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MEASUREMENT OF REACTION ENTHALPY DURING PRESSURE
OXIDATION OF SULPHIDE MINERALS
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A calorimetric method for determining the enthalpy of the aqueous oxidation of sulfide minerals at high temperatures and oxygen
pressures has been developed and evaluated under conditions relevant to industrial pressure oxidation operations. This information is
important for heat balance calculation and optimization of the pressure reactor design. Experiments were carried out on a differential
scanning calorimeter (DSC) with a commercial mixing cell. Enthalpy measured during oxidative dissolution of pyrite (Valdenegrillos,
Spain), pentlandite with pyrrhotite (Sudbury, Ontario, Canada) and impure chalcopyrite (Victoria, Australia) minerals at 150°C and

partial oxygen pressures of 3.4 and 5.5 MPa have been performed and found to be consistent with theoretical estimations.
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Introduction

Autothermal operation of pressure oxidation pro-
cesses requires knowledge of the exothermic reac-
tions in hydrometallurgical operations. Consequently,
the measurement or calculation of the reaction
enthalpy is an important factor in the design of such
operations.

Even if enthalpies for mineral oxidative leaching
can be estimated from standard thermochemical data
[1, 2], these values can only be used as an approxima-
tion of the actual process heat requirements, because:
(7) natural minerals are rarely found as pure crystal-
line phases, (ii) the chemistry of mineral oxidation
and dissolution is very complex and several reactions
and products occur to a variety of extents, and (ii7) the
observed heat of reaction depends on other factors,
such as extent of grinding or activation [1]. Therefore,
measured heats of mineral oxidation under process
conditions are useful for accurate heat balances, opti-
mization of autoclave design, study and modeling of
the hydrometallurgical processes.

We have used a heat flow differential scanning
calorimeter (DSC C80) from Setaram designed for
measurement of heat of mixing and heat of reaction at
normal and elevated temperatures and pressures in
this work. Although several studies are reported in the
literature for measuring heat of mixing [1-4], heat of
dissolution of gases in liquids [4, 5], heat of reactions
at high temperatures [3], none of these studies have
involved the presence of a solid in contact with both,
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a liquid and a gas phase, simultaneously. Thermal
analysis and calorimetry, along with XRD, XRF,
ICP-AES and SEM are very useful techniques for ma-
terials characterization and identification of chemical
reaction [6-22]. In the present study we have em-
ployed these techniques in addition to DSC, to inves-
tigate the oxidative pressure leaching of three natural
sulphide minerals: pyrite (FeS,), pentlandite with
pyrrhotite (Fe4sNigsSs; FeS), and chalcopyrite
(CuFeS,). The selection of FeS, was due to its omni-
presence in sulphide oxidation processes as an impu-
rity as well as to its relevance in the production of
gold. Pyrite can be found in a pure crystalline phase
and therefore it is a good reference system. Pentland-
ite and chalcopyrite are usually found in mixtures and
in combination with other minerals such as pyrrhotite
and pyrite. Our purpose was to develop a calorimetric
experimental method to measure the heat of oxidative
leaching of sulphide minerals which usually involves
temperatures ranging from 150 to 230°C, and partial
oxygen pressures from 0.3 to 1.4 MPa.

Experimental

The enthalpies of oxidative leaching of sulfide
minerals were measured using a differential scanning
calorimeter (DSC C80, Setaram) equipped with a
commercial mixing cell able to operate at tem-
peratures up to 300°C and pressures up to ~21 MPa.
The cell with a nominal volume of 9.1 cm’® was made
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mineral+water

Fig. 1 Schematic diagram of the mixing cell

from stainless steel and used in combination with a
glass liner (4 cm® volume) to prevent degradation of
the stainless steel cell when working with corrosive
mixtures at high temperatures. A schematic diagram
of the cell and its inlet and outlet tubes used for gas
injection is shown in Fig. 1. A schematic diagram of
the experimental setup, calorimeter and injection
system is presented in Fig. 2.

