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Description

[0001] THE INVENTION relates to a novel method for producing a new hydrophobic porous alumina, to a new
hydrophobic porous alumina, and to a composition comprising a new hydrophobic porous alumina and a substrate.

BACKGROUND:

[0002] Aluminas and silicas when treated form the basis of hydrophobic surface modified metal oxides. These
hydrophobic surface modified metal oxides include spacers or antiblocking agents which improve the performance of
substrates including polymers, toners, coating systems, surface additives, and other high value-added products for
applications that require a high degree of dispersibility. In these applications, the ability of the hydrophobic surface
modifiedmetal oxides to be deagglomerated down to submicron size, aswell as their ability to adhere to specific substrate
surfaces is necessary to achieve and enhance the propertiesof high value-added products, an example being toner
products.
[0003] WO2017/075333 A1 discloses amethod of producing hydrophobic aluminas by i) providing a slurry comprising
an alumina compound, the slurry having a pH of above 5.5; ii) mixing an organic composition comprising carboxylic acids
with hydrocarbon chain lengths of between 12 and 24 with the slurry to form an acid modified slurry; iii) hydrothermally
conditioning the acid modified slurry to form a hydrothermally aged slurry; and iv) drying the hydrothermally aged slurry.
The hydrophobic aluminas can be dispersed in polymers.
[0004] Factors which affect the properties of the hydrophobic surface modified metal oxides include the type of base
metal oxide selected, particlemorphology of the surface additive, surface area of the particles of the surface additive, and
surface chemistry of the particles of the surface additive.
[0005] The choice of the base metal oxide is important when determining what properties the hydrophobic surface
modified metal oxides require. For example a person skilled in the art of the invention knows that not all chemical
treatments canbeapplied equally to allmetal oxides, for instance, not all treatments used for silica particles canbeapplied
to alumina.
[0006] The main problem when dealing with hydrophobic surface modified metal oxides is the agglomeration of fine or
nanometal oxideparticleswhich formdue to interaction forces.Submicronparticlescanbehighlyagglomeratedand these
agglomerations in turn reduce the exposed surface area of the particles forming part of the agglomeration. Such
agglomerations therefore reduce the advantages that the hydrophobic surfacemodifiedmetal oxides offer to the products
into which they are incorporated.
[0007] Thesynthesis of thesehydrophobic surfacemodifiedmetal oxides is critical for the successful creation of desired
characteristics of subsequent products intowhich they are incorporated. Another problemwith these hydrophobic surface
modifiedmetal oxides is their relatively low stability and in order to improve this stability and prevent the degradation of the
hydrophobic surface modified metal oxides, specialized treatment under low temperature and vacuum are used during
their synthesis.
[0008] Customers aredemanding greater surfaceadditive performanceandhigher quality products. In order to address
these demands, post-processing methods to improve hydrophobic surface modified metal oxides based on mixing/wet-
ting, and ball milling have been studied and improved. These post processingmethods are known in the art. Even though
these methods are used to improve hydrophobic surface modified metal oxides, the hydrophobic surface modified metal
oxides produced using these processes can include particles in a form that makes them incompatible with preferred
polymers or solvents for example. Furthermore, nanoparticles are difficult to re-process because of their chemical
structure, high surface area and low intra particle porosity.
[0009] Thus, there is a need for an alternative hydrophobic surface modified metal oxide and method that can provide
the desired properties including improved hydrophobicity and dispersibility, with reduced additive impaction.

INVENTION:

[0010] According to a first aspect of the invention there is providedamethodof producingahydrophobic porousalumina
comprising the following steps:

i) providing a slurry comprising an alumina compound which comprises aluminum oxide hydroxide (AIOOH),
boehmite or pseudoboehmite, the slurry having a pH equal to or greater than 7;
ii) adding an organic composition comprising carboxylic acids with alkyl hydrocarbon chains having a carbon length
less than 10 to the slurry to form an acidic modified slurry, wherein the organic composition content relative to the
content of aluminacompound in theacidicmodifiedslurry isbetween0.5and10%wt; theacidicmodifiedslurryhaving
a pH of between 3 and less than 7;
iii) hydrothermally aging the acidic modified slurry to form a hydrothermally aged slurry; and
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iv) drying the hydrothermally aged slurry.

