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(87) Abstract: The present invention provides an essentially dry method for preparation of enhanced alumina powders. The first
step mvolves rapid calcination of an aluminum compound to produce alumina powder. The alumina powder 1s mixed with solid
ammonium carbonate and a small amount of water. This mixture heats itself although some external heat 1s helptul to produce am-
monium aluminum hydroxycarbonate (dawsonite-type) NH4AICO3(OH)2 upon curing which is then decomposed to produce en-
hanced alumina having a specific desired morphology and nano-sized dimensions.
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PROCESS FOR PRODUCING ENHANCED ALUMINA

BACKGROUND OF THE INVENTION

[0001] Alumina powders are widely used 1s many areas of industry and life such as for
supports of catalysts, adsorbents, additives, i the ceramic industry, fillers and others.

[0002] There 1s a need for alumina supports with high BET surface arca and pore volume
combined with a suitable bulk density, stability and ability easily to accommodate additives.
One can refer to such alumina supports as enhanced alumina (EA). Simple alumina powder
manufacturing methods are also needed.

[0003] Dawsonite, sodium aluminum dihydroxide carbonate (NaAIOH)»CO3) and 1ts
alkali metal and ammonium analogs are useful compounds that either occur naturally or are
synthesized by a variety of processes which 1n the prior art have taken place 1n aqueous
medium. In US 4,356,157, dawsonite was produced by combination of aluminum hydroxide

and an alkali metal or ammonium hydrogencarbonate at high pressure and at temperatures

between 150° and 250°C.
SUMMARY OF THE INVENTION

[0004] This invention provides an essentially dry method for preparation of enhanced
alumina powders. It includes three important steps. The first step mmvolves rapid (flash)
calcination of an aluminum compound, usually a hydroxide and typically AI(OH)3 (gibbsite)
as conventionally produced 1 the Bayer process. This step 18 practiced industrially for
manufacturing activated alumina particulates and special powders capable of rehydration.
Alumina powder produced 1n the first step 1s mixed with solid ammonium carbonate 1n a
blender upon addition of a small amount of water. Ammonium hydrogencarbonate
(bicarbonate) NH4qHCO3 1s the preferred carbonate, but other ammonium carbonates such as
(NHy4)> CO3, ammonium sesqui carbonate or carbamate can be also used. The mixture heats
itself up without addition of external heat, but a moderate heating and curing can be applied
to facilitate a reaction that results in the preparation of ammonium aluminum
hydroxycarbonate (dawsonite-type) NH4AICO3(OH)». The third step involves the
decomposition of ammonium aluminum hydroxycarbonate to obtain enhanced alumina (EA)
with specific morphology and the features of a nano-sized material. Carbon dioxide (CO» and

ammonia (NH3) and water are gaseous decomposition products of hydroxycarbonate as well
-] -
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[0005] Carbon dioxide and ammonia can be recovered and reused for the preparation of
ammonium bicarbonate that is used as a raw material. The invention differs from the known
methods for alumina powder production such as hydrolysis of aluminum alkoxides and
ditterent precipitation routes. It differs also from the methods that employ rehydration of
flash calcined alumina (FCA) that usually are followed by autoclaving and thermal treatment.
No significant liquids or emissions are involved. The carbonate additive can be used in a dry
form and can be easily recovered for re-use by capturing NH3 and CO» evolved in the
decomposition stage.

