
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a)

Raw data

Applied eleotrods
potential, mV

Measured electrode

ourrent, mA

1,0
1,2
1,6
2,4
4,4

10,4

17,2

32,3

60,2

Measured electrode resistance 0,15 ohms

Electrode superficlal oross-section: 1,33 e
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a)

Raw data

Applied electrode

Measured electrode

potentigl, mV current, mA
250 1,0
300 1,2
350 1,6
400 2,4
430 4,4
500 10,4
550 17,2
600 32,3
650 60,2

Measured eleotrode resistance 0,15 ohms

Electrode superfioclal oross-section: 1,33 cm
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REDICTED VS MEASURED RESULTS

220,
320,
570,
419,
468,
565.

 AREA

 CURRENT

JTENTIAL,
CMILLIVULTS

CONSTAMT 10

o CONSTANT K

ol
-

HRKEEAKRENARTAERRLERRNE AR K& &K

CURRENT e MILLIAMPS/84,0M

MEASURED CALCULATED
1.0 s
lla 07
IOb 1.3
2.4 2ef
4,4 0.H
10,4 G2
17.2 17.5
1e.% 32 .4
60,2 b0 0
2 29,1 SGUArE CEWTIMETERS
= 1:89%5k~02
= Le319E=Q2

TOXEXP (KXPUTENTTAL)

MODELLED

fo o T

Lol aadi Ul o~ 308 = g TR o

* & B3 & A & S O 9
o B~ TN 3 il el co i ol © 3 B U2




a)

APPENDIX V

Derivation of the activities of the uncomplexed ferrous
and ferric ions in the concentrated sulphate solution.

Calculation of zero-ionic strength stability constants

2+ +
for FeHSO4 . FeHSO4 and FeHSO4SO4-
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a) Activities of uncomplexed ferric and ferrous ions in solution

ol . -
3 refy, HY and S0} in

solution can be defined in terms of the concentrations of uncom-
3+, Fe2+, H and SOZ, and the concentrations of the various

By stoichiometry, the total amounts of Fe

plexed Fe
complexes, i.e.:

[Fe%] T

il

[Fe®*] + [Fetso,s0,] + [Femso2*]

+ [Fe(SOQ)éj + [FeSOZ}
[Fe*]; = [Fe®*] + [Feso,] + [Fenso}]
bl = ]+ [wso;] + [Fenso,s0,]

+ [Fensoz*] + [Fehso}]

[soz] + [Hso,] + g[FeHSOQSOd
+ 2[Fe(s0,)5] + [Fensop™] + [Feso}]

+ [Feso,] +[Fetso] ]

[s0;1+

Where: [ ], denotes total concentration
[ ] denotes concentration in the solution

The activity of each complex present can be defined in
terms of its equilibrium reaction and the uncomplexed Fe3+, Fea*,

H* and 504 in solution, as follows:

(FeHS0,80,} = K(1){Fe>*}{Ht}{s05} 2
(FeHSO;" = K(Li){Fe>"}{H"}{s05)
(Fe(s0");} = K(ii1)(Fe’*}{s0,}°
(Fes0}) = K(v){Fe>* 1505}
{Hs0,) = K(v){H"}{SO0z}
{Fes0,} = K(vi){Fe**}{s0}}
[FeHSOS} = K(vii){Fe™"HH"}{SO})

Where: { } denotes aotivity

K(J) = -equilibrium constant }J

203



Activity is the product of concentration and the activity
coefficient, thus the above equations can be re-written in terms

of concentration, as follows:

- 1l
_ k)yFeh [Fe? Ty ) (¥4 (s05) 0% ]

{FeHSOQSO[J = y(FeHs0,50,)
i.e.:[FeHsoqsoL] = k(1) [Fe?*] [H*] [s05]2
k'(1) = Ki)(activity coefficients of uncomplexed components)
= (activity coefficient of complex)
Similarly:
[Fensoz*] = «'(11) [Fe?*][H*] [s0} ]
[Fecso,);] = K'(iis)[Fe®*][s07 ]2
[Feso;] = «'(iv)[Fe®] [507 ]
[HSO;] = K'(V)DW] @OZ ]
A o [
[Feuso;] = «'(vin)[Fe®? [*] [s0 ]

Substituting for the complex species in the equations for

total concentrations gives:

[Fe>]. = [Fe®] + k) [re®] [ 50512 + &' can fre®] [1¥] [s07]
T k' (111) [Fe™*] 505 ] % ' (i) [Fe®*] [s05] )
[Fe* 17 = [Fe®] + kv [re®] [s05 ] + k' (van) [re®* ][] [s0; ]

L
[seil]y

i

]+ k' T [s05] 2 + kean) ' e [W1] [so5]
vk ] [s05] + kvan) ' [Fe®*] [11] Bof]
[s07]1 + 2 ()[Fe*] [W1] [s07 12 + k" (11) [Fe®] ] [s0]
+ 2 (111) [Fe™¥] [507] 2 + k' (1) [Fe™*] [s07]
+ k(v [ [s05] + K" (v) [Fe®*] [s07]