[0011] The alumina compound includes an aluminum oxide hydroxide (AIOOH), a boehmite or a pseudoboehmite
(namely α-alumina monohydrate, identifiable by X-ray diffraction as described in the A.S.T.M. (American Society for
Testing andMaterials). Preferably the alumina compound includes a boehmite or a pseudoboehmite, andmost preferably
a boehmite. The alumina compoundmay bederived fromwater hydrolysis of an aluminumalkoxide, or fromother alumina
sources such as a sodium aluminate source, an alum source, or numerous other variations.
[0012] More particularly, the alumina compound suitable for the method of the present invention may be obtained from
hydrolysis of aluminum alkoxide.
[0013] The alumina compound ismade up of crystallite sizes on the (020) axis in the range of 1 to 60 nm, preferably 2 to
50 nm, and most preferably 3 to 40 nm. The aluminum compound has an aspect ratio of 1 to 5; preferably the alumina
compound has an aspect ratio of 1 to 3.
[0014] Thealuminacompound ismadeupofdifferent shapedcrystals includinghexahedral, tablet-like, block-like, plate-
like structures, or combinations thereof. It preferably has a plate-like or block-like structure or combinations thereof. Most
preferably, the alumina compound has a block-like structure i.e. an aspect ratio of 1.
[0015] Theslurry ispreferablyanaqueousslurry.Afluid, for examplewater, canbeadded tomaintainafluidslurrybefore
or after the addition of the organic composition. In a more preferred embodiment of the invention the aqueous slurry
comprising the alumina compound is an intermediate stream of the Ziegler industrial production of AIOOH from the
hydrolysis of aluminum alkoxide. In such a case the aqueous slurry preferably has a pH of greater than 7.0 to 10.0,
preferably a pH of 8.0 to 10.0.
[0016] The organic composition comprises a carboxylic acid functional groupwith alkyl hydrocarbon chains binding to a
surface of the alumina compound.
[0017] Theorganic composition comprises amatrix of short chain fatty acids, short chain hydroxy fatty acids, interlinked
chains of the above and esters. The organic composition has a carboxylic acid functional group with alkyl hydrocarbon
chains having a specific length that bind to a surface of the alumina compound.
[0018] Theorganic composition comprises carboxylic acidswith analkyl hydrocarbonchain havinga carbon length less
than 10, preferably 9, and more preferably a carbon length of 8 or less than 8.
[0019] The organic compositionmay have a carboxylic acid functional group comprising hydroxyl and/ or amino groups
with alkyl hydrocarbon chains having carbon lengths less than 10, preferably less than 9, and more preferably a carbon
length of 8 or less than 8.
[0020] Once theorganic composition isadded to theslurry, anacidicmodifiedslurry is formed.Theacidicmodifiedslurry
has a pH of between 3 and less than 7, preferably a pH of between 3.5 and 5.5.
[0021] The organic composition content relative to the content of alumina compound in the acid modified slurry is
between 0.5 and 10 %wt, preferably 0.5 and 5%wt. This is less than the stoichiometric value of the organic composition.
The acidic modified slurry is then hydrothermally aged under moderate conditions. The hydrothermal aging treatment is
performed at a temperature between 90°C to 200°C, more preferably 100 to 180 °C, even more preferably 100 to 140 °C
andmost preferably 100 to 120°C. The heat can be supplied through an external source, e.g. electrical or via circulating oil
in external jacket, or through direct injection of high pressurized steam.
[0022] The resultant hydrothermally aged slurry ismaintained at the temperature of the hydrothermal aging for a period
of time that depends mainly on the temperature and agitation. Generally speaking, the duration of such aging can be
between 1 hour and 6 hours, preferably 1 to 5 hours and most preferably 2 hours. During the hydrothermal aging
concomitant growth of the alumina crystal particles occurs to provide for specialized morphologies.
[0023] As the carboxylic acid in the organic composition is introduced a reaction occurs at a surface of the alumina
compound with the OH surface groups of the alumina compound for example the boehmite.
[0024] These OH groups of the alumina compound react with the OH group bonded to the carbonyl group of the
carboxylic acid to form a stable layer on the alumina surface as the molecules are strongly bonded to the surface of the
alumina. This is advantageous because due to the hydrophobic coverage with such bonds any free water is easily
desorbed rather than reacting back with the alumina surface OH, and this also improves the strength of the bonds.
[0025] If the surfaceareaavailable on thealuminasurface for adsorption is known, thenumberof surfaceOHgroupsper
unit mass of the crystallites can be determined using the formula (Nanotechnology Technical Basis and applications,
Stefan Sepeur, 2008, page 100):

