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(57) Abrege/Abstract:
The Invention relates to a method for fragmenting material (1) by means of high-voltage discharges (6). The material (1) to be

fragmented Is guided through a process zone (5) formed between two electrodes (3, 4), whereas high-voltage discharges (6) are
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(57) Abrege(suite)/Abstract(continued):

generated between said electrodes (3, 4) for fragmenting the material (1). The high-voltage discharges (6) are triggered subject to
a continuously determined process parameter, which represents the situation with respect to the material (1) located in the process
zone (9). In this way, the process can be guided such that high-voltage discharges (6) are only triggered if there Is a situation In the

process zone (9), In which a specified fragmentation work can be performed. In this way, the energy efficiency of the process can
be considerably improved, and an excessive fragmentation of the material (1) can be prevented.
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Abstract

The 1nvention relates to a method for frag-

menting material (1) by means of high-voltage discharges

(6) . The material (1) to be fragmented is guilided through

a process zone (o) formed between two electrodes (3, 4),

while high-voltage discharges (6) are generated between

sald electrodes (3, 4) for fragmenting the material (1).
The high-voltage discharges (60) are triggered subject to
a continuously determined process parameter, which re-

presents the situation with respect to the material (1)

located 1in the process zone (5). In this way, the process

can be guided such that high-voltage discharges (6) are

pr—

only triggered 1f there 1s a situation 1n the process

zone (5) 1n which a specified fragmentation work can be

performed.

By this, the energy efficilency of the process

can pe considerably i1mproved, and an excessive fragmen-

tation of the material (1) can be prevented.
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Method for fragmenting and/or pre-weakening

material by means of high-voltage discharges

Technical field

The invention relates to methods for

P
ey

fragmenting and/or pre-weakening material by means of

high-voltage discharges as well as an installation for
carrying out the method according to the preambles of the

independent claims.

Prior art

It 1s known from the prior art how to crush

Or pre-weaken material pieces, e.g. concrete or rock, by

—

means of pulsed high-frequency discharges, 1.e. to

provide 1t with cracks 1n such a way that they can be

crushed easiler 1n a subsequent mechanical crushing

process.

In order to be able to use this technology 1in

the 1industry economically, 1t 1s c¢rucial that a high

F—

energy efficiency of the fragmenting and/or pre-weakening

process 1s reached and that 1t can be ensured also under

varyving operating conditions. This 1s still an unsolved

problem, particularly 1n the field of treating minerals,
because the material to be fragmented and/or pre-weakened

in these applications 1s a natural product, the physical

propertlies and composition of which may wvary 1n wide

areas.

Description of the i1nvention

Hence, 1t 1s the objective of the invention

to provide methods for fragmenting and/or pre-weakening

material by means of high-voltage discharges which ensure

a high energy efficiency of the fragmenting and/or pre-

weakening process even in case of varying quality and/or
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quantity of the material to be fragmented and/or pre-

weakened, respectively, or which at least reduce the

vl

influence of this variation on the energy efficiency of

the fragmenting and/or pre-weakening process,

respectively.

This objective 1s reached by the subject

matters of the i1ndependent claims.

According to them, a first aspect of the

invention relates to a method for fragmenting and/or pre-

weakening material, preferably rock material or ore, by
means of high-voltage discharges. The material to be

fragmented and/or pre-weakened 1s guided through the

process zone formed between at least two electrodes at a

distance from one another, while high-voltage discharges

are generated between these electrodes, by means of which

the material is fragmented and/or pre-weakened. The high-

voltage discharges are triggered individually or as a

sequence of multiple high-voltage discharges, depending
on one or more Process parameters determined

continuously, wherein the parameters represent a current

and/or a future situation related to the material located
in the process zone. In this way it is possible to carry
out the process 1n such a way that high-voltage

discharges are only triggered when a situation is present

in the process zone, 1n which fragmentation and/or pre-

weakening work, respectively, can be carried out as

intended, e.g. Dbecause a sufficient material filling
level 1s present 1n the process zone or e.g. because in

the process zone there 1s material which 1is not vyet

fragmented to target size and/or is not sufficiently pre-

weakened. Accordingly, the energetic degree of efficiency

Jr—

of the process can be substantially improved and an

excessive fragmentation and/or pre-weakening of the
material are avoided.

Preferably, the continuously determined
process parameter(s) represents or represent at least the

current or a future material filling level of the process
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zone, the current or a future plece size or pilece size

distribution of the material located in the process zone

and/or a fragmenting degree or a pre-weakening degree,

r-

respectively, of the material located 1n the process

zone. Process parameters representing these aspects of

the situation with regard to the material located 1n the

process zone are particularly suitable for controlling

r—

the triggering of the high-voltage discharges.

In a preferred embodiment of the method at
least a parameter (process zone parameter according to
the claims) 1s determined continuously for determining
the process parameter or parameters, which represents a

v

property of the content or of a part of the content of

-

the process zone or of a neighboring region of the

process zone. In this way the situation related to the
material located 1n the process zone can be acqguired

practically without delay.