Mineral characterization

Natural sulphide minerals, pentlandite with pyrrhotite
(Sudbury, Ontario, Canada), pyrite (Valdenegrillos,
Spain) and chalcopyrite (Victoria, Australia) were
purchased from Excalibur Mineral Corp. (USA).

The chemical analysis of the mineral samples
was determined using Inductively Coupled Plasma-
Atomic Emission Spectrometry (ICP-AES) on a
Perkin Elmer Optima 3000 DV instrument. In
addition, elemental analysis was determined using
X-ray Fluorescence (XRF) on a Philips 2404

DSC €80

Fig. 2 Experimental calorimeter setup: 1 — reference and
2 — experimental cells (C80 Setaram differential
scanning calorimeter); 3 — pressure transducer;
4 — three-way high pressure valves and 5 — flow meter

sequential X-ray Fluorescence equipment, which was
calibrated with the appropriate sulfide standards. The
phases present in each mineral sample were identified
using powder X-ray diffraction (XRD) on a
Philips PW1830 powder X-ray Diffractometer. The
searchable International Center of Diffraction Data
(ICDD), 2005 database was used for identification of
the phases in the mineral samples.

XRD analysis showed that pyrite crystals were
pure, consisting of only one phase (detection limit
~5-3 mass%). On the other hand, pentlandite was
found to contain pyrrhotite; chalcopyrite to consist of
four major phases. Based on the XRD pattern and
XRF analysis, the chalcopyrite sample consisted of
50.30 mass% chalcopyrite (CuFeS,), 25.44% siderite
(FeCO3), 13.50% pyrite (FeS,), 9.35% quartz (SiO,)
and minor amount of MgO and Al,O;. The above
three mineral samples also contained trace metals as
determined by ICP-AES analysis. Ni and Ca were
found in pyrite; Cu, Co and Mg in pentlandite; Ni, Mg
and Ca in chalcopyrite. The results of ICP-AES and
XRF analysis are summarized in Table 1.

The morphology and purity of pyrite, pentlandite
and chalcopyrite were investigated using a Scanning

Table 1 Sulphide minerals characterization using ICP-AES and XRF analysis

Sulphide mineral Source Chemical analysis/mass% Mineralogy/mass%
Pyrite crystals Valdenegrillos, Spain 47.11 Fe 95 FeS,’

49.90 S 5 Fe,04
Pentlandite with Pyrrhotite Sudbury, Ontario, Canada 48.19 Fe 41.11 Fe, sNig sSg

14.06 Ni 52.77 FeS

32.07 S 6.12 trace metals
Chalcopyrite Victoria, Australia 34.97 Fe 50.30 CuFeS,”

17.42 Cu 25.44 FeCOs

22418 13.50 FeS,

9.35 Si0O,

“ICP-AES analysis, "XRF analysis
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Fig. 3 SEM image of the surface of a polished specimen of
pyrite (particle size <37 um), 400%, 1 — Pyrite

Electron Microscope (SEM) with digital imaging
capabilities (fraction <37 um) by means of Secondary
Electrons (SE) and Backscattered Electrons (BSE).
The SEM was a JEOL, JSM-840, complemented by a
PGT/AAT EDS detector (thin window) and an
IXRF 500 digital pulse processor, allowing for X-ray
microanalysis and digital imaging via SE, BSE and
X-ray signals.

The SEM examination shown in Fig. 3 confirmed that
the pyrite sample is pure. A similar examination also
showed that our pentlandite and chalcopyrite samples
had variable compositions. Figure 4 shows pentlandite
with pyrrhotite and pyrite in minor amounts. Significant
variability in composition was also observed in the
chalcopyrite sample as seen in Fig. 5.

