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a result, it has been found that a novel aluminum-con- taining oxide powder
having a composition containing The present invention relates to an
aluminum-   a trace amount of bismuth is effective for producing containing
oxide for use as a machine part, an elec-  a molded article at a low
temperature, and that the tronic part such as an electronic circuit
substrate or   5   above novel powder can be easily produced by rap- a
cerdip package, a catalyst, a catalyst support, a      idly cooling a melt
of an aluminum metal to which a sensor, an adsorbent, and a
fillerforchromatography,  trace amount of bismuth metal has been
incorporated a molded article obtained by molding the aluminum-  to
coagulate the melt and then oxidizing the coagula- containing oxide, an
article obtained by subjecting  tion product. On the basis of this finding,
the present the molded article to heat treatment, and a process  10
Invention has been completed. That Is, It Is an object for producing the
aluminum-containing oxide.      of the present invention to provide a
substantially A conventional molded article of an  aluminum-  amorphous
aluminum-containing oxide having a containing oxide is obtained by adding
an organic  compostion[err](wherein xis de- compound or an inorganic
compound as a binder to  fined by 0.0001 [err] Is at least one selected an
alumina powderand molding the resultant mixture.  15  from Si, P, B, Sb,
Se, Te, Sn, Zn, In, Cr, Nb, Sc, Y, Sr, Amachine part or an electronic
partof aluminum-con-  Ba, Ca, Na, Li, Mg, Mn, W Tl, Zr, Hf, Be and rare
earth taining oxide is produced by further subjecting the  metals, M2 is at
least one selected from Fe, Ni, Co, molded article to a sintering treatment
at a high tem-  Rh, Ru, Re, Cu and Pb, yl is defined by [err] perature of
[err] or higher (For example, see the  y2 is defined by [err]z is defined
by [err] Supplement to Kogyo Zairyo (industrial Materials),  20   [err]
1.5, and x, yl, y2 and z are each an atomic ratio), Nov. 1987, on a process
for producing an alumina  a metal composition containing a trace amount of
bis- substrate as one example of molded articles of an  muth metal and/or
aluminum metal, processes for aluminum-containing oxide, issued by Nikkan
Kogyo  producing these oxides and metal compositions, and Shinbunsha). As a
conventional process for produc-  molded articles obtained from these
oxides and met- ing an aluminum oxide powder, there is available a   25  al
compositions or containing these oxides and metal method in which alumina
produced by a Bayer meth-  compositions. od is milled, a method in which
aluminum  hydroxide    Fig. 1 is a scanning electron microscope photo-
obtained from an aluminum compound by a copreci-  graph showing the
measurement of the particle size pitation method is ignited and then
milled, a CVD  of an oxide powder of the present invention obtained method
(gaseous phase reaction deposition method)  30  In Example 1. Fig. 2 is an
X-ray diffraction chart in which an alumina oxide powder Is synthesized in
a  showing existing states of bismuth metal and aluml- gaseous phase from a
special aluminum compound    num metal contained In the above oxide powder.
having a volatility.                                 The first embodiment
of the present invention re- In a conventional method for producing a
molded  latesto a substantially amorphous, aluminum-containing article from
an aluminum oxide powder, an article ob-  35  oxide having the composition
[err] tained by adding an organic compound or an inorgan-  (wherein x is
defined by 0.0001 [err]  is at ic compound as a binder to an aluminum oxide
pow-  least one selected from Si, P. B, Sb, Se, Te, Sn, Zn, der and molding
the resultantmixture is required to be  In, Cr,  Nb, Sc,Y, Sr, Ba, Ca, Na,
Li, Mg, Mn, W, Ti, Zr, treated at a high temperature of 1 ,400C or higher
as  Hf, Be and rare earth metals, M2 is at least one select- described
above. On the other hand, when an alumi-  40  ed from Fe, Ni, Co, Rh, Ru,
Re, Cu and Pb, y1 Is de- num powder is molded without a binder, is is
required  fined by [err]is defined by [err] to mold it at a high
temperature of [err] or higher,  z is defined by [err]and x, yl, y2 and z
are or to employ a means such as a hot-press, etc.    each an atomic
ratio). In other conventional methods for producing. alu-  The second
embodiment relates to an aluminum- minum oxides, such as the Bayer method,
the meth-  45  containing metal composition containing an amor- od of
igniting aluminum hydroxide, etc., it is burden-  phous oxide of an alloy
of an AIBI system and Al or Bi some to remove harmful impurities, and the
finely  in a metallic state. milling step Is complicated. Furthermore,
aluminum    The third embodiment relates to an aluminum-con- oxides
obtained by these methods are usually crys-  taining metal composition
containing an amorphous ox- talline. A sputtering method-of-a CVD methiod
is  so  ide having the composition[err] known to be a method for obtaining
an amorphous       (wherein x Is defined by 0.0001 [err] is at aluminum
oxide. However, the handling of a raw ma-  least one selected from Si, P.
B, Sb, Se, Te, Sn, Zn, terial or the production process according to that
In, Cr, Nb, Sc, Y, Sr, Ba, Ca, Na, Li, Mg, Mn, W, Ti, Zr, method is
complicated and troublesome.            Hf, Be and rare earth metals, [err]
is at least one select- With regard to a process for producing a molded
55  ed from Fe, Ni, Co, Rh, Ru, Cu and Pb, [err]is defined article from an
aluminum oxide powder, the present  by [err]is defined by [err] is de-
inventors have made a diligent study for a processfor  fined by [err]and x,
yl, y2 and z are each an producing a molded article at a low temperature.
