(12) STANDARD PATENT (11) Application No. AU 2007247067 B2
(19) AUSTRALIAN PATENT OFFICE

(54) Title
Method and equipment for cooling anodes
(51) International Patent Classification(s)
B22D 25/04 (2006.01) B22D 5/02 (2006.01)
(21) Application No: 2007247067 (22) Date of Filing:  2007.05.03

(87)  WIPONo: WO07/128861

(30) Priority Data

(31) Number (32) Date (33) Country
20060429 2006.05.04 FI
(43) Publication Date: 2007.11.15

(44) Accepted Journal Date: 2011.09.15

(71) Applicant(s)
Outotec Oyj

(72) Inventor(s)
Lumppio, Juha

(74) Agent / Attorney
Griffith Hack, Level 3 509 St Kilda Road, Melbourne, VIC, 3004

(56) Related Art
AU 65678 74 A
JP 09 - 210797 A
JP 2003 - 205354 A
US 3976120 A
JP 58 - 081550 A




wo 2007/128861 A1 I 900 00 OO

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

(19) World Intellectual Property Organization / y
International Bureau

(43) Intcrnational Publication Datc
15 November 2007 (15.11.2007)

OO A RO

(10) International Publication Number

WO 2007/128861 Al

(51) International Patent Classification:
B22D 25/04 (2006.01) B22D 5/02 (2006.01)

(21) International Application Number:
PCT/FI12007/000116
(22) International Filing Date: 3 May 2007 (03.05.2007)
(25) Filing Language: Finnish
(26) Publication Language:
(30) Priority Data:
20060429 4 May 2006 (04.05.2006)  FI
(71) Applicant (for all designated Strates excepr US): OUT-
OTEC OYJ [FI/FI]; Riihitontuntie 7, FI-02200 Espoo (FI).

(72) Inventor; and
(75) Invenlor/Applicant (for US only): LUMPPIO, Juha
[FI/FI]; Viherlaaksonranta 14 B 17, FI-02710 Espoo (FI).

(74) Agent: OUTOTEC OYJ, IPR MANAGEMENT; Riihi-
tontuntie 7, FI-02200 Espoo (FI).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

English

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

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
P1, RO, SH, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, 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(ii))

of inventorship (Rule 4.17(iv))

[Continued on next page]

(54) Title: METHOD AND EQUIPMENT FOR COOLING ANODES

(57) Abstract: The invention rclates to a
method and equipment for cooling anodes
(4) in connection with anode casting (1), so
that in the cooling unit (5), in between cool-
ing steps, water is removed from the anode
surface atleast once before removing the an-
ode (4) from the cooling unit (5).



WO 2007/128861 A1l

Published:
—  with international search report

For two-leuer codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.



WO 2007/128861 PCT/F12007/000116

10

15

20

25

30

METHOD AND EQUIPMENT FOR COOLING ANODES

The present invention relates to a method and equipment for cooling anodes in

connection with anode casting.

The blister copper created in the conversion step of the pyrometallurgic copper
process is further refined in an anode furnace in order to lower the sulfur
content of blister copper. After the anode furnace treatment, copper is cast into
copper anodes by pouring molten copper into casting molds. The cast copper
anodes are purified in copper electrolysis into copper cathodes with a copper
content of over 99.99%. At present, the most widely used anode casting
equipment comprises a rotary casting table, where several, often tens of casting
molds are arranged in a circle. Generally the casting table is provided with a
cooling unit, where the pieces are cooled in their casting molds for example by

water.

In an anode casting plant, an anode cast in a mold cannot be cooled before the
surface is sufficiently solid. A cast anode with a temperature of roughly 1150° C
must be cooled in order to be able to disengage it from the mold, generally at a
temperature of roughly 700 — 900° C. It is a known method to cool anodes while
the anode casting table rotates, so that at the spot where the casting wheel
stops, there are arranged nozzles above the anodes for spraying cooling water
onto the anode surface. In addition, in connection with the nozzles there is
arranged a hood for removing vapor created in the cooling process. Anodes are
known to be cooled by directing a water jet onto the anode surface, when the
anode surface is sufficiently solidified, and hence the water jet directed to the
anode does not harm its surface. By means of spraying cooling water, the
coaling capacity of the casting table can be adjusted during momentary
changes in the casting capacity, so that a desired heat amount can be removed
from the anodes prior to lifting them into the cooling tank. Water spraying is
controlled according to the casting situation, and it can be for example
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interrupted, if cooling is not needed owing to an interruption in the casting

process.

