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(57) ABSTRACT

A process for producing nano sized boehmite aluminas
which are stable at alkaline pH values wherein an aqueous
medium of a peptized boehmite alumina is treated with a
water dispersible polycarboxylic acid polymer and option-
ally with an organic water dispersible base having a molecu-
lar weight ranging from 500 to 3000 and having no more
than three basic groupings to produce a treated boehmite
alumina which forms a stable sol at a pH of greater than 6,
the treated boehmite alumina having a dispersed particle size
of less than 500 nm in the sol.

17 Claims, 2 Drawing Sheets
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1
HIGH PH DISPERSIBLE NANO-ALUMINAS

BACKGROUND OF THE INVENTION

The present invention relates to a process for producing
nano-scale aluminas that are dispersible in aqueous medi-
ums at a pH greater than 6.

DESCRIPTION OF THE PRIOR ART

Alumina sols comprising colloidial dispersions of alu-
mina hydrate particles in water are well known. These sols
may be in the form of an aluminum monohydrate such as
boehmite or pseudoboehmite and can be prepared by various
methods including hydrolysis of organic aluminum com-
pounds, bubbling carbon dioxide through a solution of
sodium aluminate and autoclaving an aqueous slurry con-
taining boehmite. In all these known methods, the alumina
dispersion produced is stabilized by the presence of an acid,
giving a pH value of the dispersion which is typically about
4-5, otherwise the solid alumina constituent will precipitate
out of the dispersion or form a gel. These boehmite alumina
sols are cationic in the sense that the particles of alumina
carry positive electric charges. The sol ceases to be stable if
the acid is neutralized such that when the pH value increases
to about 6 or beyond, or if the sol is mixed with an anionic
sol in which the dispersed particles carry negative charges.

Alumina sols wherein the pH is 7 or greater have great
utility in applications where the properties of the boehmite
aluminas are required, e.g., hardness, shape, porosity, size,
surface reactivity, etc., but alkaline aqueous dispersions are
required.

U.S. Pat. No. 4,913,840 discloses a process for producing
a stable alkaline sol of an anionic colloidial alumina hydrate
by calcining alumina hydrate to form coarse particles of
crystalline alumina monohydrate and then reducing the
average size of the coarse particles to less than one micron
in all dimensions by attrition milling the coarse particles
with a dispersion liquid to produce a colloidial dispersion of
the particles in the liquid.

SUMMARY OF THE INVENTION

In a preferred embodiment, the present invention provides
a process for producing a boehmite alumina which forms a
stable sol at a pH greater than 6 comprising providing an
aqueous medium of a peptized boehmite alumina and treat-
ing the peptized alumina with a water dispersible polycar-
boxylic acid polymer to produce a treated boehmite alumina
which forms a stable sol at a pH greater than 6, the treated
boehmite alumina having a dispersed particle size of less
than 500 nm in said sol.

In another preferred embodiment of the present invention,
the aqueous medium of the peptized boehmite alumina is
treated with a water dispersible polycarboxylic acid polymer
to produce a treated boehmite alumina, and a water dispers-
ible organic base having a molecular weight of from 500 to
3,000, the organic base having no more than three basic
groupings, the organic base being present in an amount that
at least partially, but not totally, neutralizes the polycarboxy-
lic acid.

20

25

30

35

40

45

50

55

60

65

2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph showing the effect of pH on the
dispersibility of a treated boehmite alumina according to the
present invention.

FIG. 2 is a graph showing the effect of polyacrylic acid
loading on the dispersibility of treated boehmite alumina
prepared according to the process of the present invention.

DESCRIPTION OF THE ILLUSTRATED
EMBODIMENTS

The term “treated aluminas™ as used herein is intended to
mean an alumina which has been treated according to the
process of the present invention. The aluminas suitable for
use in the present invention are those hydrated aluminas
which can be obtained from a variety of sources. In particu-
lar, the present invention is directed towards monohydrate
aluminas, e.g., boechmite and pseudo boehmite. More par-
ticularly, the aluminas used in the present invention are
boehmites and 1 or more pseudoboehmites obtained from
the alkali or neutral hydrolysis of aluminum alkoxides, a
process which is well known to those skilled in the art. The
hydrolysis products of aluminum alkoxides are typically
large alumina agglomerates held together by the hydrogen
bonding at the alumina crystallite surfaces. As used herein,
the term alumina is intended to include hydrated aluminas
and in particular monohydrate aluminas, especially boeh-
mite and pseudoboehmite aluminas.

