
EP 0 298 162 B1 Description This invention relates to a device and method
for precipitating dissolved scale-forming materials from solution.
.   . . 5.    In recovery of certain metals such as the recovery of copper
and  nickel from ores, metal oxides or carbonates are separated from gangue
by  an ammonia-carbon dioxide leaching  process. A similar process is used
as one of the steps in recovering metals from scrap materials, such as
copper from printed circuit boards.                         .     .
...                . . Such metal oxides or carbonates are commonly
separated from the, ammoniacal leaching  solution by 10  distillation.
Severe maintenance and operational difficulties arise because the metal
oxides and/or  car- bonates precipitating from the solution usually are
scale-forming and tend to deposit and form a scale build- up on the
interior surfaces of the distillation equipment. Consequently, packing
columns sieve plate columns, bubble cup plate columns and similar equipment
used in other continuous distillation processes generally are not suitable
because the scale-forming precipitate eventually causes plugging, requiring
a 15  shutdown to remove the scale.                                   .
,           , Various attempts have been made to minimize this scale
build-up problem, such as adding mechanical scrapers, providing some sort
of agitation, coating the exposed surfaces with a synthetic plastic
material,' and using a series of kettles which are agitated by a
countercurrent flow of steam. While these approaches have had some degree
of success, most still permit some scale-buildup which eventually must be
removed A paper entitled "Stripping With Simultaneous Solids Generation
Using Turbulent Bed Contactor" and presented at the CIM Conference of
Metallurgists at Montreal, Canada on August 28, 1978  discloses another
approach in which a so-called turbulent bed contactor is  used for
stripping ammonia from an ammoniacal solution containing nickel carbonate;
Each tray in the tower includes a bed of plastid spheres constrained
between vertically spaced supporting grids. Gases passing through the beds
countercurrently to 25  the liquid flow causes turbulent movement of the
spheres which minimizes the deposit of solids on  the spheres, the grids
and the interior walls of the tower. However, an external source of steam
is required to produce the necessary turbulence of the balls. Rotary drums
including a tumbling medium have been used for the distilling  various
liquids  and  as liquid reactors. Examples of such prior uses are disclosed
in U.S. Patents 1,814,249, 2,098,054  2,174,008, 30  2,511,742 and
2,735,807. None of these patents discloses a distilation  device arranged
and operated in accordance with applicants' invention to precipitate a
scale-forming  material from solution  with minimum scale buildup, while
increasing the degree of the precipitation per unit of heat and obviating
the need  for external steam or the like.         : According to a first
aspect of the present invention there is provided  a method for
precipitating 35   dissolved scale-forming materials from solution
comprising the steps of providing an elongated cylindrical distillation
chamber mounted for rotation about a generally horizontal axis and
including a plurality  of axially spaced annular baffles extending radially
inwardly from the interior. wall of Said chamber to define a plurality , of
compartments; providing a tumbling medium in the compartments comprising
individual elemants which. are inert with respect to the solution and the
scale-forming material and which rub against each other, the interior walls
of the chamber and the sides of the baffles in response to rotation of the
chamber; rotating the  ' chamber at non-centrifuging speed with respect to
the solution and the  tumbling medium  continuously introducing the
solution into an inlet end of the chamber in a sufficient quantity to flow
over the baffles toward the opposite, outlet end of said chamber; heating
the solution in the chamber above its bolling point to evaporate volatile
materials and precipitate the scale-forming material from the solution as
its flows 45   through the chamber; continuously withdrawing gases
evaporating from  the solution from the inlet end of the chamber; and
continuously withdrawing a slurry containing the precipitated scale-forming
material from *    the outlet end of the chamber. The invention also
provides a device for precipitating dissolved, scacle-forming materias from
a  solution including an elongated, cylindrical distillation drum or
chamber mounted for rotation about a  generally horizontal axis and a
plurality of axially spaced baffles extending radily inwardly from the
interior,wall of' the distillation chamber, a tumbling medium disposed in
the compartments comprising individual elements which are inert with
respect to the  solution  and scale-forming precipitate being treated  and
which in response to rotation of the distillation chamber, rub against each
other, the interior walls of the chamber and the sides of the baffles,
means for externally heating the chamber, and, eans for rotating the
distillation 



55 chamber. While the distillation chamber is being rotated at a
non-centrifugind speed with respect to the solution and tumbling medium,
the solution is continuously introduced into an inlet end of the chamber
and is heated to a temperature above its boilling point to evaporate
volatile materials and precipitate the scale- 2    EP 0 298162 B1 forming
material from the solution as it flows over the baffles toward the outlet
end  of the distillation chamber. The tumbling medium provides a grinding
or scrubbing action which minimizes scale build-up of the scale-forming
precipitate. A slurry containing the scale-forming prcecipitate is
continuously  withdrawn from the outlet end of the distillation chamber and
the evaporated gases are continuously withdrawn from 5  the inlet end of
the distillation chamber. Preferably, the radial heights of at least a some
of the baffles progressively decrease in a direction from the inlet toward
the outlet and the level of the tumbling medium in the compartments is
below  the radial heights of the  respective baffles so that solution
overflows the baffles',from one  compartment to the next, thereby
eliminating back mixing. 10      The method and device in accordance with
the invention enable precipitation of scale-forming materials from solution
with a minimum build-up of scale, and operation thereof can be conveniently
adjusted for use in precipitating or crystallizing a wide variety of
