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€9 Process for producing high-purity aluminum.

@ To obtain a high-purity aluminum fraction from alumi-
num containing both eutectic impurities and peritectic im-
purities, the contents of these impurities in the original
aluminum are reduced by melting the original aluminum to
obtain molten aluminum (1), adding boron to the molten
aluminum (1), and rotating a cooling body (3) as immersed
in the boron-containing molten aluminum (1) while introduc-
ing a cooling fluid to the interior of the body (3) to crystallize
high-purity aluminum on the surface of the body (3). The
peritectic impurities react with the boron to form metallic
borides, which are centrifugalily forced away from the cool-
ing body (3) by the rotation of the {atter without being incor-
porated into the aluminum crystallized on the surface of the
body (3). The eutectic impurities are removed from the
crystallized aluminum on the surface based on the principle
of segregation.
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PROCESS FOR PRODUCING HIGH-PURITY ALUMIﬂUM

The present inventipn relates to a process for
producing aluminum having high purity, and more particu-
larly to a process for treating aluminum containing
eutectic impurities, such as Fe, Si Cu and Mg, and also
peritectic impurities, such as Ti, V and.Zr, by resorting
to segregation solidification to obtain éluminum having
lower contents of eutectic impurities and peritectic
impurities and a higher puriﬁy than the original aluminum.

Throughout the specification and the appended -
claims, the term “euteé;ic impurities" refers to the
impurities which uhdergo a eutectic reaction with aluminum,
gnd the term "peritectic.impurities" refers to the
impurities which undergo a peritectic reaction with
aluminum.

When aluminum containing both eutectic
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impurities and peritectic impurities is'-melted and then
subjected to equilibrium solidification, the impurity
concentration Cs of the resulting solid aluminum fraction
is theoretically represented by the following eguation.

Cs = koCo(1 - £s)¥0~1 (1)
wherein ko is the distribution coefficient, Co is the
impurity concentration of the original aluminum, and fs
is the ratio of the solid fraction. The above equation
shows that when the distribution coefficient ko is
smaller than 1, the impurity concentration Cs of the solid
fraction is smaller than the impurity concentration Co of
the original aluminum and that when the distribution
coefficient ko is 1arger than 1, the impurity concentra-
tion Cs of the solid fraction is greater than the impurity
concentrétion'Co of the original aluminum. Since
eutectic impurities are smaller than 1 in distribution
coefficient, the solid fraction prepared from aluminum

containing such impurities is lower than the original

aluninum in impurity concentration. Accordingly when the

original aluminum is melted and thereafter solidified,
high-purity aluminum can be obtained advantageously by
selectively separating off the resulting pro-eutectic

aluminum. Segregation solidification processes based

" on this principle are already known as disclosed, for

example, in U.S. Patents No. 3,671,229, No. 3,211,547,
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etc. However, peritectic impurities are larger than 1
in distribution coefficient, so that aluminum containing
such impurities affords a solid fraction which is higher
than the original aluminum in impurity concentration.
Accordingly when aluminum containing both eutectic
impurities aﬁd peritectic impurities is treated by the
conventional segregation solidification process to obtain
pro~-eutectic aluminum selectively, the resulting solid
fraction is lower in the conecentration of eutectic
impurities but higher in the concentration of peritectic:
impurities than the original aluminum.

Aluminum containing both eutectic impurities
and peritectic impurities is therefore usually treated
by adding boron to a melt of such aluminum in a container
to cause the boron to react with Ti, V, Zr and like
peritectice impurities and form insoluble metallic borides
such as TiBz, VBQ, ZrEé, ete., 2llowing the mixture to
stand for a long period of time, for example, for more
than 1 hour to settle the metallic borides, placing the
molten aluminum into another container as separated from ‘

the borides, and selectively drawing off pro-eutectic

‘aluminum only from the container. This process is

inefficient since the settlement of the metallic borides

requires much time.
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The object of the present invention.is to
6vercome the above drawback'and to provide a process for
treating aluminum containing both eutectic impurities
and peritectic impurities by segregation solidification
to remove the impurities of both types from the aluminum
to the greatest'possible extent and obtain aluminum
having a higher purity than the original aluminum.