! 247 iyt =
+ K (vid) [Fe™] [W'] [507]

Rearranging these equations gives:

i
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[FeT(L + x(Fe¥*))
[Fe? 111 + x(Fe®™))
W] 0+ x(H™)
[so7] (1 + x(so}))

i

{Fe3+ ;
[Fez+]T
[] T

[SolﬂT

Where:

H

i

i

) = K (D[H ][so,;] 24 k(1) [i*] [s07]

« K (111)[504] + K (1v) [s07]

kK (vi)[sof] + K vn)[H*}[so ]

K (1) [re™] [soa] 2+ K (11)[re>] [s07]
sk (v [505] + K (vid) [Fe*'] [s07]

2" (1) [Fe™] 7] [s0] + (il)[re3+] [H*]
+ zx (111) [Fe ’*] [sop] + ' (v [re’*]

+ K (v)[ W]+ & (vi) [Fe?t]

+ K (vii [Fe +] [H+]

X(Fe

X(Fe?*)

i

X(HT)

]

u

x(soZ)

and: [ ]'T denotes total concentration
[ ] denotes uncomplexed concentration
K denotes equilibrium constants, converted by the
activity coetficients to concentration equilibrium
constants

The total concentrations are known from solution analyses.
A first guess of the values of the terms X(Fe3+), X(Fea+), X(H")
and X(SOQ) can be made by assuming total dissociation, i.e., the
3+, Fe2+, H* and SO4 are first

set equal to the total in solution values. The ionic strength and

values of the ooncentrations of Fe

activity coefficient for each species are caloulated, and the
equilibrium constants are converted from activity to concentration
constants. The terms X(F33+), X(Fa2+), X(H") and X(Soz) are then
caloulated. An improved guess is then made of the uncomplexed
concentrations, as follows:

[Fe*]
[Fe2+]
[ ]
(505 ]

[Fe*] /11« x(Fe™))
[Fe2+] /L + X(Fe?™))
'], 1L+ X))
so“] L+ X(80p)}

1]

1

i

i
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Using the new uncomplexed concentration values (or a weighted
average of some kind to Tacilitate convergence), the calculation is
repeated. Convergence is reached when the relations:

[Fe], = [Fe® T+ xere®)
[Fe®]. = [Fe2T 1 + x(Fe?*))
[+, [T + xcHh)
[sof], = [sof] + x(s0})s

are satisfied to within a given tolerance,

]

it

#

The resulting uncomplexed ferric and ferrous ion concentrations
and activity coefficients can then be used in the Nernst equation to
caloulate the solution redox potential,
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b) Calculation of zero-ionic strength stability constants for

2+ +
FeHSOA s FeHSO4 and FeH804804

The Debye-Hiickel activity coefficients of the various individual

species are as follows (6, 7, 8):

| Individual activity coefficient
Species
I =0,15 I=1,2 I=2,67 I=34
Fe3* 0,1478 0,0649 0,0515 0,0486
Fe2” 0,3556 0,1956 0,1618 0,1539
SOZ 0,2986 0,1208 0,0869 0,0793
HSO,, 0,7392 0,5896 0,5429 0,5307
Feusof+ 0,4052 0,2648 0,2341 0,2268
FeHSOZ 0,7392 0,5896 0,5429 0,5307
FeHSO0, 50, 1 1 1 1

(I = Ionic strength)

2+
4

Using 8ykes' stability comstant at iomic strength = 0,15 and 19°C(89)

i)  FeHSO

results in:

K° = 60 (0,4052/0,1478/0,7392)
Therefore K° = 223

Lister and Rivington's value(91) at ionic strength = 1,2 gives:

K° = (6 + 1)(0,2648/0,0649/0,5896)

Therefore K° = 42 + 7

f4

The value from Sapisszko et @?(48) at ifonic strength 2,67 gives:

K° = (

4 1(0,2341/0,0515/0,5429)
Therefore K° = 33

+ 1
+ 8
The stability constant of FeHSOi+ thus seems to lie between about

200 and 20, This is the stability constant for the association

207 . . '




equilibrium:

2+
4

The equilibrium for bisulphate formation:

A HSO, % FeHSO

+ =

H + 80, T HSO
has a stability constant at zero ionic strength and 25°C of between
95,5 and 100(47). Combining the two equilibria gives the overall

stability constant for the equilibrium:

res* + BY + 50 2

T FeHSO4

4

as between 1900 and 20 000. The data of Lister and Rivington and
Sapieszko et al are in reasonable agreement, while that of Sykes
gives a stability constant about 1O times greater than the other two.
If the value from Sykes' data is ignored, the overall stability coa~
stant ranges veduces to between 1900 and 4900, This seems more like-

ly to contain the correct value.