scale-forming materials. Examples of the method and device in accordance
with  the invention will now be  described with reference to the
accompanying drawings, in which:- Fig. 1 is a partial side elevation view
of a distillation device of the invention and a  diagrammatic
representation of auxilliary equipment for practicing the method of the
invention. Fig. 2 is an end elevation view of the distillation device taken
generally along line 2-2' in Fig.1 Fig. 3 is a sectional elevational view
of the distillation device of Fig 1 shown with the distillatoion chamber
containing an ammonical leaching solution. 20       Fig. 4 is a sectional
view taken generally along line 4-4 in Fig..3. Fig. 5 is a sectional view
taken generally along line 5-5 in Fig. 3. The distillation device and
method provided by the invention is particularly suitable for the recovery
of ' metal oxides and carbonates  from ammoniacal leaching solutions in
which scaling and fouling can cause severe maintenance and operational
difficulties. Accordingly, it will  be decribed in connection  with 25
recovering cupric oxide from an ammonical leaching solution. However the
device and  method  can be used.: in many other precipitation or
crystallization systems where the prevention of scale build up is desirable
Referring  to the drawings, the distillation device  10 of the invention
includes a  generally  cylindrical, stationary, outer housing 12 supported
horizontally on a pluralityof axially spaced legs 14 and a generally
cylindrical distillation chamber or drum 16 extending through the outer
housing 12 and mounted for coaxial 30  rotation about a generally
horizontal axis 18. The outer housing 12 serves as an insulated heating,
jacket for the distillation  drum 16 in which an ammoniacal leaching
solution containing extracted  copper is heated to drive off ammonia,
carbon dioxide and water and to precipitate CuO(cupric oxide) as described
more detail below. The outer housing 12 has a generally cylindrical outer
shell assembly 20 comprised of a purality of 35  flanged, semi-cylindrical
top and bottom  segments 22 and 24  suitably fastened together by bolts
(not shown) or .t he  l ike. The shell assembly  20 also has end plates 26
and 28 including a central aperture through which the distillation drum 16
extends. The interior of the shell  segments 22  and 24 are lined with two
or more layers of an insulative, refractory material 30, 32 and the end
plates 26 and 28 are lined with an ..  insulative, refractory material 33.
40      The interior of the housing 12 is divided into a plurality of
heating chambers 34,36,38,40 and 42  by vertically extending strips 44 of
barrier material, such as a 2.54 cm (1-inch) ceramic blanket. The exterior
of the distillation drum 16 is heated by a plurality of gas-fired burners
46 Mounted In the bottom portion of the -   shell assembly 20. The heating
chambers 34, 36, 38, 40' and 42 are arranged so that each burner 46 heats a
reasonably well defined zone of the distillation drum 16 and all the
heating chambers includes  two burners 45    46, except the first chamber
34. 



Referring to Fig. 4, the burner flame is directed upwardly at an angle
toward the outer surface of the distillation drum 16 and the exhaust gases
circulate through the respective heating chamber in the direction of arrows
48. The exhaust gases are exhausted through a rectangular exhaust port 50
for each burner and into a stack 52. A horizontally extending strip 54 of
barrier material, which can be the same material as the 50   vertical
barriers 44, separates the top and bottom portions of each  heating chamber
and a radially extending rib 56 of insulative, refractory material closely
spaced from the outer  surface of the distillation drum  16 deters
recirculation of the exhaust gases. With this arrangement,the rate of
heating along the length of the distillation drum 16 can be varied if
desired by simply adjusting the flow of gas and air to the individual
burners 46. Fins can be provided  on the 55   outer surface of the
distillation drum 16 to enhance heat transfer. The inlet and outlet ends 58
and 60 of the distillation drum 16 are closed by respective end plates 62
and 64 and include radially extending flanges 66 and 68 which are rotatably
supported on a pair of roller bearing assemblies 70. The distillation drum
16  is rotated, in the  counter-clockwise direction as viewed in 3    EP 0
298 162B1                                            . Figs. 2 and 4, by a
motor 72 which drives a chain 74 trained over a sprocket 76 mounted on the
outlet end 60 of the distillation drum 16.
-      - The distillation drum 16 includes a plurality of annular baffles
80 Which are axially spaced at uniform intervals and extend radially
inwardly from the interior wall 82 of the distillation drum 16 to define a
plurality 5  (e.g., 10) of compartments 84,86,88,90,92, 94,96,98,100 and
102. The spacing between adjacent baffles 80 preferably generally
corresponds with the heating zone for a burner 46 As best shown in  Fig.
each baffle 80 is removably mounted by bolts or the like on a retention
ring 106 fixably mounted on the interior  wall 80 of the distillation drum
16. This permits baffles of different radial heights to be desired when
desired as explained in more detail below. 10     An ammoniacal leaching
solution 108 containing copper is continuously introduced under pressure
into the first compartment 84 of the distillation drum 16 via a pump 110
and a conduit 112. As a guide, this pressure can be about 69 to about 103:5
[err] (about 10 to about 15 psig) The conduit 112 has an outlet 114 which
extends through the inlet plate 62 and a  rotary seal assembly 116 mounted
the inlet end plate 62. The solution 108 is maintained under pressure to
insure precipitation of CuO (cupric oxide), rather than cupric carbonate,
from the solution. The burners 46 heat the solution to a temperature above
its boiling  point at that  pressure as it flows over the baffles 80 toward
the outlet end 60 of the rotating distillation drum  16. As a guide, this
temperature usually is in the range of about 93 to about [err] (about 200
to about [err]) CuO (cupric xide) precipitates from the solution 108 as it
is  concentrated. upon the evaporation of ammonia carbon dioxide and
water. A concentrated slurry 118 containing the CuO (cupric oxide)
precipitate is continuously withdrawn from the last or recovery compartment
102 of the distillation drum 16 via  a pump 120 and a conduit 122.  The
conduit 122 has an inlet  124 which extends through the outlet end plate 64
and a rotary 126 mounted on the outlet end plate 64.