The process of this invention for producing
high-purity aluminum comprises the steps of melting
aluminum containing both eutectic impurities and peritec-~
tic impurities to obtain molten aluminum, adding boron
to the molten aluminum, immersing a cooling body into
the boron-containing molten aluminum, and rotating the
cooling body while in%roducing a cooling fluid to the
interior of the cooling body to crystallize high-purity
aluminum on the surface of the body.

With this process, the boron reacts with the
peritectic impurities to form metallic borides, which
are moved away from the cooling body and dispersed

throughout the liquid phase by the centrifugal force

produced by the rotation of the cooling body. Accordingly

an aluminum fraction having lower contents of eutectic
impuritieé and peritectic impurities than the original
aluminum can be crystallized on the surface of the cool-

ing body, giving high-purity aluminum. TUnlike the

IS
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conventional process, the present process does not
involve the necessity of settling the metallic borides
and therefore can be practic;d within é shortened period
of time.

When aluminum containing Fe, S5i, Cu, Mg and
like eutectic impurities,and Ti, V, Zr and like peritec-
tic impurities is melted, and boron is added to the
resulting melt, the boron reacts with the Ti, V, Zr and
like peritectic impurities to form TiBz, VBZ’ ZrB2 and
like insoluble metallic borides. The amount of boron

to be used, which is determined in accordance with the

" Ti, V, Zr and like contents of the aluminum to be puri-

fied, is a predetermined amount larger than the amount
needed for forming the,;bove metallic borides. The boron
may be added in the form of an Al-B master alloy or KaB¥,
or like salt. Since boron undergoes a eutectic reaction
with aluminum, the excess of boron other than the quanti-
ty of boron forming the metallic borides with the
peritectic impurities is removed in the same manner as
the eutectic impurities as will te described below.

When a cooling body is rotated as immersed in

.the boron-containing molten aluminum while introducing

a cooling fluid to the interior of the body, high-purity
aluminum crystallizes on the surface of the cooling body.

Stated more specifically, when 2luminum containing
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eutectic impurities is melted. and subjected to equilibrium
solidification, pro—eutectic aluminum of high purity
separates out first. The ratio betwegn the.eutectic
impurity concentration of the solid phase and the eutectic
impurity concentration of the liquid phase =2t this time

is represented bj the distribution coefficient ko. During
actual solidification, however, the eutectic impurities
are released into the liquid phase to form a layer of
concentrated eutectic impuritieé in the liqguid phase in
the vicinity of the liquid-solid interface or boundary,

so that the impurity concentration of the solid phase

is governed by the effective distribution coefficient kE
considering the thickness of the concentrated layer (here-
inafter referred to éé n"diffusion layer"). Thus the
im@ufity concentration Cs of the solid phase'is repre-
sented by Equation (l)'wherein kE is used in place of ko,
i.e. by the following equation.

Cs = kCo(l = £g)¥E-L (2)

It is already known that the effective
distribution coefficient kE is represented by the follow-

ing eguation. .
ko

k., =
E ko + (1 = o) exp (- %ﬁ)

wherein R is the solidification velocity, § is the thick-

ness of the diffusion layer formed in the vicinity of the
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liquid-solid interface, and D is the diffusion céeffi-
cient of the eutectic impurities in fhe liguid phase. It.
therefore follows that the effective distribution |
coefficient kE can be made approximate toithe distribu-~
tion coefficient ko effectivélyrby decreasing the solid-
ification velociy R andrthe thickness of the diffusion
layer, § , and increasing the diffusion coefficient D. OFf
these variables, the diffusion éoefficient D is considered
to be a constant which is dependent on the kind of the
eutectic impurity generally when the'liqﬁid phase has a
constant températﬁre, so that it is difficult to vary
the diffusion coefficient D.V It is therefore effective
to decrease the solidification veloéity R and the thick-
ness of fhe diffusioh i;yer,s , for making the effective
distribution coefficient ky approximate to the distribu-
tion coefficient ko. | - |