where
Sc = Average Surface area of crystallites (average crystallite surface based on crystallite shapewhich can be determined
experimentally by measuring the BETsurface area), and the space OH requirement is assumed to be about 18 Å2 (= 18
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·10‑20 m2).
[0026] If one divides the calculated result by the Avogrado’s number, Nav=6.022 - 1023, one can calculate the
stoichiometric amount value of the organic composition in mol/g at 1:1 reaction of OH group: organic composition
modification.
[0027] Using the above one can compare with the actual coverage of the surface of the alumina by the organic
composition if one divides the value received for the organic composition on the surface of the alumina compound after
treatment. This is advantageous as the desired properties can be obtained with the addition of a weighted amount of
organic composition that canbe lower thanastoichiometric amountbasedon theOHgroups i.e. 0.42mmol/gof theorganic
composition on a surface of the alumina.
[0028] The hydrophobic porous alumina of the invention has a residual amount of organic composition measured
through catalytic combustion analysis (equipment used - Laboratory Equipment Corporation, hereinafter "LECO") of
between 0.5 and 10 parts in 100 parts of alumina compound. This is lower than the estimated stoichiometric amount.
[0029] This allows one to perfect different properties of the alumina compound, for example shape, porosity and
hydrophobicity of the alumina compoundby changing the surface coverageof the organic composition, the type of organic
composition used and drying conditions.
[0030] The alumina compound crystallites (for example boehmite crystallites) grow due to an Ostwald ripening
mechanism. The major face of an alumina crystallite is the (020) face on which the OH groups are exposed. The other
two faces, (200) and (002), have no OH groups exposed; thus the organic composition is strongly bonded on specific
surfaces of the crystallites i.e. crystal growth along the shorter axis is suppressed through specific surface-capping on the
(020) planes.
[0031] This has been found to enhance dissolution and crystal growth along the other faces. Specifically it has been
found that crystals tend to grow preferentially along the (200) direction, resulting in a platy-oblong shape along the (200)
face.
[0032] It has also been found that the thickness of the crystallites decreases (increasing the value of 200/020 aspect
ratio) with decreasing length of the alkyl carbon chain of the organic composition added to the alumina slurry.
[0033] Furthermore, it has been found that using a carboxylic acid with a carbon length chain of less than 10, for
example, allows one to work with an acidic modified slurry in step ii) of the process at an acidic pH of pH 4.0 or 5.0 for
example.
[0034] According to the method of the present invention, the loose agglomerates can be obtained through the use of a
small amount of organic composition on the surface of the alumina, between 2 and 4% of the organic compound on the
surface of the alumina (about 40% of the estimated stoichiometric amount).
[0035] Due to the very effective hydrophobic coverage, any free water is easily desorbed rather than reacted back onto
the alumina OH surface, which thus improves the strength of the bonds.
[0036] The effectiveness of the process of the present invention is that one is able to obtain a variety of product
characteristics for a wide range of conditions.
[0037] At the end of the hydrothermal aging treatment, the resulting system enters a drying chamber where the
hydrothermally agedslurry is driedandapowder is obtained.Thedrying temperature can range in gas temperatureof from
95° C to 280°C, preferably 120 to 260 ·c, most preferably 230 to 260 ·c. Any free water is removed by drying; and the only
reactive surface is the alumina modified by the organic composition.
[0038] The hydrothermally aged slurrymay be dried in a spray dryer or a contact dryer, but other dryers that can operate
under appropriate temperature conditions can be used. A drying gas can be passed co-current, or counter-current, where
hot air flowsagainst the flowof the atomizer.With co-current flow, particles spend less time in the systemand in theparticle
separator (typically a cyclone device). The advantage of the method of the present invention is that the particles of the
hydrophobic porous alumina can be deagglomerated to a size of primary nanocrystallites by blending, for example, a dry
mixing with soft mechanical action of the powder with a solid substrate. The process of the present invention may further
include the step of dry mixing hydrophobic porous alumina having different properties for example hydrophobic alumina
having different crystal sizes.
[0039] The crystallites particles grow with a unique morphology characterized by a macro‑ reticular porous network,
yielding to a softer agglomeration in a powder material. It was surprisingly found that such modified aluminas can be
deagglomerated to submicron size with substrates including polymer particles, polymeric resins comprising nylon,
polystyrene, acrylic and other, or metal oxides such as silica glass, zinc oxide, iron oxide etc. and adhere to these
substrates. Thismakes thehydrophobic porousalumina a candidate for use in toner applications for example as thenano-
crystal particles disperse onto the surface, regardless of the chemical affinity between the surface and the dispersed nano
particles. The particles can be dispersed through dry mixing without additional wetting chemicals or compatibilizers.
[0040] Another advantage is that the hydrophobic porous alumina produced by themethod of the present invention can
beuniformlydispersed intoasubstrate, for exampleapolymer, as singlenanocrystal particlesbydirectmelt compounding
with a high level of deagglomeration.
[0041] Further the nano structured hydrophobic porous alumina product does not require the intense mixing of the
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known prior art methods.
[0042] According to a second aspect of the invention there is provided a porous hydrophobic alumina prepared
according to the method of the invention.
[0043] The porous hydrophobic alumina comprises an alumina compound and an organic composition, the organic
composition comprising carboxylic acidswith alkyl hydrocarbon chains havinga carbon length less than10andpreferably
8or less than8, theorganic compositionbeing strongly bonded toa surfaceof thealuminacompound to forma layer on the
alumina surface, the hydrophobic porous alumina having a residual amount of organic composition measured through
catalytic combustion analysis (LECO) of between 2 and 100 parts of the alumina compound.
[0044] After drying, the final product is a porous hydrophobic alumina. The particles of this alumina are characterized by
a unique macro-reticular morphology of platy-oblong nanocrystallites distributed in a porous network, as showed by
Scanning Electron Microscopy (SEM). The porous structure is generated through the crystallites morphology. Due to the
morphology, the tendency of the powder to be deagglomerated by simple methods is greatly enhanced; thus the powder
can be dispersed below 100 nm by blending, and forms a stable coating layer on the surface of substrates, for example
polymers.
[0045] The porous hydrophobic alumina product has a residual moisture value below 5000 ppm.
[0046] The aspect ratio of the porous hydrophobic alumina product is between 1.80 to 5.0, preferably, 1.80. and 3.5,
most preferably between 2 and 3.5. The aspect ratio can be calculated by the size of crystals that are derived in directions
along lines perpendicular to the planes of the X-ray diffraction patterns by using the Scherrer formula. The aspect ratio is
calculated by the ratio between the (200) plane and the (020) plane. This is illustrated in Figure 1.
[0047] The crystallite size of the porous hydrophobic alumina product is between 1 and 60 nm along the (020) plane.
[0048] The total pore volume is between0.55 cc/g to 2.0 cc/g,more preferably between0.55 cc/g and1.1 cc /g. Thepore
structure of the porous hydrophobic alumina is formed through an open packing arrangement of crystallites forming a
macroporous network.
[0049] The specific surface area (BETmethodN2 adsorption) of the porous hydrophobic alumina product is between30
m2/g and 300 m2/g, preferably between 30 m2/g and 150 m2/g and most preferably between 30 m2/g and 100 m2/g.
[0050] Due to the porous network morphology, materials can be dispersed through the breakdown of the soft
agglomerates to colloidal sizes without intense mixing in organic systems. Thus the inherent properties of the porous
hydrophobic aluminaproductmake it advantageous in polymer resins and in processes for fabricatingnanocompositesby
direct mixing over other developed methods already known to those skilled in the art
[0051] According to a third aspect of the invention there is provided a composition including a porous hydrophobic
alumina prepared according to the method of the invention and a substrate
[0052] The substrate may include polymers, crosslinked polymers, nylon resins, and acrylic resins e.g. polymethyl-
methlacrylate (PMMA), polystyrenes, styrene acrylate resins, polyester resins, waxes, polyolefins e.g. polyethylene,
polypropylene, polycarbonate, polyurethane, polyethylene terephthalate, rubber, epoxy resins, silicone, cellulose, fabric,
polytetrafluoroethylene, silica glass particles, metal oxides, ceramics and carbon substrates. The substrate preferably
includes polystyrene, acrylic, polyesters resins, polyolefins, polycarbonate, and crosslinked polymers.
[0053] Representative but non-limiting applications for the compositions obtained by this process include coatings;
spacer or anti-blocking agents; plastics and elastomers; scratch resistant coatings; polishes, thickening agents and
rheologymodifiers; additives for improving flowbehaviour of powders; additives for enhancing the heat transfer behaviour
of fluids and solids; fabric treatment; paper treatment; soil resistant coatings; flame retardants; inkjet recording media
(toners;) and barrier coatings