The following parameters are particularly

preferred here:

the electric capacity, the electric

conductivity or the permittivity of the content of the

fr—

process zone or of a part of the content of the process

r—

zone or of a neighboring region of the process zone,

the material fi1lling weight or the material

filling level of the process zone or of the neighboring

region of the process zone, as well as

the plece size or the piece size distribution

of the material located 1n the process zone or 1in the

neighboring region of the process zone.

In an alternative or supplementary preferred

embodiment of the method, for which the material of the

process zone to be fragmented and/or pre-weakened,
respectively, 1S supplied continuously as material
stream, at least a parameter (material supply parameter
according to the claims) 1s determined, for determining
the process parameter(s), which represents a property of

the material stream 1n a reglion upstream of the process
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zone. In this way a future situation related to the

material located 1n the process zone can be acquilred.

The following parameters are particularly

preferred here:
the electric capacility, the electric

conductivity or the permittivity of the material stream

in the region,

the volume flow or the mass flow of the
material stream or of the material to be fragmented or
pre—-weakened transported by the material stream,
respectively, 1n the region, as well as

the piece size or the pliece size distribution

r—
.

of the material located i1n the region.

Preferably, 1n case of the above mentioned

preferred embodiment of the method, for which the process

parameter or parameters represent(s) a future situation

with respect to the material located in the process zone,

the instants in future, at which the situation
represented by each process parameter 1n the process zone
coccurs, 1s determined by taking 1into account the supply
speed of the material stream towards the process zone and
the distance between the location of the determination of
the material supply parameters. The high-voltage
discharges are then triggered each at this 1instant
depending on the corresponding process parameter. In this
way the triggering, according to the situation, of the

high-voltage discharges 1S possible oy means of

parameters determined far away from the process zone.

In a further preferred embodiment of the
method the continuously determined process parameter or
parameters 1s or are compared continuously with a
threshold wvalue and the high-voltage discharges or the

F

sequences of high-voltage discharges are each triggered

when the process parameter matches the threshold wvalue or

exceeds or falls below a certain wvalue. Such a threshold
value can be adapted 1n a simple way to different

operating conditions, such that the method 1s universally
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applicable and can be 1ntegrated as part of a larger

collective method.

It 1s therefore preferred that a threshold

value 1s used, which 1s determined beforehand in such a

ﬁ
p—

way that a material situation 1s effected in the region

where the respective parameter for determining the

process parameter 135 determined, for which a desired

criterion for triggering high-voltage discharges 1is

fulfilled, wherein thereafter the process parameter 1is
determined 1n this state and thilis process parameter 1is

used as threshold wvalue 1n the method according to the

invention. In this way 1t 1s possible to adapt the method
1n a simple way to different materials and prescriptions

related to the fragmenting or pre-weakening result,

respectively.

In a preferred sub-variant of this embodiment

of the method a single material piece with a size for

which the triggering of high-voltage discharges 1is

desired, or a certain material guantity, for which the

pr——

triggering of high-voltage discharges 1s desired, 1is

arranged 1n the process zone. Subsequently the process

parameter 1s determined, which represents a property of

ﬁ

the content or of a part of the content of the process

zone, or of a region nelghboring the process zone. This
process parameter 1s then used as threshold wvalue 1in the

method according to the invention.

In a further preferred sub-variant of this

embodiment a single material pilece 1s arranged 1in a

region upstream of the process zone, with a size which
shall lead to a triggering of high-voltage discharges
when it 1is present in the process zone, or a certain
material quantity which shall lead to a triggering of
high-voltage discharges when it 1s present in the process

zone. Subsequently the process parameter 1s determined,

which represents a property of the material piece or of

the material quantity 1n the region upstream of the
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process zone. Thls process parameter is used as threshold

value 1n the method according to the invention.

In a further preferred wvariant i1t 1s also

—

provided that at least a parameter of a method preceding

the method according to the 1nvention, 1in which the

material for fragmenting or for pre-weakening,

respectively, 1is pre-treated and/or of a method following
the method according to the 1invention, 1n which the
material for fragmenting or for pre-weakening, is post-
treated, 1s determined and the threshold value is changed

based on this parameter.

Preferably, the preceding method and/or the

subsequent method is a method for fragmenting and/or pre-

weakening materilial by means of high-voltage discharges,
preferably also a method according to the invention.
Advantageously, a parameter of a preceding

method 1s determined, representing properties of the

material emerging from the preceding method, which shall
pe fragmented or pre-weakened, respectively, 1in the
method according to the 1invention, particularly the
material type, the material quantity, the

fragmentability, the material hardness and/or the piece

si1ze of this material.

The following parameters are particularly

preterred here:

gr—

the energy consumption of a device for

treating the material 1n the preceding method, preferably

a crusher or a milil,

the piece size of the material emerging from

the preceding method,

the consumption of chemical materials used in
the preceding method,

the concentration of certain materials 1in a
process liquid of the preceding method, as well as

the quantity of material which emerges from

the preceding method.
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Alternatively or supplementary, 1t 1S

advantageous that a parameter of a subsequent method 1is
determined, which represents properties of the fragmented
or pre-weakened material, respectively, after 1t has
emerged from the method according to the 1nvention and

which 1s supplied to the subsequent method, preferably

the material type, the materia. quantity, the

fragmentability, the material hardness and/or the piece

ﬁ

size of this material.