[0006] FCA alumina powder produced industrially by flash calcination of gibbsite and
known as A-300 product of UOP LLC is mixed in a blender with reagent grade ammonium
bicarbonate powder upon addition of small amounts of water. The mixture is free flowing but

it changes somewhat the flow pattern and the resistance to mixing upon water addition. The

temperature also increases and exceeds 45° to 50°C. After 30 to 45 minutes, the resulting

powder 1s transferred to a plastic container and additionally cured in an oven at 55° to 60°C
to complete the reaction. The last step of the process is the thermal decomposition of NH4 —
dawsonite producing enhanced alumina with high BET surface area and pore volume.
[0007] Optionally, the source alumina may undergo a treatment with acid solution
followed by washing and drying. The purpose of this treatment being to reduce the residual
sodium in the case when the source alumina is derived from the Bayer process of alumina
production. Such alumina material normally contains 0.2 to 0.5 mass-% sodium expressed as
the oxide. Low soda alumina is desired when used as catalyst support. Instead on the source
alumina, the treatment with the acid solution can be pertormed directly on the enhanced
alumina produced after decomposition of the hydroxycarbonate product.

[0007.1] According to one aspect of the present invention there is provided a process for
producing alumina comprising a) providing a quantity of alumina powder; b) mixing the
alumina powder with a solid ammonium carbonate and from 5 to 30 welght percent water to
form a mixture; ¢) allowing the mixture to cure at a temperature from about 45° to 85° C. to
produce ammonium aluminum hydroxycarbonate: and d) then decomposing the ammonium
aluminum hydroxycarbonate at a temperature from about 130° to 320° C. to produce an

enhanced alumina.
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[0008] The process of producing enhanced alumina through described hydroxycarbonate,

(dawsonite-type) intermediate can be combined with the use of additives in order to enhance
even further the properties of the final product. Additives in both solid and liquid form can be
used. Alumina having increased thermal stability is produced if the water in the

hydroxycarbonate formation step is replaced by colloidal silica solution.

DETAILED DESCRIPTION OF THE INVENTION

[0009] Lhis invention provides an essentially dry method for preparation of enhanced

alumina powders. It includes three important steps. The first step 1nvolves rapid (flash)
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calcination of an aluminum compound, usually a hydroxide and typically AI(OH)73 (gibbsite)
as conventionally produced in the Bayer process. This step 1s practiced industrially for
manufacturing activated alumina particulates and special powders capable of rehydration.

The simplified reaction is shown in reaction (1). The alumina produced in the first step is

referred to as flash-calcined alumina (FCA).
2Al(OH)3 + heat - Al»O3 +3H70O (1)

Other aluminas such as those produced by hydrolysis of aluminum alkoxideé, precipitation or
hydrothermal treatment of alumina sources can be casily used as a raw material for producing
enhanced alumina according the invention provided these aluminas have sufficient reactivity
towards ammonium carbonate reagent. Generally, having at least 50 m2/g BET surface area
and some rehydratability are important conditions for suitability to serve as alumina raw
material.

[0010] Alumina powder produced in the first step is mixed with solid ammonium
carbonate in a blender upon addition of a small amount of water. Ammonium bicarbonate
carbonate NH4HCO3 is the preferred carbonate, but other ammonium carbonates such as
(NH4)>CO3 and sesqui carbonate or carbamate can be also used. The mixture heats itseif up
without addition of external heat, but a moderate heating and curing can be applied to
facilitate reaction (2) that results in the preparation of ammonium aluminum
hydroxycarbonate (dawsonite-type) NH4AICO3(OH)» intermediate. Depending on the

conditions of the reaction and curing steps, two different hydroxycarbonate intermediates

have been identified.

[0011] Curing at longer time and higher temperatures produces the classical ammonium

dawsonite as identified by X-ray diffraction patterns while lower temperatures and shorter
contact times produces another, yet unknown ammonium aluminum hydroxycarbonate which
for the purpose of this invention is named “HYCARB”. Both X-ray pattern and FTIR (fourier

transform infrared ) spectra show significant differences between HY CARB and the classical

ammonium dawsonite.
AlrO3 + 2NH4HCO3 + H>O = 2 NH4AICO3 (OH)» (2)

The reaction (2) can be carried in different extend depending on the needs of obtaining
enhanced alumina properties. Both partial and practically full conversion of the source

alumina to enhanced alumina can be achieved. Repeating step 2 upon addition of fresh