EXPERIMENTAL

[0054] The invention will now be described with reference to the following Figures and non-limiting example where:

Figure 1 is the simplified tri-dimensional graphical representation of a primary crystallite shape that can be obtained
with the method of the present invention;
Figure 2 is an SEM photo that shows the particle morphology of the product of Example 1;
Figure 3 shows the product of Example 1 coated onto different substrates (silica glass particles (glass bead), nylon
resin (nylon 12) and PMMA;
Figure 4 shows the morphology of particles from Example 2 from SEM;
Figure 5 shows the product of Example 2 coated onto different substrates (silica glass particles (glass bead),
polystyrene, sulfonic polystyrene resin, PMMA and nylon (nylon 12)),
Figure 6 is an FTIR spectra of the Alumina formed as per Example 1;
Figure 7 is an FTIR spectra of the Alumina formed as per Example 2;
Figure 8 is an FTIR spectra of the Alumina formed as per Comparative Example 1;
Figure 9 is an FTIR spectra of the Alumina formed as per Comparative Example 2;
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Figure 10 is an FTIR spectra of the Alumina formed as per Example 3;
Figure 11 is an SEM photo that shows the particle morphology of the product of Example 3; and
Figure 12 shows the product of Example 3 onto polystyrene substrate.

[0055] The following terms are used in the experimental section:

FTIR means Fourier Transform Infrared.
DRIFT means Diffuse Reflectance Infrared Fourier Transform.
LECO is the apparatus/method used to measure the amount of carbon of the powder.
BET Equation is Brunauer-Emmett-Teller method to determine the Specific Surface area by N2 gas adsorption at
temperature of 77 K.
N2 adsorption method is the method used for the Pore analysis (Average Pore Diameter)
SEM means Scanning Electron Microscopy.

[0056] The inherent properties of the products are measured by the following methods:
DRIFTspectra were registered on self-supporting powders with an FTIR Variant apparatus, 32 spectral acquisitions per
sample. Information about the functional group of the organic compound is easily obtained by the presence of the band in
the rangeof 1700 -1800cm‑1.Differencesbecameevident after reactionby thespectral behaviour in the range1580‑1590
cm‑1 assigned to the organic linked to the alumina surface.
[0057] Crystal size information is obtained from three diffraction peaks, the (020), the (200), the (002) peaks. These
three peaks (crystal planes) are themost accessible in alumina’s x-ray diffraction pattern. The ratio of the 200/ 020 crystal
size is the aspect ratio. This ratio can only approach unity if the (200) crystal size is short relative to the (020) size. A
representation of the (020), the (200) and the (002) is showed in Figure 1. The procedure consists of: data collection,
calculation of the scattering factor; and finally the x-ray diffraction profile. The data treatment and curve fitting is carried out
with high accuracy and requires several hours as long collection times are required to improve the signal to noise ratiowith
several scans per step. This is known to a person skilled in the art. The theoretical concepts behind the calculation of the
crystal sizes is known. The determination is made by measuring diffraction peak widths. The size is calculated by the
Scherrer equation.

