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(57) Claim

1. A method for upgrading the quality of an alumina

material comprising the steps of:

(a) positioning an aluminum pa rent metal adjacent to a 

permeable mass of an alumina-based filler material, said alumina- 

based filler material containing at least one aluminothermically 

reducible constituent, so that formation of an oxidation reaction 

product of the aluminum parent metal will occur in a direction 

towards and into said mass of alumina-based filler material;

(b) heating said parent metal to a temperature range above 

its melting point but below the melting point of its oxidation 

reaction product to form a body of molten parent metal and reacting 

the molten parent metal with an oxygen-containing vapor-phase 

oxidant at said temperature to form said oxidation reaction

.../2



(11) AU-B-78272/87
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product, and at said temperature maintaining at least a portion 

of said oxidation reaction product in contact with and extending 

between said body of molten metal and said oxidant, to draw molten 

metal through the oxidation reaction product towards the oxidant 

and towards and into the adjacent mass of said alumina-based filler 

material so that fresh oxidation reaction product continues to form

within said mass of alumina-based filler at an interface between

the oxidant and previously formed oxidation reaction product, and 

continuing said reacting for a time sufficient to embed at least

a portion of said mass of alkumina-based filler within said 

oxidation reaction product to produce a ceramic body comprising 

alumina and at least one residual metallic constituent, whereby 

said at least one aluminothermically reducible constituent is at 

least partially reduced and is contained in said at least one 

residual metallic constituent;

(c) comminuting said ceramic body;

(d) providing at least one leachant capable of dissolving 

or removing said at least one residual metallic constituent without 

substantially degrading said alumina in the produced ceramic body 

and contacting said comminuted ceramic body with said at least one 

leachant for a time sufficient to remove or dissolve away said at

least one residual metallic constituent from said comminuted

ceramic body to produce a substantially pure alumina material 

having a purity of not less than 99.9 weight percent alumina; and

(e) recovering said substantially pure alumina material.
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This invention relates to a method for producing 

substantially pure alumina. More particularly, this invention 

relates to a method for producing a substantially pure alumina 

derived from the comminuted and purified product of an unusual 

oxidation reaction process utilising an aluminum parent metal and 

an oxygen-containing gas. The invention also relates to a method 

for upgrading the quality of a lower purity alumina to yield a 

higher purity alumina product.

Background and Description of Commonly Owned Patent

β 4 0 9

4

10 Applications
c ------------------------------------------------

9 9

The following Commonly Owned Patent and Patent Applications
9 t

describe novel methods for producing a self-supporting ceramic«4 4Γ Ο ©Φ © fr
body by oxidation of a parent to form a polycrystalline material 

of an oxidation reaction product and, optionally, metallic

constituents :

(A) U.S. Patent No. 4,713,360, which issued on December 15, 

1987 from U.S. Application Serial No. 818,943, filed January 15, 

1986, which is a Continuation-In-Part of Serial No. 776,964, filed 

September 17, 1985, which is a Continuation-In-Part of Serial No.

20 705,787 filed February 26, 1985, which is a Continuation-In-Part

of U.S. Application Serial No. 591,392 filed March 16, 1984, all 

in the names of Marc S. Newkirk et al and entitled "Novel Ceramic 

Materials and Methods for Making the Same"; and

(B) Serial No. 822,999, filed January 27, 1986, which is

a Continuation-In-Part of Serial No. 776,965, filed September 17, 

1985, which is a Continuation-In-Part of Serial No. 747,788, filed 

June 25, 1985, which is a Continuation-In-Part of Serial No.

15
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et al and entitled "Methods of Making Self-Supporting Ceramic 

Materials"; and

(C) Serial No. 819,397, filed January 17, 1986, which is 

a Continuation-In-Part of Serial No. 697,876, filed February 4,

5 1985, both in the names of Marc S. Newkirk et al.
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and entitled "Composite Ceramic Articles and Methods of 

Making Same ."

The entire disclosures of each of the aforesaid 
/αηώ 'Vo.Van't

Commonly Owned Patent Applications/are incorporated herein 

S’ by reference.

As explained in these Commonly Owned Patent 

Applications, novel pο 1 ycrysta 1 1 ine ceramic materials or 

polycrystalline ceramic composite materials are produced by 

the oxidation reaction between a parent metal and a 

iO vapor-phase oxidant, i.e. a vaporized or normally gaseous 

material, as an oxidizing atmosphere. The method is 

disclosed generically in the aforesaid Commonly Owned Patent 

jVp-p-Ui:G a.t-i-on s -(-A-) . In accordance with this generic process, 

a parent metal, e.g. aluminum, is heated to an elevated 

*■© temperature above its melting point but below the melting 

point of the oxidation reaction product to form a body of 

molten parent metal which reacts upon contact with a 

vapor-phase oxidant to form the oxidation reaction product. 