' 25   The evaporated gases [err] and water vapor) formed in the
distillation drum 16 are withdrawn from  the inlet end 58 of the
distillation drum  16 via a conduit 128 extehding through the rotary seal
assembly 116. These gases can be condensed in a condensor 130 and recycled
for reuse in the leaching process.  Thus, the flow of the evaporating gases
is  countercurrent to the  solution flow.A low volume flow of air can be
introduced into the outlet end 60 of the distillation drum 16 through two
small lines 132 and 134 30   extending through the rotary seal 126. The
slurry 118 from the distillation drum 16 is routed to a suitable device 136
for seperating solids from a iquid, such as a filter or a centrifuge, to
recover the cupric oxide. Disposed in  each of the compartments 84, 86, 88,
90, 92, 94, 96,98 and 100 is  tumbling medium 140 comprised of a plurality
of individual  elements which rub against  each other, the interior wall 82
of the 35     distillation drum 16, and the sides of the baffles 80 to
provide, during rotation of t distillation drum  16 a grinding or scrubbing
action which prevents a scale build up of the precipitating CuO (cupric
oxide). The 



tumbling medium  140 also provides areas for nucleation of the CuO. (cupric
oxide) precipitate the turbulence created in the solution 108 by its
tumbling action increases the rate of heat transfer from the distillation
drum wall 82 to the solution. The last or recovery compartment 102
preferably does not contain 40  tumbling medium.
.             . The tumbling medium is made from a material, such as steel
or ceramic, which is inert with respect to the solution and the scale
forming precipitate and preferably is somewhat softer than the material of
the distillation drum 16 and the baffle 80 in order to minimize wear. The
tumbling medium 140 can have a variety of outer surface configurations so
long as the desired 45  scrubbing action is produced. Recessed or concave
surfaces which might be "hidden" from rubbing with other elements and,
therefore, sites for potential scale build up, should be avoided. According
a substantial portion of the outer surface of the tumbling medium 140
should be convex in  order to promote random rolling or tumbling during
rotation of the distillation drum 16. The tumbling medium 140 preferably is
in the form of the spherical balls. The balls should be relatively small
with respect to the space between 50   the baffles 80 in order to Insure a
good scrubbing action and a mixture of balls of different sizes is
preferred for that reason. As a guide, the balls can have diameters ranging
from about 3 mm up to about 38 mm (about 1/8 inch up to 1 1/2 inches). In
order to provide the desired scrubbing or grinding action, the distillation
drum 16 is rotated at a non- centrifuging speed with respect to the
solution and the tumbling medium, that is, at a speed below  which 55  the
tumbling medium 140 and/or the solution 108 is held against the interior
wall 82 of the distillation drum 16. As a guide, for a distillation drum
9.144 m (30 feet) long and having an inside diameter approximately 1.22 m.
(4 feet), the speed of rotation usually will be in the order of  10-20
revolutions per minute.The tumbling medium' 140 can serve to grind the
scale-forming precipitate  to a predetermined sized by  varying    the
amount, composition, size and hardness of the tumbling medium and the
rotational speed of the distillation drum. The baffles 80 can serve to
prevent back mixing of the solution as it flows through  the distillation
drum 16.In the preferred embodiment illustrated, the tumbling medium 140 in
each of the compartments 84, 86, 5  88, 90, 92, 94, 96, 98, and 100 is
below the radial heights of the respective baffles 80 and the radial
heights. of the baffles 80 in at least the last half of the distillation
drum progressively decrease in a direction toward the outlet end 60. This
arrangement minimizes back mixing, but does permit some scale build up on
the edges of the baffles 80, the extent of which depends on the level of
the tumbling medium 140 relative to the radial height of the baffles 80. 10
The majority of precipitation usually occurs in the first half of the
distillation drum 16 and substantially only evaporation of the volatile
material takes place in the last half. Thus, in the specific construcition
illustrated, the baffles 80 in the first half of the distillation drum 16,
where back mixing is a lesser concern have a uniform radial height which is
less than that of the baffle separating compartments 94 and 96. The radial
heights of the baffles 80 in the last half of the distillation  drum 16,
where back is a  mixing greater. 15  concern, progressively decrease and
the solution overflows the baffles from one compartment to the next. If
desired, the radial heights of the baffles 80 can progressively decrease
along the entire length of the distillation drum 16 so that the solution
overflows the baffles from each compartment to the next The level of the
tumbling medium 140 in each compartment preferably is below the radial
heights of the respective baffles as illustrated. It can be above the
radial heights of the baffles 80 to prevent sdale build up 20  on the edges
of the baffles. However, this permits some back mixing which may outweight
advantage of eliminating scale build up in some cases. The level of the
tumbling medium 140 and the depth of the solution 108 along the length of
the distillation drum 16 can be controlled by inclining the rotational axis
downwardly in a direction from the inlet end toward the outlet endat a
small angle in the order of about [err] from the horizontal. The radial
heights  of the baffles 80 can be varidd to adjusted the retetention time
of the 25  solution in the distillation drum. This adjustment can be
accomplished by simply removing one set of the removably mounted baffles
and replacing it with another set of baffles having the desired radial
heights. Heat sources other than  gas burners can be used, for example,
eletrical resisitence heater or a steam jacket. With suitable enclosures
and rotary seal assemblies on the inlet and outlet ends of the distillation
drum 16, the device can be operated under vacuum conditions  as well as
undet pressure as described 



30  above. From the foregoing description it can be seen that the
distillation device and method provided by the invention have several
advantages. A wide variety of scale-forming materials can be efficiently
precipitated or crystallized  from solution with little or no scale