The followling parameters are ©particularly

preferred here:

the energy consumption of a device for
treating the material 1n the subsequent method,

particularly a crusher or a mill,

the pressure of a ball mill cyclone used 1in

r—

the subsequent method, the piece size of the material

supplied to the subsequent method,

ﬁ

the consumption of chemical materials used in

the subsequent method,

the concentration of certain materials 1n a

g

process liquid of the subsequent method,

the rejection rate or a recovery rate reached

1n the subsequent method, as well as

e

the quantity of material which emerges from

the subsequent method.

In yet another preferred embodiment of the
invention the process zone 1s flooded with a process

liquid, particularly with water, during the triggering of

high-voltage discharges, wherein 1t 1s further preferred

that process liquid passes through the process zone. In

this way fine particles can be removed from the process
zone and stable operating conditions can be ensured.
Preferably, the method according to the
invention 1is used for fragmenting and/or pre-weakening
precious metal ore or a semli-precious metal ore,
particularly copper ore or copper/gold ore or platinum

ore.
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In vyet another preferred embodiment of the

method a fragmenting and/or a pre-weakening of the

material to be fragmented and/or pre-weakened 1s carried

out before the method, preferably fragmenting and/or pre-

weakening by high-voltage discharges, which 1s preferably
also carried out by executing the method according to the

invention.

In vyet another preferred embodiment of the

g
prvr

method a fragmenting and/or a pre-weakening of the

material fragmented and/or pre-weakened emerging from the

method 1s carried out after the method, preferably a

gp—

fragmenting and/or weakening by means of high-voltage

discharges, which 1s preferably also carried out by

executing the method according to the 1nvention, or a

mechanical fragmenting.

A second aspect of the 1invention relates to
an 1nstallation for usage 1n the method according to the
first aspect of the invention. The 1nstallation comprises

a process zone formed between at least two electrodes

arranged at a distance from one another, means for

guiding the material to fragment or to pre-weaken,
respectively, through the process zone, as well as means
for generating high-voltage discharges between the at
least two electrodes during the guiding of the material
to fragment or to pre-weaken, respectively, through the
process zone, for fragmenting and/or pre-weakening the
material (1), respectively. The means for guiding the
material to fragment or to pre-weaken, respectively,
through the process zone, may comprise e.g. a conveying

band, a vibration conveyor or an oblique surface serving

as slide. The means for generating high-voltage
discharges between the at least two electrodes comprise
typically a high-voltage generator and 1lines to the
electrodes, and are formed 1n such a way according to the
invention that a targeted triggering of single high-
voltage discharges or of single sequences of multiple

high-voltage discharges 1s possible.
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In a preferred embodiment the 1installation

according to the 1invention further has means for
continuously determining at least a process parameter
representing the current or a future situation related to
the material located 1n the process zone, preferably for

pr—

continuously determining of at least a process parameter

representing the current or a future material filling
level of the process zone, the current or a future piece

size or pilece size distribution of the material located

in the process zone and/or a fragmenting degree or a pre-

weakening degree, respectively, of the material located
currently or 1n future 1n the process zone. The means for
continuously determining at least a process parameter
comprilise typically measurement arrangements for
determining certain physical variables 1n certaln areas
of the 1nstallation. The 1installation also has 1n this
embodiment an 1nstallation controller by means of which
the single high-voltage discharges or sequences of
multiple high-voltage discharges can each be triggered
depending on the respective determined process
parameters. Such an 1nstallation 1s particularly suitable

for carrying out the method according to the first aspect

gr—
.

of the 1Invention 1n an automatized way.

Here 1t 1s preferred that the means for

contlnuously determining the at least one process

parameter are formed 1n such a way that they can
determine at least a parameter (process zone parameter

according to the claims) which represents a property of

the content or of a part of the content of the process

—
e

zone, respectively, or of a neighboring region of the

process zone.

The following parameters are particularly

preferred here:

the electric capacility, the electric

conductivity or the permittivity of the content or of a

part of the content, respectilively, of the process zone or

of a neighboring region of the process zone,
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the material filling welght and/or the

1)

material filling level of the process zone or of a

nelighboring region of the process zone, as well as

the piece slize or the piliece size distribution

ﬁ

of the material located 1n the process =zone or 1n a

nelghboring region of the process zone.

It 1s also preferred that the 1installation

additionally has means for continuously supplying the

material e be fragmented and/or pre-weakened,

respectively, as material stream to the process zone and

that the means for continuously determining the process
parameter are formed 1n such a way that they can
determine at least a parameter (material supplying

pr—

parameter according to the claims) of the material stream

1n a region upstream of the process zone for determining

the process parameter.