As  atomic ratio) and Al orBi in a metallic state. 2    
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embodiment relates to the above    idly cooled for coagulation, and then
oxidized. Raw amorphous aluminum-containing oxide that is a pow-
materials, aluminum, metallic bismuth, [err] der having an average particle
diameter of 0.1 to 100  may contain a small amount of impurities. [err].
5      The rapid cooling rate is preferably not less than The fifth
embodiment relates to the above alumi-  [err]C/second, more preferably not
less than num-containing metal composition that is a powder  [err]/second.
As a rapid cooling and coagulation having an average particle diameter of
0.1 to 100 [err].  method, there is available a gas atomizing method, The
sixth embodiment relates to a molded article  a high-pressure water
atomizing method, a method in formed by molding an amorphous
aluminum-contain-  10  which a melt is rapidly cooled by allowing it to
collide ing oxide or an aluminum-containing metal composi-  against a
rotor, a rotational electrode method, a tion.
method which is a combination of the gas atomizing The seventh embodiment
relates to a process for  method with the method In which a melt is rapidly
producing the aluminum-containing oxide or the alumi-  cooled by allowing
itto collide againsta rotor. The gas numcontaining metal composition of any
one of the first  15  used in the gas atomizing method Is preferably
select- to fifth embodiments, which comprises rapidly cooling  ed from
gases which are not reactive with a melt used a melt having a
composition[err]in the present Invention, such as argon, helium and
(wherein x is defined by  [err] is at  nitrogen gases, or gases having low
reactivity. The least one selected from Si, P, B, Sb, Se, Te, Sn, Zn,  gas
may contain a small amount of oxygen and water. In, Cr, Nb, Sc, Y, Sr, Ba,
Ca, Na, Li, Mg, Mn, W, Ti, Zr,  20  The gas atomizing method is a rapid
cooling and Hf, Be and rare earth metals, [err] is at least one select-
coagulation method In which a melt mixture of metal ed from Fe, Ni, Co, Rh,
Ru, Re, Cu and Pb, [err] Is de-  aluminum into which a trace amount of
bismuth has fined by [err]is defined by [err],  been incorporated (and
[err] and M2 have been incor- and x, y1 and y2 are each an atomic ratio) to
coagu-  porated as required) (to hereinafter be referred to as late the
melt, and then oxidizing the resultant coagu-  25  "present melt") is
jetted through a nozzle and atom- lation product.
ized with a high-velocity gas stream to form fine par- The eighth Invention
relates to a crystalline alu-  tides. The low-temperature and high-velocity
gas minum-containing oxide obtained by subjecting the  can be obtained by a
method in which a high-pressure above amorphous aluminum-containing oxide
or the  gas is adiabatically expanded or a method in which a above
aluminum-containing metal composition to a   30  liquefied ges is jetted.
heat treatment.                                      The high-pressure
water atomizing method is a The ninth embodiment relates to a molded
article  rapid cooling and coagulation method in which high- of  a
crystalline aluminum-containing oxide obtained  pressure water is allowed
to collide against a melt jet- by subjecting a molded article of an
aluminum-con-  ted through a nozzle to atomize the melt. taining oxide to a
heat treatment.           35      In the method In which a melt Is rapidly
cooled by When x in the above [err] com-  allowing it to collide against a
rotor, the present melt position (in which x, yl, y2, [err] and [err] are
as defined  flows out through a nozzle on a slit and is fed onto a above)
is less than 0.0001, the molding at a low tem-  rotor having a
low-temperature surface to rapidly cool perature is difficult. When x
exceeds 0.10, the elec-  and coagulate It, whereby a ribbon-shaped thin
piece trical Insulation decreases. The range of x Is prefer-  40  Is
obtained. A preferred rotor used In this method Is ably 0.001 inclusive to
0.005 inclusive, more prefer-  a rotor which has the form of a drum, roll,
disk, etc., ably 0.002 inclusive to 0.02 Inclusive. [err] and [err] may
and which is made of a metal, etc., having good ther- be absent, or may be
incorporated as required. When,  mal conductivity. The rotation rate of the
rotor in the however, yl exceeds 0.1 and y2 exceeds 0.01, the    position
where the present melt collides against it is electrical insulation
decreases.             45  preferably 100 to 100,000 m/minute, more
preferably Although differing depending upon the oxidation  200 to 10,000
m/minute. The surface temperature of conditions, In view of low-temperature
moldability,  the rotor is preferably not more than [err], more pro- the
value of z in the above composition is in the range  ferably not more than
[err]. In the method which is of [err] preferably [err] more pre-  a
combination of the gas atomizing method with the ferably [err]. However,
the value of z is rig-  50   method in which a melt is rapidly cooled by
allowing orously determined by correcting the amount of oxy  it to collide
against a rotor, the present melt is rapidly gen adsorbed on and taken into
a sample when Meas-      cooledd byjetting it through a nozzle to atomize
it with ured.                                             a high-velocity
gas stream, and immediately allowing As a preferred process for producing
the alumi-  the resultant atomized droplets to collide against a ro- num
oxide powder of the present invention, a melt    55  tor having a
low-temperature surface. having the composition of [er]r      The rapidly
cooled and coagulated aluminum- (wherein[err]each of [err]and [err] Is at
containing alloy used in the present invention easily least one selected
from the above-described ele-  undergoes oxidation when brought into
contact with ments, [err] atomic ratio) is rap-  an oxygen-containing gas.
In general, a rigid oxide 3    



5                  EP 0 474 866 B1                    6 layer Is formed on
an aluminum surface due to oxida-  croscope, and the average particle
diameter is ex- tion. Therefore, no oxidation proceeds Inside the alu-
pressed as an average of the measurement values minum. Surprisingly,
however, the aluminum alloy   obtained. The average particle diameter of
the alumi- containing a trace amount of bismuth used In the   5
num-containing oxide powder of the present Inven- present Invention
undergoes oxidation even at a low  tion for a molded article Is preferably
not more than temperature until aluminum inside the alioy Jlpsxi-  10o -pm.