formation  because of the nucleation sites and scouring action provided by
the tumbling medium. The turbulent action of the tumbling medium increases
the degree of the precipitation per unit of heat. External liquids, such as
steam, which can upset the water balance 35   of the precipitation per unit
of heat.External liquids, such as steam, which can upset the water  balance
are not required as is the case with some prior systems. The precipitate
can be conveniently ground to a predetermined particle size by adjusting
the amount, composition size and  hardness of the tumbling medium and the
rotational speed  of the distillation drum.             .,     . Without
further elaboration, it is believed that one skilled in the art can, using
the preceding description, 40  utilize the present invention to its fullest
extent. The following example is presented to exemplify a preferred
embodiment of the invention and should not be construed as a lirnitation
thereof. EXAMPLE The following operating parameters are typical for
recovering  CuO (cupric oxie) from an ammoniacal leaching solution used to
extract copper from a scrap materail, such as printed circuit boards
Distiller Drum Dimensions 50                                    Length,
9.144 m (30 feet) Inside diameter,   1.22 m (4 feet).    EP 0298 162 B1
Distiller Drum Operation Temperature,          [err]  (200-250 F) Pressure,
68.95-103.5 [err] (10-15 psig) Rotational speed, rpm                   14
Tumbling medium      mixed steel and ceramic ballls, 3.175mm  and 38.1 mm
(1 /8 in. and 1 1/2 inch) diameter Solution In (Conduit 112) Feed rate, gpm
10.25 Composition, wt. % [err]             6.0 [err]               4.0
[err]               5.5 Water            84.5 Slurry Out (Conduit 122)
Withdrawal rate, gpm.   5 25 Composition, wt. % [err]
0.5 30                          [err]           5.0 Water
93.7 35                     Vapors Out (Conduit 128) Flow rate,  1160.8
kg/hr (2559 Ibs/hr) Pressure      68.95 [err] (10 psig) max Composition,
mole % [err]          11.4 Water         81.0 45 Claims 1. A method for
precipitating dissolved scale-forming material from  a solution including
the step of: (a) providing an elongated, cylindrical distillation chamber
mounted  for rotation about a generally horizontal axis and including a
plurality of axially spaced annular baffles extending radially inwardly 



from the interior wall of said chamber at a height less than the inside
radius of said chamber to define a plurality of compartments; (b) providing
a tumbling medium in the compartments comprising individual elements  which
are inert with respect to the solution and the  scale-forming material and
which rub agaist each other, the 55     interior walls of the chamber and
the sides of the baffles in response to rotation of the chamber; (c)
rotating the chamber at non-centrifuging speed with respect to the solution
and tumbling medium; (d) continuously introducing the solution into an
inlet end of the chamber in a sufficient quantity to 6    EP 0 298 162 B1
Distiller Drum Operation Temperature,         93.3 -121[err] (200-250 F)
Pressure.            68.95-103.5 [err] (10-15 psig) 5
Rotational speed, rpm                  14 Tumbling medium      mixed steel
and ceramic balls, 3.175mm and 38.1 mm (1/8 in. and 1 1/2 inch) diameter 10
Solution In (Conduit 112) Feed rate, gpm    10.25 Composition, wt. % 15
[err]              6.0 C02              4.0 Cu               5.5 Water
84.5 Slurry Out (Conduit 122) Withdrawal rate, gpm.   5 25
Composition, wt. % [err]                   0.5 [err]                   0.3
Cu                    0.5 30                                  CuO
5.0 Water                93.7 35                             Vapors Out
(Conduit 128) Flow rate,   1160.8 kg/hr (2559 lbs/hr) Pressure,    68.95
[err] (10 psig) max Composition, mole % 40 NH3          11.4 [err]
7.6 Water        81.0 45 Claims 1. A method for precipitating dissolved
scale-forming material from a solution including the steps of: (a)
providing an elongated, cylindrical distillation chamber mounted for
rotation about a generally so        horizontal axis and including a
plurality of axially spaced annular baffles extending radially inwardly
from the interior wall of said chamber at a height less than the inside
radius of said chamber to define a plurality of compartments; (b) providing
a tumbling medium in the compartments comprising individual elements which
are inert with respect to the solution and the scale-forming material and
which rub against each other, the 55       interior walls of the chamber
and the sides of the baffles in response to rotation of the chamber; (c)
rotating the chamber at non-centrifuging speed with respect to the solution
and the tumbling 



medium; (d) continuously introducing the solution into an inlet end of the
chamber in a sufficient quantity to 6    EP 0 298 162 B1 flow over the
baffles toward the opposite, outlet end of said chamber; (e) heating the
solution in the chamber above its boiling  pointed to evaporate volatile
materials and precipitate scale-forming material from the solution as it
flows through the chamber; (f) continuously withdrawing a slurry containing
the precipitated scale-forming materials from the 5        outlet end of
the chamber; and (g) continuously withdrawing gases evaporating from the
solution from the inlet end of the chamber to thereby provide
countercurrent flow of the evaporated gases and the slution 2. A method
according to claim 1 wherein the level of the tumbling medium in the
compartments is below to     the radial heights of the respective baffles
and the radial heights of at least some of the baffles progressively
decrease in a direction from the inlet end toward the  outlet end of the
chamber so that the solution overflows said baffle from one compartment to
the next. 3. A method according to claim 1 or claim 2 wherein the tumbling
medium is in the form of spherical 15     balls. .4. A method according to
any one of claims 1 to 3 wherein the solution is an aqueous ammoniacal
leaching solution containing copper, ammonia and carbon dioxide, the
cchamber is heated to a temperature of about 93 to [err] (about 200 to
about 250 F) and is maintained at a pressure of about 20  69 to about 103.5
[err] (about 10 to about 15 psig), the gases withdrawn from the inlet end
of the chamber contain ammonia, carbon dioxide and water vapor, and the
slurry withdrawn from the outlet end of the chamber contains CuO (cupric
oxide). 5. A method according to claim 4 including the further step of: .