The followling parameters are particularly

preferred here:

the electric capacity, the electric
conductivity and/or the permittivity of the material
stream in the region,

the wvolume flow or the mass flow of the
material stream or of the material to be fragmented
and/or pre-weakened, respectively, transported by the

material stream, as well as

the pliece size or the piece size distribution

of the material located 1in the region.

In the latter case 1t 1S furthermore

preferred that the means for determining the at least one
process parameter are formed 1n such a way that the
process parameters determined by them represents each a

future situation with respect to the material located in

the process zone, and that the installation controller is
formed 1in such a way that 1t can determine the 1nstant in
the future at which the situation represented by the

respective process parameter 1n the process zone oOCCUrsS,

by taking 1into account the supply speed of the material
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stream towards the process zone and the distance between

the location of the determination of the parameter

(material supply parameter according to the claims), and

r—

the triggering of the high-voltage discharges or of the

F

sequences of multiple high-voltage discharges by taking

into account this 1nstant can be carried out. In this way

1t 1s possible to control the triggering of the high-

voltage discharges by means of parameters determined

outside the process zone.

In a further preferred embodiment of the
installation the 1nstallation controller 1s adapted to
continuously compare the continuously determined process
parameter with a threshold value and to trigger the high-
volitage discharges Or seqguences of high-voltage
discharges when the respectlive process parameter matches
the threshold wvalue or exceeds or falls below a certain

value, respectively.

Here 1t 1s further advantageous that the
installation controller 1s adapted to compare the process
parameter with a threshold value which was previously
determined Dby 1t by the means for continuously
determining the pProcess parameter, preferably
automatically, by operating the 1nstallation 1n such a

way that a material situation 1s caused 1n the region

where the parameter or the parameters for determining the

process parameter are determined, for which Che

g

triggering of high-voltage discharges 1s desired, wherein

thereafter the process parameter 1s determined 1in this

state and thils process parameter 1s used as threshold

value by the 1nstallation controller.

Here 1t 1S further preferred that the
installation controller 1S adapted o previously
determine the threshold value 1n such a way, preferably

automatically, that the i1nstallation 1s operated in such

a way that a single material piece or a certaln material

quantity 1is arranged 1n the process zone, for which the

" e

triggering of high-voltage discharges 1s desired, wherein
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subseguently the process parameter 1s determined by

determining the process zone parameter which represents a

property of the content or of the part of the content,

respectively, of the process zone or of a neighboring
region of the process zone, and wherein this process
parameter 1s subsequently wused Dby the 1nstallation

controller as threshold wvalue.

In case of 1nstallations having means for
continuously supplying the material to be fragmented or
pre-weakened, respectively, as material stream to the

process zone, 1t 1s alternatively or supplementary

preferred that the 1installation controller 1s adapted to
previously determine the threshold value 1in such a way,
particularly automatically, that the 1nstallation 1s
operated 1n such a manner that a single material piece or
a certain material quantity 1s arranged 1n a region
upstream of the process zone, which correspond(s) to a
single material piece, for which the triggering of high-
voltage discharges 1s desired, when 1t 1s present 1n the
process zone, that subsequently the process parameter
which represents a property of the material piece or of
the material quantity 1n the region upstream of the
process zone, 1s determined and that this process

parameter 1s subsequently used Dby the 1nstallation

controller as threshold wvalue.

It 1s also furthermore preferred in case of

installations according to  the invention with an
installation controller, which are adapted to compare the
continuously determined process parameter continuously

with a threshold wvalue, that the 1nstallation controller

is formed 1in such a way that 1t can change the threshold
value depending on one or more parameters of an
installation upstream of the installation according to
the invention and/or of an installation downstream of the

installation according to the 1nvention.

Short description of the drawings
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Further embodiments, advantages and

—

applications of the invention result from the dependent

ﬁ

claims and from the now following description by means of

the drawings. It 1s shown 1n:

Fig. la to 1lc strongly schematized a first

method according to the invention;

Fig. 2 strongly schematized a second method

according to the invention;

Fig. 3a and 3b strongly schematized a third

method according to the i1nvention;

Fig. 4a and 4b strongly schematized a fourth

method according to the invention;

Fig. 5a and 5b strongly schematized a fifth

method according to the invention;

Ways for carrying out the invention

Fig. la to 1lc 1llustrate 1in a strongly

schematized way a first method according to the 1nvention

for fragmenting and/or pre-weakening rock materilial Dby

means of high-voltage discharges. As can be noticed, rock
material 1 1s guided to a process zone 5 formed between
the two electrodes 3, 4 by means of a conveying band Z,
where 1t can be fragmented by means of high-voltage

discharges 6 generated between the two electrodes 3, 4,

and 1t 1s subsequently guided away from the process zone

| —)

5 by means of a further conveying band 7. As 1ndicated Dby

the capacitor symbol, the electric capaclty between the

r—

two electrodes 3, 4, 1.e. of the content of the process

zone 5 is determined, which varies depending on material
piece size and which thereby represents the material
piece size. The determined capacities are continuously

Jr—

compared to a threshold wvalue, by means of which 1t 1is

decided 1f a high-voltage discharge © fragmenting the

material piece 1 shall be executed or not.
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In the situation shown 1n Fig. la the
material pliece 1 with a plece size smaller than or equal
to the target size 1s located 1n the process zone 5, such
that a capacity results which 1s greater than the

threshold wvalue. In this case no high-voltage discharge

1s triggered and the material piece 1s guided through the

process zone 5 without further fragmentation.