When anode cooling is desired to be boosted by increasing the quantity of
cooling water, the resulting problem are the disturbances caused by excessive
cooling water. If too much water is sprayed at the first water cooling spot, there
is created an insulating water foam layer on the anode surface owing to the
effect of boiling water. In case water is added after that, the created water foam
layer prevents the cooling water from proceeding onto the anode surface, and
the sprayed water only participates in preserving the water foam layer. Thus the
problem is that while the anode is in the mold, the water accumulated on the
anode surface cannot be removed from the mold, but it remains to disturb the
cooling process. After cooling, there should not be left any water on the anode
surface, because it disturbs the preliminary disengagement of the anode, i.e.
water is conveyed under the anode when lifting the anode from the mold. When
the anode is lowered back in the mold, the water left underneath it creates for

example a vapor cloud that disturbs visibility.

The object of the present invention is to eliminate drawbacks of the prior art and
to realize a new method to make anode cooling more effective in connection
with anode casting. A particular object of the invention is to make cooling more
effective by removing cooling water from anode surfaces in between the cooling
steps.

According to the present invention, there is provided a method for cooling
anodes in connection with anode casting, in which molten metal is cast in the
mold of an anode casting wheel, said anode casting wheel conveying the anode
in the mold into a cooling unit, where the anode is cooled by feeding water onto
the anode surface in at least two cooling steps, and wherein the method
includes removing cooling water from the surface of the anode at least once
between the cooling steps by directing a medium agent jet onto the surface of

the anode at an angle with respect to the anode surface while in the cooling

2703812_1 (GHMatters) P78225 AU
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unit and after the cooling steps, the anode is disengaged from the mold in a

disengaging unit.

According to the present invention, there is also provided equipment includes a
dewatering system, constituting at least two adjacently positioned nozzles for
feeding medium agent, such as water or air, onto the anode surface

One of the benefits is that the cooling of anodes may be more effective. The
anodes may be cooled in connection with casting, so that molten metal is cast
in a mold of an anode casting wheel, said anode casting wheel moving the
anode cast in a mold into an anode cooling unit, where the anode is cooled by
feeding water onto the anode surface in at least two steps, after which cooling
the anode is disengaged from the mold in a disengaging unit, so that cooling
water is removed from the anode surface in the cooling unit in between cooling
steps, at least once before removing the anode from the cooling unit. The
quantity of cooling water in each cooling step can be added, so that the anode
temperature is maintained within a safe range without disturbing the casting
process by even larger additions of cooling water. The cooling water may be
removed from the anode surface by directing onto the surface of a moving
anode a jet of a medium agent, such as a water jet or an air jet, by at least two
nozzles, at a suitable angle, preferably at an angle of 20 — 50 degrees with
respect to the anode surface. By pressurizing the medium agent onto the anode
surface, it peels the excessive cooling water located on the anode surface while
the anode moves in the anode casting wheel. The medium agent jet may be
fed onto the anode surface at a suitable height, preferably at the height of 200 -
300 millimeters from the anode surface. In the cooling unit, the anode surface
may be cooled by feeding cooling water onto the anode surface in five cooling
steps, so that water is removed from the anode surface at least twice. The
cooling water may be removed from the anode surface in a direction opposite to
the rotary direction of the anodes in the casting wheel. Thus the removed
cooling water does not disturb anode casting. The water may be fed onto the
anode surface at a rate of preferably 10 — 120 liters per minute, at a pressure of

2703812_1 (GHMatters) P79225 AU
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3 — 5 bar for removing excessive cooling water. The equipment may include a
dewatering system constituting at least two adjacently positioned nozzles for
feeding a medium agent, such as water or air, onto the anode surface.
Advantageously the position of the dewatering system may be adjustable. If the
arrangement is used for the water cooling of anodes, it does not increase the
cost of the casting equipment, because water can be recycled, and the same
water can be used both for cooling and for anode peeling. The equipment may
include two dewatering systems arranged in succession, both of which are
provided with nozzles in at least one row, so that the distance between

successively effective jet rows is preferably 50 — 200 millimeters.