" When the eﬁtecticAiﬁpurities are releesed into

the liquid phase at the liquid-solid interface, dendrites

7 ai'e formed at the imterface. It is well knovm 'thé't When

such dendrites grow, the impurities released into the

liquid phase in the viecinity of the liguid-solid

interface are trapped, as they are or in the form of

eutectic crystals of several microns, in the interstices

of the dendrites. This phenomenon is undesirable for )

the purification of aluminum. The growth of dendrites
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occurs when the actual temperature of the liquid phase
is lower than the temperatﬁre of the equilibrium
liquidus in the vicinity of the liquid-solid
interface.This phenomenon is referred to as constitu-
tional undercooling. The growth of dendrites is promoted
when the difference (degree of undercooling) AT between
the temperature of the equilibrium liquidus and the
actual liquid phase temperature increases. Accordingly
the growth of dendrites can be inhibited effectively by -
decreasing the difference AT. To decrease AT, there is
the need to increase the temperature gradient of the
melt in the vieinity of the liquid-solid interface.
Ideaily, the temperature gradient should be smaller than
the femperature gradient of the equilibrium ligquidus
%o make AT smailer thén 0.
The foregoing leads to the following three

requirements for purifying aluminum with improved

efficiency.

- (a) To decrease the solidification velocity to the great-

est possible extent.

(b) Tordecfeése to the greatest possible extent the thick-
ness of the diffusion layer in the vieinity of the
liquid-solid interface.

(c) To increase to the greatest possible extent the

temperature gradient involved in the liquid phase in
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the vicinity of the interface.

When a cooling body is immersed in molten
aluminum cdntaining boron, aluminum having a high purity
starts to crystallize on the surface of the cooling body.
The solidification proceeds while the eutectic impurities
are being released into the liquid phase. in the vicinity
of the liquid-solid interface to form a diffusion layér;
The solidification velocity at this time is governed by
the difference between the amount of heat removed from
the molten aluminum by the cooling body ané the azmount of
heat supplied to the molten aluhinum by heating from ~
outside. Thus the velocity is controlled by ‘these amounts
of heat. Further when an increased amount of heat is
supplied_to the molten ;luminum by external heating, with
an increased amount of heat removed from the melt by \
coolihg with the cooliné body; greater transfer of heat
occurs between the cooling body and the melt, consequeﬁt-
ly giving a greater temperature gradient to the liquid
phase in the vicinity of the 1iquid—solid interface. The
greater the temperature gradient, the more effectively is

the formation of dendrites inhibited at the interface to

prevent the eutectic impurities from being arrested by

the dendrites. Ideally, the temperature gradient

involved in the liquid phase in the vicinity of the

liqqid-soiid interface should be greater than that of
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the equilibrium liquidus. The formation of dendrites

can then be inhibited completely. From the viewpoint of
industrial productivity, however, it is desirable to
effect suitable transfer of heat from the molten aluminum
to the cooling body by advantageously controlling the
external heating and cooling with the cooling body.
Further when the cooling body ig rotated,Athe so0lid phase
and the liquid phase move relative to each other, whereby
the diffusion layer formed near the liquid-solid inter-
face is effectively agitated and mixed with the other
major portion of the liquid phase to disperse the impuri-
ites in the diffusion layer throughout the entire liguid
phase, consequently greatly reducing the thickness of the
diffusion layer. At?the same time, the boundary layer

in the temperature distribution of the ligquid phase is
made thinner, consequently permitting the liquid phase

to have a2n increased temperature gradient in the wvicinity
of the liguid-solid interface. The thicknesses of the
diffusion layer and the boundary layer in the temperature
distribution can be decreased by increasing the speed of -
rotation of the cooling body, in other words, the speed
of the relative movement.between the cooling body and

the molten aluminum. However, if the speed is exceedingly
high, the 2luminum crystallized on the surface of the

ccoling body is likely to separate off easily due to the
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increase of the centriiugal force, resulting in recuced
productivity. PFPreferably the speed of the relative
movement is within the range of 400 to 8000 mm/sec because
if the speed is lower than 400 mm/sec, the diffusion layer
will not be made thinner effectively, whereas if it is
higher'than 8000 mm/sec, the increased centrifugal force
will lead to reduced productivity. When the cooling body
is in the form of a cylinder having a diameter of 160 |
mm, for example, the body can be rotated at 50 to 1000
r.p.m., but especially good results are obtained at 200

to 700 r.p.m. further improved results can be achieved

if the direction of rotation of the body is reversed

with suitable frequency. Since boron undergoes a eutec-
tic reaction with a2luminum, the excess of boron other
than the amount of boronrforming metallic borides with

the peritectic impurities is removed in the same manner

as Fe, 5i, Cu, lig and like.éutectic impurities.

