2015189474 AT |1 0000 0000 0O R0 0

<

W

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

17 December 2015 (17.12.2015)

WIPOIPCT

(10) International Publication Number

WO 2015/189474 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
BO3D 1/02 (2006.01) BO3D 1/24(2006.01)
BO3D 1/14 (2006.01) C22B 3/00 (2006.01)

International Application Number:
PCT/FI2015/050417

International Filing Date:

11 June 2015 (11.06.2015)
Filing Language: English
Publication Language: English
Priority Data:
20145543 12 June 2014 (12.06.2014) FI
Applicant: OUTOTEC (FINLAND) OY [FI/FI];

Rauhalanpuisto 9, FI-02230 Espoo (FI).

Inventors: LAKANEN, Jukka; Kuunsirppi 4 as 2, FI-
02210 Espoo (FI). GRAU, Rodrigo; Opiskelijankatu 10,
FI-28600 Pori (FI). MIINALAINEN, Kaisa; Viherlaak-
sonranta 10 A 5, FI-02710 Espoo (FI).

Agent: KOLSTER OY AB; (Iso Roobertinkatu 23),
P.O.Box 148, FI-00121 Helsinki (FI).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))

(54) Title: ENHANCED METHOD AND ARRANGEMENT FOR GAS REGULATION IN MINERAL FLOTATION

Figure 1

21

28
22 23 24 25

a1
A 4
A

26

E:

11

iz

n
2

e,

[

7

13

14

3

e
——

I
4
R S & .
30 —

[ 15

—

(57) Abstract: A method for controlling gas circulation in a mineral flotation process in a system comprising one or more flotation
cell unit(s) with an apparatus comprising a gas recirculation loop, a flushing system comprising an expulsion line (81) for connecting
pressure side (28) of the gas recirculation loop to atmosphere and a suction line (82, 84) comprising a water lock (83), or means, oth-
er than a water lock,for restricting the gas flow and preventing back flow of unpurified gas to the atmosphere,for connecting suction
side of the gas recirculation loop to the atmosphere, wherein the method comprises supplying flotation gas from the gas recirculation
loop to each of the flotation cell units; expulsing a part of the flotation gas from pressure side of the gas recirculation loop via the ex-
pulsion line; allowing gas to be withdrawn into suction side of the gas recirculation loop through the suction line, thereby providing
underpressure to the said suction side of the gas recirculation loop and the flotation cell unit(s); and collecting flotation gas from the
headspace(s) of the sealed tlotation cell unit(s) and recirculating the collected flotation gas back to the tlotation cell units via the gas
recirculation loop.
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ENHANCED METHOD AND ARRANGEMENT FOR GAS REGULATION IN MIN-
ERAL FLOTATION

FIELD OF THE INVENTION

The present invention relates to a method of controlling gas circula-
tion in mineral flotation for separation of minerals from ore and concentrates, in
particularly in separating molybdenum from copper containing sulfide minerals.

BACKGROUND OF THE INVENTION

For froth flotation, the ground ore is mixed with water to form a slur-
ry and the desired mineral is rendered hydrophobic by the addition of a surfac-
tant or a collector chemical, such as a depressant, although some mineral sur-
faces are naturally hydrophobic requiring little or no addition of collector. The
particular chemical depends on the nature of the mineral to be recovered and,
perhaps, the natures of those that are not wanted. As an example, sodium hy-
drosulfide (NaHS) may be added as a depressant in the selective flotation of
molybdenum to separate it from copper. This slurry of hydrophobic particles
and hydrophilic particles is then introduced to tanks known as flotation cells
that are aerated to produce bubbles. The hydrophobic particles attach to the
gas bubbles, which rise to the surface, forming a froth. The froth is removed
from the cell, producing a concentrate of the target mineral.

The minerals that do not float into the froth are referred to as the flo-
tation tailings or flotation tails. These tailings may also be subjected to further
stages of flotation to recover the valuable particles that did not float the first
time. This is known as scavenging. The final tailings after scavenging are nor-
mally pumped for disposal as mine fill or to tailings disposal facilities for long-
term storage.

Flotation is normally undertaken in several stages to maximize the
recovery of the target mineral or minerals and the concentration of those min-
erals in the concentrate, while minimizing the energy input.

Addition of flotation reagents is adjusted based on the pH and redox
potential measured from the slurry. High content of oxygen in a flotation cell is
known to increase the consumption of the flotation reagent and increase flota-
tion costs. Therefore several methods for controlling the oxygen content of the
utilized process gas, i.e. flotation gas, have been developed.

WQ02004/080599 discloses a method for separating minerals from a
slurry containing valuable minerals, wherein gases fed in different process
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steps, including flotation, are recirculated in an essentially closed gas circula-
tion created around the equipment used. According to the publication, in flota-
tion, the recirculation of the flotation gases allows more efficient optimization of
the froth structure. In accordance with the method disclosed in the publication
grinding, flotation, precipitation and filtering should all be performed in a fully
sealed, controlled recirculating gas atmosphere.

Replacing air with a non-oxidizing inert gas in mineral separation
has been proposed, for instance in US6032805, US6036025, US6041941 and
US6044978.

In some certain flotation processes, in which it is required to use in-
ert gas as flotation gas, there is an economic incentive to partially or fully cap-
ture and reuse the flotation gas, in order to reduce the consumption and thus
the cost of the said inert gas (e.g. nitrogen). When using forced-air type flota-
tion machines, the flotation cells are fed with gas which is pressurized with a
compressor or blower. Therefore the recirculation system has to be able to
collect the gas from the cells and redirect the gas back to the compressor or
blower in a closed-loop piping arrangement i.e. a flotation gas recirculation
loop.

In some cases, the flotation reagents used may cause unintentional
formation of harmful byproduct gases (e.g. H2S). When such gases are
formed, the gas collection and supplying system has to be hermetically sealed
in order to keep the harmful byproduct gases contained. Also, the efficiency
and economy of the system is better when the system allows less losses of
inert flotation gas.

Thus, a conventional gas recirculation system is mechanically
sealed. However, due to the variability of the volume of natural gases, the
sealed flotation system has to have some means to compensate for volume
changes. For this, special equipment called gas buffer tank is commonly used.
It is able to store and release extra volume of flotation gas when needed. This
may happen, for example, when the flotation blowers are shut down and the
bubbles in the slurry are released into the recirculation piping, causing the in-
ternal total volume of gas in the system to expand. Also, when the outside
temperature or ambient air pressure fluctuates, so has to happen also to the
gas inside the system, or otherwise mechanical loading due to internal and
external pressure differences are incurred to the flotation machines and piping.
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Therefore the existing methods do not allow utilization of a closed
system with controlled point of release for expulsed flotation system without a
need for expensive and large gas buffer tank.