At this temperature, the oxidation reaction product, or at 

9-0 least a portion thereof, is in contact with and extends

between the body of molten parent metal and the oxidant, and 

molten metal is drawn or transported through the formed 

oxidation reaction product and towards the oxidant. The 

transported molten metal forms additional oxidation reaction 

£.:5 product upon contact with the oxidant, at the surface of 

previously formed oxidation reaction product. As the 

process continues, additional metal is transported through 

this formation of pο 1ycrysta 11ine oxidation reaction product 

thereby continually "growing" a ceramic structure of 

interconnected crystallites. The resulting cera'ic body may 

contain metallic constituents, such as non-oxidized 

constituents of the parent metal, and/or voids. In the case 

of an oxide as the oxidation reaction product, oxygen or gas 

mixtures containing oxygen (including air) are suitable 

2,5" oxidants, with air usually being preferred for obvious

reasons of economy. However, oxidation is used in its broad/7^ί ί-5 PJ

L «I
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sense in all of the Commonly Owned Patent Applications^ and 

in this application, and refers to the loss or sharing of 

electrons by a metal to an oxidant which may be one or more 

elements and/or compounds.

In certain cases, the parent metal may require the 

presence of one or more dopants in order to favorably 

influence or facilitate growth of the oxidation reaction 

product, and the dopants are provided as alloying 

constituents of the parent metal. For example, in the case 

of aluminum as the parent metal and air as the oxidant, 

dopants such as magnesium and silicon, to name but two of a 

larger class of dopant materials, are alloyed with aluminum 

and utilized as the parent metal. The resulting oxidation 

reaction product comprises alumina, typically alpha-alumina.

The aforesaid Commonly Owned Patent Applications 

(B) disclose a further development based on the discovery 

that appropriate growth conditions as described above, for 

parent metals requiring dopants, can be induced by applying 

one or more dopant materials to the surface or surfaces of 

the parent metal, thus avoiding the necessity of alloying 

the parent metal with dopant materials, e.g. metals such as 

magnesium, zinc and silicon, in the case where aluminum is 

the parent metal and air is the oxidant. With this 

improvement, it is feasible to use commercially available 

metals and alloys which otherwise would not contain or have 

appropriately doped compositions. This discovery is 

advantageous also in that ceramic growth can be achieved in 

one or more selected areas·of the parent metal's surface 

rather than indiscriminately, thereby making the process 

more efficiently applied, for example, by doping only one 

surface, or only portion(s) of a surface, of a parent metal.

Thus, the aforesaid Commonly Owned Patent Applications 

describe the production of alumina as an oxidation reaction 

product readily "grown" to relatively large sizes, which 

then can be a useful source for alumina products. The 

present invention provides a method for obtaining
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substantially pure alumina derived from alumina produced by

tile aforementioned oxidation reaction process wherein, e.g. 
,U)O-V

aluminum parent metal/reacted with an oxygen-containing 

vapor-phase oxidant.

£ Novel ceramic composite structures and methods of

making them are disclosed and claimed in the aforesaid 

Commonly Owned Patent Applications (C) which utilize the 

oxidation reaction to produce ceramic composite structures 

comprising a substantially inert filler infiltrated by the

Ό pο 1 ycrysta 1 1 ine ceramic matrix. A parent metal positioned 

adjacent to a mass of permeable filler is heated to form a 

body of molten parent rnetal which is reacted with a 

vapor-phase oxidant, as described above, to form an 

oxidation reaction product. As the oxidation reaction

)S product grows and infiltrates the adjacent filler material, 

molten parent metal is drawn through previously formed 

oxidation reaction product into the mass of filler and 

reacts with the oxidant to form additional oxidation 

reaction product at the surface of the previously formed

2-0 product, as described above. The resulting growth of

oxidation reaction product infiltrates or embeds the filler 

and results in the formation of a ceramic composite

structure of a p ο 1 y c r y s t a 1 1 i n e ceramic matrix embedding the 

filler. For example, in the case of employing doped 

S-S aluminum as the parent metal, air as the oxidant, and 

alumina particles or powder as the permeable filler, a 

: composite is formed as described above which typically
* < t ‘

consists essentially of alumina particles in an alumina 

matrix having various metallic constituents dispersed

30 therethrough.

In a further aspect of the present invention, it has 

been discovered that in the process of growing an alumina 

oxidation reaction product as a matrix through an alumina 

filler material, that when relatively impure for ms of 

2>S alumina tillers are employed, particularly those containing 

,·, j*’’•A, . silicates, they react with the parent aluminum metal during 
X ,

λ >.·;Λ :
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the process to yield purer alumina and reduced metallic 

constituents, such as silicon. The process therefor can provide 

a source of high purity alumina from a lower purity alumina source.

Summary of the Invention

5 In this invention, an aluminum parent metal is heated in the

presence of an oxygen-containing vapor-phase oxidant to form a 

body of molten aluminum metal. As molten aluminum metal contacts 

the oxidant, alumina is formed as the oxidation reaction product. 

