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(57) ABSTRACT 

Ceramic particulate material includes alumina particles, the 
particles having a specific Surface area (SSA) not less than 15 
m/g and not greater than 75 m/g and a sphericity quantified 
by at least one of (i) a mean roundness not less than 0.710 as 
measured by Roundness Correlation Image Analysis, and (ii) 
a concavity less than 20%, wherein concavity is the percent of 
alumina particles based on a sample of at least 100 particles, 
which have a concave outer peripheral portion that extends 
along a distance not less than 10% of ds by TEM inspection, 
the concave outer peripheral portion having a negative radius 
of curvature as viewed from an interior of the particle 
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CERAMIC PARTICULATE MATERAL AND 
PROCESSES FOR FORMING SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION(S) 

0001. The present application claims priority from U.S. 
Provisional Patent Application No. 60/884.925, filed Jan. 15, 
2007, entitled “CERAMIC PARTICULATE MATERIAL 
AND PROCESSES FOR FORMING SAME, naming 
inventors Ralph Bauer, Doruk Yener, and Claire Theron, 
which application is incorporated by reference herein in its 
entirety. 

BACKGROUND 

0002 1. Field of the Disclosure 
0003. The present invention is generally drawn to ceramic 
particulate material and processes for forming same. In par 
ticular, aspects of the present invention are drawn to alumina 
ceramic particulate material. 
0004 2. Description of the Related Art 
0005 Aluminous particulate material, including hydrated 
aluminas, transition-phase aluminas, and the high tempera 
ture phase of alumina, alpha-alumina, have been commonly 
used in various industrial applications, including use as fill 
ers, raw materials for ceramic bodies and abrasives, among 
many others. Certain industries, including the abrasives 
industry, can use the particulate material in loose form, 
deploying the material in a free-abrasive slurry, a coated 
abrasive, or a bonded abrasive, for example. Within the con 
text of abrasive slurries, a particular species of slurries is 
utilized for chemical mechanical polishing (CMP), in which 
the abrasive slurry not only has mechanical properties of 
abrasion, but also desirable chemical properties assisting in 
the mechanical removal of material from a work piece. 
0006. Other industries take advantage of alumina particu 
late material as a raw material forming various ceramic bod 
ies. Often times, it is desired that the ceramic bodies are 
sinterable to a desired density under a confined thermal bud 
get, including limitations on maximum sintering temperature 
and dwell times. Limitations on the thermal budget may be 
placed on processing due to temperature limitations on other 
components in case of a composite, and due to processing 
costs, for example. However, particular thermal processing 
parameters are typically balanced against the degree of Sin 
tering required by the particular component, and attendant 
densification. 
0007. In light of the forgoing, it is particularly desirable to 
provide ceramic particulate material, including alumina par 
ticles, that has properties which may be advantageous for 
deployment in various industries including those requiring 
sintered bodies, abrasives applications, as in the particular 
case of polishing slurries, and filler applications. 
0008 Aluminaparticulate technologies are mature and the 
state of the art is well developed. Among the state of the art, 
particular processing methodologies enable the formation of 
a wide range of alumina particulate morphologies, which 
include particular specific Surface area (SSA), particle size 
distribution, primary particle size and secondary particle size 
characteristics. For example, one process methodology relies 
upon utilization of a salt raw material for forming the alumina 
particulate material. Such as an aluminum nitrate salt Solu 
tion. Such solution may be seeded to aid in the transformation 
of the aluminum salt into the finally desired crystal phase, 
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Such as alpha phase alumina. Examples of Such approaches 
are shown in, for example, U.S. Pat. No. 6,841,497 as well as 
U.S. Pat. No. 7,078,010. 
0009. As exemplified by the forgoing patents, nanosized 
alpha-alumina particulate material may be successfully 
formed through synthesis based upon utilization of a salt raw 
material. However, the morphologies and powder character 
istics enabled by Such approaches are somewhat confined. 
Other approaches utilized high temperature treatment of an 
alpha-alumina precursor, Such as a hydrated alumina includ 
ing boehmite, in the presence of seeds. Such as alpha-alumina 
seeds. Such approaches have been Successful in the formation 
of alpha-alumina particulate material for a wide range of 
applications, but also have limited particle morphologies and 
characteristics. 