BRIEF DESCRIPTION OF THE INVENTION

An object of the present invention is thus to provide a method and
an apparatus for implementing the method so as to so as to alleviate the above
disadvantages. The objects of the invention are achieved by a method and an
arrangement, which are characterized by what is stated in the independent
claims. The preferred embodiments of the invention are disclosed in the de-
pendent claims.

The invention is based on the idea of allowing a small fraction vol-
ume of a recirculating flotation gas to bypass flotation cells by supplying the
said volume via an “expulsion line” to outside of the gas recirculation loop, i.e.
either directly to the atmosphere or into a "flushing line", which is always at-
mospheric, and from which the gases may exit to the atmosphere, and a “suc-
tion line” through which the gas can also flow towards the flotation system.
These lines allow to either expulse excessive flotation gas or import gas to the
system when it so needs. The expulsion line also provides a controlled point of
release for expulsed flotation gas without a need for a large and expensive gas
buffer tank. Thus the present invention provides a method for efficient recircu-
lation of flotation gases without a requirement for a gas buffer tank. Instead,
the gas volume fluctuations are handled by a flushing system comprising an
expulsion line for connecting the pressure side of the gas recirculation loop to
atmosphere for allowing expulsion of a small part of the flotation gas from the
gas recirculation loop, and a suction line comprising a water lock, or means,
other than a water lock, for restricting gas flow through the suction line and
preventing back flow of unpurified gas to the atmosphere, for connecting the
suction side of the gas recirculation loop to the atmosphere e.g. either directly
or via a flushing line and for allowing gas, either in the atmosphere or present
in the flushing line, to be withdrawn into the suction side of the gas recircula-
tion loop, e.g. either directly to the gas suction conduit or via any one of the
flotation cell units, through the suction line thereby providing underpressure to
the suction side of the gas recirculation loop i.e. to the said conduit and thus to
the flotation cell unit(s).
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BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be described in greater detail by
means of preferred embodiments with reference to the attached drawings, in
which

Figure 1 shows a first embodiment of the arrangement of the pre-
sent invention for circulation of gases in a mineral flotation process;

Figure 2 shows a second embodiment of the arrangement of the
present invention for circulation of gases in a mineral flotation process;

Figure 3 shows a third embodiment of the arrangement of the pre-
sent invention for circulation of gases in a mineral flotation process;

Figure 4 shows a fourth embodiment of the arrangement of the pre-
sent invention for circulation of gases in a mineral flotation process;

Figure 5 shows a fifth embodiment of the arrangement of the pre-
sent invention for circulation of gases in a mineral flotation process;

Figure 6 shows a sixth embodiment of the arrangement of the pre-
sent invention for circulation of gases in a mineral flotation process.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a method for controlling gas circula-
tion in a mineral flotation process in a system comprising one or more flotation
cell unit(s) with an apparatus comprising a gas recirculation loop, a flushing
system comprising an expulsion line and a suction line comprising a water
lock, or means, other than a water lock, for restricting gas flow through the suc-
tion line and preventing back flow of unpurified gas to the atmosphere, and
one or more flotation cell units, comprising

supplying flotation gas from the gas recirculation loop to each of the
flotation cell units;

expulsing a part of the flotation gas from pressure side of the gas
recirculation loop via the expulsion line;

allowing gas to be withdrawn into suction side of the gas recircula-
tion loop through the suction line, thereby providing underpressure to the suc-
tion side of the gas recirculation loop and to the flotation cell unit(s); and

collecting flotation gas from the headspace(s) of the sealed flotation
cell unit(s) and recirculating the collected flotation gas back to the flotation cell
units via the gas recirculation loop.



10

15

20

25

30

35

WO 2015/189474 5 PCT/FI12015/050417

The “term flotation cell unit” as used herein refers to a single indi-
vidual flotation cell or to a bank of flotation cells, i.e. a serial arrangement of
flotation cells where tailings from the first cell move on as the feed to the sec-
ond cell and so on and the tailings from the last cell form the final tailings of the
bank. The number of cells in a bank varies depending on cell size, application
and plant circuit configuration. The flotation cell units of the invention are typi-
cally sealed flotation cell units, i.e. hermetically sealed flotation cells keeping
harmful byproduct gases contained.

Flotation gas is collected from the headspaces of the sealed flota-
tion cells and recirculated back to the flotation cells through a gas recirculation
loop. The recirculated flotation gas is pressurized in a compressor or a blower,
preferably a liquid ring compressor, before it is fed back to the flotation cells.
Process gas is added to the gas recirculation loop if necessary. It is to be un-
derstood that the recirculation loop is provided with the necessary structures,
such as pipelines, lids, seals, vents, blowers etc. required for ensuring recov-
ery and recirculation of gas and its maintenance in the system as well as pres-
sure balancing. If desired the recirculating flotation gas may be scrubbed by a
gas scrubber included in the gas recirculation loop to remove solid particles
and/or other harmful or undesired substances, e.g. H2S, from the gas before it
is reintroduced into the flotation cells.

In accordance with the present invention the flotation gas is provid-
ed to the system initially as pressurized process gas, fed to flotation cells, and
recirculated from all of the flotation cells in the system. The flotation gas is
preferably oxygen-deficient, i.e. it is either free of oxygen gas or contains a
volume fraction of oxygen gas that is lower than the volume fraction of oxygen
gas in ambient air. The flotation gas is preferably an inert gas that is essentially
free of oxygen gas or has only a very low oxygen gas content. In a preferred
embodiment, the flotation gas consists essentially of inert gas or has a very
high content of inert gas, for example, nitrogen, argon, helium and/or carbon
dioxide, with nitrogen gas being particularly preferred as the inert gas. Howev-
er, initially the flotation gas may be ambient air, which during the process is
depleted of oxygen as it is consumed by reactions between the flotation rea-
gent and the feed. The flotation gas preferably comprises at least 85 volume
percent of inert gas, which may be a mixture of multiple inert gas components,
more preferably at least 90 volume percent, even more preferably at least 95
volume percent, and most preferably the flotation gas consists essentially of



10

15

20

25

30

35

WO 2015/189474 6 PCT/FI12015/050417

only inert gas. When the flotation gas includes some oxygen gas, it should be
only a small amount, as noted. Preferably, the flotation gas comprises no more
than 15 volume percent oxygen gas, more preferably no more than 10 volume
percent oxygen gas and even more preferably no more than 5 volume percent
oxygen gas.