, 25        (h) separating CuO (cupric oxide) from the slurry withdrawn
from the outlet end of the chamber. 6. A method according to claim 1
wherein the level of the tumbling medium in the compartments is above the
radial heights of at least some of the respective baffles. 30     7.  A
method according to claim 1 wherein the rotational axis of the chamber is
at a slight downward incline in the direction from the inlet end toward the
outlet end of the chamber 8. A method according to claim 7 wherein the
radial heights of the baffles are substantially uniform 35   9. A method
according to any one of the preceding claims wherein the tumbling medium is
made from a material which is softer than that of the chamber interior wall
and the baffles so as to minimize wear. .        . 10. A device for
precipitating dissolved scale-forming materials from a solution including
40      an elongated, cylindrical, distillation chamber mounted for
rotation about a generally horizontal axis 40  and including a plurality of
axially spaced annular baffles extending radially inwardly from the
interior wall of said chamber at a height less than the inside radius of
said chamber to define a plurality of compartments; a tumbling medium
disposed in said compartments comprising individual elements which are
inert with respect to the solution and the scale-forming material and
which, in response to rotation of said 45     chamber, rub against each
other, the interior walls of said chamber  and the sides of said baffles to
prevent the buildup of scale thereon; means for rotating said chamber,
means for continuously introducing the solution into an inlet end of said
chamber for flow toward the opposite, outlet end of said chamber; 50
means for externally heating said chamber to raise the temperature of the
solution contained therein above its boiling point; means for continuously
withdrawing a slurry containing the precipitated scale-forming materials
from the outlet end of said chamber; and means for continuously withdrawing
vapors evaporating from the solution from   the inlet end of said 55
chamber to thereby provide countercurrent flow of the evaporated vapors and
the solution 



11. A device according to claim 10 wherein the level of said tumbling
medium in said compartments is below the radial heights of the respective
baffles. 7    EP 0 298 162B1 12. A device according to claim 10 wherein the
level of said tumblin medium in said chamber is above the radial heights of
at least some of said baffles.                       . 13. A device
according to claim 10 wherein the radial heights of at least some of said
baffles progressively decrease i the direction from  the inletend toward
the outlet end of said chamber. 14. A device according to claim 10 wherein
the rotational axis of said chamber is at a slight downward incline in the
direction from the  inlet end toward the outlet end of said chamber and the
radial heights of said baffles are substantially uniform. 10 15. A device
according to any one of claims 10 to 14 wherein said tumbling medium
elements are  made from a material which is softer than that of said
chamber and said baffles so as to minimize wear 16. A device according to
any one of claims 10 to 15 wherein said tumbling medium   is in the form of
15     spherical balls. PatentansprUche 1. Verfahren zur FMllung von
krustenbildendem Stoff aus einer Losurlglbestehenc$aus folgeniriS4chrit
ten:                                                       4. (a)
Bereitstellung einer i~nglichen zylindrlschen Destillationskamnbr, die so
ahgebracht IiA dali ale: sich um  eine im allgemeinen horizontale Achse
dreht, urid die mehrerb, in Aboth.iefl 'axial angebrachte, Zwischenwdnde
enthilt, die von der innenwand doer Kammer radial nach iniiWehen, wobei
ihre Hohe geringer ist als der Innenradius der KammerL uhd die mehrere
Abteije bil .;-nF (b) Bereitstellung eines Schleudermittels in den
Abteilen, dats einzelne Elemet urnfaBt,' die in Bezug auf die Losung urid
den krustenbildenden Stoff inert sind, Uhd die aufuhbWd de! D[htOhg der
Kammer aneinander, an den Innenwinden der Kammer und an der Seitenfi.dheri
der Zwiij`bnw~n- de scheuern:-
...................... < >....< .'f;.   '. - > ; *          do s (c)Drehung
der Kammer  it nichtzentrifugierender Geschwi   iin Bezdg tW diL, iAtjp
und :''.30 a - das Schleudermittel;               .