The process conditions are maintained to progressively draw molten
©

°<,ίθ metal through the formed alumina oxidation reaction product and 

toward the oxidant so as to continuously form alumina oxidation 

reaction product at the interface between the oxygen-containing 

vapor-phase oxidant and previously formed alumina oxidation 

reaction product. The heating step is conducted at temperatures 

15 above the melting point of the aluminum parent metal, but below the 

temperature of the alumina oxidation reaction product. The heating 

is continued for such time as is necessary to produce an alumina 

polycrystalline ceramic body. The body may include one or more 

non-alumina metallic materials such as nonoxidised parent metal, 

20 dopants, or both.

This invention is based on the discovery that substantially 

all of the non-alumina materials present in the polycrystalline 

ceramic product produced as discussed above are a) after 

comminuting of the ceramic product, are accessible from the 

25 surfaces of the comminuting ceramic product and b) are primarily 

metallic rather than ceramic. The non-alumina materials (e.g. 

primarily metallic materials) can be then extracted, dissolved or 

dispersed from the ceramic body by one or more leachants, whether

amspe.003/lanx 90 4 2
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gas or liquid, hereinafter referred to as "leaching agents" and 

"leaching". A series of leaching stages may be desirable, with, 

typically utilisation of a water wash between each leaching step

or stage .

5 The polycrystalline material thus obtained is ground,

pulverised, or the like to a suitable particle size, or range of

particle sizes. The resulting material is then contacted with one

or more leachants, or a series of leachants, such as acids, bases,

or other useful solvents, depending on the impurity, whereby non­
o

\ΪΟ alumina materials such as unoxidized aluminum metal, alloy 

constituents of the parent metal, metals derived from dopants, or 

combinations of each, are removed from the alumina material. This

leaching process is continued for a time sufficient to remove the 

aforesaid non-alumina materials from the comminuted polycrystalline 

product so that an alumina material having a purity of not less 

than 99.9% by weight alumina can be recovered, and more preferably 

99.99% or purer.

A feature which has been discovered concerning the aluminas 

produced by the method of the present invention is that these 

aluminas have extremely clean grain boundaries with no impurities

’ present. This factor results in a property of intragranular 

fracture in the materials, a feature frequently absent in many 

traditionally-produced aluminas. Such property in aluminas has 

been linked to superior performance in certain applications such 

25 as abrasives and polishing media.

This in accordance with the present invention there is 

provided a method for upgrading the quality of an alumina material 

TC^\comprising the steps of:
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(a) positioning an aluminum parent metal adjacent to a 

permeable mass of an alumina-based filler material, said alumina- 

based filler material containing at least one aluminothermically 

reducible constituent, so that formation of an oxidation reaction

5 product of the aluminum parent metal will occur in a direction 

towards and into said mass of alumina-based filler material;

(b) heating said parent metal to a temperature range above 

its melting point but below the melting point of its oxidation 

reaction product to form a body of molten parent metal and reacting
t

»i0 the molten parent metal with an oxygen-containing vapor-phase 

·· oxidant at said temperature to form said oxidation reaction

product, and at said temperature maintaining at least a portion 

of said oxidation reaction product in contact with and extending 

between said body of molten metal and said oxidant, to draw molten 

metal through the oxidation reaction product towards the oxidant 

and towards and into the adjacent mass of said alumina-based filler 

material so that fresh oxidation reaction product continues to form

within said mass of alumina-based filler at an interface between

the oxidant and previously formed oxidation reaction product, and 

continuing said reacting for a time sufficient to embed at least 

a portion of said mass of alumina-based filler within said 

oxidation reaction product to produce a ceramic body comprising 

alumina and at least one residual metallic constituent, whereby 

said at least one aluminothermically reducible constituent is at 

least partially reduced and is contained in said at least one 

residual metallic constituent;

(c) comminuting said ceramic body;

(d) providing at least one leachant capable of dissolving

15

20

25

ts ?
d-\.

' amspe.003/lanx 90 4 2
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or removing said at least one residual metallic constituent without 

substantially degrading said alumina in the produced ceramic body 

and contacting said comminuted ceramic body with said at least one 

leachant for a time sufficient to remove or dissolve away said at

5 least one residual metallic constituent from said comminuted

ceramic body to produce a substantially pure alumina material 

having a purity of not less than 99.9 weight percent alumina; and

(e) recovering said substantially pure alumina material. 

The alumina-based filler may be a loose or bonded array
β ♦ «

'· *«5.0 characterised by interstices, openings or intervening spaces, and
t 4
t O

‘ *’* the bed or mass is permeable to the vapor-phase oxidant and to the

growth of oxidation reaction product. As used herein and in the 

appended claims, "filler" or "filler material" is intended to mean
i

either a homogeneous alumina-based composition or a heterogeneous 

15 alumina-based composition comprised of two or more materials.