In conducting the process of the present invention, a
peptized alumina is used as the starting material. Peptizing,
i.e., the process of dispersing a solid to form a colloid as sol,
is well known in the art and is typically conducted in the case
of aluminas of the type under consideration by treatment of
the alumina with an acid such as nitric acid, hydrochloric
acid, formic acid, acetic acid, etc. However, it is within the
scope of the present invention that the acid used to peptize
the alumina can be the polycarboxylic acid polymer used in
the process.

The polycarboxylic acid polymers employed in the pro-
cess of the present invention are water dispersible polymers
of alpha-beta monoolefinically unsaturated lower aliphatic
carboxylic acids (3 to 6 carbon atoms) having a molecular
weight of from about 500 to about 20,000 preferably from
about 500 to about 10,000. The term “water dispersible” as
used herein means that the material is water soluble or at
least forms a stable sol/colloidial suspension. Non-limiting
examples of such polycarboxylic acids include polyacrylic
acid (PAA); polymethacrylic acid; block copolymers of
vinylcarboxylic acids such as PMMA-b-PEO available from
Th. Goldschmidt AG, Essen, Germany; comb polymers with
vinylcarboxylic acid backbones and PEO teeth such as the
PAA-PEO products available from W. R. Grace; copolymers
containing the above polymers; and partial salts of the above
copolymers.

The organic bases employed in the process of the present
invention will generally have a molecular weight of from
500 to about 3,000, and will preferably have no more than
three basic groupings, more preferably only one basic
grouping. Non-limiting examples of suitable bases include
polyoxyalkylene amines wherein one or more primary
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amino groups is attached to the terminus of a polyether
backbone. Thus these compounds can properly be charac-
terized as polyether amines, the polyether backbone being
based either on propylene oxide (PO), ethylene oxide (EO),
or mixed EO/PO. In particular the monoamines of such
compounds have been found to be particularly useful in the
process of the present invention. Especially preferred poly-
ether amines useful in the present invention have the struc-
ture:

CH3—{OCH,CH(R)]x—[OCH,CH(CH3)]y_nz
(Mw=1000)

wherein R is H or CH,, x and y are integers reflecting the
respected EO and PO blocks of the polymer and the PO/EO
ratio is 9/1 to 29/6, and especially preferred ratio of PO/EO
being 3/19. These polyether amines are available from
Huntsman Corporation and are sold under the trademark
Jeffamine®. As noted, especially preferred are the monoam-
ines since it has been found that the diamines and triamines
of'such polyether amines do not result in stable sols at lower,
albeit alkaline pH values. As used herein, the term “stable
sol” is one in which the colloidial material, e.g., the boeh-
mite alumina, remains in the dispersed state of storage over
an extended period of time. Accordingly, the organic bases
useful in the present invention are those which are “bulky”
enough to produce steric stabilization but yet have a limited
number of basic groupings which react with the carboxylic
acid groupings on the polycarboxylic acid polymers.

In conducting the process of the present invention, the
peptized alumina can be treated with the polycarboxylic acid
polymer alone or alternatively, and in a more preferred
embodiment, with the polycarboxylic acid polymer in
admixture with the organic base. In the latter case, it is
possible to either react the peptized boehmite alumina with
the polycarboxylic acid polymer followed by reaction with
the organic base, or the peptized boehmite alumina can be
reacted with a premix of a polycarboxylic acid polymer and
the organic base, it being remembered that the base will
always be present in a ratio or amount that partially, but not
totally, neutralizes the polycarboxylic acid polymer. Gener-
ally speaking, the ratio of polycarboxylic acid polymer
functional groups to organic base functional groups will be
from 2:1 to 1:1, depending on the type of base employed. It
will be appreciated that the amount of the polycarboxylic
acid polymer and/or the organic base added to the alumina
will depend upon the degree of surface treatment desired. In
other words, depending upon the surface area of the alumina
and the desired degree of coverage or interaction with the
surface, more or less of the polycarboxylic acid polymer and
the organic base may be employed. It will also be appreci-
ated that one of skill in the art can readily determine from the
surface area of the alumina what amount of acid and/or
organic base is desired to provide an end product (treated
boehmite) having the desired properties.