Process gas is typically added to the gas recirculation system in an
amount that is required to maintain the amount of flotation gas at desirable
level. The added process gas may be any of the gases discussed above, in
particular inert gas such as nitrogen. Process gas can be introduced into the
gas recirculation loop either to the suction side of the recirculating compressor
or to the pressure side of the recirculating compressor. When liquid ring com-
pressor is utilized as the recirculating compressor, process gas is preferably
introduced into the gas recirculation loop in the pressure side of the recirculat-
ing compressor.

The flushing system serves to adjust pressure of the flotation gas in
the flotation system. As desired a part of the flotation gas is expulsed to the
atmosphere through the expulsion line which comprises a control valve that is
operated to adjust the flow of the expulsed flotation gas and which prevents
the backflow of the flotation gas to the gas feed manifold. The expulsion line
connects pressure side of the gas recirculation loop to atmosphere either di-
rectly or through a flushing line. The flushing line optionally comprises a gas
scrubber for scrubbing the expulsed flotation gas.The amount of the expulsed
flotation gas is selected such that it exceeds the amount of process gas added
after the compressor, in order to ensure that the volume of gas directed to the
flotation cells does not exceed the volume flow produced by the compressor or
blower. This, then, ensures that the suction side of the compressor or blower is
volume deficient and forces the system to complete the volume by sucking ex-
pulsed gas back in via the flushing system, in particular the suction line which
connects suction side of the gas recirculation loop to atmosphere, which then
again ensures the cell headspaces to be in a negative pressure as set by the
water lock resistance or the means, other than a water lock, for restricting the
gas flow through the suction line and preventing back flow of unpurified gas to
the atmosphere. This provides for constant controlled flushing of the recirculat-
ing gas with provided process gas, typically nitrogen. Preferably, the expulsed
flotation gas flow is set to be very small to prevent a possibility that the part of
the flotation gas which is directed to the flushing line, is lost or mixed with air,



10

15

20

25

30

35

WO 2015/189474 7 PCT/FI12015/050417

thus potentially introducing air/oxygen into the system. Preferably the expulsed
flotation gas flow is equal to at least 1%, preferably from 2 to 70%, more pref-
erably from 2 to 10%, even more preferably from 2 to 3%, of the compressor
volume throughput added with the amount of new process gas added to the
system.

When the pressure of the suction side of the gas recirculation loop,
e.g. pressure of the flotation cell unit(s), in particular the pressure of the gas
suction conduit which is connected to the flotation cell headspace(s), is less
than atmospheric then gas, either ambient air from the atmosphere or gas pre-
sent in the flushing line, is drawn into the suction side of the gas recirculation
loop e.g. directly into the gas suction conduit or via one or more, typically the
first, of the flotation cell units, through the suction line. The suction line com-
prises a water lock, or means, other than a water lock, for restricting gas flow
and preventing back flow of unpurified gas to the atmosphere, through which
the suction side of the gas recirculation loop may suck more gas into the sys-
tem.

The term “means for restricting the gas flow and preventing back
flow of unpurified gas to the atmosphere” refers to a single device or a combi-
nation of devices able act as a gas restrictor i.e. to restrict gas flow through the
suction line and thus to reduce the gas pressure of the gas flowing from the
atmospheric side of the suction line to the flotation cell side of the suction line
and as an interlock cutting off back flow of the unpurified flotation gas to the
atmosphere.

A suction line comprising means for restricting the gas flow and pre-
venting back flow of unpurified gas to the atmosphere permits control of the
gas pressure and operation of the flotation cells in slight underpressure while
restricting the interchange of gases between the suction side of the gas recir-
culation loop, e.g. the gas suction conduit and the flotation cell unit(s), and the
atmosphere by the pressure difference caused by the means for restricting the
gas flow. Further, the means for preventing back flow of unpurified gas to the
atmosphere ensure that unpurified flotation gas is not expulsed directly into the
atmosphere.

With the means for restricting the gas flow and preventing back flow
of unpurified gas to the atmosphere the headspaces of the flotation cell unit(s)
can be maintained under an underpressure, preferably from 2 to 10 mbar,
more preferably from 5 to 8 mbar.
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As discussed above when the means for restricting the gas flow and
preventing back flow of unpurified gas to the atmosphere is provided a combi-
nation of devices it preferably comprises a gas restrictor and an interlock. The
gas restrictor may be inserted and mounted permanently to the suction line or
it may be interchangeable. The interlock may be positioned at either side of the
gas restrictor; preferably the interlock is positioned between the gas restrictor
and the atmosphere.

The gas restrictor may for example be a rigid disk or cylinder having
an aperture at the central cylindrical axis. The opening size of the aperture in
diameter and length is chosen to insure that the gas flow is properly restricted
in reducing the pressure in the flotation cell side of the suction line. The de-
sired pressure may be adjusted by adjusting the diameter of the aperture. As
for another example the air restrictor may be a membrane or a packed-bed
unit. The membrane type or the material of the packed-bed is chosen to insure
that the gas flow is properly restricted in reducing the pressure in the flotation
cell side of the suction line. As for still another example the air restrictor may
be a pressure reducing valve. The pressure reducing valve may be adjustable
for providing desired pressure either manually or automatically. Examples of
suitable air restrictors include, but are not limited to, choke tubes, choke pipes,
choke orifice plates, flow restricting membranes and flow restricting packed-
bed units. When an interchangeable choke pipe or a flow restricting packed-
bed unit is utilized, the length of the chock pipe or the flow restricting packed-
bed unit, respectively, is preferably less than 3m.

Examples of suitable interlocks include, but are not limited to, no-
return valves, check valves, and backflow barriers.

As an another example the interlock may be provided as a gas
scrubber comprising a bypass conduit for replacing the volume of gas forced
through the gas scrubber and allowing gas to be withdrawn into suction side of
the gas recirculation loop, whereby either by a sucking action of a high pres-
sure venturi scrubber or by a blowing action caused by a blower or compressor
positioned in connection of the gas scrubber, any expulsed unpurified flotation
gas is forced to flow through the gas scrubber towards the atmosphere.

The means, other than a water lock, for restricting the gas flow and
preventing back flow of unpurified gas to the atmosphere may be a control
valve. The control valve is operated to adjust the flow the gas allowed to be
withdrawn into suction side of the gas recirculation loop through the suction
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line and to prevent the backflow of the unpurified flotation gas to the atmos-
phere. The degree of partially opening the valve may be utilized to provide the
desired pressure. The opening and closing of the control valve is preferably
done automatically in response to control signals received from the suction
side of the gas recirculation loop. In case of back flow of unpurified flotation
gas for any reason, the control valve will close the flow to the atmosphere.

A particular single device example of means for restricting the gas
flow and preventing back flow of unpurified gas to the atmosphere is a water
lock.

When a water lock is utilized, the water lock depth sets a pressure
limit, which then becomes the required underpressure in the flotation cell gas
collection side (cell headspaces) for the gas to flow from the flushing line to-
wards the cells.