The high-purity aluminum deposited on the
surface of the cooling body on crystallization is
recovered, for example, by melting the high-purity frac-
tion or by escraping off the fraction.

The present inéention further provides a
ﬁrocess comprising the steps of melting 2luminum contain-
ing both eutectic impurities and peritectic impurities

to obtain molten aluminum;,placing the molten aluminum
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into a2 holding container, adding boron to the molten
aluminum within the container, and rotating a cooling
body as immersed in the boron-containing moliten aluminum
within the container while introducing a cooling fluid
to the interior of the cooling body to crystallize high-
purity alumintm on the surface of.the body.

In the above process, the cooling body is
immersed into the molten 2luminum preferably after caus-
ing the boron to react with the peritectic impurities by
allowing the molten aluminum to stand for at least about
5 minutes following the addition of the boron. To
promote the reaction, it is desirable to agitate the
boron-containing molten zluminum.

The present;invention further provides a
process comprising'meiting aluminum containing both eutec—
tic impurities and peritectic impurities to obtain molten
aluminum, placing the molten aluminum into a boron adding
vessel, causing the molten aluminum placed into the vessel

to be forwarded to a plurality of purifying tanks from

_tank to tank and to be discharged from the last tank,

2dding boron to the molten aluminum within the vessel, and
rotating a2 cooling body &s immersed in the boron-contain-
ing molten aluminum within each of the tanks while
introducing a cooling fluid to the interior of the cooling

body to erystallize high-purity aluminum on the surfece
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of the body. This process affords a large quentity of
high-purity aluminum efficiently by a centinuous operation.
The boron adding vessel znd the purifying
tanks are prepared, for example, by dividing a single
5 large container into a plurality of sections by partitions
each having a communication opening, one of the sections
serving as the vessel and the other sections as the tanks.
Alternatively a plurality of crucibles may be arranged
in a row, with each crucible communicating with another
10 through a trough, such that one of the crucibles serves
as the boron adding vessel and the others as the purifying
tanks.
_j . Boron is placed into the vessel continuously
so thet the molten alumihum therein has a constant boron
15 concentration during operation. Preferably the molten
aluminum in the vessel is agitated to accelerate the
reaction between the boron and the peritectic impurities.
The cooling body is immersed in the molten aluminum in
each of the purifying tanks. The supply of the melt to
20 the purifying tanks is so adjusted that the zmount of the
melt in each tank remains unchanged during operation.
To allow equal amounts of aluminum to crystalize on the
surfaces of the cooling hodies in the purifying tanks,

the temperature of the molten aluminum, the speed of

25 rotation and cooling capacity of the cooling bodies are
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suitably controlled. The eutectic impurity concentration
of the molten aluminum in the purifying tanks progressively
increases from tank to tank away from the melting furnace.
The average impurity concentration of all the aluminum
fractions obtained is variable by varying the ratio of
the total amount of aluminum fractions recovered by the
cooling bodies to the total amount 6f the melt supplied.
(The ratio will be referred to as "recovery ratio".) The
smaller the recovery ratio, the lower is the'average
impurity concentration. Accordingly aluminum having a
constant purity which is higher than the purity of the
original aluminum supplied from the melting furnace for

purification can be obtained by rendering the recovery

~ratio constant. Furtﬁer at the same recovery ratio, the

purity of the aluminum obtained increases with the increase
in -the number of purifying tanks.
The invention will be described below in greater

detail with reference to the accompanying drawings.

Fig. 1 is a view in vertiga} section showing a
first embodiment of appa;gtué for producing high-purity
aluminum by the process of the invention;

Fig. 2 is a view in vertical section showing a
second embodiment of apparatus for producing high-purity

aluminum by the process of the invention;
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Fig. 3 is an enlarged fragmentary view of
Fig. 2 partly broken away;

Pig. 4 is a graph showing the result achieved
when the process of the invention was practiced with use
of the second apparatus, the graph showing the relztion
of the amount of aluminum (yield) crystallized on the
peribheral surface of a cooling body in each purifying
tank to'the;ratio of the eutectic impurity concentration
of the molten aluminum in the tank to the eutectic:
impurity concentration of the aluminum to be purified; and

Fig. 5 is a graph showing the relation between

the number of purifying tanks and the ratio of the eutec-

- tic impurity concentration of the aluminum obtained to

. that of the aluminum to be purified, the relation being

determined by practicing the process of the invention with

use of the second apparatus.