SUMMARY 

0010. According to one embodiment, a ceramic particu 
late material includes alumina particles, the particles having a 
specific surface area (SSA) not less than 15 m/g and not 
greater than 75 m/g and a sphericity quantified by at least one 
of (i) a mean roundness not less than 0.710 as measured by 
Roundness Correlation Image Analysis, and (ii) a concavity 
less than 20%, wherein concavity is the percent of alumina 
particles based on a sample of at least 100 particles, which 
have a concave outer peripheral portion that extends along a 
distance not less than 10% of d50 by TEM inspection, the 
concave outer peripheral portion having a negative radius of 
curvature as viewed from an interior of the particle. 
0011. According to another embodiment, a ceramic par 
ticulate material includes alumina particles, the particles hav 
ing an average primary particle size greater than 60 nm and 
less than 135 nm as measured by TEM, and a sphericity 
quantified by at least one of (i) a mean roundness not less than 
0.710 as measured by Roundness Correlation Image Analy 
sis, and (ii) a concavity less than 20%, wherein concavity is 
the percent of alumina particles based on a sample of at least 
100 particles, which have a concave outer peripheral portion 
that extends along a distance not less than 10% of d50 by 
TEM inspection, the concave outer peripheral portion having 
a negative radius of curvature as viewed from an interior of 
the particle. 
0012. According to another embodiment a ceramic par 
ticulate material includes alumina particles, the particles hav 
ing an average primary particle size not greater than 135 nm 
as measured by TEM, a secondary particle size characterized 
by a diss not less than 150 nm as measured by photon corre 
lation spectroscopy, and a sphericity quantified by at least one 
of (i) a mean roundness not less than 0.710 as measured by 
Roundness Correlation Image Analysis, and (ii) a concavity 
less than 20%, wherein concavity is the percent of alumina 
particles based on a sample of at least 100 particles, which 
have a concave outer peripheral portion that extends along a 
distance not less than 10% of d50 by TEM inspection, the 
concave outer peripheral portion having a negative radius of 
curvature as viewed from an interior of the particle. 
0013. According to another embodiment a ceramic par 
ticulate material includes alumina particles, the particles hav 
ing a specific surface area (SSA) not less than 15 m/g and not 
greater than 75 m?g, an average primary particle size greater 
than 60 nm and less than 135 nm as measured by TEM, a 
secondary particle size characterized by a diss not less than 
150 nm as measured by photon correlation spectroscopy, and 
a sphericity quantified by at least one of (i) a mean roundness 
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not less than 0.710 as measured by Roundness Correlation 
Image Analysis, and (ii) a concavity less than 20%, wherein 
concavity is the percent of alumina particles based on a 
sample of at least 100 particles, which have a concave outer 
peripheral portion that extends along a distance not less than 
10% of d50 by TEM inspection, the concave outer peripheral 
portion having a negative radius of curvature as viewed from 
an interior of the particle. 
0014. According another embodiment, a method for form 
ing ceramic particulate material is provided, which includes 
providing a loose powder to a heat treatment chamber, the 
loose powder comprising particles, and hot isostatic pressing 
(HIPing) the loose powder. HIPing may be carried out at a 
pressure not less than about 0.1 ksi, wherein the particles are 
individually isostatically pressed to effect phase transforma 
tion of the loose powder. 
0.015 Additional embodiments call for a method of form 
ing a ceramic particulate material by combining an alumina 
precursor with seeds at a weight content not less than about 
0.1 weight percent with respect to the combined weight of the 
alumina precursor and the seeds. Processing is continued with 
conversion of the alumina precursor into alpha-alumina par 
ticles by heat treatment. The alpha-alumina particles may 
have a specific surface area (SSA) not less than 15 m/g, and 
sphericity quantified by at least one of (i) a mean roundness 
not less than 0.710 as measured by Roundness Correlation 
Image Analysis, and (ii) a concavity less than 20%, wherein 
concavity is the percent of alpha alumina particles based on a 
sample of at least 100 particles, which have a concave outer 
peripheral portion that extends along a distance not less than 
10% of d50 by TEM inspection, the concave outer peripheral 
portion having a negative radius of curvature as viewed from 
an interior of the particle. According to the forgoing method, 
the alumina precursor can advantageously be formed of boe 
himite. The seeds can be alpha-alumina seeds. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016. The present disclosure may be better understood, 
and its numerous features and advantages made apparent to 
those skilled in the art by referencing the accompanying 
drawings. 
0017 FIG. 1 is a process flow according to an embodi 
ment. 

0018 FIGS. 2 and 3 are SEM photographs of sintered 
alpha alumina particulate material according to an compara 
tive example. 
0019 FIGS. 4 and 5 illustrate alpha-alumina powder sub 
jected to HIPing after calcination, according to an embodi 
ment. 

0020 FIGS. 6-11 are TEM images of a commercially 
available nanoalumina powder from Taimicron. 
0021 FIGS. 12-15 are TEM images of a commercially 
available nanoalumina powder available from Sumitomo. 
0022 FIGS. 16-25 are TEM images of a ceramic particu 
late material according to an embodiment of the present 
invention. 
0023 FIG. 26 illustrates the effect of transformation tem 
perature based on seeding level according to an embodiment. 