Typically the gas present in the flushing line is flotation gas ex-
pulsed from the gas recirculation loop. When the flushing line comprises a gas
scrubber, gas is preferably withdrawn from the flushing line after the gas
scrubber to allow withdrawal of scrubbed expulsed flotation gas. In the suction
side of the gas recirculation loop, the suction line connects either directly to the
gas suction conduit and/or to one or more, typically the first, of the flotation cell
units.

When the suction line is connected directly to the gas suction con-
duit it allows transfer of flotation gas from the outside of the flotation cell unit(s)
to the flotation cell unit(s) and vice versa via the gas suction conduit. Thus the
suction gas conduit allows equalization of gas pressure between the cell units.
Similarly when the suction line is connected to one of the flotation cell units it
can be utilized to control the gas pressure of the cell units. A suction line com-
prising a water lock permits direct control of the gas pressure and operation of
the flotation cells in slight underpressure while resisting the interchange of
gases between the suction side of the gas recirculation loop, e.g. the gas suc-
tion conduit and the flotation cell unit(s), and the atmosphere by the pressure
resistance caused by the water lock liquid column. With water locks, the head-
spaces of the flotation cell unit(s) can be maintained under an underpressure,
preferably from 2 to 10 mbar, more preferably from 5 to 8 mbar.

The gas recirculation loop may also comprise a bleeding line for
bleeding recirculating flotation gas from the loop when necessary. The bleed-
ing line may also be provided with a scrubber, e.g. a packed bed scrubber, for
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cleaning the bleed gas before it is released to the atmosphere. Typically the
bleed gas is released to the atmosphere through the same stack as the flota-
tion gas expulsed from the flushing flotation cell unit.

The present invention further provides an arrangement for circula-
tion of gases in a mineral flotation process, comprising

a gas recirculation loop comprising a recirculating compressor 40 for
pressurising recirculating flotation gas flow and a gas feed manifold 21, 22, 23,
24, 25 for providing the pressurized recirculating flotation gas into flotation cell
units 11, 12, 13, 14, 15, means 20 for providing process gas into the gas recir-
culation loop, and a gas suction conduit 26 and optionally a sump suction con-
duit 27, for collecting flotation gas from the headspace(s) of the flotation cell
unit(s) 11, ..., 15, and optionally the headspace of a concentrate sump 32, re-
spectively, and transferring it to the recirculating compressor 40;

a flushing system 80 comprising an expulsion line 81 for connecting
pressure side 28 of the gas recirculation loop to atmosphere either directly or
via a flushing line 29, which optionally comprises a scrubber 60, for allowing
expulsion of a part of the flotation gas from the gas recirculation loop, and a
suction line 82, 84 comprising a water lock, or means, other than a water lock,
for restricting the gas flow and preventing back flow of unpurified gas to the
atmosphere, for connecting the pressure side of the gas recirculation loop to
the atmosphere either directly or through a flushing line 29 and for allowing
gas, present in the flushing line or from the atmosphere, to be withdrawn into
the suction side of the gas recirculation loop through the suction line thereby
providing underpressure to the pressure side of the gas recirculation loop and
thus to the flotation cell unit(s);

a gas suction conduit 26, and optionally conduit 27, for collecting flo-
tation gas from the headspace of the flotation cell units 11, ..., 15, and option-
ally the headspace of a concentrate sump 32, respectively, and transferring it
to the recirculating compressor 40.

The present invention in particular provides an arrangement for cir-
culation of gases in a mineral flotation process, comprising

a gas recirculation loop comprising a recirculating compressor 40 for
pressurising recirculating flotation gas flow and a gas feed manifold 21, 22, 23,
24, 25 for providing the pressurized recirculating flotation gas into flotation cell
units 11, 12, 13, 14, 15, means 20 for providing process gas into the gas recir-
culation loop, and a gas suction conduit 26 and optionally a sump suction con-
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duit 27, for collecting flotation gas from the headspace(s) of the flotation cell
unit(s) 11, ..., 15, and optionally the headspace of a concentrate sump 32, re-
spectively, and transferring it to the recirculating compressor 40;

a flushing system 80 comprising an expulsion line 81 for connecting
pressure side 28 of the gas recirculation loop to atmosphere either directly or
via a flushing line 29, which optionally comprises a scrubber 60, for allowing
expulsion of a part of the flotation gas from the gas recirculation loop, and a
suction line 82, 84 comprising a water lock for connecting the pressure side of
the gas recirculation loop to the atmosphere either directly or through a flush-
ing line 29 and for allowing gas, present in the flushing line or from the atmos-
phere, to be withdrawn into the suction side of the gas recirculation loop
through the suction line thereby providing underpressure to the pressure side
of the gas recirculation loop and thus to the flotation cell unit(s);

a gas suction conduit 26, and optionally conduit 27, for collecting flo-
tation gas from the headspace of the flotation cell units 11, ..., 15, and option-
ally the headspace of a concentrate sump 32, respectively, and transferring it
to the recirculating compressor 40.

Figure 1 illustrates as a first embodiment of the invention an ar-
rangement for gas circulation in a mineral flotation process, comprising

a gas recirculation loop comprising a recirculating compressor 40 for
pressurising recirculating flotation gas flow and a gas feed manifold 21, 22, 23,
24, 25 for providing the pressurized recirculating flotation gas into flotation cell
units 11, 12, 13, 14, 15, means 20 for providing process gas into the gas recir-
culation loop, and a gas suction conduit 26 for collecting flotation gas from the
headspaces of the sealed flotation cells and transferring it to the recirculating
compressor;

a flushing system 80 comprising an expulsion line 81 for connecting
the pressure side 28 of the gas recirculation loop to atmosphere via an optional
gas scrubber 60 and a stack 70, for allowing expulsion of a part of the flotation
gas from the gas recirculation loop, and a suction line 82, 84 comprising a wa-
ter lock 83 for connecting the first flotation cell 11 to atmosphere and for allow-
ing gas, present in the flushing line 29, to be withdrawn into the first flotation
cell unit gas suction conduit through the suction line 82, 84 thereby providing
underpressure to the said first flotation cell unit 11;

a gas suction conduit 26, and optionally conduit 27, for collecting flo-
tation gas from the headspace of the flotation cell units 11,...,15, and optional-



10

15

20

25

30

35

WO 2015/189474 12 PCT/FI12015/050417

ly the headspace of a concentrate sump 32, respectively, and transferring it to
the recirculating compressor 40. A slurry 1 comprising valuable minerals and
produced in preceding process steps is introduced into the first flotation cell
unit 11. The slurry progresses though the following flotation cell units 12,...,15
and is finally removed as tailings 9 from the last sealed flotation cell unit 15.
Froth 2,...,6 from the flotation cell units 11,...,15 is collected from the top of
each flotation cell unit via a launder system 30 and guided to a concentrate
sump 32, The combined froth concentrate 8 can be treated in further flotation
steps before it is subjected for further processing.