Chemical analysis of minerals, filtrates and residues

The chemical composition of minerals, solid residues
and filtrates was determined by ICP-AES. Mineral
samples of 50.0+0.1 mg were digested in 25 mL of
boiling aqua regia with continuous agitation for

pentlandite with pyrrhotite sample (particle size
<37 um), 200%, 1-3: pentlandite Fe, sNiysSg, 4, 5:
pyrrhotite FeS, 6, 7: pyrite FeS,

J. Therm. Anal. Cal., 96, 2009

Fig. 5 SEM image of the surface of a polished specimen of
chalcopyrite sample (particle size <37 pm). 400%,
1 — FeS,; 2 — CuFeS,; 3 — Fe,03; 4 — Si0;; 5 — Fe,Si0y,
Fe(AlO,),; 6 — NiS, NiSb

approximately 2 to 3 h. The resulting solution was
then filtered and diluted with deionized water to
250 mL.

At the end of the calorimetric measurement, the ex-
perimental cell and its contents were cooled down.
All unreacted solids remained in contact with the so-
lution for at least 4 h, before being separated at room
temperature. After determining the solution pH with a
pH-indicator strip (EMD Chemicals Inc., Germany),
the slurry was filtered with Fisherbrand filter paper
P2. The filtrate was separated and stored and the cell
with any remaining residue was rinsed with
5% HNO;. The residues were dried in an oven at
100°C for 1-2 h and cooled down in desiccators. The
dried residues were weighed and digested in boiling
aqua regia (25 mL) before they were analyzed by
ICP-AES.

Experimental procedure

The mineral oxidation was carried out under isother-
mal conditions. The cell with a weighed amount of
mineral (0.0300 to 0.0600+0.0002 g) and deionized
(Millipore  Milli-Q  Water  System)  water
(2.0000+0.0002 g) was placed into the calorimeter
chamber at room temperature. To expel air from the
cell, nitrogen gas was passed through the cell for
20 min at a flow rate 0£20.39+0.13 sccm, and then the
outlet valve of the cell was closed. The mineral and
water were then kept under nitrogen atmosphere at a
pressure of 1.4 MPa while heating the cell at a heating
rate of 2°C min ' to the final temperature of 150°C
and final pressure of ~2.1 MPa. It took approximately
3 to 4 h to reach a stable temperature.

Once the temperature was stable to £0.02°C, ox-
ygen was injected into the cell at a constant flow rate
of 10.62 (£1.13%) up to a partial oxygen pressure of
3.4 or 5.5 MPa depending on the experiment. Subse-
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quently, the inlet valve of the cell was closed and the
system was kept at 150°C for 10 h since preliminary
experiments showed that in some cases up to 89 h
were required to complete the reaction. After that, the
DSC system was cooled down to room temperature
with a built-in fan at a rate of 2°C min™". Cooling was
completed in about 4 h. The prolonged period of cool-
ing may cause additional oxidation of the minerals,
albeit at progressively slower rates as the temperature
drops.

The nitrogen and oxygen flow rates were mea-
sured with a Brooks 5850E series controller that was
previously calibrated with a portable calibrator
Bios Definer 220 (£2.2%). The pressure was mea-
sured with a pressure-sensitive transducer Gefran
rated to 35 MPa.

The performance of the DSC was first evaluated
by measuring the enthalpy of dissolution of potassium
chloride salt (Standard Reference Material 1655, the
National Institute of Standards and Technology) in
water at 25°C using a specially designed teflon con-
tainer [23-25]. The measured enthalpy of dissolution
of KCI, 17.2540.01 kJ mol™" (+0.06%) was found to
be in excellent agreement with the literature value of
17.22 kJ mol ™' [26].

Mineral powders were ground in air by a ring
mill for about 1 min, and dry-sieved to several size
fractions. The mineral fraction with a particle size
smaller than 37 um was used for the heat of reaction
measurements.

Experimental enthalpy corrections

The overall enthalpy change, AH.,,, was obtained by
integration of the DSC curve as a function of time.
The measured enthalpy includes: (7) the heat of oxida-
tion-dissolution of the mineral, AH.j (mineral);
(if) the heat of dissolution of oxygen in water, AH i
(Oy); (ii7) and the heat required for raising the oxygen
temperature from room to 150°C, AHpe, (O,). The fol-
lowing equation describes the relationship.