In the situation shown i1n Fig. 1lb no materia:

piece 1s located 1n the process zone 5, such that an even
higher capacity than 1n the situation shown 1n Fig. 1la
results. Accordingly, also 1n this case no high-voltage

discharge 1s triggered.

In the situation shown 1n Fig. 1lc a material
plece 1 with a piece si1lze greater than the target size 1is
located 1n the process =zone 5, such that a capacity
results which 1s smaller than the threshold wvalue. In
thls case a high-voltage discharge 6 1s triggered and the
material pilece 1s fragmented i1n this way.

F1g. 2 shows strongly schematized a situation

like 1n Fig. 1lc 1n a second method according to the

invention for fragmenting rock material by means of high-

o
aad

voltage discharges, which differs from the method

1llustrated 1in Filg. 1la to 1lc only 1in that the bottom

electrode 3 1s formed as metallic convevying band 8.

In Fig. 3a and 3b a third method according to

the 1nvention for fragmenting rock material by means of

high-voltage discharges 1s 1llustrated. As can be noticed

rock material 1 1s guided Dbetween two measurement

electrodes 10, 11 arranged upstream of the process zone
5, by means of a transport device 9Y9a, subsequently 1t 1is
supplied to the process zone 5 where 1t can be fragmented

gr—

by means of high-voltage discharges 6 generated between

the two electrodes 3, 4, and 1t 1s subsequently guided

'-0

away from the process zone 5 by means of a conveyling band

7. As 1ndicated by the capacitor symbol, the electric
capaclity between the two measurement electrodes 10, 11,

which wvaries depending on material piece size 1 located
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between the electrodes 10, 11 and which  thereby
represents the material plece size, 1s continuously
determined. The determined capacities are continuously

g~
—

compared to a threshold value by means of which 1t 1s

decided 1f a high-voltage discharge 6 for fragmenting the
material piece 1 shall be executed or not 1n the 1instant

when the material piece 1 arrives 1n the process zone 5.

The instant of arrival of the material piece 1 1n the

process zone 5 1s determined from the supply speed S of
the material piece 1 to the process zone 5> and the known
distance between the measurement electrodes 10, 11 and
the process zone O.

In the situation shown 1n Fig. 3a a material
piece 1 with a pilece size Jgreater than the target pilece
size 1s located between the two measurement electrodes
10, 11, such that a capacity 1s determined, which 1is
smaller than the threshold wvalue. In this case a high-
voltage discharge 6 1s triggered as soon as the material
piece 1 has arrived in the process zone 5. Thils sltuation
is shown in Fig. 3b. The subsequent material piece 1 just
located between the measurement electrodes 10, 11 has a
piece size smaller than or equal to the target size, such
that a capacity 1s determined which 1s greater than the
threshold wvalue. In this case no high-voltage discharge
is triggered as soon as thilis material piece 1 has arrived
in the process zone 5 and the material plece 1s guided
through the process zone 5 without further fragmentation.

Fig. 4a and 4b show strongly schematized a

fourth method according to the 1nvention for fragmenting
rock material by means of high-voltage discharges. As can

be noticed, this method differs from the method shown 1in

Fig. 3a and 3b only 1in that a conveying band 2 1s used

instead of the transport device %9a, 9b and of the bottom
measurement electrode 10, which serves at the same time
as bottom electrode 10.

Fig. 5a and 5b show strongly schematized a

fifth method according to the 1nvention for fragmenting
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rock material by means of high-voltage discharges. As can

be noticed this method differs from the method shown 1n

Fig. 4a and 4b only 1n that a camera system 12 1s used

r—

instead of the measurement electrodes, by means of which

the piliece size or the plece size distribution of the

pr—

material 1n the region upstream of the process zone 5 1s

determined continuously. The determined plece slzes Or

pilece size distributions are continuously compared with a

threshold wvalue by means of which 1t 1s determined 1f a

high-voltage discharge 6 shall take place or not, for
fragmenting the material plece 1, at the 1nstant when the

material piece 1 arrives 1n the process zone 5. The

instant of arrival of the material piece 1 1n the process

zone 5 1s determined based on the supply speed S of the
material piliece 1 to the process zone 5 and the Kknown

distance between the camera system 12 and the process

zone 5H.

In the situation shown 1n Fig. b5a a material

piece 1 with a plece size Jgreater than the target piece

e

size 1s located 1n the view field of the camera system

12, such that a high-voltage dilischarge © 1s triggered as
soon as the material pilece 1 has arrived 1in the process

zone 5, as shown 1n Fig. 5b.