Generally speaking the amount of organic base employed,
when it is used, will be such as to raise the pH of the treated
boehmite alumina to above 6, i.e., the amount of base added
could clearly be sufficient to raise the pH to 8 or even higher
values.

As noted, when the organic base is employed in the
process of the present invention, it can either be added
together with the polycarboxylic acid, i.e., the aqueous
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4

dispersion of the peptized boehmite alumina can be added to
a mixture of the polycarboxylic acid and the organic base, or
alternatively, the peptized alumina can first be treated with
the polycarboxylic acid alone and the organic base subse-
quently added.

The process of the present invention can be conducted at
a temperature of from about 10 to about 100° C. preferably
below about 50° C. and is generally conducted with mod-
erate agitation for a period of time ranging from about 10
minutes to 24 hours preferably less than about 2 hours. Once
the boehmite alumina has been treated, either with the
polycarboxylic acid alone or with a combination of the
polycarboxylic acid and the organic base, it can be recovered
as a dry powder by techniques well known in the art such as
by spray drying, e.g., at a temperature of 220° C. inlet and
100° C. outlet.

By using the process of the present invention, nano-
particles of boehmite alumina can be obtained and stable
colloidial sols in alkaline pH ranges can be formed. The
nano-particles of boehmite alumina that can be produced
according to the present invention can range from less than
500, preferably less than 300, down to about 100 nm or
smaller. It has also been found that the polycarboxylic acid
treated boehmite aluminas of the present invention exhibit
these nano-particle sizes over a wide alkaline pH range, e.g.,
from about 7 to about 11 and even higher. As noted, the
polycarboxylic acid treated boehmite alumina, optionally
treated with an organic base, can be recovered as a dried
powder and it has been found that the powder is free flowing.
This powder has a dispersibility (1 to 5 wt./wt. %) in alkaline
aqueous mediums, e.g., pH 7 to 11 of greater than 75%,
preferably greater than 90%.

To more fully illustrate the present invention, the follow-
ing non-limiting examples are presented. In all cases dis-
persibility was determined on the basis of a 5 wt./wt. % basis
while particle size measurements were conducted on an
approximate 0.1 wt./wt. % basis.

EXAMPLE 1

87.9g of a boehmite crystallite phase alumina (DISPAL
30F4 marketed by Sasol North America, Inc.) which had
been peptized with formic acid was dispersed in 1471g
deionized (DI) water. An 11.9g quantity of PAA having a
MW _ of approximately 2,000 g/mol marketed by Aldrich
Chemical Co. was dissolved in 200g DI water with 82.5g of
an amine-terminated PEO polymer (Jeffamine® XTJ-506
marketed by Huntsman Corporation) at ambient tempera-
ture. The alumina sol was slowly added to the polymer
solution with moderate agitation and allowed to mix for 30
minutes. The reaction product containing the treated alumi-
nas, which had thickened somewhat, was spray dried at 220°
C. inlet and 100° C. outlet temperatures. The dry, free
flowing, white powder recovered from the spray drying
procedure was then redispersed in DI water. The dispersion
had a pH of 8.2 and was a stable sol with an average particle
size of 124 nm.
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EXAMPLE 2

The procedure of Example 1 was followed with the
exception that DISPAL® alumina 23 A4 was used in place of
DISPAL alumina 30F4. The resulting, dry powder, when
dispersed gave a stable sol, the pH being 7.7, the average

particle size of the dispersed alumina being 157 nm. It was |,

also determined that the alumina had a zeta potential of
-31mV indicating a negative surface charge. Typically,
boehmite alumina at this high of a pH has a positive surface

charge. The pH of the treated alumina sol was then adjusted 15

upward by the addition of ammonium hydroxide. At a pH of
8.7, the average particle size of the alumina was 160 nm and
at a pH of 10.1, the average particle size of the boehmite

alumina was 107 nm. 20

EXAMPLE 3

25

Experiments were conducted to determine the dispersibil-
ity of treated boehmites in accordance with the process of
the present invention as a function of pH. A sample of

6

TABLE 1

Dispersibility as a function of PAA loading

Dispersibility @  Dispersibility @  Dispersibility @

wt frac PAA pH=10 pH=28 pH=6
0.00 10
0.08 57
0.14 78 40
0.25 92 45 33
0.40 95 70 33
0.50 99 89 49

As can be seen from the data in Table 1 and FIG. 2
boehmite alumina treated only with PAA shows excellent
dispersibility at a pH of 10, particularly when the weight
fraction of PAA exceeds about 0.1. At lower pH values, e.g.,
pH 8, a higher wt. fraction of PAA is necessary to achieve
acceptable dispersibility.