Pressurized flotation gas is supplied into each flotation cell unit
11,...,15 via a gas feed manifold 21,...,25. Each supply line is equipped with a
individually adjustable control valve that regulates the distribution of the flota-
tion gas to each of the flotation cell units. The supply of the flotation gas is con-
trolled so that desired gas flow rate is reached in each of the flotation cell units
as discussed above. A small portion of the flotation gas is expulsed to a flush-
ing line 29 by an expulsion line 81, through a control valve.

The first flushing flotation cell unit 11 is connected to the atmos-
phere via a suction line 82, 84 comprising a water lock 83. The suction line
allows adjustment of the gas pressure of the flotation cell units while the water
lock prevents interchange of the gases between said flotation cell unit and at-
mosphere unless the pressure exceeds the required pressure for the gases to
breach the water lock, thus permitting controlling the gas pressure and opera-
tion of the sealed cells in slight underpressure. In another words the water lock
83 restricts gas flow through the suction line 82, 84 and reduces the gas pres-
sure of the gas flowing from the atmospheric side of the suction line 82 to the
flotation cell side of the suction line 84 and acts as an interlock cutting off back
flow of the unpurified flotation gas to the atmosphere. The pressure difference
for breaching the water lock is determined by water lock depth. The depth is
preferably 2 to 10 cm water column, resulting in 2 to 10 mbar pressure re-
sistance. Thus water 85 is utilized to adjust the desired pressure.

The expulsed flotation gas is forced to flow to an optional scrubber
60, by the pressure generated by the compressor or blower 40. The expulsed
gas is then preferably scrubbed in the scrubber 60 before releasing to the at-
mosphere through stack 70. When the flushing line comprises the scrubber 60,
the suction line 82, 84 is preferably connected to the flushing line 29 after the
scrubber to allow withdrawal of scrubbed expulsed gas.



10

15

20

25

30

35

WO 2015/189474 13 PCT/FI12015/050417

Flotation gas from the flotation cell units 11,...,15, and optionally
from the headspace of the concentrate sump 32, is collected from the head-
spaces of the said flotation cell units and sump and guided into the gas recircu-
lation loop via a gas suction conduits 26 and 27, respectively. The gas recircu-
lation loop comprises at least one recirculating compressor 40, which may be
of any suitable type, such as conventional fan blower or, preferably, a liquid
ring compressor. The gas recirculation loop may also comprise a bypass con-
duit 41 which allows further control of the volume of the flotation gas feed to
the flotation cells.

The gas recirculation loop also comprises means 20 for introducing
process gas, typically nitrogen, into the recirculating loop. Process gas may be
added either before or after the recirculating compressor 40. Introduction of
process gas through means 20 causes an increase of total flotation gas vol-
ume, which can then compensated by expulsion of flotation gas through the
expulsion line 81, controlled as desired by operation of the control valve com-
prised in the expulsion line 81.

When liquid ring compressor is utilized as the recirculating com-
pressor the means 20 for introducing process gas into the gas recirculation
loop are preferably arranged after the recirculating compressor 40. Process
gas is added to the mineral flotation process in order to control the amount of
flotation gas in the system and/or the oxygen level in the flotation gas and/or
the electrochemical potential of the slurry and/or to expulse flotation gas with
undesired byproduct gas, e.g. H2S, which might be forming in the flushing cell
unit(s). Utilization of an inert gas as the flotation gas reduces the consumption
of flotation chemicals, such as NaHS, in the mineral flotation.

As a small portion of the flotation gas is emitted out of the system
though expulsion line 81 corresponding volume of gas has to be replaced by
supplying more gas by sucking gas back to the flotation cells through the suc-
tion line 82, 84 and water lock 83. Sucking the gas back through the water lock
will cause the flotation cells to have a negative pressure in their headspaces.
This provides the benefit of operating the forced-air flotation cells under a set
negative headspace pressure. The negative headspace pressure is caused by
the suction of the compressor/blower, to which the collected gas lines are di-
rected. Also, while allowing a fraction of the gas to exit the closed recirculation
loop, the system is able to constantly equalize its internal volume/pressure with
that of the ambient air, due to the differential between the amount of gas which
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is blown out to the flushing line and the amount of gas which is sucked back in
through the water lock. Any excess volume is expulsed from the flushing line to
the stack, and any volume shortage will be automatically compensated by in-
creased gas suction from the flushing line to the flotation cells.

Figure 2 illustrates as a second embodiment of the invention an ar-
rangement in which the replacement gas is introduced directly into the gas
suction conduit. In Figure 2, like components are designated by the same ref-
erence numerals as used in Figure 1.

In the flushing system 80 of the embodiment shown in Figure 2, the
expulsion line 81 for connecting the pressure side 28 of the gas recirculation
loop to atmosphere is connected via a flushing line 29 comprising a gas scrub-
ber 60 and a stack 70, for allowing scrubbing of the expulsed flotation gas be-
fore it is released to atmosphere. The expulsed flotation gas is forced to flow to
the scrubber 60 through flushing line 29 by the pressure generated by the
compressor or blower 40. The expulsed gas is then scrubbed in the scrubber
60 before releasing to the atmosphere through stack 70.

The suction line 82, 84 comprising the water lock 83 and connecting
the gas suction conduit to atmosphere for allowing gas, present in the flushing
line 29, to be withdrawn into the suction side of the gas recirculation loop is
connected directly to the gas suction conduit 26. Connecting the suction line
82, 84 to the flushing line 29 after the scrubber 60 allows withdrawal of
scrubbed gas. Connecting the suction line 82, 84 directly to the gas suction
conduit 26 allows adjustment of the gas pressure of the flotation cell units while
the water lock prevents interchange of the gases between said gas suction
conduit and atmosphere unless the pressure exceeds the required pressure for
the gases to breach the water lock, thus permitting controlling the gas pressure
and operation of the sealed cells in slight underpressure. The pressure differ-
ence for breaching the water lock is determined by water lock depth. The depth
is preferably 2 to 10 cm water column, resulting in 2 to 10 mbar pressure re-
sistance.