With reference to a first apparatus for
practicing the process of the invention, the 2luminum to
be purifyied and containing both eutectic impurities and

peritectic impurities is melted and placed in a holding

. contziner comprising a crucible 2. The molten aluminum 1

"is heated and maintained at a temperature exceeding the

solidifying temperature thereof. Boron is added to the

molten aluminum 1, and the mixture is agitated for at
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least 5 minutes. A cooling body 3 is thereafter immersed
in the melt 1. The cooling body 3 is in the form of a
hollow cylinder having closed opposite ends and is movable
upward and downward. A hollow rotary shaft 4 extends
upward from the upper end of the body 3. The interior of
the hollow rotary shaft 4 is in communication with the
interior of the cooling body 3. A cooling fluid supply
pipe 5 extends through the shaft 4 into the cooling body 3.
The rotary shaft 4 is provided at its upper end with a
drive device (not shown), by which the shaft 4 and the
body 3 are rotated. The top and bottom of the body 3 and
the portion of the shaft 4 to be exposed to the melt 1

are preferably covered with a heat insulating material 6
so as not to permit éiuminum to crystallize on these
portions. This is due to the reason that since the effect
produced by the rotation of the body 3 is lower at these
portions than at the periphery of the body 3, aluminum,

if crystallizing on theserportion,will have a lower purity
than,tﬁe aluminum crystallizing on the periphery. The

cooling body 3 is rotated while introducing a cooling

fluid, such @s air, nitrogen or argon, from the pipe 5

into the body 3 at an adjusted rate so that the portion
of the melt 1 around the body 3 will be cooled slowly.
Pro-eutectic aluminum having a high purity then starts to

crystallize on the periphery of the body 3. After a
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specified quantity of aluminum has been deposited on

the body 3, the body is raised and withdrawn from the

-melt 1, and the high-purity 2luminum obtained is collected.

The above procedure is repeated in aluminum
melts of progressively higher purities to obtain 2luminum
of greatly improved purity.

With reference to'Eigs. 2 and 3 showing a second
apparatus, there is provided a melting furnace 11 for
melting the aluminum %o be purified and containing both
eutectic impurities and periteétic impurities. A large
container 12 in the form of a horizontally elongated
rectangular parallelepiped is disposed on the right side
of the furnace 11. The container 12 is divided into five
sections by partition§713. Of these sections, the one
&t the left end serves as a boron adding vessel>14, and
the other four sections serve as purifying tanks 15 to
18. The partifions 13 are formed at their upper ends
with openings 19 through which the vessel 14 énd the tanks
15 to 18 communicate with one another. The vessel 14
has an agitator 20 in its interior. The agitator 20
comprises a vertical rotary shaft 21, a propeller-—shaped
stirring blade 22 attachéd to the lower end of the shaft
21 and unillustrated drive means. Fach of the tanks 15
t0o 18 is provided with a cooling body 23 which is movable

upward and downward. The body 23 is in the form of =
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downwardly tapered hellow cylinder having closed opposite
ends and a hollow rotary shaft 24 extending upward from
itstop. The interior of the shaft 24 is in communication
with the interior of the body 23. A cooling fluid supply
pipe 26 extending through the shaft 24 into the body 23
has a large number of cooling fluid outlets 25 in its
peripheral wall. The upper end peripheral portion and
the bottom of the cooling body 23 are covered with heat
insulating members 27 and 28 respectively.

Before molten aluminum 30 is placed into the
tenks 14 to 18, the cooling bodies 23 are held raised
es indicated in broken lines in Fig. 2.

