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ABSTRACT

Solubilities of oxygen in aqueous sulphuric acid containing zinc and fer-
ric sulphate at temperatures of 368, 398 and 428 K at oxygen partial pres-
sures of 405.3, 709.3 and 1013 kN/m2 and pressures of 202.7, 405.3 and
709.3 kN/m2 at temperature of 458 K were measured. In addition,
solubilities of oxygen were measured in a concentrated solution of zinc
sulphate containing 0.3 kg/m3 of surfactant lignosol and in an industrial
sample obtained from the pressure leaching unit of Cominco at Trail, Brit-
ish Columbia, Canada. Oxygen solubilities in the former were measured
at 398 K. The solubilities of oxygen from air in the two solutions were
determined at air partial pressures of 405.3, 709.3 and 1013 kN/m?2 and
temperature of 428 K.

A two-stage method for determination of the solubility, consisting of a
high pressure and high temperature absorption step, and an atmospheric
pressure desorption step at 323 K, was developed and used. Solutions
were first saturated with oxygen at high pressures and temperatures and
then, the volumes of oxygen desorbed at 323 K and atmospheric pressure
were measured. The experimental results indicated that the solubilities of
oxygen in the tested solutions conform with Henry's law. The oxyzen
solubilities were found to be very low, in the order of 10-5 mole fraction at
oxygen partial pressure of 101.3 kN/m2. The addition of sulphuric acid,
zinc sulphate and iron sulphate was found to significantly decrease the
oxygen solubilities.

Models expressing effects of solution composition on the oxygen solubilities
were developed. The models showed that there is a systematic effect of the
concentration of each of the three components on oxygen solubility in the
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aqueous solutions.
INTRODUCTION

Few data appear in the literature for the solubility of oxygen in water at
temperatures above 100°C and even fewer for the solubility in aqueous
sulnhuric acid. For example, the analysis of oxygen solubility in water
presented in literaturell] at temperatures above 100°C was based on a sin-
gle study conducted by Stephan et al. (1956)(2! Few workers who meas-
ured the solubility of oxygen in aqueous sulphuric acid solutions did not
cover sufficient common ranges of concentration and temperature for their
data to be adequately tested. The data available are thus, considered tenta-
tive only.

In the review of oxygen solubility data done by IUPACI1], it was found out
that by 1980, there were only six recorded sets of measuremenis for solu-
bility of oxygen in aqueous sulphuric acid solutions, The data are oo
scattered for a direct comparison by interpolation or extrapolation. How-
ever, all the results indicate some systematic behaviour at different condi-
tions. At a given temperature and oxygen partial pressure, the solubility
decreases with increasing sulphuric acid concentration. Morever, solubil-
ity increases with the increase in the partial pressure of oxygen at a con-
stant temperature and solution concentratton.

The solubility of oxygen in aqueous sulphuric acid solutions containing
salts was measured by Klyueva (1967)(31 The researcher measured the
solubility at oxygen partial pressure of 250 and 1013 kN/m2 at tempera-
tures of 323, 353, 383, 413. 443 and 473 K. The concentration of the
solutions was 0.0125 kmol/m3 sulphuric zcid saturated with either nickel
sulphide (NiS»), conper sulphide (Cu;S) or cobali sulphide (CO4S;). Un-
fortunately the actual sulphide concentrations were not given in the paper.
The presence of sulphuric acid-metal sulphide solutions decreased the
oxygen solubility to less than 50 percent of its solubility in water. The
variation of oxygen solubility with temperatuie and partial pressure of
oxygen followed the same trend as that for the plain sulphuric acid solu-
tions.

It should be noted that data on oxygen solubility in aqueous sulphuric acid
that ase available, were generally obtained carly in the century. Also, ne
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data have been found on the solubility of oxygen in aqueous sulphuric
acid-zinc sulphate solutions. Hence, most of the work presented here is a
new addition to technical literature. The purpose of this investigation was
to provide equilibrium data which may be useful in the analysis of the
pressure leaching process for the recovery of zinc from zinc sulphide con-
centrates.