0.94 isashape factor,λis thex-raywavelengthused (1.5418A). 57.3 isa radian/degreeconversion factor.B is the fullwidth
at half maximumof the peakminus the instrumental broadening. θ is one half the diffraction angle (2θ) for the peak. The x-
ray wavelength used is the weighted average of the copper Kα1 and Kα2 components.
[0058] The BETsurface area and pore volume data were determined by N2 adsorption according to the ASTMmethod.
Data was collected after a heat treatment at 110°C for 2 hours with vacuum at 1 Torr. The surface area (m2/g) was
evaluated using theBETequation. The total pore volumewas determined from the volumeof nitrogen adsorbed at relative
pressure p/p0 equal to 0.992.
[0059] The samples for SEMwere prepared on an SEM stub, spin coated with gold and therefore evaluated on a JEOL
SEM microscope.
[0060] The amount of organic composition utilized is determined by means of a carbon analyzer by using a LECO
Apparatus. A sample of the powder that contains theorganic composition isweighted in a crucible and combusted inside a
furnace system that operates with pure oxygen to ensure the complete combustion of all organic composition in the
sample, thecarboncontent of thesampleby%weight is determined.Afterwards, theamountof organic compositionon the
powder (%wt) is calculated from the carbon amount by using the molecular formula.
[0061] Deagglomeration tests were carried by weighting 0.5 parts of powder per 100 part of substrate in a closed
container and shaken with a vortex for 5 minutes.
[0062] Dispersibility testswere carriedout byweighting3parts of powder per 100part of liquid solvent andhandshaking
for 10minutes. For the dispersion in TEGandPEGdue to thehigh viscosity of the liquid, 30 sec of sonication treatment in a
water batch was subsequently applied in order to homogenize the dispersion. The dispersion quality was judged by
observation of sedimentation behavior after 30 minutes. The %wt. of particles dispersed was also evaluated after
centrifugation from the solid residue after drying at 120°C and determined taking into account the total amount of powder
initially added.

Example 1

[0063] Aboehmite (AIOOH) slurry from the Ziegler alcohol process having a pHof about 9.0was prepared. The starting
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boehmite alumina crystallite had a blocky-like shape with size from the X-ray (020) reflex of 31 nm, 33nm (200) and 36nm
(002), with aspect ratio 200/020 equal to 1.06.
[0064] An amount of organic composition, in this case, octanoic acid (carboxylic acid having a carbon chain length of 8)
equal to 7.8 parts in 100 parts of powder (0.54mmol/g of powder)was reacted in a stirred vesselwith the boehmite slurry at
105°C for 2 hours to form an acidic modified slurry. The acid underwent fast homogenization with the alumina slurry to
obtain a milky acidic modified slurry having a pH of 4.0.
[0065] Themilky acidicmodified slurry was dried under nitrogen flowwith a nozzle spray atomizer at temperature of the
in-gas of 230°C and out-gas temperature of 90+/‑ 5°C by adjusting the acidic modified slurry flow rate.
[0066] The resulting crystallites were thinner along the (020) axis andwider along the (200) axis, have an aspect ratio of
2.16 that shows it is platy-oblong.
[0067] TheBETsurfaceareaavailable for adsorptionwas46m2/g. Theestimated number ofOHgroupswasabout 2.51
020/ g, which accounts for about 0.42 mmol/g of organic modification to be added.
[0068] The hydrophobic porous alumina had a residual amount of organic composition measured through catalytic
combustionanalysis of 4.2 parts in 100parts of powder (0.29mmol/g powder) that is less than theestimated stoichiometric
amount of 0.42 mmol/g.
[0069] Theorganic compositionwasstronglybonded to thealuminacompoundasconfirmedby theFTIRspectraFigure
6 by the appearance of the band at 1590 cm‑1 , and the complete disappearance of the organic functional group band at
1700 cm‑1 . Thiswasnot shown inComparativeExamples 1and2 (Figures 8and9). The particlesmorphology is shown in
Figure 2.
[0070] In order tomeasure the pore structure of the hydrophobic porous alumina, N2 adsorptionmethodwas applied on
the hydrophobic porous alumina. Data was collected on heat treated samples at 110°C for 2 hours with vacuum at 1 Torr.
The specific surface area of the hydrophobic porous alumina (m2/g) was evaluated using the B.E.T. equation. The pore
volume was determined from the volume of nitrogen adsorbed at saturation (evaluated at relative pressure p/po equal to
0.992). The pore volume determined with this method was contained in pores filled up to about 269 nm.
[0071] The hydrophobic porous alumina powders were deagglomerated to nanosize with single nano crystals by light
blending and incorporated with different substrates including polymeric and non polymeric substrates. As can be seen
from Figure 3 the powders coat the different substrates.
[0072] The particles were not wetted by water but could be wetted by hexane for example and have dispersed giving
opalescent systems without sedimentation.

Example 2

[0073] This example shows that it is possible to fine tune the properties of the porous hydrophobic alumina with aminor
organic composition modification without changing the ability of the nanocrystallites to be deagglomerated. The porous
hydrophobic alumina was prepared according to Example 1, but the amount of organic composition i.e. C8 carbon chain
was decreased. The final powder had a residual amount of organic composition measured through catalytic combustion
analysis of 2.6 parts in 100 parts of powder, that counts for only 0.18 mmol/g of the organic composition on surface.
[0074] The organic composition was strongly bonded to the alumina compound as confirmed by the FTIR spectra,
Figure 7. The spectra is similar to the Example 1 leading to the same conclusions, and it is different from Comparative
Examples 1 and 2, Figures 8 and 9.
[0075] Figure 4 shows the morphology of the particles. Figure 5 shows the deagglomerated hydrophobic porous
alumina on several substrates including silica glass, polystryrene, sulfonic polystyrene resin, PMMAand nylon (nylon 12).
[0076] The particles were dispersed giving opalescent systems without sedimentation.