ii) FeH804804

Lister and Rivington's value(91) of 380 + 50 at 25°C and ionic
strength 1,2 for the equilibrium constant for the reactiom

re3t 4+ mSOT + S0,

4 FeHSO0, S50

4 4774

results in zero-ionic strength values of:

KO

Therefore Ko

fl

(380 + 50)(1/0,0649/0,5896/0,1208)
82200 + 10800

i

Combining this with the stability constant of HSO, , the constant for

the equilibrium:

3+ . = o pape
Fe + H+ + ZSO4 z FaH504804

6

]

beomes: K° (8,1 +1,2) - 10

As was pointed out in section 4.2.2(a), however, this valu. is based
only on one report, and no other authors have reported the existence
of FeHSOasoa, thus it is not impossible that its stability constant

is zero - i.e. this complex may not exist.
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1i1) FeHSOZ

Beukenkamp and Herrington(21) studied the formation of FeSO4 and
FeHSOZ in sulphuric acid solutions of 2,2 molar and lower concen-~
trations. Using their data for the concontrations of H+, HSOZ and
SOZ in 2,2 wolar sulphuric acid results in a maximum ionic strength
for their measurements of about 3,4. Using this ionic strength and
their value of 1,7 for the stability constant of FeSO4 results in a
zero lonic strength value of about 140 for the stability comstant of
Fesoé.
(47), thus the iomic strength of 3,4 can be used to calculate the

This is close to the value of 158 given by Smith and Martell

zero~ionic strength equilibrium constant of the reaction:

re?t 4 HSO, I FeHSOZ
to be: k° % 0,61 (05307/0,5307/0,1539)

e}

Therefore K° 4

Combining this with the bisulphate stability constant gives the
equilibrium constant (47) for the reaction:

+
4

re?* & BT 4 50, 1 FeHSO
?

Rej

as: X 2 400
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APPENDIX VI

Values of A, B and d in the Debye~Hiickel equation

a) Values of the constants A and B at 90%C:

0,5940
0,3468

it

B

]

b) Values of the parameter §, in angstroms:

Species a
Fe3+ 9
HT 9
soz 4
Felt 6
OH™ 3
FekS0,S0,, -
FeHs0z* 8
FeSO4 8
Hsoj’iF 4
FeSOu -
FeHSOZ 4
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APPENDIX VII

Values of limiting ionic conductivity used for calculation

of liquid junction potential

Species i, mho - cmz/equivalent
Fe3+ 70
H* 350
50;, 80
Fe?* 53,6
OH™ 197
FeHS0, S0, -
FeHSOi+ 36,2
Fe(S0,)5 50
FeSOZ 60
HSO,, 50
Fa804 -

«ryF .
FeHS0,, 50
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APPENDIX VIII

Fortran V Computer programme of the leaching model
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FURMAT (lHﬂoﬂHTINE.BH.GHP01L.U(AB,\I,nHMEAS.BX,ﬂHCALCl,/)

poRMAT (IR CFaL T 0 BF 1 8,2FB.1)

PURMAT (1HO,23HSUN OF SEUAHED ERAQRS 5, 1PHELC.L)

FORMAT. (1HU, "RATE CONSTANT VALUES tR e 1Ap220 M)l

1Ox, ™1 57 CONSTANT®) 5%y ¥2¢ND CONSTANT™ /Sy

A1y ALLDY "'"l“‘E‘UQBQIUX'QPFT.SII,

A1, "TROILITE $7, 1RELD, 3, 10X OPET S0/

AL, "CU,FE=3 en, [PELD, §,10%, 0PFT.5)

B e

END




P - - P o~ b

JROUY INE KEQLM (T,KKN)
WEAL KK(LT)

SET ALL EQUILIRRIUM CONSTANTS TO 2ERN,

$ SPECIFIEN 43 THO OR GREATER, THE
UM CONSTANT VALUES ARE LEFT

ILIBRIUM CONSTANT VALUES TD THE
Ef IN THE LITERATURE FOR ZERO

IF NO18 SPECIFLED AS ZERO, 1MIS OPTION IS
SELECTED.

'&KlZ)aﬁxPlsﬂ.lsw-TbEQ.Elt)

U oLE.325,15) KK(8) sEXP{19,808-3160,0/T)
iSRS, 152 KK{G)IEEXP (34,182-7815.2/T)
x?(~900.u31¢39!10.926/70136.bzbuAL06(t))

PLLY, 6962717471
e (8, 339~337,37/1)
PLIG,692-7290,8/T)

fi SRR OG0

JEANGET 1) 60 TO 3
CSET THE EOUILIBRIUM CONSTANTS TO THE VALUES
i N THE LITERATURE FOR NON-ZERO 10N1C

1F N L8 SPECIFIED AS ONE, THIS GPIION I3
JELECTED

iRtz Ralods)