When the average particle diameter ex- dized, and the alloy forms a
substantially amorphous  ceeds [err], the resultant molded article shows a
aluminum-containing oxide. The oxygen-containing   decrease in strength.
The average particle diameter gas for the oxidation is selected from air,
oxygen or  10  is preferably 0.1 to 30 microns. a gas mixture of oxygen
with an inert gas of argon or  As a method of producing a molded article
from nitrogen. Although the oxygen concentration of the  the
aluminum-containing oxide powderof the present oxygen-containing gas Is not
specially limited, air Is  Invention, a press molding method, a cast
molding preferred In view of its ease of handling. The temper-  method, a
doctor blade method, an extrusion molding ature at which the aluminum alloy
is brought into con-  15  method, an injection molding method, etc. can be
tact with the oxygen-containing gas may be ambient  used. The
aluminum-containing oxide powder may be temperature. The oxidation may be
accelerated by   molded In the absence of a known binder, such as a heating
the alloy as required, or may be moderated by  resin, etc. However, such a
binder may be incorporat- cooling it. When an oxygen-containing gas which
also  ed as required. contains a small amount of water Is used, the rate of
20  The powder of the present invention can be forming a powder can be
accelerated. According to  press-molded by heating It at a low temperature
even the method of rapidly cooling the present melt to co-  without using
any binder. The heating temperature is agulate It a coagulation product Is
obtained In the  preferably between [err] and [err] particularly form of a
ribbon, a milled fragment or a powder. The  preferably between [err] and
[err]. The pressure coagulation product in the form of a ribbon, a milled
25  for the press molding is preferably not less than 100 fragment or the
like is formed into a powder by only  MPa (megapascal), more preferably not
less than 500 oxidizing it without mechanically milling it. The coag-  MPa.
The so-obtained molded article has a high hard- ulation product may be
further finely milled, or the  ness and high electrical Insulation
properties. When time for forming a powder may be decreased by the  the
molded article Is further heated at a high temper- use  of a ball mill,
etc., as required . When the value of  3o. ature of [err] or higher, there
can be obtained an ar- x in the [err]of the present invention  ticle of a
crystalline aluminum-containing oxide which is not less than 0.001, It is
easilyformed into a powder  has a higher strength, a higher hardness,
higher elec- by oxidation. When the value of x is not less than  trical
insulation properties, etc. 0.002, it becomes a powder having a large
surface     The aluminum-containing oxide powder of the area and an average
particle diameter of not more  35   presentinventioncanbe
moldedatalowtemperature than[err] when it Is only allowed to stand in air
at  without incorporating any binder. According to the room temperature.
present invention for producing the aluminum-con- The aluminum-containing
oxide of the present in-  taining oxide powder, a finely milled powder can
be vention preferably contains a small amount of bis-  obtained by only
oxidation without proceeding with muth and/or aluminum in a metallic state,
and these  40  any special milling step. The aluminum-containing ox- metals
can be incorporated If the conditions (temper-  ide and the powder and
molded article therefrom, ature, time, etc.) are properly selected. The
amounts  provided by the present invention, are useful as orfor of both
aluminum and bismuth In a metallic state are  a machine part, an electronic
part and a raw material preferably not more than 0.1 and not more than 0.02
for a catalyst. In terms of atomic ratio, respectively, In view of elec-
45 trical insulation.                                 EXAMPLES The
aluminum-containing oxide of the present In- vention is substantially
amorphous, and it can be ren-  The present invention will be specifically
ex- dered crystalline by heat treatment at a high temper-  plained
hereinafter by reference to the Examples. ature. For example, when heated
at [err] for 8   50 hours, it becomes a crystalline alumina When this
Example 1 heat treatment is carried out in-an inert gas, a crys- talline
alumina can be produced which contains a      17.6 Grams of a metallic
aluminum powder (with small amount of metallic bismuth and/or metallic alu-
a purity of not less than 99.9%, supplied by High Pur- minum.
55  ity Chemicals Co., Ltd) and 0.48 g of metallic bismuth In the
measurement of the average particle diam-  (with a purity of not less than
99.9%, supplied by High eter of the aluminum-containing oxide powder of the
Purity Chemicals Co., Ltd) are fused and mixed in an present invention,
usually, 100 pieces of the powder  arc furnace, filled Into a silica tube
having a nozzle particles are measured with a scanning electron mi-
(nozzle diameter 5 mm+), and melted by high- 4    
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heating. The melt was jetted to  tion product was allowed to stand in the
atmosphere a metal roll (made of copper, diameter 200 mm, width  overnight
to form a powder. The powder had an aver- 10 mm) rotating at 3,000 rpm and
having an ordinary  age particle diameter of [err] and a composition of
temperature in an argon atmosphere at a pressure   5   [err] (atomic
ratio). Although the X-ray dif- difference of 0.2 kg/[err]. The resultant
ribbon-shaped  fraction showed the presence of small amounts of thin
fragments were allowed to stand in  the atmos-  crystals of metallic
bismuth 0.0001 and metallic alu- phere at an ordinary temperature to give a
powder in       minum 0.066, the powderwas amorphous as a whole. 3 hours.