EXAMPLE 5

A series of various aluminas were treated as per the
procedure of Example 1 with polyacrylic acid and XTJ-506
using a mol ratio of PAA to XTJ-506 of 2:1. Table 2 shows
the results of particle size measurements and the pH of the
dispersed samples.

TABLE 2

pH of 5%  part.size of

redispersed  redispersed
Alumina Acid 1 Amine powder powder

V1222-68B €200, PAA XTJ-506 6.94 224.7 nm
V1222-68C  Dispal ® 23A4-80, PAA XTJ-506 8.19 126.5 nm
V1222-69A Dispal ® 30F4, PAA XTJ-506 7.99 99.5 nm
V1222-69B  Dispal ® 18N4, PAA XTJ-506 5.93 169.6 nm
V1222-69C  Dispal ® 14N45 PAA XTJ-506 6.08 226.8 nm

1Marketed by Sasol North America, Inc., particle size, 150 nm
»>Marketed by Sasol North America, Inc., particle size, 82 nm
3Marketed by Sasol North America, Inc., particle size, 60—70 nm
4Marketed by Sasol North America, Inc., particle size, 110 nm
sMarketed by Sasol North America, Inc., particle size, 120 nm

45

oven-dried, treated alumina was prepared in substantially
the same manner as described with respect to Example 1, the
ratio of PAA functional groups to organic base function

groups being 2:1. The composition of the sample is shown 50

on FIG. 1 where the alumina is DISPAL 30F4. Dispersions
of the treated alumina in DI water adjusted to various pH
values using potassium hydroxide were prepared. The
results are shown in FIG. 1.

55

EXAMPLE 4

This example demonstrates the dispersibility of the

treated alumina as a function of PAA loading. Samples of 60

treated alumina using only PAA and no base were prepared.
The alumina employed was Dispal® 30F4. The treated
alumina was basically prepared by the procedure of

Example 1. The relative PAA loading and dispersibility is 4

shown in Table 1 below and graphically demonstrated in
FIG. 2.

EXAMPLE 6

The procedure of Example 1 was followed using a ratio of
PAA functional groups to base functional groups of 2:1 and
in certain cases employing different bases. As can be seen
from the data in Table 3, the pH of produced sols was less
than 6. The pH of the samples was adjusted to a value of
approximately 8 with potassium hydroxide. The samples
were dried and then redispersed in DI water. Upon redis-
persion, all of the samples settled out with the exception of
the sample that had been prepared using XTJ-506 as the
base. The data in Table 3 also demonstrates that inorganic
bases such as potassium hydroxide or organic bases of low
molecular weight are basically ineffective in forming a
treated boehmite product which is dispersible at an alkaline
pH.
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TABLE 3
adjusted
pH pHw  pHof5% partsize of
of 45% redispersed redispersed
Alumina  Acid Base sol KOH powder  powder
V1222-70A Dispal ®, PAA XTI-506 5.15 8.17 9.04 138.9 nm
30F4
V1222-70B Dispal ® PAA Fthanol Amine 5.15 8.07 6.99 settles out
30F4
V1222-70C Dispal ® PAA KOH 5.54 8.1 8.13 settles out
30F4
V1222-70D Dispal ® PAA Di-isopropyl 4.01 8.13 8.23 settles out
30F4 Amine
Particle size 60—70 nm
EXAMPLE 7 Particle size measurements and dispersibility of the samples

This example demonstrates the use of various bases. The

procedure of Example 1 was followed, the ratio of PAA

functional groups to base functional groups being 1:1.

Samples of the treated aluminas were dispersed in deionized ,;

water and the pH adjusted with ammonium hydroxide.

are shown in Table 4.
As can be seen from the data in Table 4, a polyether

0 L. Lo .
monoamine is superior in terms of producing treated boeh-

mites having high dispersibility. However, as can also be
seen even in the case of polyether triamines, at high pH
values (10.2) the treated aluminas exhibit decent dispers-
ibility albeit that the particle sizes are somewhat larger than
desired.

