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REACTIONS OF ARSENOPYRITE IN CATALYTICAL

OXIDATION ACID LEACHING SYSTEM™
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ABSTRACT

The kinetics of the catalytical oxidation acid leaching of arsenopyrite is studied in the HNO;-H.S0-0. aque-
ous system. In addition to the effect of reaction time on the extraction of arsenopyrite and distribution of prod-
ucts. the effects of operation factors and several additives on the reaction rate are also investigated. The experi-
mental results show that the oxidation rate is greatly dependent on nitric acid concentration, average radius of
samples and acid concentration. The elemental sulphur produced does not interfere with the progress of the reaca-
tion process. It is found that a shrinking core model with chemnical reaction controlling, which is expressed as | —
(1—ud!'*= k¢, mayv be adopted tc describe the kinetics results. The apparent activation energy is tested to be

23.6 kJ/mol.
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1 INTRODUCTION

Arsenopyrite and pyrite are the two com-
mon gold-carrier materials of the refractory
gold ores. Papangelakis et all'l considered
that the oxidation process abided by a shrink-
ing core model with surfacial chemical reac-
tion controlling after having investigated thc
kinetics of the acid leaching of arsenopyrite
under the condition of 130~180 C, 1 000
kPa oxygen partial pressure. According to
the method of pretreatment of refractory gold
ores with oxidation catalytical acid leach dec-
veloped by the Institute of Chemical Metallur-
gy Academia Sinical®’, when the reaction is
conducted at 100 (., the introduced catalyti-
cal set-up is composed of 0. 11 mol/L nitric
acid and sodium lignosulphonate ( Nal.)—a
kind of surfacant with polypolar group struc-
ture. This paper shows the results of prelimi-
nary investigations on the reaction of ar-

scnopyrite in the system.

2 EXPERIMENTAL

The experimental material used in this
work is arsenopyrite provided by the Ore
Sample Manufature Laboratory of the Geo-
logical Mineral Ministry whose compositions
are 26. 91wt. - % Fe and 34. 2wt. - % As and
13. 81 wt.-% S, with a purity of 74.4
wt. -4 and samples average radius ol 98Y%
— 360 mesh sieve. All the reagents in this
work are analytic reagent grade except that
NaL is technical grade.

The experiment is carried out in a titani-
um autoclave with a capacity of 2 L. The da-
ta of oxygen consumption may be obtained
from the interval aeration with oxygen,
which may accurately express the reaction
process as it is checked by chemical analysis.

The concentrations of Fe*” , Fe® in the
solution atre determined by the volumetric
analysis. those of As( I ) and As(V) by the

anion chromatograpghy . and elemental S° in

1. Financially supported by the National Natural Science Foundation of Chinaj; marnscript received Dec. 9. 1992



Vol.3 No 3

the leach residue by the CCl, extraction gravi-
metric analysis.

3 RESULTS

3.1  Relationship between Reaction Products and

Reaction Tune

The relationship between the reaction
products and the leaching time is shown in
Fig. 1. The results indicate that Fe*" rather
than Fe®™ exists in the solution owing to the
existence of nitric acid. After the convertion
percentage of Fe is 25%, the percentage of
the formed S° (percentage ratic of the pro-
duced elemental sulphur to the transformed
sulphur) during the reaction is 50~ 55%;.
Most of the reacted arsenic exists in As( I )
state in the solution, whose content in com-
parison with As(V) varies with time to some
extent during the reaction. Leaching percent-
age of total arsenic is lower than that of total
iron, which is consistent with Ref. [3].
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Fig. 1 The relationship between the reaction

time and conversion percentage
1—Fe*! /Fe;2— (AsCE )+ As(V))/As;
3—As( L )/As;4—S°/S;56—As(V )/As

The transformation percentage of iron
has a parabolic relationship with leaching
time, but whose 1-— (1 —wu)'"?is in linear re-
lationship with kit indicating that the process
of reaction is in accord with a shrinking core
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model without product layers.