The powder was observed with a scanning electron microscope and an average
particle diame-  io  Example 4 ter of 15 [err] was measured (Fig. 1). The
contents (Al, Bi and 0) of the aluminum-con-  11 Grams of a metallic
aluminum powder and taining oxide of the present invention were deter-
0.085 g of a metallic bismuth powderwere mixed, and mined with an ICP and a
thermobalance. At first, the  rapidly cooled and coagulated in the same
manner as aluminum-containing oxide was weighed before a   15  in Example
1. The resultant ribbon-shaped coagula- powder was formed. A predetermined
amount of the  tion product was allowed to stand overnight In the at- oxide
was dissolved In concentrated hydrochloric  mosphere at [err] to give a
powder. The powder had acid, and the resultant solution was analyzed with
an  an average particle diameter of 30 pm and a compo- ICP high-frequency,
coupled plasma   sition of[err] emission analyzer) to determine the
compositional  20 ratio of Al and Bi. Furthermore, a powder obtained by
Example 5 allowing the aluminum-containing oxide to stand in an
oxygen-containing gas (e.g., air) was dried under va-  11 Grams of a
metallic aluminum powder and cuum at [err] for 1 hour to fully remove
water, and  0.425 g of a metallic bismuth powder were mixed, and a
predetermined amount of the powderwas dissolved  25  rapidly cooled and
coagulated in the same manner as in a solvent The resultant solution was
measured  in Example 1. The resultant ribbon-shaped coagula- with an ICP,
and the amount of oxygen was calculated  tion product was allowed to stand
In the atmosphere from the balance of Al and Bi.                   to form
a powder. The powder had an average partic- The above-obtainedpowderhad a
compositional      le diameter of [err] and a composition of ratio
of[err](atomic-ratio). Although the   30  [err]atomic ratio). Although the
X-ray measurement of the powder by X-ray diffractometry  diffraction showed
the presence of a small amount of showed the presence of trace amounts of
crystals of  a crystal of metallic bismuth (0.0066), the powder metallic
bismuth (0.0001) and metallic aluminum   was amorphous as a whole.
(0.0589), the powderwas amorphous as awhole (Fig. 2).
35  Example 6 Example 2                                            11 Grams
of a metallic aluminum powder and 0.85 g of metallic bismuth were mixed,
and rapidly 17.6 Grams of a metallic aluminum powder and  cooled and
coagulated in the same manner as in Ex- 0.41 g of a metallic bismuth powder
were mixed, and   40  ample. 1. The resultant ribbon-shaped coagulation
rapidly cooled and coagulated in the same manner as  product was allowed to
stand In the atmosphere to In Example 1. The resultant ribbon-shaped
coagula-  form a powder. The powder had an average particle tion product
was allowed to stand In the atmosphere  diameter of 10  [err]  and  a
composition  of for2 hours toform a powder. The powder had an aver-  [err]
(atomic ratio). Although the X-ray dif- age particle diameter of 17 [err].
The powder was  45  fraction showed the presence of a small amount of a
measured for a specific surface area by a BET meth-  crystal of metallic
bismuth (0.0068), the powder was od using nitrogen. The powder measured 16
[err]/g. Al-  amorphous as a whole. though the X-ray diffraction showed the
presence of small amounts  of crystals of metallic bismuth 0.0001  Example
7 and metallic aluminum 0.033, the powder was amor-  50 phous as a whole.
The powder had a composition, de-  11 Grams of a metallic aluminum powder
and 0.2 termined by ICP, of [err] (atomic ratio )of a metallic bismuth
powder were mixed, and rap- idly cooled and coagulated in the same manner
as in Example 3                                         Example 1. The
resultant ribbon-shaped coagulation 55  product was allowed to stand In the
atmosphere to 17.6 Grams of a metallic aluminum powder and  form a powder.
The powder had an average particle 0.27 g of a metallic bismuth powder were
mixed, and  diameter  of 10  [err]  and  a composition  of rapidly cooled
and coagulated in the same manner as  [err] In Example 1. The resultant
ribbon-shaped coagula- 5    9                   EP0474866B1
10 



Example 8                                          crystal of metallic
bismuth (0.0133), the powder was amorphous as a whole. 17.6 Grams of a
metallic aluminum powder and       The powder was molded with the same
device as 4.94 g of a metallic bismuth powder were mixed, and   5   that
described in Example 10 under the same condi- rapidly cooled and coagulated
in the same manner as  tions as those In Example 1. The molded article had
In Example 1. The resultant ribbon-shaped  oagula-  a hardness of 340
kgf/[err]. The electric resistance tion product was allowed to-stand In the
atmosphpre  thereof was 5.6 x 1010 [err]cm. for 3 hours to form a powder.
The powder had an aver- age particle diameter of [err] and a composition of
10  Example 12 [err](atomic ratio). Although the X-ray diffraction showed
the presence of a small amount of  The powders obtained In Examples 2 to 9
were a crystal of metallic bismuth (0.0133), the powder  molded with the
same shaping device as that descri- was amorphous as a whole.
bed in Example 10 at a temperature of 250 to [err] 15  under a pressure of
500 to 1,000 megapascal. Before Example 9
use, however, the ribbon-shaped coagulation product obtained In Example 9
was milled with a ball mill until 17.6 Grams of a metallic aluminum powder
and   It had an average particle diameter of 10 microns. All 0.1 g of a
metallic bismuth powder were mixed, and  of the resultant molded articles
had a hardness of 300 rapidly cooled and coagulated In the same manner as
20  kgf/[err] or higher. in Example 12. When the resultant ribbon-shaped
co- agulation product was allowed to stand In the atmos-  Example 13 phere
overnight, the ribbon-shaped fragments were partially formed Into a powder.