TABLE 4
Particle Particle Particle Dispersibility
Sample  Additive Structure pH  size,nm  pH  size,nm pH  size, nm (% at pH = 10)
89B XTJ-506,  CH;—{OCH,CH(R)]x—[OCH,CH(CH;)]yv—NH, 7.7 140 8.6 131 10.5 111 99
(Mw = 1000)
92A D-2000, NH,CH(CH;)CH,—[OCH,CH(CH,)]X—NH, 5.9 settles 8.2 settles 10.2 416 94
(Mw = 2000)
92B XTJ-501, NH,CH(CH;)CH,[OCH(CH;)CH, Jx— 4.9 settles 8.2 settles 10.1 237 90
[OCH,CH,y—[(OCH,CH(CH;)],—NH,
(Mw = 900)
93B XTJ-502,; NH,CH(CH;)CH,[OCH(CH;)CH, Jx— 5.8 settles 8.5 settles 10.6 173 88
[OCH,CH,]yv—[OCH,CH(CH;)],—NH,
(Mw = 2000
93C XTJ-505,  CH;—{OCH,CH(R)]x—[OCH,CH(CH;)]y—NH, 7.4 157 8.6 103 10.3 121 73
(MW = 600)
93A XTJ-509, CH,—[OCH,CH(CHy)]5— NH, 8.0 settles 8.4 settles 10.2 637 67
CH,—[OCH,CH(CHz)]5—NH;
CH,—[OCH,CH(CHz)]7—NH;
(Mw = 3000)
90A D-400, NH,CH(CH;)CH,—[OCH,CH(CH;)]x—NH, 6.6 settles 8.2 settles 10.3 537 23
(MW = 400)
92C T-403, CH,[OCH,CH(CH;)]xNH, 7.0 settles 84 settles 10.2 settles 22

CH;CH,CCH,[OCH,CH(CH3)]yNH,

CIH,[OCH,CH(CH;)]zNH,
(Mw = 440)

Marketed by Huntsman
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EXAMPLE 8

The procedure of Example 7 was followed with the
exception that other bases (additives) were employed. The

10
Representative but non-limiting applications for the com-
positions obtained by this process includes catalysts and
catalyst supports; coatings; adsorbents; surface treatments;
ceramics and refractories; reinforcement of ceramics, met-

data is shown in Table 5. As can be seen from Table 5 while > . . .
. . . . als, plastics and elastomers; scratch resistant coatings;
certain other low molecular weight organic bases function to . ) . .
. . . . agents for the delivery of pharmaceutically active materials;
a certain degree in terms of producing relatively decent thickeni s and theol difi . ds: fabri
dispersibility and desired particle size at very high pH ickening agents and rheo Og};ﬂgm ! ers,dr.‘lnse a ds', a n.cl
values, i.e., about 10 and greater, for the most part the tree}tment, paper treatment., ! JeF fecording media; sl
dispersibilities are generally commercially unacceptable and resistant coatings; and barrier coatings.
furthermore high alkalinity, i.e., pH greater than about 10, is Modifications of the compositions, procedures and con-
required to achieve even that relative degree of dispersibil- ditions disclosed herein that will still embody the concept of
ity. the improvements described should readily suggest them-
TABLE 5
Particle Particle Particle Dispersibility
Sample Additive pH size, nm pH size, nm pH size, nm (% at pH = 10)
97C Benzylamine 47 settles 8.5 settles 10.2 184 56
98A  FEthanolamine 59 376 87 363 104 203 46
97A aniline 3.8 settles 8.8 settles 103 255 38
100A  piperazine 63 298 84 189 105 159 23
99A imidazole 54 settles 8.6 301 10.5 194 22
101A  quinoline 3.6 1745 83 584 104 237 21
100B  pyridine 33 360 84 264 105 182 19
96A Acetamide 3.7 Settles 8.1 Settles 10.5 187 16
97B benzimidazole 5.4 settles 8.8 313 10.3 159 11
EXAMPLE 9 selves to those skilled in the art, and are intended to be

A series of samples of treated alumina were prepare using
various amount of PAA in XTJ-506. The alumina employed
was Dispal 23A4. The PAA in organic base were dissolved
in 30g BI water which were then added to the boehmite
alumina sol which contained 10g of the boehmite alumina
and 75g of DI water. After following stirring for 30 minutes,
the samples were spray dried and redispersed at 5 wt./wt.%
and DI and pH measured (pH1) and the particle size mea-
sured. The pH was then adjusted with ammonium hydroxide
and the particle size again measured. The results are shown
in Table 6 including the weight fraction of alumina, PAA and
XTI-506.