The aluminum- to be purified anéd containing both
eutectic impurities and peritectic impurities is melted
in the furnace 11, and the molten a2luminum 30 is first
rlaced into the vessel 14, in which boron is added to the
melt 30. The mixture is agitzted by the agitator 20. In
this vessel 14, the boron reacts with Ti, V, Zr and
like peritectic impurities, forming TiBz, VBZ’ ZrB2 and
like insoluble metallic borides. The molten aluminum

containing the eutectic impurities, insoluble metallic

.borides and an excess of boron flows into the tanks 15 to

18 through the communication openings 19. After a
predetermined zmount of molten aluminum 30 has been placed

into each of the tanks 15 to 18; the cooling body 23 is

b
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loviered andrimmersed in the melt, with the upper heat
insulating member 27 in contact with the melt 30 and with
the lower edge of the member 27 located within the mass
of the melt 30 at such a position that it will not be
influenced by the temperature of the atmosphere. The
upper end peripheral porition of the body 23 is covered
with the insulating member 27, and the body is so immersed
in the melt 30 that the member 27 is in contact with the
surface of the melt 30 with its lower edge at a position
where it is free of the influence of the atmospheric
temperature, for the following recason. The portion of
the melt 30 near the surface thereof exposed to the
atmosphere has a lower temperature than the other portioﬁ
by being affected by the atmospheric temperature and is
therefore liable to s0lidify on the periphery of the body
23 in the vicinity of the above surface. Consequently
aluminum solidifies at a higher velocity at this portion
than at the other portion of the periphery of the body 23,
with the result that the aluminum fraction deposited on
this portion has a lower purity than the fraction on the
other portion and becomes mixed with the latter fraction
when the purified aluminﬂm is removed from the duter
periphery of the body 23 for collection after the comple-
tion of the purifying operation. This results in a

reduced overall purifying efficiency. TFurther the bottom
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of the cooling body 23 is covered with the heat insulzt-
ing member 28 becéuse'the rotation of the body 23 will
not produce a satisfactory effect at the bottom, sﬁch that
the aluminum fraction deposited on the bottom of the body
23 has a lower purity than the other fraction on the
periphery of the body. |

The cooling body 23 in this state is rotated
while injecting a cooling fluid into the body through
the inlets 25 of the supply pipe 26. This causes alupinum
to crystallize on the portion of the peripheral surface
of the body 23 which is immersed in the melt 30 and which
is not covered with the insulating members 27 and 28.
Since the metzllic borides contained in the melt 30 are
centrifugally forced aﬁay from the body 23 by the rotation
thereof, the aluminumrdeposited»on the periphery of "the
body 23 is free from such borides. The excess of boron,
which forms a eutectic with aluminum, is removed like the
éutectic impurities. The temperature of the molten
aluminum, and the speed of rotation and cooling capacity
of the bodies 23 are s0 controlled that equal smounts of
aluminum will be deposited on the peripheral surfaces of
the bodies in the purifying tanks 15 to 18, while the
supply and discharge of molten aluminum‘are controlled
so that the tanks 15 to 18 contain equal amounts of melt,

with the recovery ratio maintained at a constant value.
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Assuming that the molten aluminum supplied from the
furnace 1l has a eutectic impurify concentration of CO

and that the melt portions contained in the tanks 15 to 18
have eutectie impurity concentrations of Cl, C2, C3 and

C4 respectively, COK Cl < C2 < C3 < C4. Further the
ratio of the eutectic impurity concentration of the melt
in each of the tanks 15 to 18 to CO, namely the ratio
CN/CO where N is 1 to 4, increases with the start of the
operation but levels off when the amount of aluminum
deposit on the periphery of the cooling body 23 reaches

a value as shown in Fig. 4. At this time, the total
amount of eutectic impurities, Ms, in the aluminum
recovered by the cooling bodies 23 plus the amount of
eutectic impurities, Mﬁ, in the molten aluminum discharged
from the tank 18 at the right end is always equal to the |
amount of eutectic impurities, ko, in the aluminum to be
purified. Accordingly, if the eutectic impurity
concentration and the effective distribution coefficient
of the eutectic impurities of the molten aluminum in each
of the tanks 15 to 18 are known, high-purity aluminum can
be obtained with the desired eutectic impurity cohcentra-
_ tion when the récovery rétio is set to a definite value.
The smeller the recovery ratio, the lower is the eutectic
impufity concentration of the molten a2luminum in each

purifying tank, so that the cast block obtained has a
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higher purity. The purity of the aluminﬁm to be obtained
can be determined by varying the recovery ratio. At a
definite recovery ratio, the eutectic impufity concentra-
tion of the molten aluminum discharged increases with the
increase of the numbér of purifying tanKS'asrseen in
Figf 5, enabling the cooling bodies 23 to afford aluminum
of higher purity.