The ribbon-shaped     220 Grams of metal aluminum and 6 g of metallic
portion and the powder portion were mixed, and the   25  bismuth were
mixed, and the mixture was charged mixture was measured. The measured
composition    Into a silica crucible (having a nozzle) and melted up was
[err]                         to [err] by high-frequency induction heating
In a nitrogen atmosphere. The resultant melt was jetted Example 10
through the nozzle under a nitrogen atmosphere for 30   10seconds. At the
same time, nitrogen contained in An aluminum-containing oxide powder
prepared   a cylinder(cylinder pressure 150 atmospheres pres- in the same
manner as in Example 1 was dried under  sure) was jetted through a
peripheral nozzle at 1.7 vacuum and charged into a die having a cavity
having  NTPm3 against the melt being Jetted. The resultant a diameter of 5
mm and a length of 50 mm (maraging  powder was observed with a scanning
electron mi- steel), and the powder was vacuumed (2 x[err] torr)  35
croscope to show the form of spheres (average par- at room temperature for
30 minutes. Thereafter, the  ticle diameter 35 [err]. When the powder was
allowed temperature in the die was Increased up to [err]  to stand in the
atmosphere for one day at [err], over 30 minutes, and the pressure of 900
megapascal  there was obtained a fine powder having an average was applied
far 10 minutes. The temperature was de-  particle diameter of 10 microns.
This fine powder was creased to room temperature with vacuuming, and the
40  subjected to X-ray diffractometry to show the pres- resultant molded
article was taken out. The molded ar-  ence of small amounts of crystals of
metallic bismuth tide was a disk having a diameter of 5 mm and a thick-
(0.002) and metallic aluminum (0.018). However, the ness of
1.5mm.ThediskhadaVickershardness,meas-       fine powder was amorphous as a
whole. The fine ured under a load of 100 g, of 318 [err]. The electric
powder had a composition of [err] resistance thereof, measured according to
JIS K6911-  45  (atomic ratio). 1979 5.13, was 1.1 x [err]. The thermal
conduc- tivity thereof was 0.25 callcm-s-C.               Example 14
Example 11                                            The molded article
obtained in Example 8 was 50  calcined at a temperature of [err] in the
atmos- 11 Grams of a metallic aluminum powder and     phere, and the
calcined article was measured for a 8.55 g of a metallic bismuth powder
were miked, and  Vickers hardness and an electric resistance accord-
rapidly cooled and coagulated in the same manner as  Ing to the methods
described In Example 8. The hard- inExample 1. The resultant ribbon-shaped
coagula-  ness  and resistance were 900 kgf/mm2 and 1.5 x 1014 tion product
was allowed to stand In the atmosphere  55  [err]cm, respectively. to form
a powder. The powder had an average partic- le diameter of 10 microns and a
composition of     Example 15 [err] (atomic ratio). Although the X-ray dif-
fraction showed the presence of a small amount of a   Aluminum oxides of
[err] were 6    11                 EP 0 474 866 B1                     12
prepared in the same manner as in Example 1. Si, B,  Mo, Si, Pb, Zn, Sn and
Mn) and In which x was 0.005 



Sn and Mn were used as [err]. The ribbon-shaped co-  (atomic ratio) was
rapidly cooled and coagulated in agulation products obtained were allowed
to stand In  the same manner as in Example 1 to give ribbon-
theatmosphereforonedaytoformpowders.Theval-   5   shaped thin fragments.
These fragments were al- ue of Y measured from 1.45 to 1.48. These powders
lowed to stand in the atmosphere at an ordinary tem- were molded with the
same shaping device as that  perature forone day. However, noformation of a
pow- described In Example 10 under the same conditions  der took place.
X-ray diffraction results thereof as those in Example 10. All of the
resultant molded ar-  showed that these were In the state of metallic
alumi- tides were rigid articles having a hardness of 300   10  num, and
the formation of a powder hardly took place. [err] or higher.
As is cear from the above, the phenomenon that aluminum is oxidized at a
low temperature to form a Example 16
powder is a specific one which takes place only when bismuth has been
Incorporated. Aluminum  oxides of [err] 15  The aluminum-containing powder
of the present were jetted In the same manner as In Example 1. Fe,
Invention can be molded at a low temperature, and Is NI and Pb were used as
M2. The resultant ribbon-  characterized in that said powder can be
obtained by shaped coagulation products were allowed to stand In  simple
oxidation without proceeding with a special the atmosphere for one day to
form a powder. The  milling step. The aluminum-containing oxide and the
powders  obtained,  had  a  composition  of  20  powder and article
therefrom are useful as or for a [err] in which z was 1.44 to      machine
part, an electronic part and a raw material 1.49. These powders were molded
with the same     for a catalyst, etc. shaping device as that described in
Example 10 un- der the same conditions as those In Example 10. All of the
resultant molded articles were rigid articles  25  Claims having a hardness
of 300 kgf/[err] or higher. 1. A substantially amorphous,
aluminum-containing COMPARATIVE EXAMPLES
oxide   having  the  composition  [err] [err]wherein x Is defined by 0.0001
[err] Comparative Example 1                        30       [err] is at
least one selected from Si, P, B. Sb ,Se Te, Sn, Zn, In, Cr, Nb, Sc, Y, Sr,
Ba, Ca, Acommerciallyavailablealuminumoxidepowder         Na, Li, Mg, Mn,
W, Ti, Zr, Hf, Be and rare earth (a-alumina having a diameter of 2 to 3
microns, [err]alu-  metals, [err] is at least one selected from Fe, Ni,
mina having a diameter of 2 to 3 microns, with a purity  Co, Rh, Ru, Re, Cu
and Pb, yl is defined by 0 [err] of 99.9% or higher) was molded with a
shaping device  35  [err]is defined by [err] z is de- shown in Example 8 at
a temperature of 400C under    fined by 1[err]and x, yl, y2 and z are a
pressure of 1,000 megapascal. The molded article    each an atomic ratio.