An emobidment of the invention is described in more detail with reference to the

appended drawings, where

Figure 1 illustrates an anode casting equipment,
Figure 2 illustrates a cross-section of Figure 1, seen in the direction A, and

Figure 3 illustrates anode cooling according to the invention.

Figures 1, 2 and 3 illustrate equipment according to an embodiment of the
invention for anode cooling. The anode casting equipment 1 includes an anode
casting wheel 2, in the molds 3 of which anodes 4 are cast. When molten metal,
such as copper, is cast in a mold 3, its temperature is roughly 1150° C. After the
anode is cast, it is transferred along with the rotation of the anode casting wheel
2 to the next anode casting step, i.e. to the cooling step. In the cooling unit 5,
the surface 6 of the anode 4 is cooled, in order to lower its temperature prior to
disengaging the anode from the mold. The cooling unit 5 is provided with a
hood 7, through which the vapors created during the cooling process are
removed. In the cooling unit 5, onto the surface 6 of the anode 4, there is fed
cooling water 8 by upper water jets 9 positioned above the anodes. As the
anode casting wheel 2 rotates, the anode is conveyed to be cooled in the next
cooling step, if necessary. After the cooling unit, the anode proceeds to the

disengagement step 10, where the anode is disengaged from the mold 3 while

2703812_1 (GHMatters) P79225. AU
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the anode temperature is 700 — 900 degrees. Then the anode 4 is transferred
further to the cooling and purification step 21, and when necessary, to further
treatment.

Excessive cooling water may be removed from the anode surface 6 at least
once in between the cooling steps 11 — 15 taking place in the cooling unit 5.
One cooling step is understood to be a step where cooling water is sprayed
onto the anode surface for a necessary time by the top water jets 9. According
to the example, after casting the anode is conveyed to the cooling step 11,
where cooling water is sprayed onto the anode surface 6 for cooling the anode.
According to the example, after the cooling step 11, excessive cooling water is
removed from the anode surface prior to the next cooling step 12. The means
for removing the cooling water, i.e. the dewatering system 16, is at least partly
positioned in the space left in between the molds 3 arranged in the anode
casting wheel. Cooling water 8 is removed from the anode surface 6 by
pressurizing, for instance by a pump, water onto the anode surface, so that the
water dislocates the cooling water from the anode surface. In connection with
the equipment, there is arranged a water connection 22, from which the water to
both the top water jet and to the dewatering system 16 can be taken. According
to the example, the water is pressurized in a pipe 17 or the like extending along
the width of the anode 4, through which the water is further fed to the nozzles
18. The nozzles, for instance fan nozzles or flat nozzles, feed the water,
preferably at the rate of at least 10 liters per minute (= I/min), in jets at a suitable
pressure, such as 3 — 5 bar, onto the surface of a moving anode, as the molds
proceed for one sequence, for example for 1 — 2 molds, in the casting wheel. At
the same time, owing to the effect of the aqueous curtain 19 created by the
pressurized water, the excessive water located on the anode surface is peeled
onto the opposite side of the anode surface 6, with respect to the proceeding
direction 20 of the anode. Thus the anode 4 is nearly dry before the next cooling
step 12, and cooling water can be added and thus the cooling process can be
boosted. According to an example, an anode is cooled in five different cooling
steps 11 — 15, in which case cooling water is removed from the anode surface

2703812_1 (GHMatters) P78225 AU
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in two steps, after the first water cooling 11 and immediately before removing
the anode from the cooling unit 5 after the last cooling step 15. Obviously
cooling water could be removed from the anode surface within the scope of the
embodiments of the invention also after each water cooling step 11 — 15.
According to an example, water is fed onto the anode surface at a distance C,
which according to the example is located at 200 — 300 millimeters from the
anode surface, so that the peeling effect created by the infed aqueous curtain
19 is most advantageous. An advantageous solution for an effective removal of

cooling water is to place the nozzles at an angle B of 20 — 50 degrees with

10 respect to the surface 6 of the moving anode.