DESCRIPTION OF THE EMBODIMENT(S) 
0024 Turning to FIG. 1, according to an embodiment, 
processing begins with combining a feedstock powder, gen 
erally an aluminous powder, with seeds at step 101. The 
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feedstock powder may be formed of an alumina hydrate par 
ticulate material. In general, the alumina hydrate particulate 
material includes hydrated alumina conforming to the for 
mula: Al(OH)O, where 0<as3 and b-(3-a)/2. In general, 
the alumina hydrate particulate material has a water content 
of about 1% to about 38% by weight, such as about 15% to 
about 38% water content by weight. By way of example, 
when a 0 the formula corresponds to alumina (Al2O). 
0025 Alumina hydrate particulate materials can include 
aluminum hydroxides, such as ATH (aluminum tri-hydrox 
ide), in mineral forms known commonly as gibbsite, bayerite, 
or bauxite, or can include alumina monohydrate, also referred 
to as boehmite. Such aluminum hydroxides can form alumina 
hydrate particulate material that is particularly useful. 
0026. In a particular embodiment, when a is approxi 
mately one (1) within the general formula: Al (OH)O. 
where 0<as3 and b-(3-a)/2, the alumina hydrate material 
corresponds to boehmite. More generally, the term “boeh 
mite' is used herein to denote alumina hydrates including 
mineral boehmite, typically being Al-O.H2O and having a 
water content on the order of 15%, as well as pseudo-boeh 
mite, having a water content greater than 15%, such as 20% to 
38% by weight. As such, the term “boehmite' will be used to 
denote alumina hydrates having 15% to 38% water content, 
such as 15% to 30% water content by weight. It is noted that 
boehmite (including pseudo-boehmite) has a particular and 
identifiable crystal structure, and accordingly, a unique X-ray 
diffraction pattern, and as such, is distinguished from other 
aluminous materials including other hydrated aluminous. 
0027 Boehmite may be obtained by processing alumi 
nous minerals, such as an aluminous precursor through a 
seeded processing pathway, to provide desirable morphology 
and particle characteristics. Alumina hydrate particles 
formed through a seeded process are particularly Suited for 
forming treated alumina hydrate agglomerates, as described 
below. Such seeded processing advantageously may provide 
desirable particle morphologies and the particles formed by 
Such processes may be further treated without removing them 
from solution, such as the solution in which they were formed 
in situ. 

0028 Turning to the details of the processes by which the 
seeded aluminous particulate material may be manufactured, 
typically an aluminous material precursor including bauxitic 
minerals, such as gibbsite and bayerite, are subjected to 
hydrothermal treatment as generally described in the com 
monly owned patent, U.S. Pat. No. 4.797,139 (incorporated 
by reference herein). More specifically, the particulate mate 
rial may be formed by combining the precursor and seeds 
(having desired crystal phase and composition, Such as boe 
himite seeds) in Suspension, exposing the Suspension (alter 
natively solor slurry) to heat treatment to cause conversion of 
the raw material into the composition of the seeds (in this case 
boehmite). The seeds provide a template for crystal conver 
sion and growth of the precursor. Heating is generally carried 
out in an autogenous environment, that is, in an autoclave, 
Such that an elevated pressure is generated during processing. 
The pH of the suspension is generally selected from a value of 
less than 7 or greater than 8, and the boehmite seed material 
has aparticle sizefiner than about 0.5 microns, preferably less 
than 100 nm, and even more preferably less than 10 nm. In the 
case in which the seeds are agglomerated, the seed particle 
size refers to seed primary particles size. Generally, the seed 
particles are present in an amount greater than about 1% by 
weight of the boehmite precursor, typically at least 2% by 
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weight, such as 2 to 40% by weight, more typically 5 to 15% 
by weight (calculated as Al-O.). Precursor material is typi 
cally loaded at a percent solids content of 60% to 98%, 
preferably 85% to 95%. 
0029 Heating is carried out at a temperature greater than 
about 100° C., such as greater than about 120° C., or even 
greater than about 130°C. In an embodiment, the processing 
temperature is greater than 150° C. Usually, the processing 
temperature is below about 300° C., such as less than about 
250° C. Processing is generally carried out in the autoclave at 
an elevated pressure, such as within a range of about 1x10 
Newtons/m to about 8.5x10° Newtons/m. In one example, 
the pressure is autogenously generated, typically around 
2x10 Newtons/m. 
0030 Alternatively, the feedstock powder can be sourced 
from one of various commercial available sources. In this 
respect, various commercially available boehmite powders 
available from Saint-Gobain Abrasives, Inc or Sasol, Inc can 
be utilized. 