In this specification and the appended claims the following

terms have the following meaning:

"Ceramic" is not to be unduly construed as being limited to

a ceramic body in the classical sense, that is, in the sense that 

20 it consists entirely of non-metallic and inorganic materials, but 

rather refers to a body which is predominantly ceramic with respect 

to either composition or dominant properties, although the body may

contain minor or substantial amounts of one or more metallic

constituents derived from the aluminum parent metal, or reduced 

25 from the dopant or the filler, most typically within the range of

from about 1—40% by volume, but may include still more metal.

"Oxidation reaction product" means one or more metals in any

oxidised state wherein the metal(s) have given up

amspe.003/lanx 90 A 2
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electrons to or shared electrons with another element,

compound, or combination thereof. Accordingly, an

"oxidation reaction product" under this definition includes

the product of the reaction of aluminum parent metal with

S oxygen .
"Oxidant", "vapor-phase oxidant" or the like, which

identifies the oxidant as containing or comprising a

particular gas or vapor, means an oxidant in which the

identified gas or vapor is the sole, or predominant, or at

1(9 least a significant oxidizer of the parent metal under the

conditions obtained in the oxidizing environment.utilized.

o a, q0 000 00

For example, although the major constituent of air is
nitrogen, the oxygen content of air is the sole oxidizer for

0 *>0 ©Ο 0 e, 0 the parent metal because oxygen is a significantly stronger

O Q 0© O0 /5- oxidant than nitrogen. Air therefore falls within the
0 0 ft
0 0 0 definition of an "oxygen-containing gas" oxidant.

© n 0ft ft ft
0 ft0 00 M ft ft

"Parent metal" refers to that metal, i.e. aluminum,

which is the precursor for the p0 1 ycrysta 11ine oxidation

reaction product, and includes that metal as a relatively

ft ft β 0ft ft ft ft
ft ft 0 »0 a0 oft

2.0 pure metal, a commercially available metal with impurities

and/or alloying constituents, or an alloy in which that metal

precursor is the major constituent; and when aluminum metal

ft 0 ft ft ft 0 β»0 ft
is mentioned as the parent metal, the metal should be read

with this definition in mind unless indicated otherwise by

5s the context.

0 0 0 ft ft tft ft ft ft
ft0 ft ft β β ft0 I

Detailed Description of the Invention and Preferred
Embodiments

In accordance with one aspect of the present invention,

the aluminum parent metal (which typically is doped, as

30 explained below in greater detail) as the precursor to the 

alumina oxidation reaction product, is formed into an ingot,

billet, rod, plate, or the like, and placed in an inert bed,

crucible or other refractory container. This container with

its contents is placed in a furnace which is supplied with an 

"iS- oxygen-containing vapor-phase oxidant. This setup is heated
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to temperatures below the melting point of the alumina 

oxidation reaction product but above the melting point of the 

aluminum parent metal, which temperatures are generally 

between about 850-1450°C and more preferably between about

5 900-1350°C. Within this operable temperature interval or

range, a body or pool of molten metal forms, and on contact 

with the oxygen-containing vapor-phase oxidant, the molten 

aluminum metal will react to form a layer of alumina 

oxidation reaction product. In certain cases, however,

IO wherein a dopant material such as magnesium is used in

conjunction with the aluminum parent inetal, the formation of 

the alumina oxidation reaction product may be preceded by the 

formation of a thin spinel layer such as magnesium aluminate 

spinel (as discussed below in greater detail). Upon

/5 continued exposure to the oxidizing environment, molten metal 

is progressively drawn into and through any previously formed 

oxidation reaction product in the direction of the

vapor-phase oxidant. On contact with the oxidant, the molten 

aluminum metal will react to form additional alumina

2-0 oxidation reaction product, a ι· d thus form a progressively

thicker body of alumina oxidation reaction product while 
. r e“o\ dual

leaving/metallic constituents dispersed through the alumina 

pο 1ycrysta 1 1 ine material. The reaction of the molten 

aluminum metal with the oxygen-containing vapor-phase oxidant

0.5 is continued until the alumina oxidation reaction product has 

grown to a desired limit or boundary, and desirably is 

continued for a time sufficient to react all or substantially 

all of the aluminum parent metal with the oxygen-cοntaining

vapor-phase oxidant. The resulting alumina ceramic body is 
/ w

2,0 comminuted to/desired particle size by conventional

techniques such as impact milling, roller milling, gyratory 

crushing or the like.

As explained above, the ceramic product formed may 

contain metallic components such as nonoxidized aluminum 

parent medal, alloying constituents of the parent metal or 

dopant materials. The amount of metal can vary over a wide
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range of 1 to 40 percent by volume, and sometimes higher, 

depending largely upon the degree of exha us tion (conversion) 

of aluminum parent metal used in the process and/or the 

identity and amount of dopant or dopants employed.