taken outofthe die was easilydisintegrable and could not be measured for a
Vickers hardness. The powder  2. An aluminum-containing metal composition
con- was therefore substantially unmoldable.       40     taining an
amorphous oxide of an alloy of an AIBI system and Al or Bi in a metallic
state. Comparative Example 2 3. An aluminum-containing metal composition
con- Metallic aluminum without metallic bismuth was    taining an amorphous
oxide having the composi- rapidly cooled and coagulated in the same manner
as  45  tion[err]wherein x is defined in Example 1 to give ribbon-shaped
thin fragments.    by 0.0001 [err], Is at least one selected These
fragments were allowed to stand In the atmos-   from Si, P B, Sb, Se, Te,
Sn, Zn, In, Cr, Nb, Sc, phere at an ordinary temperature for one day. How-
Y, Sr, Ba, Ca, Na, Li, Mg, Mn, W, Ti, Zr, Hf, Be and ever, no formation of
a powder took place. The result  rare earth metals, M2 is
atleastoneselectedfrom of the X-ray diffraction thereof showed that these
50  Fe, Ni, Co, Rh, Ru, Re, Cu and Pb, yl Is defined were in the state of
metallic aluminum.               by [err], y2 Is defined by [err], Even
when this sample was heated In the atmos-    z is defined by [err] and x,
yl, y2 and z phere at [err] for 3 hours, no formation of a powder   are
each an atomic ratio and Al or Bi in a metallic took place X-ray
diffraction results showed that the  state. oxidation of the metallic
aluminum hardly took place.  55 4. An amorphous, aluminum-containing oxide
ac- Comparative Example 3                                 cording to claim
1, wherein the aluminum-con- taining oxide Is a powder having an average
par- A melt of [err] (In which M was at least any of  ticle diameter of 0.1
to 100 [err]. 7    11                 EP 0 474 866 B1                 12
prepared in the same manner as in Example 1. Si, B,  Mo, Si, Pb, Zn, Sn and
Mn) and in which x was 0.005 



Sn and Mn were used as [err]. The ribbon-shaped co-  (atomic ratio) was
rapidly cooled and coagulated In agulation products obtained were allowed
to stand in  the same manner as In Example 1 to give ribbon- the atmosphere
forone day toform powders. The val-   5   shaped thin fragments. These
fragments were al- ue of Y measured from 1.45 to 1.48. These powders  lowed
to stand In the atmosphere at an ordinary tem- were molded with the same
shaping device as that  perature forone day. However, noformation of a pow-
described in Example 10 under the same conditions  der took place. X-ray
diffraction results thereof as those in Example 10. All of the
resultantmoldedar-  showed that these were in the state of metallic alumi-
tides were rigid articles having a hardness of 300   l0  num, and
theformation of a powder hardly took place. [err]2 or higher.
As is clear from the above, the phenomenon that aluminum Is oxidized at a
low temperature to form a Example 16
powder Is a specific one which takes place only when bismuth has been
Incorporated. Aluminum  oxides of [err] 15  The aluminum-containing powder
of the present were jetted In the same manner as In Example 1. Fe,
Invention can be molded at a low temperature, and Is NI and Pb were used as
M2. The resultant ribbon-  characterized In that said powder can be
obtained by shaped coagulation products were allowed to stand in  simple
oxidation without proceeding with a special the atmosphere for one day to
form a powder. The  milling step. The aluminum-containing oxide and the
powders  obtained  had  a  composition  of  20  powder and article
therefrom are useful as or for a [err] in which z was 1.44 to  machine
part, an electronic part and a raw material 1.49. These powders were molded
with the same     for a catalyst, etc. shaping device as that described in
Example 10 un- der the same conditions as those in Example 10. All of the
resultant molded articles were rigid articles  25  Claims having a hardness
of 300 kgf/[err] or higher. 1. A substantially amorphous,
aluminum-containing COMPARATIVE EXAMPLES
oxide  having  the  composition  [err] [err]wherein x is defined by 0.0001
[err] Comparative Example 1                         30      [err]is at
least one selected from Si, P. B, Sb, Se, Te, Sn, Zn, In, Cr, Nb, Sc, Y,
Sr, Ba, Ca, A commercially available aluminum oxide powder    Na, Li, Mg,
Mn, W, Ti, Zr, Hf, Be and rare earth (a-alumina having a diameter of 2 to 3
microns, [err]-alu-  metals, [err] is at least one selected from Fe, NI,
mina having a diameter of 2 to 3 microns, with a purity  Co, Rh, Ru, Re, Cu
and Pb, yl is defined by 0 [err] of 99.9% or higher) was molded with a
shaping device  35  [err] is defined by [err] is de- shown in Example 8 at
a temperature of [err] under    fined by [err] and x, yl, y2 and z are a
pressure of 1,000 megapascal. The molded article    each an atomic ratio.