AH o y=AH g (mineral)+AHiss(O2)+AHea(02) (1)

To determine the contributions of the AH ;s (O3)
and AHye, (05) to the overall experimental enthalpy,
blank experiments were carried out. The AHyn=
AH iss(O2)+AHpea(O;) was obtained from a run with
water and oxygen, but without mineral, under the
same conditions adopted for the experiments. The
heat of mineral oxidation was then estimated using
Eq. (2). The Setsoft 2000 software distributed by
Setaram was used for this estimation.

AHoxid (mineral)=AHCprAHblank (2)
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Fig. 6 DSC curves for oxidation of 1 — chalcopyrite,
2 — pentlandite and 3 — pyrite samples at 150°C and
partial oxygen pressure 3.4 MPa

Results and discussion

Typical DSC curves for pyrite, chalcopyrite and
pentlandite samples are presented in Fig. 6. The main
reactions are presented in Table 2 (Eqs (4)—(12)).
The theoretical heats of reaction for our mineral as-
semblages at 150°C were estimated from the standard
molar enthalpies of formation of the reactants and
products in these idealized reactions. The calculations
were done with the HSC Chemistry 5.0 software.
The heat of formation of pentlandite was taken from
Cemic and Kleppa [27] since the compound was not
in the HSC database.

Heat of pyrite oxidative pressure leaching

The amount of unreacted pyrite in the solid residue
must be known to determine the molar heat of reac-
tion. However, the very small reactor volume made
the recovery of the samples very difficult and some
approximations had to be made in order to estimate
the degree of conversion from mineral to products.

Effect of mineral mass at constant oxygen pressure

Because the pyrite specimen was pure, the analysis of
the measurements was simpler than for pentlandite
and chalcopyrite. The XRD analysis of the residue af-
ter pyrite oxidation showed significant amount of
unreacted pyrite. The XRD patterns of the original
mineral and the solid products were identical. The
amount of unreacted pyrite in the solid residue was
estimated from the sulphur content in the residue after
digestion using Eq. (3) and the moles of hematite
formed — using Eq. (4).

m01 (FeSZ)un—reactedzn’lo1 Sresidue/2 (3)
1‘1’101 F6203:[m01 ]f—:eresidue_(rno1 Sresidue/z)]/2 (4)

J. Therm. Anal. Cal., 96, 2009
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Table 2 Theoretical enthalpy of sulphide mineral oxidation at 150°C

Theoretical reaction enthalpy/kJ

Reaction (HSC v. 5, [27])

Chalcopyrite

1) CuFeS,+4H +0,(g)=Cu*'+Fe**+28%+2H,0 -401.62

2) CuFeS,+40,(g)=Cu*'+Fe*+2S0% -1750

3) 2Fe*"+0.50,+2H " =2Fe**+H,0 —207.34

Pyrite

4) 2FeS,+4H"+0,(g)=2Fe* +4S"+2H,0 -405.08

5) FeS,+3.50,(g)+H,0()=Fe**+280% +2H" ~1551

6) 2Fe*'+0.50,+2H ' =2F¢*'+H,0 —207.34

Pentlandite

7) (FeNi), sSg+4H +0,(g)=4.5Ni*"+4.5Fe*' +8S"+2H,0 -387.0

8) (FeNi), sSg+160,(g)=4.5Ni*"+4.5Fe*'+8S02 —7478.5

9) 2Fe*'+0.50,+2H =2F¢* +H,0 —207.34

Pyrrhotite

10) FeS+2H"+0.50,(g)=Fe**+S"+H,0 —278.64

11) FeS+20,(g)=Fe*'+S0? -952.74

12) 2Fe*"+0.50,+2H'=2F¢*"+H,0 —207.34

Table 3 Enthalpy of pyrite oxidation at 150°C and P, =3.4 and 5.5* MPa
Mineral/mg Reacted FeS,/ Net h;a t of M(r)éf;l Ezit/ of Spe;:ei:;'lcct i}(l)erzlz;t of
mg o, mol 107 reaction/J J mol! J kgfl
39.9 21.0 53 1.75 -52.6 -301 —2505
50.0 26.1 52 2.18 —-60.9 284 -2369
60.2 26.7 44 223 -59.2 -266 2216
AH=—284+14 kI mol™" (-2363+118 kJ kg ™)