5" Typically, it is desirable to react substantially all of the 

aluminum parent metal with the oxygen-cοntaining vapor-phase 

oxidant in older to minimize the amount of aluminum parent 

metal which has to be subsequently removed in the solvent 

extraction step. Additionally, the oxidation reaction

10 product is usually more easily fractured than the metal

constituents, which therefore may remain as larger particles. 

Thus, limiting the amount of metal included in the ceramic 

body minimizes or mitigates the work required in comminuting 

the ceramic body and in the solvent extraction operation. In

IS some cases, it may be desirable to first physically separate 

the larger particles of metal from the oxidation reaction 

product as by screening prior to the extraction step in order 

to mitigate the processing necessary in this operation.

The comminuted oxidation reaction product is then

20 contacted with one or more appropriate leachants or series of 

leachants to remove, dissolve, disperse or the like 

non-alumina materials, resulting from the formation of the 

ceramic body, from the alumina. A leachant may comprise an 

acid, mixture of acids, base or alkali, mixture of bases, or

2.S other solvent, which is suitable to dissolve or remove the 

particular non-alumina material, such as aluminum metal or 

dopant meta], without substantially degrading the alumina 

product. A leachant may comprise a liquid such as an acid 

solution, a gas or vapor such as chlorine gas, or other fluid

3o mediums such as supercritical solvent systems. Additionally, 

more than one leachant may be used in series in order to 

remove various non-alumina materials which each can be more 

easily and/or efficiently removed with a particular leachant 

which is not suitable, or as suitable, for removal of other

3S non-alumin'a materials present. For example, the comminuted 
polycrystalline ceramic product containing unreacted aluminum
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and silicon as a dopant in the oxidation reaction process first 

may be contacted with an acid leachant to remove certain metals 

(e.g. aluminum), water-washed, then contacted with a caustic 

leachant to remove other metals (e.g. silicon), water-washed again,

5 and a relatively pure alumina is recovered. Additionally, in 

accordance with the present invention, the comminuting and leaching 

sequence may be repeated one or more times with the same 

polycrystailine product to obtain an alumina material having a 

higher purity.
3 I·
"«ίΟ A leachant, or series of leachants, is chosen primarily for

“ * its ability to dissolve or remove one or several of the particular
a *» *»

non-alumina materials (herein sometimes referred to as "residualδ β
«j °

metal" or "residual metallic constituents") present in the
t» © « «

comminuted polycrystalline ceramic product. Most typically, those 

Ί5 non-alumina materials comprise non-reacted (i.e., non-oxidised) 

r ■ portions of the aluminum parent metal, alloy impurities from the

' parent metal, dopant metal or metals resulting from the reduction 

of dopant materials (e.g. Fi from Si09). Therefore, a leachant or

4 -
series of leachants must be chosen with the particular non-alumina 

20 materials in mind-. For example, unreacted aluminum metal present
*

t
' in the oxidation reaction product can be effectively removed with 

an acid such as 50% HC1. To hasten the process or improve the 

efficiency of the same, the leaching setup, comprising the 

comminuted polycrystalline ceramic product contacted with the 

25 particular leachant, may be agitated and/or heated. In addition 

to unoxidized aluminum, the comminuted oxidation reaction product 

typically contains one or more metals resulting from the dopant 

materials. In some cases, for example, when silicon or a silicon-

amspe.003/lanx 90 4 2
4



11a
containing dopant is employed, an acid medium may not 

satisfactorily remove the non-alumina metal (e.g. silicon). 

Therefore, a second leachant such as an alkali (e.g. caustic soda 

solution) will be necessary to remove those materials. However,

5 care should be taken when employing a series of separate leachants 

to avoid a mixture or combination of leachants which may be 

hazardous or defeat the designed effectiveness of the

ft 9 
β β β

« ίί
ο « 
β 9
0 0 9 «
ίί « 

Ο 9 0
9 9«

Φ 0 0 
0 9 9β »9
9 Ο 
9 9
Ο 9 9«

9 « I * α 9 β » t
10 11Ο 9 I 
9 « (

9 « < ί
4

9 9 9«

9 * I 
9 (♦ <

amspe.003/lanx 90 4 2



Γ

1 2

β»« β ©ο «»
ο «Ο Ο

© « Φ β 0 β
ΰ ο © *
Ο 0 ” 60 <9 1

ft I < 9 4 4
< 3

4 <β 9

eat»41 Ο 6 <

Η 9» ϊ ί
Q 0 4 4

C»M U * J

leaching, which may be avoided, for example, by a suitable 

purge such as a solvent wash (e.g. deionized water). The 

polycrystalline ceramic product is contacted with the 

leachant, or series of leachants, for a time sufficient to 

5" dissolve away or otherwise remove substantially all of the 

non-alumina materials. Thus,the alumina material is 

recovered having a purity of typically not less than 99.9% by 

weight alumina, and preferably 99.99%.