Figure 3 illustrates as a third embodiment of the invention an ar-
rangement in which the expulsed gas is released directly into the atmosphere
without scrubbing and replacement gas is sucked directly in from the atmos-
phere to the gas suction conduit. In Figure 3, like components are designated
by the same reference numerals as used in Figure 1 and 2.
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In the embodiment shown in Figure 3 in the flushing system 80 the
expulsion line 81 for connecting the pressure side 28 of the gas recirculation
loop to atmosphere is connected directly to atmosphere allows expulsion of a
part of the flotation gas from the gas recirculation loop directly to atmosphere,
Similarly the suction line 82, 84 comprising the water lock 83 is connected di-
rectly to atmosphere and directly to the gas suction conduit 26 for thus con-
necting the suction side of the gas recirculation loop directly to atmosphere
and for allowing gas, i.e. ambient air, from the atmosphere to be withdrawn
directly in to the gas suction conduit 26 through the suction line 82, 84. This
embodiment is suitable for mineral flotation processes where no harmful by-
product gases, e.g. H»S, are formed and where the process tolerates minor
amounts of oxygen introduced by the ambient air sucked in through the suction
line.

Figure 4 illustrates as a third embodiment of the invention an ar-
rangement in which the means for restricting the gas flow and preventing back
flow of unpurified gas to the atmosphere is a control valve 86. In Figure 4, like
components are designated by the same reference numerals as used in Figure
1to 3.

In the flushing system 80 of the embodiment shown in Figure 4, the
expulsion line 81 for connecting the pressure side 28 of the gas recirculation
loop to atmosphere is connected via a flushing line 29 comprising a gas scrub-
ber 60 and a stack 70, for allowing scrubbing of the expulsed flotation gas be-
fore it is released to atmosphere. The expulsed flotation gas is forced to flow to
the scrubber 60 through flushing line 29 by the pressure generated by the
compressor or blower 40. The expulsed gas is then scrubbed in the scrubber
60 before releasing to the atmosphere through stack 70.

The suction line 82, 84 comprising a control valve 86 and connect-
ing the gas suction conduit to atmosphere for allowing gas, present in the
flushing line 29, to be withdrawn into the suction side of the gas recirculation
loop is connected directly to the gas suction conduit 26. The suction line 82, 84
comprising the control valve 86 allows adjustment of the gas pressure of the
flotation cell by fully or partially opening or closing in response to signals re-
ceived from controllers that compare pressure value provided by sensors that
monitor changes in such conditions in the suction side of the gas recirculation
loop, thus permitting controlling the gas pressure and operation of the sealed
cells in slight underpressure. It also prevents interchange of the gases be-
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tween said flotation cell unit and atmosphere. In another words the control
valve 86 restricts gas flow through the suction line 82, 84 and reduces the gas
pressure of the gas flowing from the atmospheric side of the suction line 82 to
the flotation cell side of the suction line 84 and acts as an interlock cutting off
back flow of the unpurified flotation gas to the atmosphere. The pressure is
determined by the degree of the opening of the control valve 86. The opening
preferably results in 2 to 10 mbar pressure resistance.

Figure 5 illustrates as a fifth embodiment of the invention an ar-
rangement in which the means for restricting the gas flow and preventing back
flow of unpurified gas to the atmosphere comprises a gas restrictor 88 and a
check valve 87 as an interlock. The gas restrictor 88 is interchangeable and
the check valve 87 is positioned between the gas restrictor 88 and stack 70.

In Figure 5, like components are designated by the same reference
numerals as used in Figure 1 to 4. In the embodiment shown in Figure 5 the
the gas suction conduit 26 is directly connected to the suction line 82, 84 com-
prising a gas restrictor 88 and a check valve 87. The type and/or operation of
the gas restrictor 88 determines the gas pressure of the flotation cells by e.g.
the opening size of the aperture in diameter and length of a rigid disk or cylin-
der having an aperture at the central cylindrical axis chosen to insure that the
gas flow is properly restricted in reducing the pressure in the flotation cell side
of the suction line or a flow restricting membrane type or the material of a flow
restricting packed-bed unit is chosen to insure that the gas flow is properly re-
stricted in reducing the pressure in the flotation cell side of the suction line, or
suitable operation of a pressure reducing valve, thus providing desired gas
pressure and operation of the sealed cells in slight underpressure. The check
valve 87 prevents interchange of the gases between said flotation cell unit and
atmosphere. In another words the gas restrictor 88 restricts gas flow through
the suction line 82, 84 and reduces the gas pressure of the gas flowing from
the atmospheric side of the suction line 82 to the flotation cell side of the suc-
tion line 84 and the check valve 87 acts as an interlock cutting off back flow of
the unpurified flotation gas to the atmosphere. The pressure is determined by
the operation and/or type of the gas restrictor 88. The gas restrictor preferably
provides 2 to 10 mbar pressure resistance.
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Figure 6 illustrates as a sixth embodiment of the invention an ar-
rangement in which the means for restricting the gas flow and preventing back
flow of unpurified gas to the atmosphere comprises a gas restrictor 88 and an
interlock which provided as a gas scrubber 60 comprising a bypass conduit 89.

In Figure 6, like components are designated by the same reference
numerals as used in Figure 1 to 5. In the flushing system 80 of the embodi-
ment shown in Figure 6, the expulsion line 81 for connecting the pressure side
28 of the gas recirculation loop to atmosphere is connected via a flushing line
29 comprising a gas scrubber 60 and a stack 70, for allowing scrubbing of the
expulsed flotation gas before it is released to atmosphere. The expulsed flota-
tion gas is forced to flow to the gas scrubber 60 through flushing line 29 by the
pressure generated by the compressor or blower 40. The expulsed gas is then
scrubbed in the gas scrubber 60 before releasing to the atmosphere through
stack 70.

The suction line 82, 84 comprises a gas restrictor 88 as discussed
in connection of Figure 5 for restricting the gas flow. The suction line 82, 84
comprises a forced scrubbing loop 90 comprising a compressor 91 and con-
necting to the gas scrubber 60. The gas scrubber 60 further comprises a by-
pass conduit 89 which connects the flushing line 29 to the forced scrubbing
loop 90 and the suction line 82, 84 for replacing the volume of gas forced
through the scrubber and allowing gas to be withdrawn into suction side of the
gas recirculation loop, whereby by a sucking action caused by a blower or
compressor 91 positioned at the forced scrubbing loop 90, any expulsed flota-
tion gas is forced to flow through the gas scrubber 60 towards the atmosphere
and forces any expulsed flotation gas to flow through the gas scrubber 60 to-
wards the atmosphere and preventing back flow of unpurified gas to the at-
mosphere.