(113104 ¥4 (22, 74225704,2/7)
2jz10eea(in,980-3927,7/7)
yrlooeat 9,75242012,0/T)
CRRCBYET 04 R (10, 98h=2650.1/7)
4 104 04{ B, 520m2256.7/T)

EREbI=iIgaanl D, 7249-122,30/1)
S KLY EROL AR 0,700+122.4306/T)
3 RETUKN

END

i e
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PARAME TEH NaMzh, NDMeLS

SUBRDUTINE FEIFER (XX, POTL,0POTL X, ¥ NN/ ND)
L X (HAM, NDMY, ¥ (NXBE, NOM)

0 1 1=2sND

1 o .
CERONNG DY LBTLxX) GO YO 2

18

TNy RO) = (Y ENNG 1) oY (NNaND) 31,05

16X UNN N1 ) +TAL)

(Y INNy Nod 3P TF)

GLUANN, N+ TAY)

s LOG Y LR, NY <P TF)

g3 (Ya=Y1) /(R x1)

e a1 ’

TRHEXP (A+BAALDG (XX TAU))
EXPCA+BRALOG(XX+TAU) I #B72 (XX+TAUY

BTSRRI S LS R 2 s e St s PR .-

PARAME TEX HXMEhH, NOH=2)S
e SUBROUTIHE TRONZ (XK, FER OFEZsX, ¥, NN, ND)
2 REAL X XM NOWY 5 Y (NXH NP
¥ pU ¥ T#2eND

Nel
IF (XN E) o6 T,XX) 60 T0O 2
£ GONTINUE
2 a:&v(nn,ﬂroYfNN.N-l))/(X(NNcN)*X(NNuN'!))
AV NS N)~BEX (NN, N)
FERINEBALN
DFE238
RETURN
ENO .

e e A e W S O AL & Y PN w4 e . R

iw e s

SUBRDUTINE -REDOX (Cyhs ToELJ/POTL)
HEAL TUI2) At 2)uC12) pUlLR)
INTVEGER (12}
Ql”\ N/}Q‘:"”é:?g'l;Qoal‘i'11'100;1/
BATA Uf'fﬁug;3“30."60”53.501‘77.nOu3&.2150’150-1590100050-/
DAIA‘061.021.0139..0&2:.02..0\59..00,.02..02;,02;.02,.00,.02/
PLEZd RT3, 5376, 35)
PLABY 2R {TF.52470,39)
PLIE O,
PLAE 4:2%(73,52476,35)
ou 1 =112
IF (N2 +EDG0) GO TO |
PLIRPLI+ULI)IZN(I)RC LTI %ABS(H(T))
PL22PLESULTINAC (1) RABS(N(L))
PLEuPLI¢ULIYAC (1) #ABSINTT))
1 CORTINUE
ELJH0, 086174 ToPLI/ZPLRAALOG (PLE/PLA)
ENeSitel s 19%(T=298435)
PUILaLO=0, 0861 TATHALDB(CLO)#AL8) 7CL1)ZA01D))
BPUTL=POTLELY
RETURN
E&O
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SUBRDUTINE CONCTN (T+CrYeXk,;X,EPS)

CUMPONENTS AND COMPLEXES ARE ASSIGNFU THE FOLLOWING SUBSCRIPTS

(1) = EEl3+)
(@) ® H(t)

(3) .= soui2~)

(4) = FEL2+)

(5) € NG USED
() = FE«H,S04,8048
(13 = EEVH,S50a(2+)
(87 = FE+304,80a(~)
{9) 2 FE«304(n)
(1) = R, 8U4(s)
(1) = FE.SO04

= FEHS00:(+)

(12)

HEAL CUaJ E(4Q),%0(a) XEL4) , 2F (2),DX0(4),
1 KT Rk (17,

] ) 2(12?:¥(!2)1N(12)1A0(13)

DATA N/3rd,m2, 2=t 0 2e"tebe=l, 0,17
DATA RU/94994d,b,390,8,8,8:4404R/7

_CALL DERUC (1,AA.88)

KAUN P20

TAUMAKZO.

ug r p=tat

XEC13=el)

Bo{1)=0.

IF (C(I)«LEL0,) 60 TU 3
PE NSUHROUTINE CUNCTM § REGATIVE T0TAL COMPOBITION INPUTY
(S0, 1000)

AUMAXHC (1) aN(T xeR

1y Lely i

TAU PACT)aN{1) 02

UE * TAULB T, FaumiX) TAUSTAUBAX

GAL , KHSDA (1, TAU,KK(S))

TA1L 28hRT (1AL

00 12 deiste
r(l)=10'ﬁ(-AAnN(I)tNII)iTAu/(l.+A0(I)~HG*TAU))
CUNTINUE

KU 11Xkl 1)/7YCR)aY (1) ay(2)0Y(3)es2
foa)Ehkl 2)/Y(T)avilar(2) 2V (3]

o Tyukil 3)/7¥(B)RViT)aY(4)end

K0 ajsrkl )7y (ayay (1) 5y (3}

ki B)zkkl 9)