0031. As stated above, processing typically begins with 
the combination of alumina feedstock material with seeds at 
step 101. The seeds are advantageously a particular crystal 
that aids in the phase transformation of the aluminous feed 
stock material into the finally desired phase of the particulate 
material, often alpha-alumina. In this respect, the seeds can be 
formed principally of alpha-alumina, Such as not less than 
about 95 weight percent alpha-alumina, or even essentially 
entirely alpha-alumina. The seeds are typically present in an 
amount not less than about 0.1 weight percent with respect to 
the combined weight of the alumina feedstock material and 
the seeds. Often times, a higher content of seeds can be 
utilized, such as not less than about 0.25 weight percent, not 
less than about 0.5 weight percent, not less than about 1.0 
weight percent, not less than about 2.0 weight percent, or not 
less than about 3.0 weight percent. Even higher loadings can 
be utilized, such as not less than about 5.0 weight percent, not 
less than about 7.5 weight percent, or not less than 10.0 
weight percent. Typically, the upper limit of the seeds is on the 
order of 40 weight percent, such as not less than about 30 
weight percent. The seeds desirably have a fine average par 
ticle size (dso). Such as an average particle size not greater 
than about 200 nm, such as not greater than about 150 nm, or 
not greater than 100 nm. The seeds may have a particle size 
indeed even finer, such as not greater than about 50 nm, or 
even, not greater than about 40 nm. 
0032. The aluminous feedstock material generally has an 
average particle size do not greater than about 200 nm, Such 
as not greater than about 150 nm, Such as not greater than 100 
nm. Indeed particular embodiments take advantage of nota 
bly fine aluminous feedstock material, having an average 
particle size not greater than about 90 nm, not greater than 
about 75 nm, or even not greater than about 65 nm. 
0033. The combination of aluminous feedstock material 
and seeds may be carried out in aqueous form, such that the 
aluminous feedstock material and the seeds form an aqueous 
dispersion in the form of a sol. After a combination of the 
aluminous feedstock material with seeds at step 101, typically 
the combined material is Subjected to a conversion process 
111. However, prior to phase conversion at step 111, the 
combined material, particularly if in the form of a sol, may be 
subjected to a drying operation at step 103, followed by 
crushing and classification processing at step 105, if needed. 
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Drying approaches can include drying in an oven within a 
temperature range of 50 to 100°C., for example, or by drum 
drying into flakes. 
0034 Phase conversion at step 111 can be composed of 
several substeps, including calcination at step 107 and HIPing 
at step 109. Calcination can be carried out in a furnace at a 
temperature not less than about 300° C., such as not less than 
about 400°C. Typically, the calcination temperature is chosen 
So as to cause transformation of the aluminous feedstock 
material into a transition form of alumina, which includes 
gamma, delta, and theta phases. Accordingly, high tempera 
tures on the order of 950° C. and above are typically not 
employed for the calcination process, to prevent partial or 
whole conversion into the high temperature form of alumina, 
alpha-alumina. Typical calcination time periods are generally 
greater than about 15 minutes, such as not less than about 0.5 
hours, or not less than about 1.0 hours. 
0035. After calcination at step 107, the resulting material 

is desirably in the form of a transition phase alumina as stated 
above, and forms a loose powder. Optionally, a light milling 
or mechanical agitation may be carried out to break-up any 
weakly bonded aggregates as a result of the calcination step, 
to provide a loose powder composed principally of individual 
particles. Processing within the phase conversion step 111 
may continue with HIPing at step 109. Unlike conventional 
HIPing, according to a particular aspect of an embodiment, 
HIPing is carried out in connection with loose powder. State 
of the art HIPing technologies typically utilize HIPing to 
form high density ceramic bodies, by one of several path 
ways. For example, agreen or partially sintered ceramic body 
(precursor component) can be encapsulated in a gas and/or 
liquid impermeable membrane referred to a "can' in the art. 
The encapsulated precursor component is then subjected to 
high temperature and high pressure processing to effect the 
formation of a high density ceramic. Alternatively, HIPing 
utilizes a two step process, in which a ceramic green body is 
Subjected to a sintering process in order to convert the green 
body into a ceramic body with entirely closed porosity. The 
thus sintered green body having closed porosity is then Sub 
jected to high temperature, high pressure treatment (HIPing) 
in a fluid (liquid orgaseous) medium to complete the conver 
sion of the body into a desirably high density body, often 
times on the order of 99% of theoretical density and above. 
0036. In contrast, HIPing 109 is generally carried out in 
connection with a loose powder, as opposed to a ceramic body 
that is subjected to a canning operation or a pre-sintering 
operation. By subjecting loose powder to HIPing, the indi 
vidual particles experience isostatic pressing. The HIPing 
operation at step 109 desirably adds energy into the conver 
sion process. Accordingly, conversion of the transition alu 
mina formed by calcining at Step 107 into alpha-alumina can 
advantageously be carried out at comparatively low tempera 
tures. For example, HIPing can be carried out at a temperature 
not less than about 300° C., such as a temperature not less than 
about 400° C., not less than about 450° C., or not less than 
about 500°C. Temperatures can be set somewhat higher, such 
as not less than 600° C., not less than 700° C., or not less than 
800° C. Generally, the HIPing temperatures are notably lower 
than those utilized in atmospheric pressure phase transforma 
tion processes, which are often times on the order of 1100° C. 
and above, such as on the order of 1200° C. The addition of 
pressure, in addition to thermal energy, permits phase trans 
formation into alpha-alumina at temperatures generally at 
least about 50° C., or even at least about 100° C., or even 150° 
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C. less than the temperature required for the same phase 
transformation at atmospheric pressure. 
0037 Generally, HIPing pressures are not less than about 
0.1 ksi, such as not less than about 0.25 ksi, not less than about 
0.5 ksi, or not less than about 1.0 ksi. Higher pressures may be 
utilized to assist in phase transformation, further reducing 
required processing temperature, Such as not less than about 
2.0 ksi, not less than about 3.0 ksi, or even not less than about 
5.0 ksi. Even higher pressures can be utilized for certain 
processes, which may result in even higher density particulate 
materials, such as not less than about 10 ksi, or even not less 
than about 20 or 25 ksi. 