TABLE 6

35

40

encompassed within the spirit of the invention presently
disclosed herein as well as the scope of the appended claims.

What is claimed is:
1. A process for producing an alumina which forms a
stable sol at a pH of greater than 6 comprising:

providing an aqueous medium of a peptized boehmite
alumina; and

treating said peptized alumina with a water dispersible
polycarboxylic acid polymer to produce a treated boe-
hmite alumina which forms a stable sol at a pH of
greater than 6, said treated boehmite alumina having a
dispersed particle size of less than 500 nm in said sol.

DISPAL 23A4  Polyacrylic acid XTJ-506

Particle size 1

Particle size 2 Particle size 3

Sample  (weight fraction) (weight fraction) (weight fraction) pH 1 (nm) pH 2 (nm) pH 3 (nm)
41A 0.741 0.027 0.232 8.05 settles 8.05 settles 9.85 settles
47B 0.726 0.047 0.227 6.26 167 8.64 137 10.07 115
S50A 0.712 0.065 0.223 6.29 253 8.79 146 10.05 128
41F 0.614 0.051 0.335 7.74 157 8.73 116 10.08 107
49A 0.592 0.085 0.323 5.18 220 8.49 132 10.08 116
50B 0.571 0.117 0.312 4.58 190 8.36 130 10.23 117
42A 0.524 0.067 0.409 7.24 121 8.23 118 10.13 107
49B 0.499 0.111 0.389 5.18 171 8.23 138 10.05 124
50C 0.477 0.152 0.372 4.65 171 8.26 — 10.03 133

As can be seen from the data in Table 6, there is a
threshold amount of the PAA an organic base necessary to
achieve a stable sol at alkaline conditions. Additionally, the
data in Table 6 shows that with increasing pH, the particle
size decreases.

65

2. The process of claim 1 wherein said alumina is pro-
duced by hydrolysis of an aluminum alkoxide.

3. The process of claim 1 wherein said polycarboxylic
acid polymer is a polymer of an alpha/beta monoolefinically
unsaturated lower olefinic carboxylic acid having from 3 to
6 carbon atoms.
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4. The process of claim 3 wherein said polycarboxylic
acid polymer is polyacrylic acid.
5. The process of claim 1 wherein said treated boehmite
alumina has a dispersed particle size of less than 300 nm.
6. The process of claim 1 wherein said boehmite alumina
is peptized using said polycarboxylic acid polymer.
7. The process of claim 1 comprising recovering said
treated boehmite alumina as a dry powder.
8. A process for producing an alumina which forms a
stable sol at a pH of greater than 6 comprising:
providing an aqueous medium of a peptized boehmite
alumina;
treating said peptized alumina with a water dispersible
polycarboxylic acid polymer to produce a polycarboxy-
lic acid modified boehmite alumina; and
treating the polycarboxylic acid modified boehmite alu-
mina with an organic, water dispersible base having a
molecular weight ranging from 500 to 3,000, said base
having no more than three basic groupings, to produce
a treated boehmite alumina which forms a stable sol at
a pH of greater than 6, said treated boehmite alumina
having a dispersed particle size of less than 500 nm in
said sol.

20
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9. The process of claim 8 wherein said alumina is pro-
duced by hydrolysis of an aluminum alkoxide.

10. The process of claim 8 wherein said polycarboxylic
acid polymer is a polymer of an alpha/beta monoolefinically
unsaturated lower olefinic carboxylic acid having from 3 to
6 carbon atoms.

11. The process of claim 10 wherein said polycarboxylic
acid polymer is polyacrylic acid.

12. The process of claim 8 wherein said treated boehmite
alumina has a dispersed particle size of less than 300 nm.

13. The process of claim 8 wherein said boehmite alumina
is peptized using said polycarboxylic acid polymer.

14. The process of claim 8 comprising recovering said
treated boehmite alumina as a dry powder.

15. The process of claim 8 wherein said organic base
comprises a polyether amine.

16. The process of claim 15 wherein said polyether amine
is a monoamine.

17. The process of claim 8 wherein the mol ratio of
polycarboxylic acid to organic base is from 2:1 to 1:1.
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