In this paper concentrations of the components will be represented in kg/
m3 (g/dm3) as in the following example: 5/110/1, the first number repre-
senting kg/m3 of sulphuric acid, the second number representing kg/m3 of
divalent zinc and the third number representing kg/m3 of ferric or trivalent
iron in the aqueous solutions. Furthermore, in describing the solutions,
the term “acid” will represent sulphuric acid, “zinc” will represent diva-
Ient zinc in the solution and “iron” will represent ferric or trivalent iron in
the solution. The solutions were prepared from analytical grade concen-
trated sulphuric acid, hydrated zinc sulphate and iron sulphate salts in quan-
tities sufficient to give the indicated masses of dissolved metais. Some of
the solutions have compositions similar to those used in the pressure leach-
ing process for recovery of zinc from zinc sulphide ores.

EXPERIMENTATION

Experimental Set-up

A (wo-stage method for measuring the high pressure solubilities at elevated
temperatures was used. A similar arrangement was used by Choudhary et
al. (1982)14] for measuring solubilities of gases at high pressure. How-
ever, these workers used a different apparatus for the desorption step and
they did not describe their autcclave. Oxygen was absorbed at constant
temperature and pressure in a high pressure absorber and when saturation
was complete, a stream of the saturated solution was directed through a
needle valve to a glasc desorption apparatus operated at atmospheric pres-
sure and temperature of 323 K.

Details of the equipment used in this work are shown in Fig. 1. A high
pressure apparatus that consisted of a stainless steel pressure vessel of 6 x
10-4 m3 (600 ml) capacity equipped with a glass vessel insesi or liner to
contain solvent and a teflon coated magnetic stirrer bar was used for ah-
sorbing oxygen. The apparatus was provided with a high precision trans-
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ducer system for pressures, readable to 0.01 psi. The high pressure vesse!
was immersed into ar insulated constant temperature oil bath which main-
tained temperature to within 0.1°C. For the sake of economy, safety and
convenience the bath oil wag an edible peanut oil. The high pressure part
of the apparatus was mounted in a fume hood.

The glass desorption apparatus consisted of a spiral coil through which a
supersaturated solvent flowed as a thin film releasing oxygen. The spiral
tube apparatus was first proposed by Morrison and Billet {1948)(5], and
modified by Hayduk and Cheng (1970)(6] and others. While these work-
ers used the spiral apparatus for absorbing gases to saturate solvents, in
this work the apparatus was used for desorbing oxygen from saturated
solutions. The coil was connected at the top to a burette, initially filled
with mercury, and at the bottom to a small U-tube manomeier through
which the solvent flowed and which acted as a seal confining the released
gas in the spiral coil. The manometer also served as a pressure indicator
by comparison with the atmospheric pressure. A motorized screw device
driven by a variable speed motor was connected to the apparatus for steady
lowering of the mercury level.
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Fig. 1 High pressure solubilitv measurement apparatus
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Experimental Procedure

The pressure absorption vessel was charged with a desired solution and its
top was sealed with a teflon gasket. Next, the vessel was placed into the
oil bath. After heating for 15 minutes, the solution was deaerated by inter-
mittently purging some of the vapour from the vessel into an ice-cooled
vapour trap. Then, the vessel was pressurized with oxygen to a pressure -
equivalent to the oxygen partial pressure of 1013 kN/m2 and was equili- |
brated for several hours. A final adjustment in pressure was made and the
equilibration continued for 12 hours. After this time, about 75 ml of the
solution saturated with the oxygen was transferred to the desorption appa-
ratus; while maintaining a constant pressure in the high pressure vessel.
The quantity of dissolved oxygen was determined at atmospheric pressure
and temperature of 323 K. As the pressure in the gas collecting system
was gradually increasing, the level of mercury was steadily lowered using
the variable-speed motorized screw device. The volume of solvent which
was in equilibrium with oxygen at the outlet of the desorption column,
was measured using a graduated cylinder. The volume of gas was read
directly from the gas burette. About 15 readings of oxygen volume at
atmospheric pressure and the corresponding sotvent volume were collected
for each desorption run. Next, the oxygen pressure was reduced to an
oxygen partial pressure of 709.3 kIN/m2. An equilibration period of ap-
proximately 2 to 3 hours was required before a second solubility determi-
nation was made at the lower pressure.