.:  i :e. 'ige die (d) kontinuierliches Einleiteh der Losung an der:
Zufluflselte dei Kamnhie iri.ef .M dige, de, ;4         ausreicht, Uiber
die Zwischenw~nde zur gegenfberliegenden Abflflseite zu flieflen:.,g ''' '
"ii'fg'nd  '!iA: k'<5 ''ii'''' ' '''' (e) Erhitzen der Losung in der Kammer
Ober ihren Siedepuniitiwbdirch fliddhtige, Stoff9 abeidampft    -    *
werden und der krustenblidende Stoff aus der.Ldsung gefaillt'wirrdiwahrend
ie 'durch diRa'mer-. ,. 35        flieat;   :...  . (:) kontinuierlichen
Abziehen eines Schlammes, der die geffiilten krustenbidehiden  tofte hIt an
. ,?- der AbifluBseite der' Kammner;           '
44 (g) kontinuierliches. Absaugen. von aus doer Lsung verdampfOdfldtnGaseti
anW rZf~ldt  e i  '. .  Kammer, wodurch die abgedampften Gase und die
Losung'iri eaeagegengisdtzt& Richtgen stro' 40        men.
. . 2. Verfahren nach. Anspruch 1, wobei der Ffllstand des
Schleuderimittels in doen Abteilqn, lnter der Radialhohe der jeweiligen
Zwischenwande liegt und sich die Radialh6he wenigstens' einiger 4 wschen-
4 wande von der Zufluflseite zur Abflullseite hin zunehmend veriiLigert, so
dai die Ibsung-:.Uber die 45      Zwischenwande hinweg von elnem Abteil zum
nichsten flieSt.  ''                 . 3  Verfahren nach Anspruch 1 oder 2,
wobei das Schleudermittel die Frrh von Kugoln hat. 4    4. Verfahren nach
einem der Ansprtche 1 bis 3, wobei die Ldsung ein Wvv ssrige
Amthoniak-LqtigDSigSl6- 5.w    sung ist, die Kupfer, Ammoniak und
Kohlendioxid enthlit, die Kamnmer auf eine temperatur' vn ba. 93. bis 121 C
(ca. 200 bis ca. 250 F) erhitzt wird und unter einem Druck von ca. sb bis
cas' td  kN/m- (ca. .10 bis ca. 15 psi) gehalten wird, die an der
Zuflufseite der Katmhibr'abgesaUgten SaseI~rTliak, . :' Kohlendioxid uffd
Wassserdampf enthalten, und der' aus der KarlMiner ab  bdotqO!. SW fli!iht
:.CuO (Kupferoxid) enthalt.          '        .
. "         |  :                   4. 5. Verfahren nach Anspruch 4, das
weiterhin folgenden Schritt'beinhaitet: 



(h) Abscheidung von CuO (Kupferoxid) aus dem an der Abflubseite der iammer
abzoOenenr' 4   .   .Schlarnm.                                    4. i * ,
f -                        .! i- . ! . 8. *1".~~~~~~~V.M    6. Verfahren
nach Anspruch 1, wobel der FUlistand des SchieUdermrittels irl den.
AbltelIhi ber der Radialh6he wenigsten einiger der jeweiligen Zwischenwdnde
iegt.' .7. Verfabren nach Anspruch 1, wobei die Rotationsachse der'
Oarftrnvon der Ziflulseite, ziAbfiuseit. 5      hin eine leichte Neigung
nach unten hat. 8. Verfahren nach Anspruch 7, wobei die :Zwischenwande eine
im Wesentlicheoheinheitlchp  Radialh6he .   haben. 10  9. Verfahren nach
elnem der vorangehenden Anspruche, wobel das' 6chleudermiittel aus elb0m
Material' besteht, das weicher ist aWs: das der Inrienwand der Kamnier Uhd
der Z-iWhertne i o daR der Verschleill aut ein MindeostmWl redluziert wird.
10. Einrichtung zur Fallung von gel6sten, krustenbildenrden Stoffenf as:
iener Los uhg, bestehe!d au. 15     einer ianglichen, zylindrischen
Destillationskammer, die so ahigbracht ist, daR, sie slcic" elne im.
aligemeinen horizontale Achse dreht, und die mehrere, in Abtnaddh
axial:an'ebracht, bisbibbenwai- .'   , de enthalt, die von der innenwand
der Kammer radial nach innen stehen, wobei lhre Hth5ii als der Innenradius
der KaMmer,. und die mehrere Abteile bidien, ! 's- ein in den Abteilen
befindliches. Schleudermittel, das elnzelne Eiemente umfblt, die in Wezdg
auf die 20     LWsung und den krustenbildenden Stoff inert sind, und die
abi.fgrund der Drehung 46' Kammer-. aneinander, an den Innenw~nden der
Kammer und an den Seitenfiachen der NWischen  irescheuern: und so die
Bildung einer Krtste daran verhindern; Mittel zum Drehen der. Kammer, :
Mittel zum kontinuierlichen Einleiten der Losung an der ZUfldi'eite der
iRamer undt.Ti1en zur, -25     gegenUberliegenden Abfluflseite der. Kammer;
' Mittel .zum  Erhitzen der Kammer von aufen zur Erhfhung'der-
Temperatir.der dariot   {.efid  ihen.' -Lsung Uber ihren Siedepunkt;  .
:  : Mittel zum  kontinuierlichen. Abziehen eines Schlarnmes, .er d  gef IN
d' ld   Stoffe; enthalt, an der Abfluflseite der Kammer; und :so     Mittel
zum kontinuierlichen Absaugen von aus der Losung verdatmpt enden DIMrten an
d;Zuofluboseite der Kammer, wodurch dib abgedampften.: Dmpfe und die
.LsUt-tg in. enrge eq    s   etg: strdmen.