60.0% 26.1 43 2.18 —65.0 299 —2489
60.2* 26.7 44 223 —61.0 274 2282

AH,=—287+13 kJ mol™ (-2386+104 kJ kg™

Table 3 summarizes the results and presents the
enthalpy values for pyrite oxidation. The average
specific enthalpy value at P, =3.4 MPa is AH,~=
—2363+118 kJ kg'. The degree of reacted pyrite
decreases from 53 to 44% with increasing mineral
mass from 0.04 to 0.06 g (Table 3).

Because of the small amount of the samples, fil-
trates and residues the ratio of sulfate to elemental
sulphur formed and the ratio of ferrous to ferric irons
were not determined. This analysis would have en-
abled us to know the exact nature of chemical reac-
tions occurring between FeS, and O,. Furthermore,
the theoretical enthalpies of sulphur conversion from
pyrite to elemental sulphur and to sulfate are mark-
edly different (Table 2, reactions 4 and 5). Interest-
ingly, the heat of pyrite conversion to elemental sul-
phur is of the same order of magnitude as Fe(II) oxi-
dation to Fe(III): reactions 4 and 6 in Table 2.

J. Therm. Anal. Cal., 96, 2009

If we assume that all sulphur from pyrite is oxi-
dized to sulfate and all iron oxidized to Fe(Ill), the
heat of the overall reaction would be —1655 kJ mol™
FeS,. In this case, the estimated enthalpy
(1655 kI mol ™) is 5.8 times higher than the average
experimental value of —284+14 kJ mol ' at P, of
3.4 MPa (Table 3). However, if we assume that all
sulphur from pyrite is converted to elemental sulphur
and all iron oxidizes to Fe(III), then the overall heat of
reaction would be —306 kJ mol™' FeS,. This value is
close to the experimental enthalpy —284+14 kJ mol ™'
at a partial oxygen pressure of 3.4 MPa (Table 3),
suggesting that pyrite oxidation under these condi-
tions proceeded to elemental sulphur. The fact that
the reaction did not proceed to completion is likely
because of O, transfer limitations.
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Effect of oxygen partial pressure in pyrite oxidation

The observation that the higher the mineral weighting
in the reactor the lower the fraction of mineral reacted
(Table 3) is also consistent with the postulation for O,
transfer limitation caused by the lack of stirring. Stir-
ring the mixture would have increased the mass trans-
fer between solids and dissolved oxygen. Under the
present experimental conditions, oxygen flows into
the cell (and therefore providing some stirring) only
for 21 min at P, of 3.4 MPa, which is not enough to
complete the mineral dissolution. Under industrial
conditions the time required for 98% Ni extraction
from a sulfide flotation concentrate in oxidative pres-
sure leaching with sulfuric acid at 150°C is about
30 min [28]. Under neutral conditions with less dis-
solved Fe(III) in solution, this time is expected to be
longer.

Pyrite was also oxidized under a higher partial
oxygen pressure value of 5.5 MPa (Table 3). Under
this pressure, oxygen required longer time (29 min) to
fill up the cell. However, the increase of oxygen pres-
sure did not oxidize the mineral further. The amount
of reacted pyrite remained was almost the same, 43
vs. 44% (Table 3). This is consistent with Williamson
and Rimstidt [29] who reported that pyrite oxidation
is not much affected by the concentration of dissolved
oxygen in water. The average experimental enthalpy
value under P, =5.5 MPa is ~287+13 kJ mol ' (Ta-
ble 3) was also close to the theoretical enthalpy esti-
mated based on the assumption that sulphide sulphur
is oxidized to elemental sulphur.