This procedure was repeated at the oxygen partial pressure of 405.3 kIN/
m2. At temperature of 458 K, the pressurcs chosen for the solubiiity
determinations were 202.7, 405.3 and 709.3 kN/m2 because of the high
vapour pressure of the solutions and the equipment limitation at pressures
exceeding 2027 kN/m2. '

After completicn, the pressure vessel was removed, rinsed, and recharged
for the next solubility determination. It was fourd that a shorter time was
required for achieving saturation from an initially supersaturated condi-
tion than that required to equilibrate froin an unsaturated solution. It was
thus faster to achieve the equilibrium conditions in the high pressure ab-
sorber by initially starting at the highest partial pressure of oxygen (1013
kIN/N3), and subsequently reducing the oxygen pressure to 709.3 kN/m?
and then to 405.3 kN/m2.
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A slight change in procedure was required for solubility determinations
using compressed air. During the desorption step of the procedure, a sam-
ple of the desorbed gas accumulated in the burette was withdrawn using a
syringe and was analyzed using a gas chromatography (GC). In this way
the composition and hence, the partial pressure of oxygen as well as the
quantity of oxygen released during desorpiion were determined. The total
quentity of oxygen dissolved at high pressure was calculated as the sum of
oxygen released at atmospheric pressure and that still dissolved in the so-
lution at atmospheric pressure and temperature of 323 K. Solubility of
oxygen at the oxygen pressure of 101.3 kN/m?2 and temperature of 323 K
was determined separately by absorption of oxygen in the deaerated solu-
tions in the spiral column at the aforesaid conditions using a procedure
given by Hayduk and Laudie (1973)(7]

A computer program was employed to calculate the solubility, Henry’s
law constant and the Bunsen coefficient (volume of oxygen at STP per
volume of solvent). Also calculated was an average Henry's law constant
and average gas solubility corresponding to an oxygen partial pressure of
one atmosphere, for each solution at each temperature. The magnitude of
error in each experiment was also estimated using this program. At least
two determinations of oxygen solubility were made for each condition and
concentration. Additional replicate were made at higher temperatures (428
and 458 K), because there was some difficulty in obtaining highly consist-
ent results at these temperatures. The inconsistency of results at these
temperature was caused by corrosion of the stainless steel tube which pro-
duced some gas (probably hydrogen) that interfered with volumetric de-
tertnination of oxygen. The prebiem was solved by using ferric (oxidiz-
ing) ion to passivate the stainless stecl.

RESULTS AND DISCUSSION

Solubility measurement

The oxygen solubilities in the synthetic acid-salt solutions at pressures
1013, 709.3 and 405.3 kIN/m2 of oxygen and temperature of 368 K are
presented in Fig. 2. From Fig. 2 it can be seen that the solubility behaviour
of the solutions closcly conforms to Henry’s law at the temperature of 368"
K, namely, the solubility increases proportionally to the increase in pres-
sure. Similar behaviour can be observed at other temperaunes. Further-

W
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more, Fig. 2 shows a very large reduction in oxygen solubility in the aque-
ous acid solutions with high zinc concentrations. For the solution contain-
ing 110 kg/m3 of zinc, the oxygen solubility is only about 40% of that in
water or dilute (5 kg/m3) acid. There were also reductions in oxygen
solubilities as a result of increase of acid concentrations and increase of
iron concentrations in the solutions.
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Fig.2:  Mole fraction solubility of oxygen in aqueous sulphuric acid
solutions at 368 K