In another words the gas restrictor 88 restricts gas flow through the
suction line 82, 84 and reduces the gas pressure of the gas flowing from the
atmospheric side of the suction line 82 to the flotation cell side of the suction
line 84. The gas scrubber 60 and the bypass conduit 89 and the blower or
compressor 91 act as an interlock preventing back flow of the unpurified flota-
tion gas to the atmosphere by providing purified gas instead. The pressure is
determined by the operation and/or type of the gas restrictor 88. The gas re-
strictor preferably provides 2 to 10 mbar pressure resistance.
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It will be obvious to a person skilled in the art that, as the technology
advances, the inventive concept can be implemented in various ways. The in-
vention and its embodiments are not limited to the examples described above
but may vary within the scope of the claims.
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CLAIMS

1. A method for controlling gas circulation in a mineral flotation pro-
cess in a system comprising one or more flotation cell unit(s) with an apparatus
comprising a gas recirculation loop, a flushing system (80) comprising an ex-
pulsion line (81) for connecting pressure side (28) of the gas recirculation loop
to atmosphere and a suction line (82, 84) comprising a water lock (83) or
means, other than a water lock, for restricting gas flow through the suction line
and preventing back flow of unpurified gas to the atmosphere, for connecting
suction side of the gas recirculation loop to the atmosphere, wherein the meth-
od comprises

supplying flotation gas from the gas recirculation loop to each of the
flotation cell units;

expulsing a part of the flotation gas from pressure side of the gas
recirculation loop via the expulsion line;

allowing gas to be withdrawn into suction side of the gas recircula-
tion loop through the suction line, thereby providing underpressure to the said
suction side of the gas recirculation loop and the flotation cell unit(s); and

collecting flotation gas from the headspace(s) of the sealed flotation
cell unit(s) and recirculating the collected flotation gas back to the flotation cell
units via the gas recirculation loop.

2. A method for controlling gas circulation in a mineral flotation pro-
cess in a system comprising one or more flotation cell unit(s) with an apparatus
comprising a gas recirculation loop, a flushing system (80) comprising an ex-
pulsion line (81) for connecting pressure side (28) of the gas recirculation loop
to atmosphere and a suction line (82, 84) comprising a water lock (83) for con-
necting suction side of the gas recirculation loop to the atmosphere, wherein
the method comprises

supplying flotation gas from the gas recirculation loop to each of the
flotation cell units;

expulsing a part of the flotation gas from pressure side of the gas
recirculation loop via the expulsion line;

allowing gas to be withdrawn into suction side of the gas recircula-
tion loop through the suction line, thereby providing underpressure to the said
suction side of the gas recirculation loop and the flotation cell unit(s); and
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collecting flotation gas from the headspace(s) of the sealed flotation
cell unit(s) and recirculating the collected flotation gas back to the flotation cell
units via the gas recirculation loop.

3. A method as claimed in claim 1, wherein the said apparatus com-
prises a gas recirculation loop comprising a recirculating compressor (40) for
pressurising recirculating flotation gas flow and a gas feed manifold (21, ...,
25) for providing the pressurized recirculating flotation gas into flotation cell
units (11, .. 15), means (20) for providing process gas into the gas recirculation
loop, and a gas suction conduit (26) for collecting flotation gas from the head-
spaces of the sealed flotation cells and transferring it to the recirculating com-
pressor, a flushing system comprising an expulsion line for connecting pres-
sure side 28 of the gas recirculation loop to atmosphere and a suction line
comprising a water lock, or means, other than a water lock, for restricting gas
flow through the suction line and preventing back flow of unpurified gas to the
atmosphere, for connecting the gas suction conduit (26) to the atmosphere.

4. The method as claimed in claim 2, wherein the said apparatus
comprises a gas recirculation loop comprising a recirculating compressor (40)
for pressurising recirculating flotation gas flow and a gas feed manifold (21, ...,
25) for providing the pressurized recirculating flotation gas into flotation cell
units (11,...,15), means (20) for providing process gas into the gas recircula-
tion loop, and a gas suction conduit (26) for collecting flotation gas from the
headspaces of the sealed flotation cells and transferring it to the recirculating
compressor, a flushing system comprising an expulsion line for connecting
pressure side 28 of the gas recirculation loop to atmosphere and a suction line
comprising a water lock for connecting the gas suction conduit (26) to the at-
mosphere.

5. The method as claimed in claims 3, wherein the means, other
than a water lock, for restricting the gas flow and preventing back flow of unpu-
rified gas to the atmosphere comprises a gas restrictor and an interlock.

6. The method as claimed in claim 5, wherein the gas restrictor is
selected from the group consisting of choke tubes, choke pipes, choke orifice
plates, flow restricting membranes and flow restricting packed-bed units.

7. The method as claimed in claim 5 or 6, wherein the interlock is
selected from no-return valves, check valves, and backflow barriers.
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8. The method as claimed in claim 5 or 6, wherein the interlock is
provided as a gas scrubber comprising a bypass conduit for replacing the vol-
ume of gas forced through the gas scrubber and allowing gas to be withdrawn
into suction side of the gas recirculation loop, whereby either by a sucking ac-
tion of a high pressure venturi scrubber or by a blowing action caused by a
blower or compressor positioned in connection of the gas scrubber, any ex-
pulsed unpurified flotation gas is forced to flow through the gas scrubber to-
wards the atmosphere.

9. The method as claimed in claim 3, wherein the means, other than
a water lock, for restricting the gas flow and preventing back flow of unpurified
gas to the atmosphere is a control valve.

10. The method as claimed in any one of claims 1 to 9, comprising
controlling the amount of flotation gas by providing process gas to the gas re-
circulation loop to replace at least part of the flotation gas expulsed from the
flushing system to the atmosphere.

11. The method as claimed in any one of claims 1 to 10, wherein the
flotation gas is inert gas.

12. The method as claimed in claim 11, wherein the process gas
comprises nitrogen.

13. The method as claimed in any one of claims 1 to 12, wherein
process gas is introduced into the gas recirculation loop in the pressure side of
the recirculating compressor.

14. The method as claimed in any one of claims 1 to 13, wherein the
water lock (83) or the means, other than a water lock, for restricting gas flow
through the suction line and preventing back flow of unpurified gas to the at-
mosphere, provides 2 to 10 mbar pressure resistance.

15. The method as claimed in any one of claims 1 to 14, wherein the
depth of the water lock is 2 to 10 cm water column, resulting in 2 to 10 mbar
pressure resistance.

16. The method as claimed in any one of claims 1 to 15, wherein the
expulsed flotation gas flow is equal to at least 1%, preferably from 2 to 70%,
more preferably from 2 to 10%, even more preferably from 2 to 3%, of the
compressor volume throughput added with the amount of new process gas
provided into the system.
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17. The method as claimed in any one of claims 1 to 16, wherein the
headspaces of the flotation cell unit(s) are maintained under an underpressure,
preferably from 2 to 10 mbar, more preferably from 5 to 8 mbar.