While preferred embodiments of the 1nvention

are described 1in the present application, 1t has to be

clearly stated that the invention 1s not limited thereto
and may be executed 1n other ways within the scope of the

now following claims.
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Claims

1. Method for fragmenting and/or pre-

weakening material (1), particularly rock material (1) or

ﬁ

ore, by means of high-voltage discharges (6), comprising

the steps:

a) providing a process zone (5) between at
least two electrodes at a distance from one another (3,

4)

b) guliding the material (1) to fragment or to
pre-weaken, respectively, through the process zone (5),
and

c) generating high-voltage discharges (6)

between the at least two electrodes (3, 4) during the

gulding of the material (1) to fragment or to pre-weaken,

respectively, through the process zone (5), for

fragmenting and/or pre-weakening the material (1),
respectively,

wherein the high-voltage discharges (6b) are
triggered, 1ndividually or as a sequence of multiple
high-voltage discharges (©), depending on at least one
process parameter determined continuously and
representing the current and/or a future situation

related to the material (1) located i1n the process zone

(o) .

2. Method according to claim 1, wherein the

process parameter represents the current or a future

material filling level of the process zone (2).

3. Method according to one of the preceding

claims, wherein the process parameter represents the

current or a future plece size or pilece slze distribution

of the material (1) located 1n the process zone (5).

4. Method according to one of the preceding

claims, wherein the process parameter represents a
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fragmenting degree or a pre-weakening degree,

respectively, of the material (1) located in the process

zone (5H).

5. Method according to one of the preceding

claims, wherein at least a process zone parameter 1S
determined continuously for determining the process

parameter, which represents a property of the content or

—
p—

of a part of the content of the process zone (5) or of a

R—

neighboring region of the process zone (J).

6. Method according to claim 5, whereilin an

electric capacity, an electric conductivity and/or a

—

permittivity of the content or of a part of the content,

respectively, of the process zone (5) or of a neighboring

region of the process zone (5) 1s determined as process

zone parameter.

7. Method according to one of the claims 5 to

6, wherein a material filling weight and/or a material

filling level of the process zone (b5) or of a neighboring

region of the process zone (5) 1is determined as process

zone parameter.

8. Method according to one of the claims 5 to

7, wherein a piece size or a plece size distribution of

the material located in the process zone or 1n the

neighboring region 1s determlined as process zone

parameter.

9. Method according to one of the preceding

claims, wherein the material (1) to be fragmented and/or

pre-weakened, respectively, 1s supplied continuously to

the process zone as material stream and wherein at least
one material supply parameter 1s determined continuously

for determining the process parameter, which represents a
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ﬁ
e

property of the material stream 1n a region upstream of

the process zone (J).

10. Method according to claim 9, wherein an

electric capacity, an electric conductivity and/or a

-

permittivity of the material stream 1s determined in said

regilon as material supply parameter.

11. Method according to one of the claims 9

to 10, wherein the volume flow and/or the mass flow of
the material stream or of the material to be fragmented

and/or pre-weakened, respectively, transported by the

material stream is determined 1in sailid region as material

supply parameter.

12. Method according to one of the claims 9
to 11, whereln a plece slze Or a plece size distribution

of the material (1) located 1n said region 1s determined

as material supply parameter.

ﬁ

13. Method according to one of the claims 9

to 12, wherein the process parameter represents a future

situation with respect to the material (1) located in the

process zone (5), and wherein the 1nstant in future, at
which the situation represented by the process parameter
in the process zone (5) occurs, 15 determined by taking
into account the supply speed (S) of the material stream

towards the process zone (5) and the distance between the

location of the determination of the material supply
parameter, and wherein the high-voltage discharges (6)

are triggered at this 1nstant depending on the process

parameter.

14. Method according to one of the claims 5
to 13, wherein the at least one process parameter
corresponds to the at least one process zone parameter

and/or to the at least one material supply parameter.
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15. Method according to one of the preceding
claims, wherein the continuously determined process
parameter is compared continuously with a threshold value

F‘v
p—

and the high-voltage discharges (o) or the sequence of

high~-voltage discharges (6) are each triggered when the

process parameter matches the threshold value or exceeds

or falls below a certain value.

l6. Method according to claim 15, whereilin a
threshold value 1s used, which 1s determined beforehand
in such a way that a material situation 1s effected 1n
the region where the process parameter or the process
zone parameter determined for determining the process

parameter, respectively, or the material supply parameter

is determined, for which the triggering of high-voltage
discharges (6) 1s desired, wherein thereafter the process
parameter 1s determined 1n this state and this process

parameter 1s used as threshold value.

17. Method according to claim 16, whereln a
threshold value is used, which 1s determined beforehand
in such a way that a single material piece (1) or a
certain material quantity, for which the triggering of
high-voltage discharges 1s desired, 1s arranged 1in the
process zone (5), wherein subsequently the process
parameter 1s determined by determining the process zone
parameter which represents a property of the content or

*

of a part of the content of the process zone (5),

respectively, or of a neighboring region of the process
zone (5), and wherein this process parameter 1s used as

threshold wvalue.