Comparative Example1

[0077] This exampleexemplifies theuseof anorganic composition includinganalkyl hydrocarbonchain lengthof 18.An
amount of an organicmodifier compositionwhich is a polymerizedchain fatty acid havinga carbonchain of greater than 16
was reacted in astirred vesselwith theboehmite slurry ofExample1at 105°C for 2hours. The resultingmixture hadapHof
7.0.
[0078] The milky mixture was dried under nitrogen flow with a nozzle spray atomizer at temperature of the inlet air of
260°C.The resulting crystalliteswere thinner than the startingaluminacompound, theaspect ratiowas1.75.AsperFigure
8, this comparative composition had a different spectra than that of Example 1 and Example 2.
[0079] The final powder had an amount of organic composition of 14 parts in 100 parts of powder (0.49mmol/ g powder)
that is higher than in the Example 1 and is comparable to the stoichiometric estimated value.
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Comparative Example 2

[0080] This example exemplifies a modified drying operation for producing modified boehmite with an organic
composition having a C18 chain by using a screen to deagglomerate particles before drying. An amount of the organic
modifier compositionwhichhasbeenused in theComparativeExample1was reacted in astirred vesselwith theboehmite
slurry of Comparative Example 1 at 105°C for 2 hours. The resulting milky mixture had a pH of 7.0.
[0081] A screen pack was installed on the line to the nozzle dryer to remove clots or agglomerates. The milky mixture
wasdriedunder air flowwith anozzle spray atomizer at temperature of the inlet air of 260°C. The resulting crystalliteswere
thinner than the starting alumina compound, the aspect ratio was 1.69.
[0082] Thefinal powder hadanamount of organic composition of 14parts in 100parts of powder (0.49mmol/ g powder).
The FTIR spectra, Figure 9, has similar features to Comparative Example1.
[0083] Theproperties of themodifiedaluminas (AIOOH-M)ofExamples 1and2andComparativeExamples1and2are
summarized in Table 1.

Table 1‑ Properties of the Aluminas of the Examples and Comparative Examples

Unit AIOOH-M
boehmite
modified
Example 1

AIOOH-M
boehmite modified
Example2

AIOOH-M boehmite
modified Comparative
Example 1

AIOOH-M boehmite
modified Comparative
Example2

Carbon chain C8 C8 C18 C18

Csize 020 Nm 25 27 32 32

Csize 200 Nm 54 56 56 54

Csize 002 Nm 27 32 35 33

Aspect Ratio
200/020

2.16 2.07 1.75 1.68

Organic
composition
content

%wt 4.2 2.6 14 14

Specific Sur-
face Area
BET

m2/g 51 52 28 27

Pore Volume Cc/g 0.94 0.85 0.51 0.51

Dispersibility Hexane Propylene carbo-
nate Propanediol
PEG TEG

Hexane Hexane

[0084] From Table 1 it is clear that the process of the present invention produces modified alumina where the
morphology of the crystals has an oblong shape. This is clear as the aspect ratio of the modified alumina is greater
than 1.80. The crystals becomemore oblong with the use of a carboxylic acid having a carbon chain of 8 (Example 1 and
Example 2 versus Comparative Examples 1 and 2) and require less than the stoichiometric value of the organic
composition. The products of Examples 1 and 2 have a higher surface area and pore volume when compared with
the Comparative Examples 1 and 2.

Example 3.

[0085] The following example describes the use of an organic composition having an amino group and an alkyl carbon
chain of 6. A weighted amount of Leucine (amino acid with alkyl chain of 6) was added to water and stirred at room
temperature until a not‑ completely clear solution was obtained. The not-completely clear solution was mixed with a
boehmite (AIOOH) slurry from theZiegler alcohol processofExample1 in avessel operating at a suitable revolution rate of
lowRPMat 105°C for 2 hours. The pHwas in the range of 5.5 - 6.0. The slurry was dried using a spray atomizer to obtain a
final powder with an amount of organic composition of 8.9 parts in 100 parts of powder (0.68 mmol/g).
[0086] The powders had a BET surface area of 37 m2/g and pore volume of 0.73 Cc/g.
[0087] The FTIR spectra, Figure 10, had similar features of Example 1 in the region of about 1580cm‑1.
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[0088] 3 g of powder with 100 g of PEG were agitated for 10 minutes. After 30 minutes no sedimentation occurred.
[0089] Themixturewascentrifugedand the solid residuewasevaluatedafter drying at 120°C. The%wt. of particles that
remained in the supernatant after centrifugationwith respect to the total amount initially addedwas 99%wt, which showed
that particles were highly dispersible.
[0090] Figure 11 shows the alumina particle morphologies and Figure 12 shows the deagglomerated alumina particles
on polystryrene.
[0091] In another procedure the preparation with Leucinewas carried out with the same starting reagent solution and in
the samemixing vessel under a revolution rate of higher RPM. After reaction the powder, which had essentially the same
surface area as above, 37.3 m2/g, had a pore volume of 0.53 cc/g. Thus if an appropriate mixing rate is applied in the
vessel, the pore volume may be adjusted being as much higher as the mixing rate is lowered.
[0092] Although specific embodiments of the invention have been described herein in some detail, this has been done
solely for the purposes of explaining the various aspects of the invention, and is not intended to limit the scope of the
invention as defined in the claims which follow. Those skilled in the art will understand that the embodiment shown and
described is exemplary, and various other substitutions, alterations and modifications, including but not limited to those
design alternatives specifically discussed herein, may be made in the practice of the invention without departing from its
scope.