0038. While the forgoing description has been made in 
connection with a sequential process flow in which calcina 
tion at step 107 is carried out to form a transition phase 
alumina prior to HIPing, the calcination step may alterna 
tively be skipped, with the combined alumina feedstock 
material and seeds proceeding directly to HIPing treatment. 
However, particularly desirable alpha-alumina particulate 
materials have been achieved through the sequential process 
ing noted above. 
0039. Following cool down from the HIPing process, the 
resulting phase transformed particulate material may be pro 
cessed. It has been discovered that post-HIPing, the resulting 
phase transformed powder has desirably low necking 
between individual particles, which may be easily broken 
down through a light milling step, carried out by ball milling, 
attrition milling, or jet milling, for example. Alternative or 
additional processing at Step 113 may include particulate 
sorting. In addition, processing can include redispersion of 
the particulate material into an aqueous or non-aqueous 
medium. Such dispersion can be particularly desirable in the 
context of polishing applications, in which a slurry is utilized 
for polishing or CMP applications. 
0040. Following phase transformation into alpha-alumina 
particulate material and any post conversion processing 
desired, characterization studies of the particulate material 
reveal particular morphological and other characteristics. Of 
particular note, the ceramic particulate material has a notable 
sphericity quantified by at least one of mean roundedness and 
concavity. Mean roundness may be characterized by Round 
ness Correlation Image Analysis. According to one embodi 
ment, mean roundness is not less than about 0.710. Such as not 
less than about 0.720, or not less than about 0.730. Indeed, 
particular embodiments have been found to have a mean 
roundness not less than 0.740. 
0041 Alternatively or additionally, sphericity may be 
characterized by concavity. As used herein “concavity” is the 
percent of alumina particles based on a sample of at least 100 
particles, which have a concave outer peripheral portion that 
extends along a distance not less than 10% of d50 of the 
particulate material, as ascertained by TEM (transmission 
electron microscopy). Notably, the concave outer peripheral 
portion has a negative radius of curvature as viewed from an 
interior of the particle. Indeed, particular embodiments of the 
ceramic particulate material have been found to have a con 
cavity less than 15%, such as less than 10%, or even not less 
than 5%. Indeed, embodiments have been measured to have a 
concavity not greater than 3%, such as not greater than 2%. 
0042. Further, the alumina particles forming the ceramic 
particulate material may have a specific Surface area (SSA), 
as measured by BET analysis. In particular, the SSA mea 
Surements herein were done by degassing and drying at 250 
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C. for 0.5 hours, followed by nitrogen single point BET on a 
Quantichrome Quantisorb apparatus, model year 1983. 
0043. According to embodiments herein, the SSA is gen 
erally not less than about 15 m/g. Generally, the upper limit 
of the SSA is not greater than about 75 m/g, such as not 
greater than about 60 m?g, not greater than about 50 m/g, or 
not greater than 40 m/g. Further, the SSA may have a par 
ticularly confined SSA, such as not greater than about 30 
m?g. 
0044. It is further noted that the alumina particles forming 
the ceramic particulate material generally are comprised of 
alpha-phase alumina, as already mentioned above. The alu 
mina particulate materials may consist essentially of alpha 
phase alumina. Particular embodiments are formed princi 
pally of alpha-phase alumina, Such as at least about 85 wt %, 
at least about 90 wt %, at least about 95 wt % alpha phase 
alumina or even essentially entirely alpha-phase alumina, 
ignoring minor non-alpha phase alumina species, such as 
trace impurities. The alpha phase particles forming the 
ceramic particulate material may also desirably beformed of 
a single crystal. That is, spectroscopy analysis has revealed 
that the individual particles may be formed of single crystal 
alpha alumina, which may be desirable for particular appli 
cations. 
0045 Still further, the alumina particles have been char 
acterized in terms of primary particle size and secondary 
particle size. According to TEM analysis, embodiments have 
been found to have a primary particle size greater than about 
60 nm. Certain embodiments may have limited primary par 
ticle size. Such as not greater than about 135 nm, or not greater 
than 125 nm. Still further, the average primary particle size 
may be not greater than about 110 nm, Such as not greater than 
about 100 nm. Still further, embodiments of the present 
invention provide notably fine particulate material, having an 
average size not greater than about 90 nm, Such as not greater 
than about 80 nm, 70 nm or even not greater than 60 nm. 
0046. The secondary particle size is characterized herein 
by photon correlation spectroscopy. Embodiments have 
shown a secondary particle size characterized by a diss not less 
than about 150 nm, such as not less than 155 nm. Embodi 
ments have shown somewhat larger diss values, such as not 
less than about 170, or not less than about 180 nm. Secondary 
particle size may be further characterized by a Dso a common 
measurement of secondary particle size. According to 
embodiments, the Ds can be not greater than about 135 nm, 
Such as not greater than about 120 nm, or not greater than 100 

. 