As explained in the Commonly Owned Patent Applications, 

10 the addition of dopant materials in conjunction with the

aluminum parent metal can favorably influence the oxidation 

reaction process. The function or functions of the dopant 

material can depend upon a number of factors other than the 

dopant material itself. These factors include, for example, 

/5“ the end product desired, the particular combination of 

dopants when two or more dopants are used, the use of an 

externally applied dopant in combination with an alloyed 

dopant, the concentration of the dopant, the oxidizing 

environment, and the process conditions.

XO The dopant or dopants used in conjunction with the

aluminum parent metal (1) may be provided as alloying 

constituents of the aluminum parent metal, or (2) may be 

applied to at least a portion of the surface of the aluminum 

parent metal, or any combination of techniques (1) and (2)

2.S may be employed. For example, an a 11 oy<

in combination with an externally applied dopant 

of the dopant may be provided by placing a rigid body of 

dopant in contact with at least a portion of the all 

parent metal surface. For example, a thin sheet of

30 silicon-containing glass can be placed upon a surface of the

dopant may be use

dopant , A source

rigid body o f

of the a 1 u m i n u m

sheet of

aluminum parent metal. When the

(which may be inte r n a lly doped w i

silicon-containing ma terial is me

environment (e.g., i n the case o f

55- about 8 5 0 ° C to about 1 4 5 0 ° C , preferably about 900°C to about 

1350°C), growth of the po 1 ycrysta11ine ceramic material
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occurs. In the case where the dopant is externally applied 

to at least a portion of the surface of the aluminum parent 

metal, the pο 1 ycrysta 11ine aluminum oxide structure generally 

grows substantially beyond the dopant layer (i.e., to beyond

S’ the depth of the applied dopant layer). In any case, one or 

more of the dopants may be externally applied to the parent 

metal surface. Additionally, any concentration deficiencies 

of the dopants alloyed within the parent metal may be 

augmented by additional concentration of the respective

10 dopant(s) applied external to the aluminum parent metal.

. Useful dopants for an aluminum parent metal,

particularly with air as the oxidant, include, for example, 

magnesium metal and zinc metal, in combination with each 

other or in combination with other dopants described below.

IS These metals, or a suitable source of the metals, may be 

alloyed into the a 1 urninurn-based parent metal at 

concentrations for each of between about 0.1-10% by weight 

based on the total weight of the resulting doped metal. 

Concentrations within this range appear to initiate the

3-0 ceramic growth, enhance metal transport and favorably

influence the growth morphology of the resulting oxidation 

reaction product. The concentration range for any one dopant 

will depend on such factors as the combination of dopants and 

the process temperature.

ig- Other dopants which are effective in promoting alumina

pο 1ycrysta 1 1 ine oxidation reaction product growth, from '

aluminum parent metal systems are, for example, silicon, 

germanium, tin and lead, especially when used in combination 

with magnesium. One or more of these other dopants, or a

2,0 suitable source of them, is alloyed into the aluminum parent 

metal system at concentrations for each of from about 0.5 to 

about 15% by weight of the total alloy; however, more 

desirable growth kinetics and growth morphology are obtained 

with dopant concentrations in the range of from about 1-10%

3S- by weight of the total parent metal alloy. Lead as a dopant 

is generally alloyed into the aluminum-based parent metal at
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a temperature of at least 1000°C so as to make allowances for 

its low solubility if aluminum; however, the addition of 

other alloying components, such as tin, will generally 

increase the solubility of lead and allow the alloying

S’ materials to be added at a lower temperature.

One or more dopants may be used in conjunction with the

parent metal. For example, in the case of an aluminum parent 

metal and with air as the oxidant, particularly useful 

combinations of dopants include (a) magnesium and silicon or

10 (b) magnesium, zinc and silicon. In such examples, a

preferred magnesium concentration falls within the range of 

from about 0.1 to about 3X by weight, for zinc in the range 

of from about 1 to about 6% by weight, and for silicon in the 

range of from about 1 to about 10X by weight.

(g- Additional examples of dopant materials, useful with an

aluminum parent metal, include sodium and lithium, which may 

be used individually or in combination with one or more other 

dopants depending on the process conditions. Sodium and 

lithium may be be used in very small amounts in the parts per 

million range, typically about 100-200 parts per million, and 

each may be used alone or together, or in combination with 

other dopant(s). Calcium, boron, phosphorus, yttrium, and 

rare earth elements such as cerium, lanthanum, praseodymium, 

neodymium and samarium are also useful dopants, and herein

2.S' again especially when used in combination with other dopants.

The dopant materials when used externally are usually

applied to a portion of a surface of the parent metal as a 

uniform coating thereon. The quantity of dopant is effective 

over a wide range relative to the amount of parent metal to

30 which it is applied and, in the case of aluminum, experiments 

have failed to identify either upper or lower operable limits. 