18. The method as claimed in any one of claims 1 to 17, wherein flo-
tation gas from the gas recirculation loop is expulsed via the expulsion line di-
rectly to atmosphere.

19. The method as claimed in any one of claims 1 to 18, wherein flo-
tation gas from the gas recirculation loop is expulsed via the expulsion line to
atmosphere via a flushing line.

20. The method as claimed in any one of claims 1 to 19, wherein
gas, either in the atmosphere or present in the flushing line, is withdrawn into
directly to the gas suction conduit.

21. The method as claimed in any one of claims 1 to 20, wherein
gas, either in the atmosphere or present in the flushing line, is withdrawn into
the suction side of the gas recirculation loop via any one of the flotation cell
units.

22. An arrangement for circulation of gases in a mineral flotation
process, comprising

a gas recirculation loop comprising a recirculating compressor (40)
for pressurising recirculating flotation gas flow and a gas feed manifold (21, 22,
23, 24, 25) for providing the pressurized recirculating flotation gas into flotation
cell units (11, 12, 13, 14, 15), means (20) for providing process gas into the
gas recirculation loop, and a gas suction conduit (26) and optionally a sump
suction conduit (27), for collecting flotation gas from the headspace(s) of the
flotation cell unit(s) (11,...,15), and optionally the headspace of a concentrate
sump (32), respectively, and transferring it to the recirculating compressor (40);

a flushing system (80) comprising an expulsion line (81) for connect-
ing pressure side (28) of the gas recirculation loop to atmosphere either direct-
ly or via a flushing line (29) for allowing expulsion of a part of the flotation gas
from the gas recirculation loop, and a suction line (82, 84) comprising a water
lock, or means, other than a water lock, for restricting gas flow through the suc-
tion line and preventing back flow of unpurified gas to the atmosphere, for con-
necting the pressure side of the gas recirculation loop to the atmosphere either
directly or through a flushing line (29) and for allowing gas, present in the flush-
ing line or from the atmosphere, to be withdrawn into the suction side of the
gas recirculation loop through the suction line thereby providing underpressure
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to the pressure side of the gas recirculation loop and thus to the flotation cell
unit(s);

a gas suction conduit (26), and optionally conduit (27), for collecting
flotation gas from the headspace of the flotation cell units (11, ..., 15), and op-
tionally the headspace of a concentrate sump (32), respectively, and transfer-
ring it to the recirculating compressor (40).

23. An arrangement for circulation of gases in a mineral flotation
process, comprising

a gas recirculation loop comprising a recirculating compressor (40)
for pressurising recirculating flotation gas flow and a gas feed manifold (21, 22,
23, 24, 25) for providing the pressurized recirculating flotation gas into flotation
cell units (11, 12, 13, 14, 15), means (20) for providing process gas into the
gas recirculation loop, and a gas suction conduit (26) and optionally a sump
suction conduit (27), for collecting flotation gas from the headspace(s) of the
flotation cell unit(s) (11,...,15), and optionally the headspace of a concentrate
sump (32), respectively, and transferring it to the recirculating compressor (40);

a flushing system (80) comprising an expulsion line (81) for connect-
ing pressure side (28) of the gas recirculation loop to atmosphere either direct-
ly or via a flushing line (29) for allowing expulsion of a part of the flotation gas
from the gas recirculation loop, and a suction line (82, 84) comprising a water
lock for connecting the pressure side of the gas recirculation loop to the at-
mosphere either directly or through a flushing line (29) and for allowing gas,
present in the flushing line or from the atmosphere, to be withdrawn into the
suction side of the gas recirculation loop through the suction line thereby
providing underpressure to the pressure side of the gas recirculation loop and
thus to the flotation cell unit(s);

a gas suction conduit (26), and optionally conduit (27), for collecting
flotation gas from the headspace of the flotation cell units (11,...,15), and op-
tionally the headspace of a concentrate sump (32), respectively, and transfer-
ring it to the recirculating compressor (40).

24. The arrangement as claimed in claim 22 or 23, wherein the
means for providing process gas into the gas recirculation loop is arranged for
providing process gas into the pressure side of the recirculating compressor.

25. The arrangement as claimed in in any one of claims 22 to 24,
wherein the recirculating compressor is a liquid ring compressor.
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26. The arrangement as claimed in any one of claims 22 to 25,
wherein the suction line (82, 84) connects to the first gas suction conduit (27)
via any one of the flotation cell units, preferably via the first flotation cell unit.

27. The arrangement as claimed in any one of claims 22 to 26,
wherein the pressure side (28) of the gas recirculation loop is connected direct-
ly to atmosphere.

28. The arrangement as claimed in any one of claims 22 to 27,
wherein the pressure side (28) of the gas recirculation loop is connected to
atmosphere via a gas scrubber (60) and a stack (70),

29. The arrangement as claimed in any one of claims 22 to 28,
wherein the suction side of the gas recirculation loop is connected directly to
the atmosphere.

30. The arrangement as claimed in any one of claims 22 to 29,
wherein the suction side of the gas recirculation loop is connected to the at-
mosphere through a flushing line (29).

31. The arrangement as claimed in claim 30, wherein the flushing
line (29) comprises a gas scrubber (60).

32. The arrangement as claimed in any one of claims 22 to 31,
wherein then gas, either from atmosphere or present in the flushing line (29), is
drawn into the gas suction conduit (26).

33. The arrangement as claimed in any one of claims 22 to 32,
wherein then gas, either from atmosphere or present in the flushing line (29), is
drawn into the suction side of the gas recirculation loop via one or more, typi-
cally the first (11), of the flotation cell units.

34. The arrangement as claimed in any one of claims 22 to 33,
wherein the means, other than a water lock, for restricting the gas flow and
preventing back flow of unpurified gas to the atmosphere comprises a gas re-
strictor and an interlock.

35. The method as claimed in claim 34, wherein the gas restrictor is
selected from the group consisting of choke tubes, choke pipes, choke orifice
plates, flow restricting membranes and flow restricting packed-bed units.

36. The method as claimed in claim 34 or 35, wherein the interlock
is selected from no-return valves, check valves, and backflow barriers.

37. The method as claimed in claim 34 or 35, wherein the interlock
is provided as a scrubber comprising a bypass conduit for replacing the vol-
ume of gas forced through the scrubber and allowing gas to be withdrawn into
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suction side of the gas recirculation loop, whereby either by a sucking action of
a high pressure venturi scrubber or by a blowing action caused by a blower or
compressor positioned in connection of the gas scrubber, any expulsed unpuri-
fied flotation gas is forced to flow through the scrubber towards the atmos-
phere.

38. The method as claimed in claim 34, wherein the means, other
than a water lock, for restricting the gas flow and preventing back flow of unpu-
rified gas to the atmosphere is a control valve.
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