Claims

1. A method of producing a hydrophobic porous alumina comprising the steps of:

i) providing a slurry comprising an alumina compound which includes aluminum oxide hydroxide (AIOOH),
boehmite or pseudoboehmite, the slurry having a pH equal to or greater than 7;
ii) adding an organic composition comprising carboxylic acids with alkyl hydrocarbon chains having a carbon
length less than10, to theslurry to formanacidicmodifiedslurry,wherein theorganic composition content relative
to the content of alumina compound in the acidic modified slurry is between 0.5 and 10%wt; the acidic modified
slurry having a pH of between 3 and less than 7;
iii) hydrothermally aging the acidic modified slurry to form a hydrothermally aged slurry; and
iv) drying the hydrothermally aged slurry.

2. The method of claim 1 wherein the organic composition comprises carboxylic acids with alkyl hydrocarbon chains
having a carbon length of 9.

3. The method of claim 1 wherein the organic composition comprises carboxylic acids with alkyl hydrocarbon chains
having a carbon length of 8 or less than 8.

4. The method of claim 1 in which the acid modified slurry has a pH of between 3.5 and 5.5.

5. A porous hydrophobic alumina including the following characteristics:

i) an aspect ratio of between 1.80 and 5.0, preferably 1.8 and 3.5 and most preferably 2 and 3.5;
ii) a total pore volume between 0.55 cc/g and 2.0 cc/g, preferably between 0.55 cc/g and 1.1 cc/g;
iii) a specific surface area of between 30m2/g and 300m2/g, preferably between 30m2/g and 150m2/g andmost
preferably 30 m2/g and 100 m2/g; and
iv) an organic composition content between 0.5 and 10 wt. % relative to the content of alumina, preferably an
organic composition content between 0.5 and wt. 5% relative to the content of alumina, the organic composition
comprising carboxylic acids with alkyl hydrocarbon chains having a carbon length of less than 10.

6. A composition including a porous hydrophobic alumina prepared according to themethod of claim 1 and a substrate.

7. The composition of claim 6 wherein the substrate includes polymers, crosslinked polymers, nylon resins, and acrylic
resins e.g. polymethylmethlacrylate (PMMA), polystyrenes, styrene acrylate resins, polyester resins, waxes, poly-
ethylene, polypropylene, polycarbonate, polyurethane, polyethylene terephthalate, rubber, epoxy resins, silicone,
cellulose, fabric, polytetrafluoroethylene, silica glass particles, metal oxides, ceramics and carbon substrates.
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Patentansprüche

1. Verfahren zur Herstellung eines hydrophoben porösen Aluminas, umfassend die Schritte:

i) Bereitstellen einer Aufschlämmung, die eine Aluminaverbindung umfasst, die Aluminiumoxidhydroxid
(AIOOH), Böhmit oder Pseudoböhmit umfasst, wobei die Aufschlämmung einen pH-Wert von gleich oder größer
als 7 aufweist;
ii) Zugeben einer organischen Zusammensetzung, umfassend Carbonsäurenmit Alkylkohlenwasserstoffketten
mit einer Kohlenstofflänge von weniger als 10, zu der Aufschlämmung, um eine saure modifizierte Aufschläm-
mung zu erzeugen, wobei der Gehalt der organischen Zusammensetzung im Verhältnis zu dem Gehalt an
Aluminaverbindung in der sauren modifizierten Aufschlämmung zwischen 0,5 und 10 Gew.-% liegt; wobei die
saure modifizierte Aufschlämmung einen pH-Wert zwischen 3 und weniger als 7 aufweist;
iii) hydrothermales Altern der saurenmodifizierten Aufschlämmung, um eine hydrothermal gealterte Aufschläm-
mung zu erzeugen; und
iv) Trocknen der hydrothermal gealterten Aufschlämmung.

2. Verfahren nachAnspruch 1, wobei die organische ZusammensetzungCarbonsäurenmit Alkylkohlenwasserstoffket-
ten mit einer Kohlenstofflänge von 9 umfasst.

3. Verfahren nachAnspruch 1, wobei die organische ZusammensetzungCarbonsäurenmit Alkylkohlenwasserstoffket-
ten mit einer Kohlenstofflänge von 8 oder weniger als 8 umfasst.