18. Method according to claim 9 and to one of

the claims 16 to 17, wherein a threshold value 1s used,

which 1s determined beforehand in such a way that a

single material piece (1) or a certaln material quantity
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is arranged 1n a region upstream of the process zone (5),
which correspond(s) to a materlal plece or a certain
materlal quantity for which, when 1t 1s present 1n the
process zone (5), the triggering of high-voltage
discharges (6) 1s desired, wherein subsequently the

process parameter 1s determined by determining the

M

material supply parameter which represents a property of

the material piece (1) or of the material gquantity in the

region upstream of the process zone, and whereln this

process parameter 1s used as threshold value.

19. Method according to one of the claims 15

r—

to 18, wherein at least a parameter of a method preceding

’~

the method according to the invention and/or of a method

following the method according to the 1nvention 1s

determined and the threshold value 1s changed based on

this at least one parameter.

20. Method according to claim 19, whereln the
preceding method and/or the subsequent method is a method
for fragmenting and/or pre-weakening material by means of
high-voltage discharges, particularly according to one of
the preceding claims, for which the material supplied to

the method according to the invention and/or the material

emergling from the method according to the i1nvention 1s

fragmented and/or pre—-weakened.

21. Method according to one of the claims 19

to 20, wherein a parameter of a method preceding the

method according to the i1nvention 1s determined,

ﬁ

representing properties of the material emerging from the

preceding method, which 1s supplied to the process zone
(5) for fragmenting or pre-weakening 1t, respectively,

particularly representing the material type, the material

quantity, the fragmentability, the material hardness

and/or the piece size of this material.
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22. Method according to claim 21, wherein an

ﬂ-

energy consumption of a device

e

for treating the material

in the preceding method, particularly of a crusher or of

a mill, the piece size of the material emerging from the

preceding method, a consumption of chemical materials

used 1n the preceding method, a concentration of certain

materials 1n a process liquid of the preceding method

ﬁ

and/or the guantity of material which emerges from the

preceding method, 1s determined as parameter.

23. Method according to one of the claims 19

to 22, wherein a parameter of a method following the
method according to the invention 1s determined, which
represents properties of the fragmented or pre-weakened
material, respectively, which emerges from the method
according to the invention and 1s supplied to the
subsequent method, particularly representing the material

type, the material quantity, the fragmentability, the

material hardness and/or the piece size of this material.

24 . Method according to claim 23, wherein the

ﬁ

energy consumption of a device for treating the material

[

in the subsequent method, particularly of a crusher or of

a mill, the pressure of a ball mill cyclone used 1n the
subsequent method, the piece size of the material
supplied to the subsequent method, a consumption of

chemical materials used 1n the subsequent method, a

concentration of certain materials 1n a process liguid of
the subsequent method, a rejectlon rate or a recovery
rate reached in the subsegquent method, and/or the

quantity of material which emerges from the subsequent

method, 1s determined as parameter.

25. Method according to one of the preceding
claims, wherein the process zone (5) 1s flooded with a
process liquilid during the triggering of high-voltage

discharges (6), particularly with water.
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26. Method according to claim 25, wherein

process liquid passes through the process zone (J).

27. Method according to one of the preceding
claims, wherein the material (1) to be fragmented and/or
pre-weakened, respectively, 1s a precious metal ore or a
semi-precious metal ore, particularly copper ore oOr

copper/gold ore or platinum ore.

28. Method according to one of the precediling

claims, wherein a fragmenting and/or a pre-weakening of

the material (1) to be fragmented and/or pre-weakened 1S

carried out before the method, particularly a

fragmentation or a pre-weakening, respectively, by means
of high-voltage discharges, particularly by carrying out

the method according to one of the preceding claims.

29. Method according to one of the precedilng

claims, wherein a fragmenting and/or a pre-weakening of

the material (1) fragmented and/or pre-weakened by the

method is carried out after the method, particularly a

pubr

fragmentation and/or weakening by means of high-voltage

discharges, particularly by carrying out the method

according to one of the preceding claims, or a mechanical

fragmentation.

30. Installation for usage with the method

according to one of the preceding claims, comprising:
a) a process zone (5) between at least two
clectrodes at a distance from one another (3, 4),

b) means (2, 7; 7, %9a, %b; 2, 7, 8) for

guiding the material (1) to fragment or to pre-weaken,

respectively, through the process zone (b)), and

| I—

c) means for generating high-voltage
discharges (6) between the at least two electrodes (3, 4)

during the guiding of the material (1) to fragment or toO
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pre-weaken, respectively, through the process zone (5),

for fragmenting and/or pre-weakening the material (1),
wherein the means for generating high-voltage

discharges (6) between the at least two electrodes (3, 4)

are formed in such a way that a targeted triggering ot

ﬁ

single high-voltage discharges or of single sequences of

multiple high-voltage discharges (6) 1s possible.

31. Installation according to claim 30,

wherein the installatilion has means for continuously
determining at least one process parameter representing
the current and/or a future situation related to the

material (1) located in the process zone (5),

particularly for continuously determining at least one

process parameter representing the current or a future

material filling level of the process zone (5) or the
current or a future plece slze Or plece size distribution

of the material (1) located 1n the process zone (5)

and/or a fragmenting degree or a pre-weakenlng degree,
respectively, of the material (1) located 1n the process
zone, and wherein the i1nstallation has an 1nstallation
controller by means of which the single high-voltage
discharges (6) or sequences of multiple high-voltage
discharges (6) can be triggered depending on the

respective determined process parameter.