For example, when utilizing silicon in the form of silicon 

dioxide externally applied as the dopant for an

aluminum-based parent metal using air or oxygen as the

Sis oxidant, quantities as low as 0.00003 gram of silicon per 

gram of parent metal, or about 0.0001 gram of silicon per
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square centimeter of exposed parent metal surface, together 

with a second dcpant having a source of magnesium and/or zinc 

produce the pο 1 ycrysta 11ine ceramic growth phenomenon. It 

also has been found that a ceramic structure is achievable

5 from an a 1 urninurn-based parent metal using air or oxygen as 

the oxidant by using MgO as the dopant in an amount greater 

than about 0.0008 gram of Mg per gram of parent metal to be 

oxidized and greater than 0.003 gram of Mg per square 

centimeter of parent metal surface upon which the MgO is

lOapplied. It appears that to some degree an increase in the 

quantity of dopant materials will decrease the reaction time 

necessary to produce the ceramic composite, but this will 

depend upon such factors as type of dopant, the parent metal 

and the reaction conditions. However, increasing the amount

IS" of dopant material employed typically results in increased 

processing time in the leaching step to remove the included 

dopant material.

Where the parent metal is aluminum internally doped 

with magnesium and the oxidizing medium is air or oxygen, it

2-0 has been observed that magnesium is at least partially

oxidized out of the alloy at temperatures of from about 820 

to 950°C. In such instances of magnesium-doped systems, the 

magnesium forms a magnesium oxide and/or magnesium aluminate 

spinel phase at the surface of the molten aluminum alloy and

2-S' during the growth process such magnesium compounds remain 

primarily at the initial oxide surface of the parent metal 

alloy (i.e., the "initiation surface") in the growing ceramic 

structure. Thus, in such magnesiurn-doped systems, an 

aluminum oxide-based structure is produced apart from the 

relatively thin layer of magnesium aluminate spinel at the 

initiation surface. Where desired, this initiation surface 

can be readily removed as by grinding, machining, polishing 

or grit blasting prior to comminuting the po1ycrysta 11ine 

ceramic product.

In accordance with the present invention, a ceramic 

body is fabricated as per the method disclosed in Commonly

4
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Owned Patent Application (A), referred to above, using a 10% 

silicon, 3% magnesium-containing aluminum alloy, heated in 

air at 1200°C. The resulting ceramic body is comminuted to 

approximately minus 500 mesh particle size. The comminuted

S' oxidation reaction product is contacted with a 50% hydro­

chloric acid / deionized water solution for 24 hours while agi­

tating. The material is elutriated with deionized water, and 

subsequently contacted with 50% sodium hydroxide/deiοnized 

water solution for 24 hours. The material is then elutriated

lOseveral times with deionized water for 24 hours, and the

, resulting high purity alumina material is recovered.

In another aspect of the present invention, a body or

mass of a 1 urnina-based filler material is placed in an 

oxygen-cοntaining environment adjacent to any aluminum parent

IS metal source with appropriate dopants as described above, so 

as to be presented in the path of the subsequently developing 

oxidation reaction product growth. The combination might 

consist, for example, of a bar of 5052 aluminum alloy

submerged with a refractory boat containing a surrounding of

2-0 an particulate powder or grain, such as mullite/alumina

mixture. The combination is heated, for example to 1 1500 C, 

and a composite results, containing high purity alumina, 

aluminum, silicon and other trace metals. The resulting 

composite is comminuted, leached with acid, elutriated with

JSwater, and then leached with alkali and again washed with 

water to yield a high purity alumina grain or powder.

In a further example, a rectangular ingot of aluminum 

alloy 5052 (having a nominal composition by weight of 2.4%

Mg, and not more than 0.5% Si and Fe) measuring 9 x 4 x 1-1/2

3o inches is placed into a refractory vessel containing a 

bedding of refractory alumina particles (El Alundum, from 

Norton Co., 90 mesh) such that one 9x4 inch rectangular 

face is exposed to the atmosphere. A thin layer of silicon 

dioxide particles (-140 mesh), a dopant, is dispersed over

3>£· the expose'd surface of the ingot. This setup is placed into 

a furnace having an orifice through which a continuous supply
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of air can pass, and heated up to 1125°C over 10 hours. The 

furnace is held at 1250°C for 165 hours, and then cooled down 

over 10 hours. The resulting ceramic body is recovered and 

comminuted, by crushing between steel plates, to an

S' approximate particle size range of -200 mesh. Thus,

approximately 250 grams of the comminuted material is placed 

into a 1-liter beaker containing 500 ml of a 50% HC1

solution, a suitable leachant for the nonoxidized aluminum 

and iron metals. This solution is heated to approximately

<O85°C and agitated by stirring for 48 hours. The acid 

solution is decanted, and the material is rinsed with 

deionized water. Subsequently, the extraction procedure 

described above is repeated, but with 500 ml of 50% NaOH, a 

suitable leachant for the silicon. The material is rinsed

I5~ thoroughly with deionized water, and the alumina is 

recovered .