The average values oxygen solubility at a gas partial pressure of 101.3 kN/
m2 are shown in Table 1. Using Henry's law, the solubilities at the other
oxygen partial pressures can be obtained as a multiple of the solubility at a
partial pressure 101.3 kN/m2. The results are also presented graphically in
Fig. 3 and Fig. 4. In Fig. 3 and Fig. 4 the mole fraction solubility (x) and
oxygen solubility (s) expressed in kg/m3 respectively are shown. It may
be observed that there is a minimum solubility of oxygen in water at about
368 K. The minimum has been reported by Hayduk and Laudie (1973)[7]
and it was experimentally observed for water and non- aqueous solvents
alike by Prausnitz and Lichtenthalér (1986)8] Thermodynamic explana-
{ion for this phenomenon is given by Beutier and Renon (1978)[9], Schotte
(1985)110], Japas and Sengers (1989)(11] and Harvey and Sengers (1990)(12].
The minimum solubilities were also observed for the various leaching so-
lutions used in this work.

;
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TABLE I: SOLUBILITY OF OXYGEN [N SYNTHETIC SULFURIC ACID LEACH
SOLUTIONS FOR AN QXYGEN PARTIAL PRESSURE OF I0L.3kN/m %

Temperature, K

Composition 323 368 398 428 458
5 0.0235 0.0212 0.0227 0,265 0.0325
120/0/0 (10%)x 138 127 140 1.67 2.11
(10%H 727 787 71.4 599 474
B 0.0165 0.0148 0.0159 0.0186 0.0228
s 00193 00175 0.0189 0.224 0.0285
120/30/0 (10K 113 1.08 1.16 141 1.84
(10HH 885 95.2 86.2 709 54.3
] 0.0135 0.0123 00132 0.0157 00200
s 0.0189 0.0172 00186 0.218 0.0277
60/30/0 (10 110 103 114 1.37 1.79
(10HH 90.9 97.1 §7.1 73.0 55.9
B 0.0132 00121 0,0130 0.0153 0.0194
< 0.0147 0.0131 0.0143 0.177 0.0241
60/75/0 (107 084 0.77 0.86 1.09 1.53
a)HH 119 130 116 917 65.4
8 0.0103° .0092 0.0100 0.0124 0.0169
5 0.0133 0.0114 0.0133 0.166 0.0225
60/75/10  (10k 0.76 0.70 0.80 1.02 1.43
(10HH 132 143 125 98.0 9.9
§ 0.0093 0.0083 0.0093 00116 0.0158
S 0.011 0.0093 0.0106 0.146 0.0209
5/110/1 (1) 0.62 0.53 (.62 0.88 130
(IH 161 189 161 114 76.9
B 0.0078 0.0065 0.0074 0.0102 0.0146
s 0.0298 0.0243 0.0260 0.298 0.0358
water (10%)x 1.70 1.42 1.56 1.84 229
(10HH 388 4 64.1 543 43.7
B (0200 0.0170 4,018 0.020¢ 0.0251
s 0.0294 040239 00257 0.29% 00356
5/0/0 (10%) 1.68 140 = 1[50 1.84 227
(0 595 714 64.9 54.3 44.1
B 00206 0.0167 0.0180 (.0209 0.0249
s 0.0294 00239 0.0257 0.298 0.0356
5/110/0 (10%)x 1.68 1.40 1.54 1.84 2.27
(0HH 395 714 64.9 543 44,1
B (.0206 0.0167 0.0180 00209 0.6249

_w
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It should be noted that in the solubility calculations the OXygen was as-
sumed to behave as an ideal gas.
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Fig.3:  Oxygen solubility expressed as mole fraction for partial pres-
sure of 101.3 kN/m2
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Fig.4: Oxygen solubility expressed in kg/m3 for a partial pressure
of 191.3 kN/m2