&0 6)akXl &) /7y (11Yay(3)ay(u)

K{ PiaRkbL 7i/9¢i2)ay(2)aY(3)nr(4)
XD(1)=1.*K(\)ﬁX(EJ*X(Ilht2¢Kl2)wX(EJ*X(3)+K(3)kx(!)*'?#K(&)*X(XS
Xuld)=1.*n(11ax(11axt3)ewEOK(a)tx(:)ax(s)’x(5)~X(5)0K(7)*K§3)*Rl4)
x0(3)n1.+a-n(i)nx(:)-x(a)-xts)¢xta)nX(x)ax(a)oaeu(3)~x(l)wx(3)

L PRCUYAX (LI eRES) X (24K (L) aR (4 +R (TIax (2) 2 (8)
DRUCII=2A (K1) wx (L) aX(2)4X(3)aX(1))

ADLAY Y JHR(B) X (34K (7)4X(2) 4 X (3)

NER3Q

no 3 faiad

ECIyax(1iaxp(l)=C(l}

IF (ARS(ECL) ), LT (EPSxC(T1))) GO YO 3

HEHBNER+ |

XELD)2=EL Y27 (2D XL anUn(I}Y

*
L.

rrn—— < i o
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SUBROUTINE CONGYN (TsCeY Kk, X,EPS)

CUMPONENTS AND COMPLEXES ANE ASSIGNFD THE FOLLOWING SUBSCRIPIS

(1) 2 FE(3+)
G (2} = H(¥)
c (3) = 804L2=)
¢ (4) = FEL24)
€ (5] = NOl USED
e (6) ¥ FE«H504,5048
c (7Y = PEsH.SUG (2+)
& (8) -2 PE508,508(=)
€ (9} 3 FE«SDA(+)
¢ (16) = H,8U4()
¢ (i) = FE.S08
c (12) = PEelt,S040¢)
c +
€

REAL CU4) ECa),xDLa) RE(A), XFLa),0X0(0)y
i K (73 ekx (17D,
2 oxti2),vi2)eN12), 40 0102)
CUATA B/ 3sle=@ 2,21, 0y2:=Lstred 0,1/
) DATA &Ulql‘h“'6,3;018;515,&10'“/

GALL. DENWUC (1,AA,88)

KIUN 1.20:

TAUMAX=0 .

00 1 I=i.9

XE(IpCLL)

DXO{1}=0.

IF. (EEL) «BELD,) 60 TU 1
ASUBHOUTINE CONCTH § NEGATIVE TOTAL COMPOSITION INPUTY
‘(JULXOO.‘”

0
1 TAURANSTAUMAXAC (1) aR{1) a0l
2 TADZO.,
by 1L I=lege
1 ThUaTAUsRUT)alf1) we2
TF UTAULBT, TAUMAX) TAUZTAUMAX
CALL KHSOG (1, TAUKX(5))
TAUSSORT (1AU)
G0 42 lel,t2
YUAI i 0en Lo AARNCIY aNCT) S YALY (1, +A0 (1) *BBaTAUY)
t2  CUNTINUE
KO- LImKR $)/7Y(6EI Y (1) ey (2)4Y(3)aeR
KC 2)3KKL 2)727(7)aY (1) a¥(2)aY(5)
KO 2hmkkl B)/v (e (1)ev(s)nnd
KO aynnkd 4) /Y09 ey (1)ay(3)
K 5)zkkl %)
K 8)ak4( M) 7Y (TLYnY(3)rYia)
Kt Pyank{ 1377 (12)ay(2Yav(3)aY(4)
XOLL)RT, PR (1) AX(2)AXEIIAR4KR (D) #X (2 AR (IIHR(B)AX(I) aa2 vk (4) 0 X (5]
K012 =1 o R LTI KL AX(S)#e@rK (BI4X(F3eX (4R (3)aX(B) ¢R(FIAX(F)exL4)
XO{3) 8t 2ok (1) aX(1)aX(2)AX T +HCR2)nX (1) aX(2) r@rak{3) X (1) aX(3)
} YKL RX (1)K (S)aX{2) e {OYAXLA) R (T)sR(2INXN(H)
DXUCE) =an K CIIaX (LI aX(2)4R{3InX(1))
YUCAY =L, R () # X (B)+K (TIAX(2) X (3)
NERaD
DO 3 =yt
ECDINX(EIRXDCIY L (1)
IF (ABSCE(D)) LY. (EPS*C(T1))) 6O YO 3
NEHAINER+S
XECY 2B (Y2 (xn i) et anen ity

IS




o e et b e maema il b g

e e mas S e o A e T 4o

IFGEXE (L) RRF (1Y) 4LT o0 XFll)sexFti)/2
tF o CORE LI ZXF L) 16T 41, XEC(D)8 XFLL)
FF(ORALTAXE (I3 ) LY u0, ) XELL)}s=X(T)