-    . ~       . 11. Einrichtung nach Anspruch 10j wobei der F1llstand
des.Schleudermitteis in deAnAtePiie  Mqter der. *-35!    Radialh6he der
jeweiligen Zwischeno nde liegt. -   , :              .;  .     .' .12.
Einrichtung nach Anspruch 10, wobei der FUllstand des schieudeurhittels
ber ider Raial,8he weri-' stens einiger Zwischenwgride liegt. 40  1&
Einrichtung nach Anspruch 10, wobel sich die Radialhcbhe wenigstens einigeq
.*ischehw.hd 6 vn der ZufluBseite zur Abfluoseite hin zunehmend verringert.
14. Einrichtung nach Anspruch 10j wobel die Rotationsachse der Kammer yon
der ZdfluWseite zur Abflulseite hin eine leichte Neigung nach unten hat
und:die 6-Zwischenwlnde oene im  tesentlichoh. 45     einheitliche
Radialh6he haben. ;   {};            }   , . . s.:    .   . .... .15.
Einrichtung nach einem der Anspr[Jche 10 bis 14, wobei.das Schleudelmittel
aus eitinm. Mate rial besteht, das weicher ist alsc das. der Innenwand der
Kammer- und der Zwischen narde, esd .dal der.. Verschleil auf ein
MindestmaR reduziert wird. .50 16. Eine Einrichtung nach elnem der
AnsprUche 10 bis 15, wobel das 'chleuddei~irttei die Forr'l voigeln -  -;;
hat.
i *Revendlcations 1.  Proc6de de pr6cipitation de matibre formatrice
d'6cailles dissotite d'une solution domprenaft lW  tapes 



suivantes: (a) pr~voir une chambre de distillation cylindrique,
allongce.thnontde a rdtat.on aut~ur dun axe. .:   ,  :   ;   9:  .
vd ,.   :  r    ,, .  i .4.    EP 0 298 162 BN M .   c   L d'allure
gen6ralement horizontale et comprenant une s6rie de chicanes anhulaires
espad4s'aiale- ment s'4tendant radialement 9 I'interieur de la parol
interieure'do ladite cfiam bre   ha ut& iaUteur. . inferieure au rayon
Interiour de cette chambre pour definir une 'sqrie, de comnpartimhnents;. ;
:(b) pr6voir un moyen d'agitation dans les compartiments corhpotiiant des
4th1nts d!   qu-' :   5     sont inertes vis-a-vis de la solution et de la
matiere formatrice ,d'cailles et:jui-frottent lnctre ,..: .: :'autre, les
parois interieures de la chambre et les c8tes des cfidiines en rddi.nse9d
urne. 6ttion de Ia chambre; (C) faire tourner la chambre: a une vitesse de
non-centrifugatihn. par rapp.t,  l .a sblilbri  tau moyen d'agitation;
.    . 10        (d) introduire de facon continue Ia solution datr6lin
d'entrde do la ,ha'b . io   uno quantit6 suffisante pour s'4couler
au-dessus des chicanos.Vers. 'otr~mit6 d8 "Icitie             F ~i~3Ae~a
chambre;                                               ,,            , (e)
chauffer ia solution dans la chambre au-dessus de son:point d'4bJIlition
pour" AMIidre#,los matieres volatiles et faire precipiter la matiere
formatrice d'6caiies ,do Ia soItions lorsquoib is:cSul-O isdans la chambro;
, (f) extraire de fagon continue une pate contenant la matibre formatrico!
decallies prd.01ite   deo I'extr6mit6 de sortie de la chambre; et (g)
extraire de fagon continue les gaz s'4vaporant de la soljtion do l'oir'nit6
donti  do la chambro pour former ainsi un 6coulement a contre-courant dos
ga 6'vapor~s .et d) la sWlin,. 2. Proced6 suivant la revendication 1,
caracteris6 en co quo. le. nivOe. du moye,.n d'agitatio.dens leos
compartiments est situe en dessous des hauteurs radiales des chitanes
respectiV6s, eo lOs'hguteurs, radiales d'au moins cortaines des chicanes
diminuent progrpssivetifint dans Uhe;o direcitiodl'N  ant de I'extremite
d'entree vers lPextr~mit4 de sortie de Ia chambre do telie sorte qiob
I:aA.olutton -$.a sso au-.:. 25      dessus des chicanes d'un compartiment
au suivant. 3. Procede suivant l'une ou I'autre des revendications 1 et 2,
carat ,er   en ce qdole moyhna'aon est sous la forme de billes sph6riques.
-.: . ; ..X .,30.4. Procd6d  suivant l'une quelconque des revendications 1
a 3, caaeci.r&s  on ce 4u ' a ot i pUne:.. solution de lessivage ammohlacal
Iaqueuse contenant du cuvro ;deO l'ammobiaqot' du iby de do;.. carbone, la
chambre est chauffee a une temperature d'envirofl 93   121*C (oEnyirbh
2poflvlron ' 250-F) ot est  maintenue a          une prossion  d'environ
eriviron 69 A environ'  ,     , ....Mlivon 15 livres par pouce carre), los
ga  extraits doe a'citremite d'en:ire   Ia ch  inre  cont do ..: 35.. ' l:
I'ammoniac; du dioxyde de carbone et deola vapour d'eau etfla ~te'xtraite
de I'e~r.tiiit6 *I .do la chambre contiont du CuO (oxyde cuprique).