EXAMPLES 

Example 1 

0047. Example 1 illustrates the effect of temperature and 
pressure on conversion of seeded aluminous feedstock in the 
form of boehmite. Example 1 begins with the formation of an 
alumina Sol prepared by mixing 100 grams of Disperal boe 
himite from Sasol Corporation into 700 ml of water with 5% 
alpha-alumina seeds, having a crystal size of 0.02 microns, 
generated by horizontal bead milling of 0.5 micron alpha 
alumina and 3% of nitric acid relative to boehmite. The 
sample was then placed into a drying oven at 80°C. overnight. 
Drum drying into flakes may alternatively be utilized. The 
dried material was calcined into a box furnace at 500° C. for 
two hours, to form transition phase alumina, forming an open 
structure, that is, a loose particulate material having limited 
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inter particle necking. The material was then Subjected to 
HIPing treatment to obtain alpha-alumina powder. Table 1 
below shows the effect of temperature and pressure combi 
nations on the phase transformation of the loose powder 
provided in the HIPing environment. Alpha alumina content 
sample was characterized by XRD, under the following con 
ditions: Voltage 45 kV, current 40 mA, philips 0.2 step size, 1 
second hold, 5-80° two-theta. 

TABLE 1. 

Alpha 
Temperature Pressure Density content 

sample (°C.) for 1 hr (ksi) (g/cc) by XRD 

1 975 30 3.97 100% 
2 975 10 3.96 100% 
3 950 10 3.97 100% 
4 950 5 3.93 100% 
5 925 5 3.95 100% 
6 925 2.5 3.95 100% 
7 900 5 3.94 100% 
8 900 2.5 3.94 100% 
9 900 1 3.93 100% 
10 900 O.S 3.94 100% 
11 900 30 3.97 100% 
12 750 3.5 3.95 100% 
13 750 2.5 3.95 100% 
14 600 5 3.57 42.9% 
15 500 30 3.66 64.3% 
16 500 6 3.47 13.3% 
17 975 Ambient 86.4% 
18 600 Ambient 4.2% 
19 1040 Ambient 3.94 100% 

0048. A comparison between sample 9 and comparative 
sample 19, in which the same seeded boehmite feedstock 
material is Subjected to phase conversion under ambient con 
ditions (sample 19) versus pressure assisted conditions via 
HIPing (sample 9). FIGS. 2 and 3 are SEM micrographs of 
comparative sample 19 showing a phase transformed sample 
carried out at ambient conditions, sintering at 1050° C. In 
contrast, FIGS. 4 and 5 illustrate an SEM image of sample 9 
formed at a comparatively lower temperature of 900°C. with 
a pressure assist at 1 ksi. A comparison of FIGS. 2 and 3 with 
FIGS. 4 and 5 show that transformation under ambient con 
ditions leads to partially necked particles that are difficult to 
mill, and which have characteristic morphological features 
due to aggressive milling. The HIPing process utilizing a 
pressure assist conserves the very open structure and mini 
mizes necking in the phase converted powder, and is easily 
millable and generally maintains the as-processed individual 
particle morphology post-milling. 

Example 2 

0049 Further characterization studies on powderparticu 
late sphericity were also carried out. As noted above, sphe 
ricity may be characterized in terms of concavity; concavity 
being the percent of particles based upon a sample of at least 
100 particles, which have a concave outer peripheral portion 
that extends along a distance not less than 10% of diso of the 
particulate material by TEM inspection, the concave outer 
peripheral portion having a negative radius of curvature as 
viewed from an interior of the particle. In this respect, a state 
of the art nanosized alpha-alumina powder is depicted in 
FIGS. 6-11 from Taimicron. Those particles marked repre 
sent particles that have the requisite concavity to be consid 
ered a concave particle. Based upon the sample analysis 
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depicted in FIGS. 6-11, the Taimicron powder was found to 
have a concavity of 39.2%. A second state of the art powder 
from Sumitomo (commercially available as AKP700) is 
shown in TEM images corresponding to FIGS. 12-15. The 
Sumitomo powder was found to have a concavity of 25.5%. It 
is believed that this particular sample corresponds to the state 
of the art nitrate salt based processing, as described in U.S. 
Pat. No. 7,078,010. 
0050. In direct contrast with the state of the art nanosized 
alumina powders describe above, FIGS. 16-25 are TEM 
images depicting an embodiment herein, showing notably 
spherical particles. The particulate material according to the 
illustrated embodiment was found to have a concavity of 
1.2%. 