When the same operation as above is repeated
again with use of the aluminum collected by the cooling

bodies 23, aluminum having a higher purity can be

- obtained. Since the molten aluminum resulting from the

second operation usually has a higher purity than the
original aluminum used as the material for the first
operation, the molten g}uminum, if returned to the
furnace 11, gi&es an improved vield. '
Example 1

The apparatus_shown in FPig. 1 was used. Aluminum
containing 0.08 wt. % of Pe, 0.05 wt. % of Si, 0.0015 wt.
% of Ti, 0.004 wt. % of Vrand 0.0005 wt. % of Zr was
melted; and the molten aluminum 1 was maintainedrat 670°
C in the crucible 2. Al-3 wi. % B master alloy was added

to the aluminum 1 so that the resulting melt had a boron

"concentration of 0.004 wt. %. The mixture was agitated

~

for 5 minutes after the addition of the alloy. The

cooling body 3, 100 mm in outside diameter, was immersed
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in the melt 1 and rotated at a speed of 400 r.p.m. while
supplying air into the body 3 through the supply pipe 5.
The.body 3 was rotated for 10 minutes and thereafter
withdrawn from the melt 1 by raising. The body 3 was
5 found to have aluminum deposited on its periphery in an
amount of 20 wt. % based on the amount of the original
aluminum. When checked for impurity 'concentration, the
cast aluminum block was found to contzin 0.008 wt. % of
Fe, 0.012 wt. % of Si, less fhan 0.0001 wt. ¢ of Ti,
10 0.0002 wt. % of V, less than 0.0002 wt. % of Zr and
0.0003 wt. % of B. -
Example 2
The apparatus shown in Fig. 1 was also used.
Aluminum containing o:oa wt. % of Pe, 0.05 wt. % of Si,
15 0.002 wt. % of Ti, 0.008 wt. % of V and 0.001 wt. % of Zr
was melted, and the molten‘aluminum 1 was maintained at
670° ¢ in the crucible 2. Al-3 wit. % B master alloy was
added to the aluminum 1 so that the resulting melt had a
boraon concentration of 0.008 wt. %. The mixture was
20 agitated for 5 minutes after the addition of the alloy.
The cooling body 3, 200 mm in outside diameter, was then
immersed in the melt 1 and rotated at a speed of 650 r.p.m.
while supplying 2ir into the body through the pipe 5.
After rotating the body 3 for 10 minutes, the body 3 was

25 withdrawn from the melt. The body 3 was found to have
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aiuminumrdeposited on its periphery in an amount of 20%
based on the amount of the original aluminum. Vhen checked
for impurity concentration, the cast aluminum block was
found to contain 0.005 wt. % of Fe, 0.009 wt. % of Si,
less than 0.0001 wt. % of Ti and V, less than 0.0002 wt. %
of Zr and 0.0005 wt. % of B. |

Example 3

- The apparatus shown in PFigs. 2 and 3 was used.
The cooling bodies 23 were held raised. Aluminum contain-
ing 0.08 wt. % of Fe, 0.05 wt. % of Si, 0.002 wt. % df
Ti-and 0.008 wt. % of V was melted in the furnace 11,
and the. molten aluminum was supplied to the boron adding
vessel 14. Boron was added to the z2luminum so that the
resulting melt had a boron concentration of 0.008 wt. ot
at all times. The mixfure was agitated by the agitator
20. V¥hen the purifying tanks 15 to 18 were filled with

the molten aluminum flowing through the communication

openings 19, each cooling body 23 ha&ing a diameter of

200 mm 2t the portion thereof covered with the heat
insulating member 27wes lowered into the molten aluminum

30. The body 23 was rotated at 400 r.p.m. while supply-

ing a cooling fluid@ into its interior from the pipe 26.