15

20

In the dewatering system 16, nozzles 18 can also be arranged for feeding water
in several rows, in which case the number of the pipes 17 can also be two or
more. When necessary, part of the nozzles 18 can be taken away from use, and
they can be used only for part of the anodes. In Figure 3 it is shown how the
pipe 17 and the nozzies 18 are arranged with respect to the mold 3. The angle
D between the dewatering system 16 and the top water jet 9 can vary according
to where the cooling water to be removed is directed by means of the peeling

aqueous curtain 19.
For a man skilled in the art, it is apparent that the various embodiments of the

invention are not restricted to the examples described above, but may vary

within the scope of the appended claims.

2703812_1 (GHMaiters) £79225 AU
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CLAIMS

. A method for cooling anodes in connection with anode casting, in which molten metal

is cast in the mold of an anode casting wheel, said anode casting wheel conveying
the anode in the mold into a cooling unit, where the anode is cooled by feeding water
onto the anode surface in at least two cooling steps, and wherein the method
includes removing cooling water from the surface of the anode at least once between
the cooling steps by directing a medium agent jet onto the surface of the anode at an
angle of 20-50 degrees with respect to the anode surface at a pressure of 3-5 bar
while in the cooling unit and after the cooling steps, the anode is disengaged from the
mold in a disengaging unit.

. The method according to claim 1, wherein that the medium agent jet is water.

. The method according to any one of claims 1, wherein the medium agent jet is air.

. The method according to any one of claims 1 to 3, wherein the medium agent jet is

fed onto the anode surface at a suitable height, preferably at the height of 200 — 300

millimeters from the surface of the anode.

. The method according to any one of claims 1 to 4, wherein the medium agent jet is

fed through at least two nozzles.

. The method according to claim 1, wherein the cooling unit, the surface of the anode

is cooled by feeding water onto the surface of the anode in five cooling steps and
method includes removing the cooling water from the surface of the anode at least
twice.

. The method according to claim 1, wherein the cooling water is removed from the

surface of the anode in a direction opposite to the rotary direction of the anode in the
anode casting wheel.

. The method according to any one of claims 1 to 8, wherein the medium agent is

water and is supplied at a rate of 10 — 120 liters per minute.

2782431_1 (GHMatters) P79225 AU
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10.

11

12.

13.

14.

15.

The equipment for cooling anodes in connection with anode casting, in which case
the anode casting wheel includes a mold in which the metal of the melt can be cast,
and which anode can be further transferred to a cooling unit, where the anode can be
cooled by spraying cooling water onto the anode surface in at least two cooling
steps, wherein the equipment includes nozzles for removing cooling water from a
surface of the anode, the nozzles being arranged for directing a medium agent jet
onto the surface of the anode at an angle of 20-50 degrees with respect to the anode
surface, at a pressure of 3-5 bar to remove cooling liquid from the surface of the
anode while in the cooling unit, whereafter the anode can be disengaged from the
mold.

The equipment according to claim 9, wherein the equipment includes a dewatering
system, constituting at least two adjacently positioned nozzles for feeding medium
agent, such as water or air, onto the anode surface.

. The equipment according to claim 10, wherein the dewatering system includes

means for conveying the medium agent into the nozzles.

The equipment according to claim 10 or 11, wherein the dewatering system is at
least partly arranged in the space left between the molds provided in the anode
casting wheel.

The equipment according to any one of claims 10 to 12, wherein the nozzles are
arranged to direct a medium agent onto the surface of the anode at an angle of 20 —

50 degrees with respect to the anode surface.

The equipment according to claim 10 or 11, wherein the equipment includes an
upper water jet for supplying cooling water onto a surface of the anode, and an angle
between the dewatering system and the upper jet can be changed in the horizontal
direction.

The equipment according to any one of claims 10 to 14, wherein the nozzles are
arranged at a distance of 200 - 300 millimeters from the anode surface in the vertical
direction.

2782431_1 (GHMatters) P79225.AU
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16. The equipment according to any one of claims 10 to 15, wherein the equipment
includes two dewatering systems arranged in succession, both of which are provided
with nozzles in at least one row, so that the distance between successively effective
jet rows is 50 — 200 millimeters.

17. A method for cooling anodes substantially as hereinbefore described with reference

to the accompanying Figures.

18. Equipment for cooling anodes substantially as hereinbefore described with reference

to the accompanying Figures.

2782431_1 (GHMatters) P79225 AU
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