Heat of pentlandite sample

The pentlandite sample was a mixture of ~41.11%
pentlandite and ~52.77% pyrrhotite (Table 1), and
therefore, the heat of pressure oxidation will be the re-
sult of the oxidation of both components. Conse-
quently, we evaluated the contribution of each com-
ponent to the total heat released. We estimated the
extent of pentlandite leaching by assuming that all re-
acted nickel remains in solution due to the high acid-

ity of the solution, pH 1 to 2 [30]. We further assumed
that any nickel in the solid residue was unreacted
pentlandite (FessNigsSg) which amount was esti-
mated by Eq. (5). The amount of unreacted pyrrhotite
was then estimated by Eq. (6):

mol (Fe4.5Ni4.5 SS):m01 Niresidue/4~5 (5)

mol (FeS)=mass (FeS)/M(FeS)=
[mass of dry residue—mol (Fe4 sNiy sSg)-
M(Fe4 sNiy sSg)]/M(FeS) (6)

where mol(Fe, sNiy 5sSg) and mol(FeS) are the moles
of unreacted pentlandite and pyrrhotite, respectively;
M(Fe,4sNiysSg) and M(FeS) are the molar masses of
pentlandite and pyrrhotite, respectively.

The experimental enthalpies of the pentlandite
sample are summarized in Table 4. The average
enthalpy at P, of 3.4 MPa (Table 4) is AH,~
—3102+151 kJ kg™ of reacted sample.

Similarly to pyrite, the theoretical enthalpies of
pentlandite and pyrrhotite conversion to elemental
sulphur (Table 2, reactions 7 and 10) are much lower
than for sulfate formation (reactions 8 and 11). If we
assume that all sulphide sulphur is converted to ele-
mental sulphur and take into account the heat of oxi-
dation of Fe(Il) to Fe(Ill) — reactions 7 and 9 in Ta-
ble 2, then the enthalpy of pentlandite oxidation
would be —854 kJ mole ™' pentlandite (—1106 kJ kg™");
whereas for pyrrhotite oxidation would be
—382 kJ mole ™ pyrrhotite (—4349 kJ kg™'). Because
the pentlandite sample is composed of two minerals,
the composite AH value for oxidation of 1 kg of such
mixture would be 2930 kJ kg™'. This value is in good
agreement with our experimental measurements of
—3102+154 kJ kg’] at P, of 3.4 MPa (Table 4).

Effect of oxygen partial pressure on pentlandite
sample

In the case of oxidation under increased partial oxy-
gen pressure, the reacted pentlandite increased from
56 to 79% and, at the same time, pyrrhotite was re-
duced from 42 to 17% (Table 4). Under higher oxy-

Table 4 Enthalpy of oxidation of pentlandite Fe4 sNis sSg (41.11%) with pyrrhotite FeS (52.77%) sample at 150°C and P02=3.4

and 5.5* MPa
29.9 12.3; 15.8 7.0; 56 5.6;35 -37.1 2951
303 12.5; 16.0 7.1; 57 6.7; 42 —44.7 —3252
AH,=-3102+151 kT kg™
30.3% 12.5; 16.0 9.8; 79 2.8;17 —64.9 -5130
30.0% 12.3;15.8 9.0; 73 2.6;17 —65.8 —5642

AH,=-5386%256 kJ kg
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Table 5 Enthalpy of oxidation of chalcopyrite sample (50.30% CuFeS;) at 150°C and P, =3.4 and 5.5* MPa

Total mineral/mg CuFeS,/mg Residue (reacted)/ Reacted Net hfeat of Speciﬁc heat (3110

mg CuFeS,/mg; % reaction/J reaction/kJ kg

31.0 15.59 13.8(17.2) 11.19; 72 -25.2 —2251

40.1 20.17 27.0 (13.1) 12.52; 62 -30.2 —2413

50.2 25.25 38.0(12.2) 11.80; 47 -29.0 —2457

60.2 30.28 44.7 (15.5) 11.72; 39 -29.2 —2490
AH=-2328+119 kI kg™

49.9% 25.10 26.6 (23.3) 16.0; 53 -50.4 -3149

50.0* 25.15 26.8 (23.2) 16.02; 53 —48.0 —2996

AH,=-3073+77 kI kg !

gen pressure the pentlandite oxidation is favored over
pyrrhotite. These results suggest that further
pentlandite oxidation occurs at higher oxygen con-
centration, or that a galvanic effect is in place be-
tween pentlandite and pyrrhotite which is facilitated
at higher O, pressure resulting in accelerated dissolu-
tion of pentlandite.