TE COXCEIFXELT)) W6TLC 1)) XEQT) =) =X(1)
K TIHXECT) .
3 B
. Bl thexit)exe2)ri(3) ke
K 21X (1)ax(2)2x(3)
tadn kU S)ax(r)ex{s)as2
- gyx K 4)ax (§)a%(3)
¢ %L S)ex(2)4XL3)
LR KO B)aex (4] aX(3)
xrade k{ TIex(arex(2)axi8)
IF (NEH.EW,0) 6O YU &
KOUNTZKUUNT +1
[F- AROUNTGLE, 10000) 60 TO 2
WRLTE (1U41000)
: HETURN 0
§ - HETURN
{00 FOHMAT (R4HBUBROUTINE CONCIN FAILEVL)
EnD:

SUBROUTENE DEHUC (T,A,B)
REA LB AR (18T, BBLEEY
‘11)@!5(1)1&3(!’(lﬁ)olﬁ)f
> €, Ihbbg ve29%, 10,.3492,.2305,
18,3538, 8515, 20, ,3549, .,2318,
30y ¥61b,,2332, 35,3653, 2340,
{ 6553783042397, Bl #3777 42564,
bO,.SlfSl\nZ.’:&b, 701.39731!2001p
(3] KQ.;“@”ﬁo.?"E?, 9“,,“2"01-34321100.-"3351-2"76/
200 lERe bl
1F (TR TI(I)) GO TO 2
X CONT INUE
2 A3RALLI=1)r(Te1T(I»i))wl
BEBE (1=1)H(T«TT(I=1))n L
RE|URN
END

A
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1009

i
KsKZaACTV

S MROUTINE KKS08 (T, TAUK

REAL K, K2 oMy MH, M), M2, 1,11

KEZEXP (18,03231+2R25,2/7)

ALz 0,089584% 4b,000/Y
BH{15w0 . 059758+336,51441

HHAUE~0 52800+ 9B,607/7T

CHAUS 0.29533« £3.12477

ADSU 3TTUTU ,bBAE=Ua (T3, 15) ¢3,705e6a(To273,15) 42
I=§0R1LIAU/2)

Geehyr (1701415201 ) 4 (271,27 0ALUG(1,4),241))
BHLSBHIG4ERTL 21N (1, = (1 o pR% D) sEXPL+Re1)D
BHRERHELZ (TAURN2/72) A m] {1, 420 TaYAUY sEXP L RE]))
CHESCHAU/ 2. 000) 5

HatAuse

MHZM

Miel

Hasg,

OMsM/2

LSt
ACTVREXPCUAF 424 (M) ~MHYBNL 42 (M2IMN) sRN2D
A2aMHA (PAMEMH) ACHI P APMY eMHARNZ)

EL 1
MRE (Kapiml o $SORTC () (WX W] ne2eBakal) }/(20K)
M{zd et
M zMet ]
1€ {J,6T:01 &G tQ ¢
EaMbgeMS=lAys?
FE (ABSLE)LT,0,008) 60 10 b1
DERL3 0K*M) JGURT (L, vEAKTExSEBAKRM)
SMasEsDE
1F LEOMaUM) LT, 0, ) Obu=lR/2
1F TLuMILRY BT 1.} BM& DM
MM 0
=1
NaNs L
IF N LELIDVO)Y GO T8 2
WHITE (10,1000}
HEIURNY
FUHMAT [("AARNING } BUBRDUTINE KHEDA HAQ NOT CONVERGED™}
END




APPENDIX IX

Results of fitting the leaching model -

Graphs of predicted and measured extraction vA time curves for
nickel, copper, cobalt and iron, for leaches 7 and 8, using
redox, matte and residue potentials to approximate the particle

surface potential during leaching.

Leaching model computer printouts.
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Computer printouts of leaching results

NOTE:

The "lst CONSTANT" in the following printouts refers to the

constant K in equation 14 (page 58) of sectiom 4.1.1.1.
The "2nd CONSTANT" is the value for the constant k in equation
22 (page 61) of section 4.1.1.2,
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5 s s st iy St e A et £ STt MY

LEACHING OF NICKEL FROM MATTE « LEACHES 3 TO 6

O

PREUICTED VS. MEASURED EXTRACTIONS
AU RA AR AN RAR R AT R AR A R AR E AR R R R

COMPONENT
TIME POTL MEAS CALC

6o 486, L2460 ,2382
15, 486, L4180 ,403%
30, 484, L5350 ,5228
60, 483, L6320 ,6110

120, 479, L7010 L6820
180, 478, L7410 ,7242
240, 476, L1720 ,7564
360, 473, L8090 8017

6, 517, 22550 2448
15, 516, 3940 ,4185
30, S14, L5200 ,5505
60, 511, L6530 L6560

129, 506, <7620 7516
180, 505, L7960 ,7893
2840, 50“. 06290 98212
300, 503, L8460 8447
360, 503, 8670 8629
420, 502, .8830 L8774

