
IS YOUR FORCED 
AERATION SYSTEM 
ACHIEVING ITS 
GOALS?

Pneumatically 
Compensated Air 
Injection System

“Our experienced team of engineers, in
conjunction with our clients, develops 

practical and innovative solutions which add 
value to heap leaching operations" After 260 days, an additional 4% recovery is achieved incorporating proper forced aeration in Cerro Verde Mine (Peru). 

Results presented at the Hydro-Sulphides 2004 International Colloquium.

Measurements on heaps with non compensated design show that less than 50% of the heap 
gets enough oxygen (red line). Compensated design by Biohydro.cl assure that oxygen 

reaches all the heap.

Most sulfide heap leach operations require large amounts of oxygen as 
a necessary reactant to complete copper dissolution.
Oxygen input to the heap by means of natural convection, molecular 
diffusion or dissolution in the acid solution is not sufficient to support 
an economical copper production. In these cases, it becomes 
necessary to use forced aeration.
Our measurements of available oxygen in forced aerated heaps 
frequently find that as much as 60% of the heap does not get the 
minimum levels of oxygen required to complete the dissolution 
reactions. Progressive reduction of available oxygen during the 
leaching process have also been verified.

The final result is a uniform and steady flow of air along the distribution pipe and during the whole 
leaching cycle. Oxygen, final electron acceptor, is then available everywhere within the heap. 
Chemical dissolution reaction is completed delivering more copper to the SX plant.

The large scale of the heaps and conditions of industrial forced 
aeration systems present a significant design challenge to achieve 
desired results. 
Our company designs air injection systems that are pneumatically 
compensated allowing a reliable and efficient aeration. This is due to 
our increasing orifice area design that evenly delivers the air along the 
distribution pipes and the use of our patented Anti-Clogging Belt 
which protect orifices from clogging with debris carried by the 
irrigating solution.

0

0 20 40 60 80 100 120

5

10

15

20

25

30

35

A
ve

ra
ge

 a
ir 

�o
w

 o
ut

p
ut

 [m
3/

h]

Distance to header [m] 

Air flow vs Distance 
Compensated arrangement vs. Non-compensated arrangement

Excess

Conformity 

Acceptable Range

Lack

Conformity Compensated

Non-compensated 

HEADQUARTERS IQUIQUE - CHILE
Vía 5 esquina Vía 9, Bajo Molle.
(+56 57) 238 4793
(+56 57) 238 0921

BRANCH OFFICE SANTIAGO - CHILE 
Ismaél Valdés Vergara 670, 
Office #504, Santiago Centro.
(+56 2) 2664 0553
consultas@biohydro.cl www.biohydro.cl

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

0 50 100 150 200 250 300

R
ec

ov
er

y

Days

4%

Copper extraction

With aeration Without aeration



Forced 
aeration in 
heap leaching

The concentration map shows oxygen availability in the heap, 
indicating air-deficient zones.

The nozzle-shaped holes of the Anti-Clogging Belt favors exiting air 
flow minimizing risk of flooding of the distribution pipe.

Field experience of our team of engineers has frequently found the 
following problems:

1.- Non-uniform flow in the distribution pipes; excessive flow close to 
header and insufficient flow at the end of the line.

2.- Air rate decreases with time due to clogging of orifices in the pipe.

The heap is a chemical reactor where solid (soluble copper ore), liquid 
acidic solution (protons) and gaseous (oxygen) phases must become 
in contact to produce desired copper dissolution. Some of the chemi-
cal reactions that occur in the heap which require oxygen are:

Micropores represent the space that once it is filled with solution, 
remains saturated condition after heap is drained. Sulfides dissolution 
reactions occur on these micro-pores.  The physico-chemical process 
on this domain are ruled by diffusion mechanisms and capillary forces.

Macropores represent the larger void spaces filled with air after 
irrigation is stopped. It is the volume used to flow by the downwards 
solution and the upwards air. It is the highway to transport reagents 
inside the heap (acid, iron, oxygen, chloride, etc.) and dissolved copper 
out of it.  

Key performance indicators of forced aeration process are quantified. 

Oxygen availability is measured at different heap depths and at 
different distances from header pipes. The sampling technique is 
selected based on ore type. At Biohydro.cl we have developed specific 
methods for oxygen measurement, analysis and evaluation. Oxygen 
concentration is then plotted over heap area.

In addition, complete flow and pressure measures in headers and 
distribution pipes are taken in order to understand arrangement and 
propose system improvements.

Key concepts on sulfide heap aeration

Problems often encountered
To overcome the low spatial uniformity due to all-same-diameter 
orifices pipe design, Biohydro.cl designs pneumatically compensated 
distribution pipes in which orifice diameter increases along with the 
length of the pipe. This increasing orifice area compensates for the 
reduction in pressure so uniform flow is achieved. 

To avoid the clogging of the orifices, Biohydro.cl has developed the 
Anti-clogging Belt®. These belts protect them from clogging in the 
distribution pipes and ensure their availability during the whole leach 
cycle.

Features of 
Anti-clogging 
Belt®:

Tight fit
Nozzle-shaped holes
Welded by ultrasound
Resistant to drag

Solutions 

Clogging due to sediments dragged by the acid solution.

Aeration performance evaluation

   2 Cu2S  +  2 H2SO4  +  O2                    2 CuSO4  + 2 CuS  +  2 H2O             Chalcocite Oxidation

     CuS    +  2 O2                   CuSO4                                                            Covellite Oxidation

4 FeSO4  +  2 H2SO4 + O2                    2 Fe2(SO4)3  +  2 H2O                       Ferric ion regeneration

        2 Sº  +  2 H2O  +  3 O2                   2 H2SO4                                Sulfur oxidation to sulfuric acid 
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Typical non-uniform flow along 
the distribution pipe.
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ENGINEERING APPLIED TO LEACHING PROCESSES BIOHYDRO.CL

A pneumatic compensated designs allows 
flow uniformity, therefore an efficient aeration 
and improved copper recovery.
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Decrease of air flow over time. 
Presented by Danny Castillo, Minera Escondida 
at ExpoMin 2002, Santiago, Chile.
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