'       '                   I 5.Proc~d6 suivant la: rovendication 4,:
caract&ris en ce qu'il comprond.: on outre.  d'tae:d OhjAration de CuO
(oxyde cuprique) de la pite extraite de l'extremite de sortie de la
charibro.. .. .:  :. 6. Proc6de suivant la revendication 1, caract6ris6 en
ce quo le niveau, du moyen d'agitatior'dans les compartiments est situ6
au-dossus des hauteurs radiales dWau moins' certaines :des
chicanhSirdspecti- ves. 45  7. Proc6d6 suivant la revendication 1;
caracteris6 en ce quo l'axe deo rotation de. lalchambe' sinciine   .
legerement vers le bas dons la direction de l'extremite d'entre: Vers
l'extremitH  deo smle- do la chambre.
. 8  Proc~d4 suivant la revendication 7, caract6rise en ce que leS hatteurs
radlaieS'dos  Hi1h sIsoMt 50      sensiblement uniformes.., :;
;        e,         .     -; 9. Proc6d4 suivant l'une quelconque des
revendications prec6dentes, caract6rls6 en.: co quoie lmoyen d'agitation
est fait d'une matibrb qui est plus douce quo cOe do la eroi intgrioro do
I d11' t re ot 



des chicanosedomani r   r6duireau. minimum l'usure.   .     . i
I, .  I        -' -:    . 10. Dispositif pour 1a precipitation do matieres
formatrices d'6cailles, dissoutes d'une-soiution qor'efant:' une chambre de
distillation: cylindrique, allongee mont e  9 rotation autour.d'un'
d-iailur. gon6rale horizontale et comportant une s6rie de chicanes annui
iWes espacdogs 6Xalem- nt 4:''  -..e ;          :   :  :: i:         !  .
.>    1    ,    -   -  . >^; .   ...~~~~V'! 1 0 -                   -;
10              : i  ::  :    -; .;,    ::.ti $. f   . :  - :; .
:f~~~~~~~~~~~~~~~~~~~'    -                                EP 0 298 162 B1
~~ radialement a l'int6rieur de la parol interieure de ladite charmbre a
une ha teur infhriddiIb ;aUWrayon i:       interieur de cotde chambre pour
definir une s6rie de compartirhents' un moyen d'agitation dispose dans
lesdits compartiments' coh6itonant:dep.4l64ments ih vd.l1is qui. ,, ,..
sont inertes vis-a-vis de la solution et de la matibre formatrice
J'ecaillesiet .qdi, 'on rjiirie,   une :'  ' 5   rotation de la chambre,
frottent 'un contre l'autre, les parois ihterie Ues do ia diarnbro et'le
c8tes des chicanes pour y empecher la formation d'dcailles; a
un moyon pour entraihe:r en rotation ladite chambro, un moyen pour
introduire de facon continue la solution dahs une extr4rhiit d'entre  dsila
chambr' pour qu'elle s'4coule vors N'xtr6mit6 do sortie, oppos~e do ladi'te
chamhbre; 10           un moyen pour chauffer ext6rieurement ia chambre
deomafli.ro a eIoi~or Ia tem'rahltrire dl6a, solution contenue dans
celle-ci au-dessus de son point d'4buiiition     ' ' .   .   un moyen pour
extraire de facon continue une pate contOnantlos matifyes formatrlcN
&4caillos .prcipit6es de l'extr6mite de. sortie. de la chambre; et
. ..... . un moyen pour extraire de fagon continue les'vapeurs j'46agorant
do ia smlutiol c.I ltexkrmit4 15       d'entrde de la chambre de maniere a
former ainsi un ecou r1et & cbi-ouratit 1e Vapeurs 6vapor~es at do la
solution. 11. Dispositif suivant la reveridication iO, caractdrisW  en co
que:ole iivoau du mbyeal d'agitdtal6n`'clans ies . .  .   compartiments est
situe oen :dessous des hauteurs radiales des chi anes rospebtivo. s . . 20
*     ,        12. Dispositif suivant Ia revendication 10, caractkrisd en
ce que le n;veau du -.yen .d'agi tdtob    i  dans la, chambre est situe
au-dessus des hauteurs radiales d'au moisrdrist ines desqhica es pkA.64
.. , s: 13&  Dispositif suivant la rovlndication: 10, caractcrisr on co quo
los: fqautehrs raduieossdau    hs1 otisnes 25       de ces chicanes
diminuent progressivement dans la direction'ide 1'ox emitd 3ntk*e vets
i!xte'Mit doi sortie do Ia chambre. 14. Dispositif suivant la revendication
10, caracterise on ce quio 'axe de rbtatibh do Ia.t,11arhbro oat
'lgbrerment incline vers le bas dans la direction do I'extr'mita d:'o:trdo
yorg e'x t.mit4 d$g.tle do .a -o       chambre et les hauteurs'radiales dos
chicanes sont sensiblenienf     formes. 15. Dispositif suivant l'une
quelconquo des revendications 10.ai14, G-aract6risnen ce qdo ee {btenints
' " . formant le moyen d'agitation .sont.faits d'une matiere qui est
pOuas.iuce quoce1-idel la ib,  e     do        ; chicanes do manibre A
r~duie au minimumrl'usure.. 38 .16. Dispositif suivant l'une quelconque des
revendications 10  .. 15; caract ii   enOco cI.  10;rnmoyen: d'agitation
est sous la forme de billos sph riques. ''   . 40: 45 so~~~~~~~~,>!  :*, .