taken outof the die was easily disintegrable and could not be measured for
a Vickers hardness. The powder  2. An aluminum-containing metal composition
con- was therefore substantially unmoldable.      40      taining an
amorphous oxide of an alloy of an AlBi system and Al or Bi In a metallic
state. Comparative Example 2 3. An aluminum-containing metal composition
con- Metallic aluminum without metallic bismuth was    taining an amorphous
oxide having the composi- rapidly cooled and coagulated In the same manner
as   45  tion[err] wherein x is defined in Example 1 to give ribbon-shaped
thin fragments.    by 0.0001 [err]is at least one selected These fragments
were allowed to stand in the atmos-   from Si, P. B, Sb, Se, Te, Sn, Zn,
In, Cr, Nb, Sc, phere at an ordinary temperature for one day. How-    Y,
Sr, Ba, Ca, Na, Li, Mg, Mn, W, Ti, Zr, Hf, Be and ever, no formation of a
powder took place. The result  rare earth metals, M2 is atleastone selected
from of the X-ray diffraction thereof showed that these   50  Fe, Ni, Co,
Rh, Ru, Re, Cu and Pb, yl is defined were in the state of metallic
aluminum.               by [err] y2 is defined by [err] Even when this
sample was heated in the atmos-    z is defined by [err] and x, yl, y2 and
z phere at [err] for 3 hours, no formation of a powder  are each an atomic
ratio and Al or Bi in a metallic took place. X-ray diffraction results
showed that the  state. oxidation of the metallic aluminum hardly took
place.  55 4. An amorphous, aluminum-containing oxide ac- Comparative
Example 3                                 cording to claim 1, wherein the
aluminum-con- taining oxide is a powder having an average par- A melt of
[err] (in which M was at least any of  tide diameter of 0.1 to 100 [err]. 7
13                  EP 0 474 866 B1                 14 5. An
aluminum-containing metal composition ac-      [err] enthilt, worin x durch



cording to claim 2 or 3, which is a powder having  0,0001 [err] definlert
ist, [err] mindestens el- an average particle diameter of 0.1 to [err].
nes ausgewAhit unter Si, P. B, Sb, Se, Te, Sn, Zn, 5      In, Cr, Nb, Sc,
Y, Sr, Ba, Ca, Na, Li, Mg, Mn, W, 6. A molded article formed by molding the
amor-       Ti, Zr, Hf, Be und Seltenerdmetallen ist, M2 min- phous,
aluminum-containing oxide or the alumi-     destens elnes ausgewAhit unter
Fe, Ni, Co, Rh, num-containing metal composition recicted in any     Ru,
Re, Cu und Pb Ist, yl durch 0 5 yl 5 0,1 de- one of claims 1 to 5.
finiert ist, y2 durch 0 5 y2 5 0,01 definlert let, z - .     i tO    durch
1,2 5 z9 1,5 definiert let, und x, yl, y2 und 7. A process for producing
the aluminum-containing    z jewells ein Atomverhaltnis sind. oxide or the
aluminum-containing metai compo- sition recited In claims I to 5, which
comprises  4. Aluminium enthaltendes amorphes Oxid gemrin rapidly cooling a
melt having a composition of     Anspruch 1, worin das Aluminium
enthaltende Ail X ,, Y2BixMjyjM2YZ wherein x Is defined by  15  Oxid eln
Pulver mit elnem mittleren Tellchen- 0.0001 5 x 5 0.10, M1 Is at least one
selected     durchmesser von 0,1 bis 100 pm Ist. from Si, P, B, Sb, Se, Te,
Sn, Zn, In, Cr, Nb, Sc, Y, Sr, Ba, Ca, Na, Li, Mg, Mn, W, TI, Zr, Hf, Be
and  5. Aluminium  enthaltende  Metalizusammenset- rare earth metals, M2 is
at least one selected from  zung gemAR Anspruch 2 oder 3, welche emn Pul-
Fe, Ni, Co, Rh, Ru, Re, Cu and Pb, yl is defined   20  ver mit elnem
mittleren Teilchendurchmesser .by O   yl 5 0.1, y2 is defined by 0 5 y2 s
0.01,  von 0,1 bis 100 pm Ist. and x, yl, y2 and z are each an atomic
ratio, to coagulate the melt, and then oxidizing the resul-  6. Formkorper,
welcher durch Verformen des Alu- tant coagulation product.
minium enthaltenden amorphen Oxide oder der 25      Aluminium  enthaltenden
Metalizusammenset- 8. A crystalilne ,aluminum-containing oxide ob-
zung gemia elnem derAnsprOche 1 bis 5 gebil- tained by subjecting the above
amorphous alumi-    det wird. num-containing oxide or the above aluminum-
containing metal composition recited in any one  7. Verfahren zur
Herstellung des Aluminium enthal- of claims I to 5 to a heat treatment. . .
30   tenden Oxids oder der Aluminium enthaltenden Metliizusammensetzung
gemra elnem der An- 9. A molded article of a crystalline ,ailuminum-con-
,,  sprafche 1 bis 5, welches umfaft Schnelles Ab- tamning oxide obtained
by subjecting the molded    kflhlen einer Schmeize der Zusammensetzung
article recited In claim 6 to a heat treatment.    Al1x  yjy2BIxMjyjM2y.O ,
worin x definlert Ist 35      durch 0,0001 ;I x 5 0,10, Ml mindestens eines
ausgewAhit unter Si, P. B, Sb, Se, Te, Sn, Zn, In, Patentansprfiche
Cr, Nb, Sc, Y, Sr, Ba, Ca, Na, Li, Mg, n, W, Ti, Zr, Hf, Be und
Seltenerdmetallen Ist, M2 mindestens 1. Aluminium  enthaltendes, Im
wesentlichen          eines ausgewAhit unter Fe, Ni, Co, Rh, Ru, Re,
amorphes Oxid, welches die Zusammenset-  40        Cu und Pb Ist, yl durch
0 5 yl   0,1 definiert Ist, zung Al,_x xy y2B1 MjyjMW2O, besitzt, wormn x
y2 durch 0 5 y2 s 0,01 definiert Ist, und x, yl, y2 durch 0,0001 5 x ' 0,10
definiert lst, Ml minde-   und z jewells sin Atomverhiltnls sind, um die
stens sines ausgewfhit unter Si, PR B, Sb, Se, Te,  Schmelze zu verfestigen
und anschilegende Oxi- Sn, Zn, In, Cr, Nb, Sc, Y, Sr, Ba, Ca, Na, Li, Mg,
dation des erhaltenen verfestigten Produkts. Mn, W, Ti, Zr, Hf, Be und
Seltenerdmetallen ist, M2   45 mindestens eines ausgewAhit unter Fe, Ni,
Co,   8. Aluminium enthaltendes kristallines Oxid, wel- Rh, Ru, Re, Cu und
Pb Ist, yl durch 0 5 yl 5 0,1   ches durch Hitzebehandlung des obigen
Alumini- definlert Ist, y2 durch 0 ; y2 5 0,01 definiert Ist,  um
enthaitenden amorphen Oxide oder der obi- z durch 1,2 5 z 5 1,5 definlert
ist, und x, yl, y2  gen Aluminium enthaltenden Metalizusammen- und z
jewells ein Atomverhaltnis sind.     50      setzung gema6 einem der
Ansprfiche I bis 5 er- halten wird. 2. Aluminium enthaltende
Metalizusammenset- zung, welche emn amorphes Oxid einer Dbgjerung  9.