32. Installation according to claim 31,

wherein the means for continuously determining the at

least one process parameter are formed 1n such a way that
they can determine at least one process zone parameter

for determining the process parameter, which represents a

— r— ]

property of the content or of a part of the content of

the process zone (5) or of a neighboring region of the
process zone (5), particularly an electric capacity, an

electric conductivity and/or a permittivity of the

pr—

content or of a part of the content, respectively, of the

#
p—

process zone (5) or of a neighboring region of the
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process zone (5), a material filling weight and/or a

- "

material fi1lling level of the process zone (>5) or of the

neighboring region of the process zone (5) and/or a piece
size or a plece size distribution of the material (1)

located 1n the process zone or 1n the neighboring region.

33. Installation according to one of the
claims 31 to 32, wherein the 1nstallation has means (2;
9a, Y%b; 2, 8) for continuously supplying the material (1)
to be fragmented and/or pre-weakened, respectively, as
material stream to the process zone (5) and wherein the
means for continuously determining the process parameter
are formed in such a way that they can determine at least

pr—

one material supplyling parameter of the material stream

in a region upstream of the process zone (o) for
determining the process parameter, particularly an
electric capacity, an electric conductivity and/or a

F'

permittivity of the material stream and/or the volume

Flow and/or the mass flow of the material stream or of

F—_—

the material (1) to be fragmented and/or pre-weakened
transported by the material stream and/or the plece size
or the piece size distribution of the material located 1in

the region.

34. Installation according to claim 33,

wherein the means for determining the at least one

process parameter are formed in such a way that the

process parameter determlned by them represents a future
situation with respect to the material (1) located 1in the
process zone (b5), and whereiln the i1nstallation controller
is formed 1n such a way that 1t can determine the 1nstant

in the future at which the situation represented by the

process parameter 1n the process zone (o) occurs, by

taking into account the supply speed (S) of the material

stream towards the process zone (5) and the distance

pr—

between the location of the determination of the material

supply parameter and the process zone (5), and whereiln
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the high-voltage discharges (0) or the sequences of

multiple high-voltage discharges are triggered by taking

into account this 1nstant.

35. Installation according to one of the
claims 31 to 34, wherein the installation controller 1s
adapted to continuously compare the continuously
determined process parameter with a threshold value and
to trigger the high-voltage discharges (6) or the
sequence of high-voltage discharges (6) when the process
parameter matches the threshold value or exceeds or falls

below 1t by a certaln value.

36. Installation according to claim 35,
wherein the installation controller 1s adapted to compare
the process parameter with a threshold value which was
previously determined by it by the means for continuously
determining the process parameter, particularly
automatically, by operating the installation in such a
way that a material situation 1s caused 1n the region

where the process parameter or the process zone parameter

or the material supply parameter determined for

determining the process parameter, respectively, 1S

f'-

determined, for which the triggering of high-voltage

discharges (6) is desired, wherein thereafter the process
parameter is determined in this state and this process

parameter 1s used as threshold value by the installation

controller.

37. Installation according to clailm 36,

wherein the installation controller 1s adapted to compare

the process parameter with a threshold value which was

previously determined by 1t by the means for continuously

determining the process parameter, particularly

automatically, by operating the installation 1n such a
way that a single material piece (1) or a certailn

material guantity 1is arranged 1n the process zone (5),
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for which the triggering of high-voltage discharges (6)
is desired, wherein subsequently the process parameter 1s
determined by determining the process zone parameter

r—

which represents a property of the content or of the part

of the content, respectively, of the process zone (5) or

Pv

of a neighboring region of the process zone (3), and

wherein this process parameter 1s subsequently used by

the installation controller as threshold value.

38. Installation according to claim 33 and to

one of the claims 3¢ to 37, wherein the i1nstallation

controller 1s adapted to compare the process parameter
with a threshold value which was previously determined by
it by the means for continuously determining the process
parameter, particularly automatically, by operating the
installation 1n such a way that a single material piece
(1) or a certaln material guantity 1s arranged in a

p—

region upstream of the process zone (5), which

correspond(s) to a material plece or a certaln material

quantity for which, when 1t 1s present 1n the process
zone (5), the triggering of high-voltage discharges (6)
is desired, whereiln subsequently the process parameter 1s
determined by determining the material supply parameter
which represents a property of the material piece (1) or

ﬁ

of the material quantity 1n the region upstream of the

process zone, and wherein this process parameter 1S

subsequently used by the i1nstallation controller as

threshold wvalue.

39. Installation according to one of the

claims 35 to 38, wherein the installation controller is

formed in such a way that 1t can change the threshold
value depending on one or more parameters of an
installation upstream of the 1nstallation according to

the invention and/or of an installation downstream of the

installation according to the invention.
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