Heat of chalcopyrite sample oxidation

The chalcopyrite sample used in this study was a mix-
ture of four major minerals, and the measured heats of
pressure oxidation were the result of the oxidation
and dissolution of all components. For consistency,
we report here the heat of reaction in per kg of reacted
mineral, even though, chalcopyrite (CuFeS;) is
50.30% of the total sample mass.

The pH of the final solution was around 2 and all
copper in the residue was accounted as copper from
unreacted chalcopyrite [30-32]. The measured
enthalpies of chalcopyrite mineral leaching are sum-
marized in Table 5. The average enthalpy of chalco-
pyrite  oxidation at P, of 34 MPa s
—2328+119 kJ kg ' of reacted chalcopyrite. The per-
centage of reacted chalcopyrite reduces with the min-
eral mass. This tendency was also observed for pyrite
and pentlandite oxidation (Tables 3 and 4) and has
again been attributed to the lack of stirring.

If we assume that all sulphur from chalcopyrite
is converted to elemental sulphur and all Fe(II) is con-
verted to Fe(Ill), the estimated enthalpy of pressure
oxidation is —505 kJ mol™"' (-2753 kJ kg ') CuFeS,.
This calculation is taking into account the amounts of
chalcopyrite (50.30%), siderite (25.44%) and pyrite
(13.50%) in the chalcopyrite sample.

Effect of oxygen pressure on chalcopyrite oxidation

Under increased partial oxygen pressure at constant
mineral mass (50 mg), the amount of reacted chalco-
pyrite increased slightly from 47 to 53% (Table 5), in-
dicating that oxygen concentration is not significantly

J. Therm. Anal. Cal., 96, 2009

affecting the chalcopyrite surface oxidation. A similar
observation was made previously for pyrite oxidation.
This behaviour is consistent with the oxidation mech-
anism reported by Hackl er al. [33]. According to
Hackl et al. [33], the oxidative pressure leaching of
chalcopyrite is stifled by molten sulphur, which wets
and agglomerates the sulphide particles and prevents
further oxidation at temperatures higher than the
melting point of sulphur, 120-160°C. High copper re-
covery can be obtained if the temperature is raised to
200°C or higher [33].

Conclusions

A calorimetric method for determining the reaction
enthalpy of sulfide mineral oxidation at high tempera-
tures and high oxygen pressures has been developed
and evaluated under conditions relevant to industrial
pressure oxidation operations. The heat of oxidative
pressure leaching of sulphide minerals is important
for the heat balance and optimization of the autoclave
design.

The reliability of the developed method has been
tested first by measuring the enthalpy for the pyrite
mineral oxidation. The theoretical enthalpy for pyrite
oxidation at 150°C, estimated based on the assump-
tion that sulphide sulphur converted to elemental sul-
phur, is =306 kJ mol . This value is vey close to the
experimental enthalpy at P, of 3.4 and 5.5 MPa:
—284+14 and —287+13 kJ mol ', respectively.

All measured enthalpies for natural sulphide
mineral oxidation at 150°C showed good reprodu-
cibility with a standard deviation of about 5%.

The measured enthalpies are consistent with
their oxidation mechanisms as reported in the litera-
ture. It was shown that the concentration of dissolved
oxygen in water is important factor in the leaching of
pentlandite mineral but not so for pyrite, or chalco-
pyrite. This is consistent with passivation mecha-
nisms by molten S encapsulation as shown in the
literature.
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