Formkorper aus elnem Aluminium enthaltenden elnesAlIBI-Systems und Al oder
Bi in metallischer  kristbllinen Oxid, welcherdurch Hitzebehandlung Form
enthalt.                             5s       des Formkorpers gemnil
Anspruch 6 erhalten wird. 3. Aluminium  enthaltende  Metalizusammenset-
zung, welche neben Al und Bi in metallischer Form eln amorphes Oxid der
Zusammensetzung 8    15                 EP 0 474 866 B1               16
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der Is prodult de coagulation obtenu. 



1. Oxyde sensiblement amorphe, contenant de i'alu-  S. Oxyde cristallin
contenant de l'aluminium, obtenu minium, de composition Al1. , - 2BlYMi
Z40z    5  on soumettant l'oxyde cd-dessus amorphe et dans laquelle x sat
defini par 0,001 5 x 5 0,10,  contbnant de l'aluminlum ou la composition
cf- M1 eat l'un au molns do Si, PR B, Sb, Se, To, Sn,  dessus m~tallique et
contenant de l'aluminium Zn, In, Cr, Nb, Sc, Y, Sr, Ba, Ca, Na, LI4 Mg, Mn,
mentionn6 a l'une quelconque des revendica- W, Ti, Zr, Hf, Be et des trres
rares, M2 est'un au  tions 1 & 5 A un traltement thermique. moins de Fe,
Ni, Co, Rh, Ru, Re, Cu et Pb, yl est  10 d6fini par0 5 yl s 0,1, Y2 eat
definN par 0 5 y2 5  9. Objet moule en un oxyde cristallin contenant de
0,01, z set defini par 1,2 5 z 5 1,5, et x, yl, y2 et  l'aluminium, obtbnu
en soumettant l'objet moule z sont chacun un rapport atomique.
mentlonne A la revendicotlon e A un traltement thermlque. 2. Composition
metallique contenant de l'alumi-  15 nium, contenant un oxyde amorphe d'un
alliage d'un systeme AIBI et Al ou BI a l'etat metallique. 3. Composition
metallique contenant de l'aluml- nium, contenant un oxyde amorphe de
compoel-  20 tion Ai1 xyl-y2%BiM1yM42O, dans laquelle x set defini par
0,0001 5 x 5 0,10, Ml et l'un au molns de Si, P, B, Sb, Se, Te, Sn, Zn, In,
Cr, Nb, Sc, Y, Sr, Ba, Ca, Na, U, Mg, Mn, W, TI, Zr, Hf, Beet des terres
rares, M2 eat I'un au moins de Fe, Ni, Co,  25 Rh, Ru, Re, Cu et Pb, yl eat
defini par 0 - yl 5 0,1, y2 eat defini par 0 5 y2 s 0,01, z est dbfini par
1,2 s z 5 1,5, et x, yl, y2 et z sont chacun un rapport atomlque et Al ou
BI sont A I'btat metalli- que.                                     30 4.
Oxyde amorphe contenantde l'aluminium suivant la revendication 1, dans
lequel l'oxyde contenant de l'aluminium est une poudre ayant un diametre
moyen de particules de 0,1 a 100 microns.  35 5. Composition mbtallique
contenantde l'aluminium sulvant la revendication 2 ou 3, qul eat une pou-
dre ayant un diametre moyen de particules de 0,i a i00 microns.
40 6. Objet moulb formi  en moulant l'oxyde amorphe contenant de
l'aluminium ou la composition mA- tallique contenant de l'aluminium
mentlonnb A l'une quelconque des revendications I A 5.  45 7. Procedd de
prbparation de loxyde contenant de l'aluminium ou de la composition
mitallique contenant de l'aluminlum lndlqub aux revendica- tions I A 5, qui
consiete a refroldir rapidement un  5o bain fondu de composition AI. x-y-
y2BlxMyM dans laquelle x eat dbfini par 0,0001 ,; x 5 0,10, Ml eat l'un au
mons de Si, P. B, Sb, Ss, Te, Sn, Zn, In, Cr, Nb, Sc, Y, Sr; Ba, Ca, Na,
Li, Mg; Mn, W, Ti, Zr, Hf, Be et des trres rares, M2 eat -'un au  56 moins
de Fe, Ni, Co, Rh, Ru, Re, Cu et Pb, yl oet defini par 0 5 yl ' 0,1, y2 eat
dWfini par 0 9 y2 s 0,01, et x, yl, y2 et z sont chacun un rapport atomique
pour coaguler le baln fondu, puls A oxy- 9    