3.2  Influence of Nal

As known from photaomicrograph and
electron microscope scanning, elemental S
produced from arsenopyrite has not enclosed
the ore particles. Therefore, little addition of
NaL has no effect on the reaction rate; then
with the addition of NaL increasing continual-
ly . a negative impact on the reaction appear-
s. for the increasing of amount of NalL ab-
sorbed in particle surface brings about morc

surface active sites occupied.

3.3  Effects of Strring Rate and Orygen Par-

tial Pressure

The stirring rotation rate at a level of
400~ 1 000 r/mix and the oxygen average
partial pressure at a scope of 500~ 1 500
kPa have no effect on the reaction rate. This
means that physical diffusion process is not
the controlling process of arsenopyrite oxida-
tion reaction rate.

3.4  Effect of Nuriwe Acud Concentratwn on Re-

action Bate

When the initial acid concentration is
kept to 0. 45 mol/L and the range of nitric
acid concentration is changed from 0 to 0. 26
mol/L, as pointed out from Fig. 2, even in
pure H,SO; aqueous solution system. leach-
ing reaction also proceeds to arsenopyrite. Af-
ter adding certain amount of nitric acid, the
reaction rate increases very quickly. As
shown from effects of nitric acid concentra-
tion on reaction rate at different tempera-
tures, the effects of nitric acid concentration
on reaction rate decreases with the increase

of temperature.

3.5 Effect of Intuial Acid Concentration on Re-

action
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With H' concentration changing from
0. 16 mol/L to 0. 50 mol/L, and with nitric
acid concentration being 0. 114 mol/L, the
result is plotted in Fig. 3. There, in consis-
tence with the reaction mechanism of ar-
senopyrite in literaturel!!, acid concentration
is not a noticeable factor affecting oxygen
consumption rate while the initial acid con-
centration higher than 0. 30 mol/L; and yet
oxygen consumption rate is obviously acceler-
ated along with decreasing initial acid concen-
tration while initial acid concentration is low-
er than 0. 30 mol/L.
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means of physical determination, the diffu-
sion layers of the elemental sulfur have not
found. Within the range of experimental con-
ditions it is suggested with the respective ef-
fect of oxygen partial pressure, stirring rate,
amount of NalL and original particle radius
on the oxidation acid leaching rate of at-
senopyrite that the oxidation reaction of ar-
senoyrite is not dominated by diffusion.
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Fig. 2 The effect of nitric concentration on
reaction rate at 110 C

1—0. 114 mol/L HNO;; 2—0. 076mol/L HNO;;

3—0. 038 mol/L HNO;3; 4—0. 019mol/L HNO;

3.6  Influence of Indwl Average Particle Radius

The test results of Fig. 4 show that the
reaction rate is of a direct ratio to the recipro-
cal of the particle radius, and the observation
through the microscope in the beginning and
at the end of reaction also show the radius of
samples reducing during the reaction.

3.7 Effect of Temperature

The apparent activation energy was test-
ed to be 23. 6 kJ/mol from Fig. 5, which is
lower than the general activation energy con-
trolled by chemical reaction. However, by
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Fig. 3 The influence of initial acid concentration
on oxygen consumption
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Fig. 4 The relationship between reaction rate and

the initial particle radius

The reason that the apparent activation
energy of this reaction set- up was lower,
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Fig. 5 The effect of temperature on the xidation re-
action of FeAsS
1—110 C; 2—100 'C;
3—95°C; 490 C

may be the result of the intricate conduct of
the nitric acid in the solution, so further re
search about this respect remains to be done.
3.8 Influence of Fe* , Cu®*" on Reaction rate
The test indicates that Fe®' , added in
the form of Fe,(SO,) « zH,Q, at the concen-
tration range of 0 to 0.098 mol/ L, and
Cu?*, in the form of CuSQ, * 5H,O, with
concentration range of 0 to 0. 0084 mol/L
do not affect the leach rates.