6, 551, .2920 L2581
15, 545, L4250 L4463
30, 541, 5440 5937
60, 537, L6770 ,7146

120, 533, L7840 ,8071
180, 530, <B2S50 ,8494
240, 528, L8620 ,B87%8
300, 527, 8730 ,8947
330, 524, ,9030 ,9020

6. 582, L3390 ,31%56
15, 573. <5220 L5169
30, 564, .H820 L6705
60, 558, L7880 ,7859

120, 550, L8720 ,8621
180, 547, ,9100 L8936
240, 546, L,9140 L9136
300, 544, L,9360 ,9283
360, 544, L9440 L9396
420, 543, .95%0 ,.9485

SUM OF SGUARED ERRORS = 1.26=02

RATE CONSTANT VALUES 3
RAA N ANAAARANANRT AR AR AR

1'ST CONSTANT 2°ND CONSTANT
ALLOY H 10123E°’06 000000
TROILITE ¢ 7.784E=14 «01900

, P 236




e w5 S et e A N S For 4 08 vt s b el PrseI—

LEACHING OF NICKEL FHOM MATTE = LEACH 7 =« REDOX POTENTIAL

o PREDICTED VS, MEASURED EXTRACTIONS
AR RATKRRRA R AT R AR AR KRR A KA R R AR KK

COMPONENT 1
TIME POTL MEAS CALC

6, 587, 3480 ,3487
16, 576, 2320 L5409
30, 568, +06540 L6393
80, 560, 2 (410 «1200

120, 556, 1960 ,7882
{82, 552, L9280 8284
2“0. 552' ,8‘”&0 .8541
300, 548, L8630 ,8733
360 547, 8750 L8879
420, Sdb, 8910 ,8996

SUM OF %QUARED ERRORS = 1.2E=03

RATE CONSTANT VALUES 3
AERRNEHAAAT AR AR RN R AN AR

1757 CONSTANT 2'ND CONSTANT
ALLOY ¢ 1.777E=06 00000
TROILITE & 3,843E~14 «01800 .
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LEACHING OF NICKEL FROM MATTE = LEACH 7 ¢ MATTE POTENTIAL

P PREDICTED VS, MEASURED EXTRACTIONS
Rk kR AREE A RRERIR KRR R RN

COMPONENT 1
TIME POTL MEAS CALC

6, 44T. <3680 3585
16, 450, .5320 ,5340
30?0 QSQC abSQQ 0618“
60, 487, <7810 ,6987

120, 471, 7960 L7818
182, 4bb, oBEBD L8317
240, 455, oBH440 8621
300, O4b, 8630 L8845
3609 “360 08750 09012
1&20. 433“, 08910 .9144

SUM OF SOGUARED ERRORS = 5,HE~03

RATE CONSTANT VALUES 3
AARKARRR AN RN RATRARRRRA

1 18T CUNSTANT 20ND CONSTANT
ALLOY i 2.187E=06 ,00000
TROILITE t 1,755E=09 00000
738 "




e pp————

LEACHING OF NICKEL FROM MATTE = LEACH 8 = REDOX POTENTIAL

PREDICTED VS, MEASURED EXTRACTIONS
**w**ﬁ*w***wa*iw*wtwgwwa*a*ﬁu*a&**

COMPONENT 1
TIME POT.. MEAS CALC

b, 579, 3340 L3296
15, 571, 4980 L5074
30, 563. 6230 ,6176
60, 556, L7100 <6986

120, 550s 7670 7676
180, 546, 8060 L8075
240, 544, 8270 .8350
300, 943, 8630 .B554
420, 538, oB790 L8835

gUM OF SRUARED ERRORS = 4 UE-QM

RATE CONSTANTY VALUES =+
ki&n&**i&***tw*&*%i*w*

1 18T CONSTANT 2¢ND CONSTANT
ALLOY & 1.698E=06 .00000
TROILITE § 3.647E=14 .01900
239 o
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LEACHING OF NICKEL FRQOM MATTE <« LEACH 8 = MATTE POTENTIAL

PREDICTED VS, MEASURED EXTRACTIONS
*#**'k‘k*'ﬁtk*k,k*****&**ﬁ*******'&*ﬂ***

COMPONENT 1
TIME POTL MEAS cALC

6a 497, «3340 L3308
15, 496, L4980 L5064
30. 493, +b230 L6155
60, 48T, L7100 7014
§20, 475, <1670 7744
180, ab%, oB060 8123
240, 454, aa7o LA360
300, 450, 8630 8530
360 '} 0’410 ,8560 qabss
an e QSB ) . 8 7 90 . B 7 53