4. Verfahren nach Anspruch 1, in welchem die saure modifizierte Aufschlämmung einen pH von zwischen 3,5 und 5,5
aufweist

5. Ein poröses hydrophobes Alumina umfassend die folgenden Merkmale:

i) ein Aspektverhältnis zwischen 1,80 und 5,0, vorzugsweise zwischen 1,8 und 3,5 und am meisten bevorzugt
zwischen 2 und 3,5;
ii) ein Gesamtporenvolumen zwischen 0,55 cc/g und 2,0 cc/g, vorzugsweise zwischen 0,55 cc/g und 1,1 cc/g;
iii) eine spezifische Oberfläche zwischen 30 m2/g und 300 m2/g, vorzugsweise zwischen 30 m2/g und 150 m2/g
und am meisten bevorzugt zwischen 30 m2/g und 100 m2/g; und
iv) einen Gehalt an organischer Zusammensetzung zwischen 0,5 und 10 Gew.-%, bezogen auf den Gehalt an
Alumina, vorzugsweise einen Gehalt an organischer Zusammensetzung zwischen 0,5 und 5 Gew.-%, bezogen
auf den Gehalt an Alumina, wobei die organische Zusammensetzung Carbonsäuren mit Alkylkohlenwassers-
toffketten mit einer Kohlenstofflänge von weniger als 10 umfasst.

6. Zusammensetzung umfassend ein poröses hydrophobes Alumina, das gemäß dem Verfahren nach Anspruch 1
hergestellt wurde und ein Substrat.

7. Zusammensetzung nach Anspruch 6, wobei das Substrat umfasst Polymere, vernetzte Polymere, Nylonharze, und
Acrylharze wie z.B. Polymethylmethylacrylat (PMMA), Polystyrole, Styrolacrylharze, Polyesterharze, Wachse,
Polyethylen, Polypropylen, Polycarbonat, Polyurethan, Polyethylenterephthalat, Gummi, Epoxidharze, Silikon,
Zellulose, Fasern, Polytetrafluorethylen, Quarzglaspartikel, Metalloxide, Keramiken und Kohlenstoffsubstrate.

Revendications

1. Procédé de production d’une alumine poreuse hydrophobe, comprenant les étapes de :

i) fourniture d’une suspension comprenant un composé d’alumine qui comprend un hydroxyde d’oxyde d’alu-
minium (AIOOH), de la boéhmite ou de la pseudoboéhmite, la suspension ayant un pH égal ou supérieur à 7 ;
ii) addition d’une composition organique comprenant des acides carboxyliques ayant des chaînes hydrocarbo-
nées alkyle ayant une longueur de carbone inférieure à 10, à la suspension pour former une suspensionmodifiée
acide, la teneur en composition organique par rapport à la teneur en composé d’alumine dans la suspension
modifiéeacideétant entre 0,5et 10%enpoids ; la suspensionmodifiéeacideayant unpHd’entre3etmoinsde7 ;
iii) vieillissement hydrothermal de la suspensionmodifiée acide afin de former une suspension vieillie demanière
hydrothermale ; et
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iv) séchage de la suspension vieillie de manière hydrothermale.

2. Procédéselon la revendication1, dans lequel la compositionorganiquecomprenddesacidescarboxyliquesavecdes
chaînes hydrocarbonées alkyle ayant une longueur de carbone de 9.

3. Procédéselon la revendication1, dans lequel la compositionorganiquecomprenddesacidescarboxyliquesavecdes
chaînes hydrocarbonées alkyle ayant une longueur de carbone de 8 ou inférieure à 8.

4. Procédé selon la revendication 1, dans lequel la suspension modifiée acide a un pH compris entre 3,5 et 5,5.

5. Alumine hydrophobe poreuse comprenant les caractéristiques suivantes :

i) un rapport d’aspect compris entre 1,80et 5,0, depréférence 1,8et 3,5 et demanière lamieux préféréeentre 2 et
3,5 ;
ii) un volume total de pores compris entre 0,5 cm3/g et 2,0 cm3/g, de préférence entre 0,55 cm3/g et 1,1 cm3/g ;
iii) une surface spécifique comprise entre 30 m2/g et 300 m2/g, de préférence entre 30 m2/g et 150 m2/g et de
manière la mieux préférée entre 30 m2/g et 100 m2/g ; et
iv) une teneur en composition organique comprise entre 0;5 et 10% en poids par rapport à la teneur en alumine,
depréférence une teneur en composition organique comprise entre 0,5 et 5%enpoids, par rapport à la teneur en
alumine, la composition organique comprenant des acides carboxyliques avec des chaînes hydrocarbonées
alkyle ayant une longueur de carbone inférieure à 10.

6. Composition comprenant une alumine hydrophobe poreuse préparée selon le procédé de la revendication 1 et un
substrat.

7. Composition selon la revendication 6, dans laquelle le substrat comprend des polymères, des polymères réticulés,
des résines de nylon, et des résines acryliques par exemple le polyméthacrylate de méthyle (PMMA), des
polystyrènes, des résines d’ acrylate de styrène, des résines de polyester, des cires, du polyéthylène, du poly-
propylène, dupolycarbonate, dupolyuréthane, dupolyéthylène téréphtalate, du caoutchouc, des résinesépoxy, de la
silicone, de la cellulose, du textile, du polytétrafluoroéthylène, des particules de verre de silice, des oxydes
métalliques, des céramiques et des substrats de carbone.
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