The alumina product of the present invention may be 

useful in the production of sintered ceramic articles or as 

polishing media. For such articles, the alumina desirably

20 has a mesh size of about 500 or finer, and more preferably 

about one micron or less.

The claims form part of the disclosure of this specification.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for upgrading the quality of an alumina

material comprising the steps of:

(a) positioning an aluminum parent metal adjacent to a 

permeable mass of an alumina-based filler material, said alumina- 

based filler material containing at least one aluminothermically 

reducible constituent, so that formation of an oxidation reaction

product of the aluminum parent metal will occur in a direction 

towards and into said mass of alumina-based filler material;

(b) heating said parent metal to a temperature range above 

its melting point but below the melting point of its oxidation 

reaction product to form a body of molten parent metal and reacting 

the molten parent metal with an oxygen-containing vapor-phase 

oxidant at said temperature to form said oxidation reaction 

product, and at said temperature maintaining at least a portion 

of said oxidation reaction product in contact with and extending 

between said body of molten metal and said oxidant, to draw molten 

metal through the oxidation reaction product towards the oxidant 

and towards and into the adjacent mass of said alumina-based filler

20 material so that fresh oxidation reaction product continues to form 

within said mass of alumina-based filler at an interface between 

the oxidant and previously formed oxidation reaction product, and 

continuing said reacting for a time sufficient to embed at least 

a portion of said mass of alkumina-based filler within said

25 oxidation reaction product to produce a ceramic body comprising 

alumina and at least one residual metallic constituent, whereby 

said at least one aluminothermically reducible constituent is at

least partially reduced and is contained in said at least one

iS Z.% *)

fe. p
amspe.003/lanx 90 4 2
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residual metallic constituent;

(c) comminuting said ceramic body;

(d) providing at least one leachant capable of dissolving 

or removing said at least one residual metallic constituent without

5 substantially degrading said alumina in the produced ceramic body 

and contacting said comminuted ceramic body with said at least one 

leachant for a time sufficient to remove or dissolve away said at

least one residual metallic constituent from said comminuted

ceramic body to produce a substantially pure alumina material

10 having a purity of not less than 99.9 weight percent alumina; and 
« ό
'· (e) recovering said substantially pure alumina material.

2. The method of claim 1, wherein an initiation layer is 

produced on a surface of said ceramic body in step (b), which layer 

is then removed prior to step (c).

3. The method of claim 2. wherein said initiation layer 

comprises a spinel material.

4. The method of any of claims 1, 2 or 3, wherein said

oxygen-containing vapor-phase oxidant comprises air.

5. The method of any of claims 1, 2 or 3, wherein a dopant 

20 is used in conjunction with said aluminum parent metal.

6. The method of any of claims 1, 2 or 3, wherein said at

" least one leachant comprises at least one acid material and at

least one base material.

7. The method of any of claims 1, 2 or 3, further

25 comprising, after recovery of said substantially pure alumina in

step (e), comminuting said recovered alumina a second time to a 

.. smaller particle size followed by a subsequent contacting of the

^'twice comminuted alumina with said at least one leachant to further

p ®

* 4 ί 
« (
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remove or dissolve any of said at least one residual metallic 

constituent, thereby further increasing the purity of the twice 

comminuted alumina, and recovering the resulting alumina material.

8. The method of any of claims 1, 2 or 3, wherein said at 

least one leachant comprises an acid selected from the group 

consisting of HF, HC1, HBr, HI, H2SO4, ΗΝΟβ, and HgPO^.

9. The method of any of claims 1, 2 or 3, wherein said at 

least one leachant comprises a base selected from the group 

consisting of NaOH, KOH, and NH^OH.

10. An alumina material produced by the method of any of 

claims 1, 2 or 3, wherein said substantially pure alumina material 

has substantially impurity-free grain boundaries.

11. An alumina material produced by the method of any of 

claims 1, 2 or 3, wherein said alumina material exhibits the

property of intragranular fracture.

12. The method of claim 1, wherein said a t least

t t
4 leachant comprises at least one acid material.

4 ί t4 r
4 < 13. The method of claim 1, wherein said at least

,<. leachant comprises at least one base material.
U i

20 14. The method of claim 8, wherein said at least

< 4 ■
leachant comprises aqua regia .

4 i
1 15. The method of claim 8, wherein said at least

one

one

one

one

leachant comprises a mixture of HNO3 and HF.

16. A method for upgrading the quality of an alumina

25 material substantially as hereinbefore described.

DATED this 2 April 1990 
SMITH SHELSTON BEADLE

Fellows Institute of Patent Attorneys of Australia 
Patent Attorneys for the Applicant:LANXIDE TECHNOLOGY COMPANY, LP
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