This is known to be true to a fraction of a percent for conditions used in
these measurements(1.13]. In calculation of the solubility in kg/m3, it is
necessary to know the number of moles of acid and dissolved salis per
litre of solution, as well as the solution density at each temperature. Thz
total number of moies were calculated and the densities were measured

Uhandisi Journal Vol. 19 No. T June 1995

192



Kimweri & Hayduk

and are presented in Appendix A. The Bunsen coefficient, (B), is some-
times used as well as Henry’s consiant (H) to describe the effect of pres-
sure on gas solubility. Like the Henry’s constant (H), the Bunsen coeffi-
cient (B), representing the volume of gas at STP dissolved in a unit volume
of solvent, is also constani with changing equilibrium pressure.

The error of the solubility results was estimated using the same computer
programe applied in calculating other parameters. Solubility determinations
using absorption methods alone may contain errors of up to 2%. When
pure oxygen was used two consecutive operations are required for each
determination; first, the absorption step at high pressure, and next, the
desorption step at low pressure. The magnitude of error evaluated for the
second step was 2% as well. In consequence, the overall error for most of
the solubility results is estimated to be * 4%. Finally for the results in-
volving the solubility of oxygen from air, yet a third step was involved,
and that was an analysis by GC of the desorbed gas at aimospheric pres-
sure from the solutions saturated at higher pressures and temperatures.
The uncertainty of the sampling and analysis procedure was also estimated
at 2%. Thus, the overall uncertainty of the results involving the solubility
of oxygen from air is estimated to be * 6%.

Models for Oxygen Solubility in Synthetic Pressure Leaching Solu-
tions

Approximate equations can be used to represent the oxygen solubility data
in water and the solutions used. From Figs. 3 and 4, it is apparent that the
nature of the temperature effect on solubility in the temperature range from
368 to 458 K is basically parabolic. Not as apparent is the linear effect of
increasing the quantities of sulphuric acid, as weil as of the dissolved zinc
and iron stlphates in reducing the oxygen solubilities by an amount pro-
portional to the concentrations. These effects are indicated in Fig. 5 which
shows that the increase in concentrations of sulphuric acid reduced the
oxygen solubility in direct preportion to the acid concentration, albeit a
relatively small amount. The effect of increase in concentrations of dis-
solved zinc is much greater than that of sulphuric acid. A large reduction
in solubility is observed with 110 kg/m3 of zinc in solution, for example.
Similarly, although not investigated in detai, there is a further reduction
in the solubility as dissolved iron is added ic the solution. Fig. 5 is typical
of the solubility behaviour at the three other temperatures. It is also of

w
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considerable interest that quite closely, the effect of added acid, zinc or
tron appear to be approximately the same at 368 K as at 428 and 458 K.
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Fig. 5: Effect of sulphuric acid, dissolved zinc and iron on oxygen'

solubility at 368 K

Thus, it was possible to describe all solubility data by a model with the

oxygen solubility (s) and concentrations of acid, zinc and iron (Ca, Cz, Cp)
all expressed in kg/m3,

For water alone, the parabolic equation is:

S =0.0244 + 0.144 x 10-5 (1-95)2 (1)

For aqueous acid, a decrement proportional to acid concentration is intro-
duced:
S =0.0244 + [0.144 (T-95)2 - 2.60CA]x10-5 (2)

For solutions containing dissolved acid, zinc and iron, further decrements
are made:

S =0.0244 + {0.144 (T-95)2 - 2.60C4 - 13.2C, -15.0C] x 10-5 3)
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The above equations were developed using a modelling proczdure based
on the data available and are only approximate because of the range of
variables represented. The average absolute deviation of any one value
from the measured solubility results of the synthetic solutions is 1.5%;
with deviations as high as 3% in some instances. However, considering
the amount of data represented by equation (3}, the equation can be con-
sidered to be very successful indeed. Also, it can be stated that there is a
systematic effect of the dissolved salts on the oxygen solubility in these
solutions. The dashed lines in Fig. 4 indicate values calculated using equa-
tion (3) which can be compared with the experimental results represented
by the solid lines. Equation (3) is valid for the temperature range of 368 K
to 458 K, and concentration range C to 120 kg/m3 acid, 0 to 110 kg/3 of |
dissolved zinc or 0 to 10 kg/m3 of dissolved iron. Itis a suitable model for
interpolation of the solubilities at various temperatures and concentrations
within the specified ranges.