Example 3 

0051 Example 3 illustrates the effect of seeding on the 
minimum transformation temperature required to transform 
seeded boehmite to alpha-alumina. A first alumina gel was 
prepared by mixing 100 grams of Disperal boehmite (dso-0. 
08 microns) into 700 ml of water and 3% of nitric acid relative 
to boehmite. A second gel was prepared with the same pro 
portion but using a finer boehmite designated P2 (do-0.05 
microns). The seeding levels (wt %) as a function of peak 
temperature (C.) required to convert the seeded boehmite 
into the alpha phase is shown in FIG. 26, where alpha trans 
formation was determined using DTA analysis. FIG. 26 
shows that the finer dispersion corresponding to the P2 alpha 
alumina precursor achieves a transformation from boehmite 
to alpha-alumina at comparatively lower temperatures than 
that of the sample containing Disperal. 

Example 4 

0.052 Example 4 was carried out to show the effect of the 
temperature/pressure combination on the phase transforma 
tion of the particulate material. Here, an alumina gel was 
prepared by mixing 100 grams of P2 boehmite as utilized 
above from Sasol into 700 ml of water with 10% of alpha 
aluminous seeds having a crystal size of 0.02 microns, with 
3% of nitric acid relative to the boehmite. The sample was 
then placed into a drying oven at 80°C. overnight. The dried 
material was calcined in a box furnace at 500° C. for two 
hours to transform the material into transition alumina having 
a very open structure with limited necking. Finally the mate 
rial was processed at various temperatures and isostatic pres 
Sure conditions. 

0053. The following Table 2 shows the effect of the tem 
perature/pressure combination on phase transformation 
described by specific surface area and density of the final 
product. 

TABLE 2 

Temperature Pressure SSA Density 
sample (° C.) (ksi) (m?g) (g/cc) 

1 750 1 18.1 3.93 
2 750 1 17.7 3.93 
3 700 1 18.5 3.93 
4 6SO 1 21.8 3.93 
5 600 1 22.2 3.92 
6 550 2.5 33.1 3.90 



US 2008/0176O75 A1 

Example 5 

0054 Several samples 1-4 and comparative samples 
according to Example 5 were characterized to measure mean 
roundness relative to the State to the art powder, Summarized 
in Table 3 below. Mean roundness was measured by Round 
ness Correlation Image Analysis, and is measured according 
to the formula 4*pi*AREA/((PERIMETER)0.5). As the 
Perimeter of the object increases in circular proportion to its 
AREA, the value is stationary around 1.0, if the Perimeter 
increases more rapidly than the Area, e.g. for irregular 
objects, the value decreases. Particularly, mean roundness 
was generated using SimplePCI version 5.3.1.091305 from 
Compix Inc. Sample images acquired by TEM elsewhere 
were imported, one at a time, into the software. The software 
was calibrated according to the micron bar on the TEM 
image. As each image is opened from within the program, 
SimplePCI records other information about the image, most 
importantly the width and height dimensions of the image in 
pixels. This information is used by the software to quantify 
mean roundness according to the above formula. 
0055. There are normally several images provided per 
sample. In the "edit” menu, a freehand line drawing tool is 
used to “outline' or draw a shape consistent with the perim 
eter of each particle. Only particles that fit entirely within the 
confines of the image are used. Because of the nature of a 
TEM image, particles may sometimes appear to “overlap’. In 
these cases, only particles that can be viewed in their entirety 
and that do not touch another particle are considered for 
measurement. 

0056. After an outline has been drawn around particles 
that meet the above criteria, a software command “fill holes' 
is used, which makes a solid shape of the area within the 
border drawn around the particles. Then, measurement can be 
carried out. The software offers a menu of measurement 
parameters. 

TABLE 3 

sample Mean roundness 

1 O.742 
2 0.732 
3 O.744 
4 0.751 

Taimicron- O644 
DAR 

Sumitomo O.699 
AKP700 

0057. As should be apparent by the foregoing embodi 
ments, alumina particulate material is provided that has dis 
tinct morphology, such as in terms of roundness, concavity, 
specific Surface area, and primary and secondary particle 
sizes, for example, as well as composition, including elevated 
alpha alumina levels. In this respect, further information was 
gathered on the particulate material described in U.S. Pat. No. 
6.841,497. That particulate material is characterized by nota 
bly low proportions of alpha alumina content in connection 
with sub 60 nm particles. It is believe that such fine particles 
contain, at most, 80 wt % alpha alumina. In addition, Such low 
percentages of alpha alumina result in reduced roundness and 
increased concavity, as observed by TEM analysis. 
0058 While the invention has been illustrated and 
described in the context of specific embodiments, it is not 
intended to be limited to the details shown, since various 
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modifications and Substitutions may be made without depart 
ing in any way from the scope of the present invention. For 
example, additional or equivalent Substitutes may be pro 
vided and additional or equivalent production steps may be 
employed. As such, further modifications and equivalents of 
the invention herein disclosed may occur to persons skilled in 
the art using no more than routine experimentation, and all 
such modifications and equivalents are believed to be within 
the scope of the invention as defined by the following claims. 