During operation, the molten aluminum was continuously

‘supplied from the furnace 11 to the vessel 14 and tanks

15 to0 18 so as to fill up these containers to a constant
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level. Boron was also continuously placed into the vessel
14 to maintain the boron concentration at 0.008 wt. % at
all times.' The eutectic impurity concentrations C1l, C2,
C3 and C4 of the melt portions in the tanks 15 to 18
remained in the relation of C1 €2 C3 C4 from the
start of the operation, and a steady state was established
after the amount of aluminum deposit on the body 23 reached
a-specified amount., When the effective distribution
coefficient of iron was 0.1l at a recovery ratio of 0.7,
the ratios of the iron concentrations Cl; C2, C3 and C4 +to
the iron concentration CO of the molten-aluminum supplied

from the furnace 11, namely C1/C0, C2/C0, C3/C0 and C4/CO,

levelled off at 1.3, 1.6, 2 and 2.7, respectively. The

operation was continued in this state. When checked for
impurity concentration, the resulting cast aluminum blocks
were found to contain 0.008 wt. % of Fe, 0.008 wt. % of
Si, 0.0001 wt. &% of Ti, 0.0002 wt. % of V and 0.0006 wt.
% of B on the average.
Example 4
The operation of-Example 3 was repeated under

the same conditions except that the recovery ratio was 0.4.

. The operation was continued in a steady state. All the

aluminum blocks obtained were found to have average
impurity concentrations of: 0.005 wt. % Fe, 0.006 wt. %

Si, 0.0001 wt. % Ti, 0.0002 wt. % V and 0.0005 wt. % B.
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Ezezmple 5

The operation of Example 3 was repeated under
the same conditions as in Example 3 except that eight
purifying tanks were used in place of the four tanks.

The operation was continued in 2 steady state. The
aluminum blocks obtained were found to have the following
average»impurity,concentrations: 0.0065 wt. % Fe, 0.007 wt.
4 Si, 0.0001 wt. % Ti, 0.0002 wt. % V, 0.0005 wt. ¢ B.

The aluminum had a higher purity than that obtained in
Example 3 with use of {the four purifying tanks and was
produced at twice the svpeed therein. _

The present:invention may be embodied different-
1y without departing from the spirit and basic features
of the invention. rAccbrdingly the embodiments herein
disclosed are giveﬁ fdr illustrative purposes only and
are not in any way limitative. It is to be understood
that the scope of the invention is defined by the appended
clzims rather than by the specification and that various

alterations and medifications within the definition and

"scope- of the claims are included in the claims.
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Claims

1. A nrocess for producing high-purity aluminum comprising the
steps of melting the oluminum to be surified and centoining hoth
auvtectic impurities anmd peritectic impurities teo obteir mclten
aluminum, and adding bovon to the molten aluminur, choracterised
hy rotating @ cooling body (3, 23) as immersed in the boron-
containing molten aluminum (1) while introducing o cooling fluid
to the interior of the cooling hody (3, 23) <» crystailize high-

purity aluminum on the surface of the body (3, 23)

2. A process according to claim 1, charocterised by placing the
molten aluminum into @ holding container (2), adding the boroﬁ
to the molten oluminum within the container (2), and rotating
the cooling body (3) as immersed in the boron-containing molten

aluminum within the container (2).

3. A process according to claim 1 or 2, characterised in that
the molten aluminum is agitated after the boron is added thereto,

~

A. A oprocess according to cloim 1, characterised by placing the
molten eluminum into a boron adding vessel (14), cousing the
molten aluminum placed into the vesse! (14) to be forwarded teo a
plurality of purifying tanks (15;18) from tank to tan% and ts be
discharged fro~ the last tank (18), adding the boron to the
molten aluminum within the vessel (14), and rotating cne of the
cooling hodies (23) as immersed in the boron-containing molten

aluminum within each of the tanks (15-18),
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5. A orocess according to claim 4, characterised in that the
molten aluwinum having the korsn added thereto in the vessel

is agzi*ated,

O

. A process according tn claim 4 or 5, characterisad in +hot
the sunply ond the dischorge of the molten gluminum are contre
olled so thet the amounts of the molten aluminum in the
purifying tanks (15-18) remain unchanged during operation, and
the cooling bodies (23) are controlled so that equal amounts

of high-purity aluminum are crystallized on the surfaces of the

cooling bodies (23).

7. A process according to any of the preceding claims, charac-
terised in that the speed of the relative movement between the
cooling body (3, 23) and the molten aluminum is about 400 to

about 8000 mq/sec when the cooling body is rotated,
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