SUM OF SGUARED ERRORS = 5, 0E=04

RATE CONSTANT VALUES 3
EARARRRRNARGRRENE R RRKE

1¢ST CONSTANT 2¢'ND CONSTANT
ALLOY $ 1.832E~06 .00000
TROILITE 3 4,210E-13 01700
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LEACHING OF NICKEL FROM MATTE =« LEACH 8 = RESIDUE POTENTIAL :

- PREDICTED V&, MEASURED EXTRACTIONS
ARARARKEE R AN KRN AN AR kAN R AR KRR

COMPONENT §
TIME POTL MEAS CALC

b, 498, 3340 L3274 B
15, 493, ,4980 (5077 i
30, A7B, 46230 L6210 S
60,  A%5., L7100 704}

120, 435, LI670 ,77%0
180, 428, ,B0eD ,A083
E)‘;Oﬁ Ql.]« iBa?o e8336
300. 433, .B63D0 L8524
360, 409. L8660 L8670
420, BO7 4 8790 «8789

SUM OF SOQUARED ERRORS = 3,6E=04

RATE CONSTANT VALUES 3
ﬁ*kﬁ*tﬁ&%ﬁ&*ﬁﬁ#*ﬂﬁﬁk*#

1787 CONSYANT R2END CONSTANT

1.761E=05 00000
1,569E~11 01000

ALLOY
TROILITE

ué e
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LEACKRING OF NICKEL FROM MATTE = LEACH 9

PREDICTED VS, MEASURED EXTRACTIONS
‘kk*?k*ﬁ‘kit**'ﬁ*ﬁk***ﬁ******'ﬁ**ﬁ*ﬁ‘kﬁ*ix

COMPONENT 1
TIME POTL MEAS cALC

j2. 593. L1170 L1004
3‘00 Saie oaiﬁo 32057
63, 571, 3360 3377
122,  Sbb, LU660  ,4793
180, 563, 5600 L5634
240, 561, 6230 L6211
307, 560, +06B0 6662
368; Ssgs 07010 wbgéé}

SUM OF SQUARED ERRORS = S.GE=04

RATE CONSTANT VALUES :
iﬁﬁmiz%i&wﬁ*ﬁﬁ‘ﬁ*ﬁcv&g&*g**

1 95T CONSTANT 2'ND CONSTANT

ALLOY 8 1,U86E~07 00000
TROILITE 8 2.102E=15 02120
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LEACHING OF NICKEL FROM MATTE = LEACH 9

PREDICTED VS, MEASURED EXTRACTIONS
&****k***ﬁ*&*ﬁ*******w*ﬂ*ﬁ***ﬁw***

COMPONENT 1
TIME POTL MEAS CAaLC

12, 593, 1170 1004
30o 5810 talbo .2ﬁ57
63, 571, 3360 23377
122, Sbb. 4660 L4793
180, Sb3, 38600 . 5634
240, Sbil., 6230 .6211
307, S60, 5660 ,6662
368, 559, 7010 6966

GUM OF SQUARED ERRORS =  5,9E-04

RATE CDNS?ANT VALUES H
**&**ﬁ***&*ﬁ***ﬁ*tt***

1¢5T CONSTANT 2'ND CONSTANT
ALLOY t §,456E=07 00000
$ROILITE ¢ 2,102E~15 02120

o e p + ——, R
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LEACKING OF NICKEL FROM MATTE = LEACH 10

PREDICTED VS, MEASURED EXTRACTIONS
ARERABRA AR A AR AR AR A ARk kh

COMPONENT §
TIME POTL MEAS CALC

- &40, 0040 ,0088
15. 620, (0130 L0179
31. 600, ,0270 L0309
610 5800 .0560 ‘QSIQ
119, 571, L0920 ,0864
173, 566, 1200 L1160
242, 565, L1600 L1509
305, 563, 1730 L1803
380, 562, L2070 ,2126

SUM DF SQUARED ERRORS =  3,0E=04

RATE CONSTANT VALUES 3 -
AERERRXIRAARRA AR AR A AR K

15T CONSTANT 2'ND CONSTANT
ALLOY : 1,053Ew08 00000
TROILITE § 1,410E-16 ,02310

R
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LEACHING OF NICKEL FROM MATTE = LEACH 11

PREDICTEL V3, MEASURED EXTRACTIONS
****k*****f(**k**ﬁ*fl**‘h***ﬁ*#****ﬂﬁ

COMPONENT 1
TIME PUTL MEAS caLc

159, 598, L0050 L0159
30, 576, L0160 L0284
60, 555, L0430 0503
180, 535, .1240 L1231
240, 532, 1350 1544
300, 531, 1860 ,1830
362, 930. L2100 2102
QQOG 5290 'Ea,so ,2“16

SUM OF SWUARED ERRORS = 3L UE=04

RATE CONSTANT VALUES @
ﬁ&*&ﬁ*ﬁx*%ﬁﬁ**i*f*k*%*

15T CUNSTANT 2'ND CONSTANT
ALLOY 3 1,274E~08 ,00000
YROILITE t 1,990E=16 , 02290
T 24k
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