1. Ceramic particulate material, comprising: 
alumina particles, the particles having a specific Surface 

area (SSA) not less than 15 m/g and not greater than 75 
m/g and a sphericity quantified by at least one of (i) a 
mean roundness not less than 0.710 as measured by 
Roundness Correlation Image Analysis, and (ii) a con 
cavity less than 20%, wherein concavity is the percent of 
alumina particles based on a sample of at least 100 
particles, which have a concave outer peripheral portion 
that extends along a distance not less than 10% of ds by 
TEM inspection, the concave outer peripheral portion 
having a negative radius of curvature as viewed from an 
interior of the particle. 

2. The ceramic particulate material of claim 1, wherein the 
SSA is not greater than 60 m/g. 

3. The ceramic particulate material of claim 2, wherein the 
SSA is not greater than 50 m/g. 

4. The ceramic particulate material of claim3, wherein the 
SSA is not greater than 40 m/g. 

5. (canceled) 
6. The ceramic particulate material of claim 1, wherein the 

alumina particles are comprised of alpha phase alumina. 
7. (canceled) 
8. The ceramic particulate material of claim 6, wherein the 

alumina particles are comprised of at least 85 wt % alpha 
phase alumina. 

9. The ceramic particulate material of claim 8, wherein the 
alumina particles are essentially entirely alpha phase alu 
mina. 

10. The ceramic particulate material of claim 9, wherein 
the alumina particles are single crystal alpha phase alumina. 

11. The ceramic particulate material of claim 1, wherein 
the alumina particles have a concavity less than 15%. 

12. (canceled) 
13. (canceled) 
14. The ceramic particulate material of claim 1, wherein 

the alumina particles have said mean roundness not less than 
O.71O. 

15. The ceramic particulate material of claim 14, wherein 
the mean roundness is not less than 0.720. 

16. Ceramic particulate material, comprising: 
alumina particles, the particles having an average primary 

particle size less than 135 nm as measured by TEM, and 
a sphericity quantified by at least one of (i) a mean 
roundness not less than 0.710 as measured by Round 
ness Correlation Image Analysis, and (ii) a concavity 
less than 20%, wherein concavity is the percent of alu 
minaparticles based on a sample of at least 100 particles, 
which have a concave outer peripheral portion that 
extends along a distance not less than 10% of ds by 
TEM inspection, the concave outer peripheral portion 
having a negative radius of curvature as viewed from an 
interior of the particle. 

17. The ceramic particulate material of claim 16, wherein 
the average primary particle size is less than 125 nm. 
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18. (canceled) 
19. (canceled) 
20. Ceramic particulate material, comprising: 
alumina particles, the particles having an average primary 

particle size not greater than 135 nm as measured by 
TEM, a secondary particle size characterized by a diss 
not less than 150 nm as measured by photon correlation 
spectroscopy, and a sphericity quantified by at least one 
of (i) a mean roundness not less than 0.710 as measured 
by Roundness Correlation Image Analysis, and (ii) a 
concavity less than 20%, wherein concavity is the per 
cent of alumina particles based on a sample of at least 
100 particles, which have a concave outer peripheral 
portion that extends along a distance not less than 10% 
of ds by TEM inspection, the concave outer peripheral 
portion having a negative radius of curvature as viewed 
from an interior of the particle. 

21. The ceramic particulate material of claim 20, wherein 
the diss is not less than 155 nm. 

22. The ceramic particulate material of claim 21, wherein 
the diss is not less than 160 nm. 

23. (canceled) 
24. (canceled) 
25. The ceramic particulate material of claim 20, wherein 

the secondary particle size is further characterized by a dso 
not greater than 135 nm. 

26. The ceramic particulate material of claim 25, wherein 
the secondary particle size is further characterized by a dso 
not greater than 120 nm. 
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27. (canceled) 
28. Ceramic particulate material, comprising: 
alumina particles, the particles having a specific Surface 

area (SSA) not less than 15 m/g and not greater than 75 
m?g, an average primary particle size less than 135 nm. 
as measured by TEM, a secondary particle size charac 
terized by a diss not less than 150 nm as measured by 
photon correlation spectroscopy, and a sphericity quan 
tified by at least one of (i) a mean roundness not less than 
0.710 as measured by Roundness Correlation Image 
Analysis, and (ii) a concavity less than 20%, wherein 
concavity is the percent of alumina particles based on a 
sample of at least 100 particles, which have a concave 
outer peripheral portion that extends along a distance not 
less than 10% of ds by TEM inspection, the concave 
outer peripheral portion having a negative radius of cur 
vature as viewed from an interior of the particle. 

29. A method for forming ceramic particulate material, 
comprising: 

providing a loose powder into a heat treatment chamber, 
the loose powder comprising particles; and 

hot isostatic pressing (HIPing) the loose powder at a pres 
sure not less than about 0.1 ksi, wherein the particles are 
individually isostatically pressed to effect phase trans 
formation of the loose powder. 

30-55. (canceled) 