Oxygen Soiubility in Cominco Autoclave effluent and in a Sample
Containing Lignosol

The results of the oxygen solubility for a zinc-rich solution containing 0.3
kg/m3 lignosol (5/110/1/0.3) at 398 K using partial pressures of pure oxy-
gen of 1013, 709.3 and 405.3 kN/m? indicate that the solubilities agree
with Henry’s law. This is the same result as that obtained for the other
solubility determination with pure oxygen. Furthermore, the solubility of
oxygen in the solution containing lignosol is essentially identical with that
without lignosol (5/110/1) to within a fraction of a percent; as can be noted
in Tables I and II. It shouid be mentioned that as part of the experimental
procedure, the high pressure absorber was equilibrated for over 12 hours
at high temperatures so that if lignosol tended to decompose, the equilib-
rium was with the lignosol decomposition products in solution. It appears
that while the lignosol decomposition products inay have useful surfactant
properties, they do not significantly influence the oxygen solubility.
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Table 2: Oxygen solubility in an acid leach solution contain-
ing lignosol and a cominco pressure leaching auto-
clave effluent sample.

Temperature, K

Composition 323 398 428
s - 0.0107 -
5/110/1/0.3 (105)x - 0.624 -
(with oxygen) (10-3)H - 160 -
B - 0.00745 -
S - - 0.0143
5/110/1/0.3 (10-5)x - - 0.862
(with air) (10-HH . e 116
3 - - 0.0063
s 0.0073 - -
Cominco Sample (105)x 0.42 - -
(with oxygen) (10-3)H 238 - -
A 0.0051 - -
S - - 0.0101
Cominco Sample (105)x = - 0.627
(with air) (10-3)H - - 159
B - g
0.0076

Note: Compositicn is in kg/m3 of : acid/zinc/iron/lignosol, respectively.

The results for the solution containing lignosol (5/110/1/0.3) at tempera-
ture of 428 K using air at a partial pressure of air of 1013, 709.3 and 405.3
xN/m2 indicate that Heniy’s law was obeyed and that only a slightly lower
(by 2%) oxygen solubility was obtained with air than that obtained with
pure oxygen, both calculated for the oxygen partial pressure of 101.3 kIN/
m2. The result obtained with compressed air is 0.862 x 10-5> mole fraction
oxygen compared with 0.880 x 10-5 for the comparable sample containing
no lignosol and using pure oxygen. The reduction is 2.0% which is within
experimental error. Thus, it may be concluded that lignosol has a negligi-
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ble effect on the solubility of either pure oxygen or oxygen irom air when
added at a concentration of 0.3 kg/m3.

The Cominco autoclave effluent sample of May, 1990, contained salts other
than zinc and iron and hence, the oxygen solubility results cannot be com-
pared with those for the prepared solutions. It was noted, however, that
the density of the sample was significantly higher than that of all the syn-
thetic solutions due to the higher concentrations of the dissolved salts (Ap-
pendices A and B). There was an inverse relationship between the density
of the solution, which is affected by the concentration of the dissolved
salts, and the oxygen solubility in it. The more dense was the solution, the
lower was the solubility. Hence, it appears consistent that the high density
plant solutions have a relatively low solvating power for oxygen. The
results of the solubility obtained with pure oxygen at 101.3 kN/m? and
temperature of 323 K and also compressed air at 428 K are listed in Table
2. It can be concluded that the low oxygen solubility in the plant solution
has a profound effect on the oxidation rates of minerals present in the
autoctave during pressure leaching.