4 DISCUSSION

4.1  Comparison of Actin of Arsenopyrite in
H,S0O-0, Aqueous Solutwn and HNO-

H,50,4-0, Aquevus Solutwn

Even in the H,SO; aqueous solution,
owing to the lower potential of oxidation of
arsenopyrite, certain reaction rate can be
measured. Following the addition of nitric
acid, due to its catalytic oxidation action,
the rate of reaction increases. For example,
at 100 C, and in the nitric acid solution of
0. 08 mol/L, it only takes half time to reach
the same reaction convertion percentage, and

at 90 C, it takes only one-third time.
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Owing to the nitric acid, the behavior
of arsenopyrite is different from that in the
H,SO, aqueous solution. The rate in the lat-
ter has a direct ratio to the first power of oxy-
gen partial pressure. At the existence of ni-
tric acid in the H,SO,; agueous solution, the
reaction rate is independent of the oxygen
Therefore, in the HNO;-
H.S0,-0, aqueous solution, the oxidation re-

partial pressure.

action of arsenopyrite may take place in low-
er operating pressures and the higher pressure
here is unnecessary.

In the H,SO, aqueous solution, the in-
creaseing acid concentration may improve the
reaction rate. However in the presence of ni-
tric acid, the decreasing of acid concentra-
tion is on contrary conducible to increase the
reaction rate instead. For this reason, the
leaching reaction of the arsenopyrite in the
HNO;-H,S0,-0, agueous solution may take
place in lower acid concentration.

Therefore, oxidation of arsenopyrite in
the HNO;-H.SOy- O,
faster than that of in the H.S50,-0O., aqueous
solution, mainly displaying in higher reac-

agueous solution is

tion rate and lower oxygen partial pressure.

1.2 Comparing Reaction of Arsenopyrite with
That of Pyride mn HNO3-H,S0-0. Aque-

ous Solutwn

The activation energy of pyrite is 35. 8
kJ/mol in the HNO;-H.SO,-0- aqueous solu-
tion, and yet that of arsenopyrite in the
above solution is only 23.6 kJ/mol, which
illustrates that oxidation of pyrite is more dif-
ficult than that of arsenopyrite. Meanwhile,
the reaction rate of pyrite is slightly infiu-
enced by acid concentration, but that of ar-
senopyrite is more seriously.

At 100 C and in the HNO;-H.S0,-0.
agueous solution, the relation between the re-

action rate of pyrite and nitric acid concentra-



. 16- TRANSACTIONS OF NFsoc Aug. 1993

tion is similar to that between the reaction (3) Following the increase of nitric
rate of arsenopyrite and nitric acid concentra- acid concentration, the oxidation rate of ar-
tion, but the leaching rate of pyrite is more  senopyrite increases. While at the high initial
highly affected by the alteration of nitric acid  acid concentration ( > 0. 30 mol/L), the in-
concentration than that of arsenopytite. crease of acid concentration does not affect
Obviously, while pretreating refractory obviously the oxidation reaction rate, howev-
gold concentrates made up of pyrite and ar- er, while at the low initial acid concentration
senopyrite with the catalytic oxidation acid (<C0. 30 mol/L), and with the acid concen-
leaching, it may be induced that the opera- tration in this system decreasing, the oxida-
tion conditions are chiefly restricted by pyri- tion reaction rate is contrarily improved;

te. (4) The experimental results show that
the oxidation rate is principally dependent on
o CONCLUSIONS nitric acid concentration, average radius of

(1) The kinetics of the oxidation reac- samples and acid concentration. While the

tion of arsenopyrite in the HNO,- H,SO,-0O,
aqueous solution may be expressed as 1 — (1
_0)1/3: Lt ;

(2) The reaction apparent activation en-
ergy in the above system is proved to be
23. 6 kJ/mol. The reaction rate has no direct [ Papangelakis V G; Demopoulos, G P. Cat Metall

. - . .. L1 —12
relationship with stirring speed, oxygen par- Quart, 1990. 29(1); 1—12.
. . Xia, Guangxiang el /. CN 87104242, 8.
tial pressure, the addition of Cu( I ) and Fe Kunbozarov., A K ef «/, Chemical Abstracts, 1984,
(Il ), respectively, but is inversely propor- 100, 145714d.

tional to the initial radius of particles;

pretreatment of refractory gold concentrates
containing arsenopytrite and pyrite is carried
out, its operation conditions are greatly re-

strained by pyrite.
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