The model for the oxygen solubility was tested with the Cominco plant
sample even though the concentration of zinc in this sample exceeded that
for which the equations are applicable. It was assumed that magnesium
had the same influence on the solubility as zinc. Then, the oxygen solubil-
ity corresponding to a partial pressure of 101.3 kN/m2 is 0.0076 kg/m3
compared to the measured solubility of 0.0101 kg/m3. On the other hand,
if the effects of magnesium, copper and calcium are neglected, the calcu-
jated solubility is 0.0088 kg/m3, a difference of 13% from the measured
solubility. Although these models give correct order-of-magnitude results,
it should be expected that they cannot give accurate prediction of the
Cominco plant sainple behaviour, '

CONCLUSIONS

i The oxygen solubility in aqueous solutions of sulphuric acid and
zinc and iron sulphates is very low. For an oxygen partial pres-
sure of 101.3 kN/m?2 the solubility is in the order of 0.02 kg/m3 or
1 x 10-5 mole fraction oxygen.

ii The solubilities of oxygen in aqueous sulphuric acid containing

_—-__—-*—-_—
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i

v

zinc and iron sulphates conform with Henry’s law.

There is a minimum solubility of oxygen in water and in aqueous
solutions of sulphuric acid and zinc and iron sulphates at a tem-
perature of about 368 K.

There is a proportional decrease in oxygen solubility with increase
of content of zinc and/or iron and/or acid in the solution.

The two-stage process can be successfully utilized to measure
the solubilities of oxygen in aqueous solutions; first, by batch-
wise saturation at high pressure and then by quantitative desorption
and expansion of the gas through a needle valve at low pressure
using a flow process.
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Appendix A

Table 3 Densities and molar concentrations for test solutions

Temperature, °C
Composition

25 M 95 125 155 185

p His3 1068 1043 1017 9934 9635.5

120/0/0 m {540 334 S2.6 513 50.1 48.7
n 1147 1134 1107 {82 1035 1024

120/30/0 m {567 50.3 53.0 837 524 511
p bar 123t [ ovs [ 1069 ] 1043 1014

60/30/10 m | 630 581 36.0 5583 53.9 324
60/75,0 ) 120 1193 1164 1134 1107 1073

m {612 1.2 39 37.7 56.2 54.4
60/75/10 [+ 1236 1224 1194 1165 i139 1104
mo 6o o1y 4 38.9 57.6 358
3/110/1 n 120) 1247 1220 1180 1159 1121
mo] 033 4.6 63.2 6L6 0.0 58.0

n 9077 U880 G619 939.1 912.3 ¥81.6

water m | 533 348 833 321 S0.6 48.9
P 1Uud 991.8 966.7 9439 $18.2 8879

5/0/0 m | 353 5408 333 52.1 56.0 48.9
p 125G 1245 127 1180 1155 1118

5711040 B 630 644 030 614 59.8 578
5/110/1/03 | : 128 ] 12 (g | o160 |
m 5 4.6 63.2 61.6 60.0 58.0
n - 1383 1351 1318 1786 1249

Cominco sample | m - 68.4 073 63.7 041 62.3

Note: p = density, kg/m’
. b
m = molar concentration, kmolfay

Note: p = density, kg/m3
m = molar concentration, kmol/m3
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Appendix B

Analysis of Cominco Autoclave effluent sample (analysis as determined
by Cominco laboratory).

Date: May 28, 1990

Source of sample: Cominco autoclave effluent, ofter 6-8% water
loss because of flashing during sampling.

Components and concentration:

Zinc 145 g/l
Iron 2+ 5.9 g/l
Free acid 32.3 g/l
Magnesium 9.1 g/l
Lignosol 0.6 g/l (0.3 g/’kg)
Calcium 380 mg/l
Copper 935 mg/l

Normal additional components not specified in the assay:
Mariganese 1.5t02.0 g/l
Cadmium 0.5 g/l

The manuscript was received on 14th September 1994 and accepted for
publication on 5th May 1995
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