-3 -
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portions of ammonium carbonate speeds up the conversion process of alumina. The use of a
small amount, typically from 2 to 10 mass-%, of ammonium aluminum hydroxycarbonate
powder 1n step 2 also facilitates the conversion of the source alumina to hydroxycarbonate
[0012] The third step involves the decomposition of ammonium dawsonite to obtain
enhanced alumina (EA) with specific morphology and the features of a nano-sized material —

reaction (3).
2 NH4AICO3 (OH)» + heat = Al»O3 (EA) + 2CO» +2 NH3 +3H>O  (3)

The decomposition step can be carried out 1n a variety of devices. Preferred are devices that

allow for re-use of the decomposition products. Usually, temperatures from 130° to 320°C
are sufficient to fully decompose the hydroxycarbonate intermediate while the lower range 1s
especially preferred when step 2 of the process leads to HY CARB formation. Additional heat
treatment can be carried out depending on the application needs. Treatment at temperatures of
600°C 1s performed 1f the final product should have gamma alumina as the mail alumina
crystalline phase.

[0013] The particle morphology of the final alumina differs significantly from that of the
source material. The main difference 1s the appearance of multitude of rod —like subparticles
which arise and are entrenched 1n the original particle. The width of the rods 1s regularly less
than 100 nanometers while the length 1s limited to few micrometers.

[0014] Carbon dioxide and ammonia can be recovered from reaction (3) and reused for
the preparation of ammonium bicarbonate that 1s used as a raw material for reaction (2). The
invention differs from the known methods for alumina powder production such as hydrolysis
of aluminum alkoxides and different precipitation routes. It differs also from the methods that
employ rehydration of flash calcined alumina (FCA) followed usually by combination of acid
treatment, autoclaving and thermal treatment. No significant liquids or emissions are
involved. The carbonate additive can be used 1in a dry form and can be easily recovered for

re-use by capturing NH3 and CO» evolved 1n the decomposition stage.
EXAMPLE 1

[0015] 100g A-300 alumina 1s mixed with 150g solid ammonium carbonate 1 a blender

upon addition of 24.5g water as described above. The material was cured overnight at 71°C
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in a sealed container. The resulting powder is then calcined at 400°C for 1 hour in a muffle

oven to produce enhanced alumina with improved thermal stability.

EXAMPLE 2

[0016] The experiment in Example 1 is repeated but 34.5g colloidal silica Nalco 1130 is

5 used instead of water.

EXAMPLE 3

[0017] Comparison A-300 powder has been treated at the equipment described in

Example 1. No bicarbonate was added but only 30.4 g deionized water. The sample was then

calcined at 400°C for 1 hour.

10 EXAMPLE 4

[0018] The conditions of Example 1 were applied but the duration of 400°C calcination

step was 16 hours.

EXAMPLE 5

[0019] The same condition as Example 4 but the calcination temperature was 600°C.

15 EXAMPLE 6

[0020] The same condition as Example 4 but the calcination temperature was 800°C.

[0021] The calcined samples of Examples 1 to 6 were analyzed using the common

method for BET surface area and pore volume determination by low temperature nitrogen

adsorption. In addition, selected samples were analyzed for thermal stability using a DTA

20  (difterential thermal analyzer), air flow and a temperature programming rate of 5°C/min. The
temperature of the specific exothermic effect showing the transition to alpha alumina phase

was registered as a measure of thermostability. The data obtained are summarized in the
Table whereas the sample according Example 3 represents a comparison sample produced

without any addition of ammonium carbonate.
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Alpha
Sample Calcci)l(ljation Cal;(i)llllz;zion 1?23/2 Porecz;)glume tggg:igtouie
by DTA
°C
Example 3 400 1 340 0.279 1180
Example 1 400 1 502 0.774 1263
Example 2 400 1 387 0.786 1220
Example 4 400 16 467 0.799
Example 5 600 16 255 0.712
Example 6 800 16 169 0.640

[0022] The data 1n the Table show that the invention produces alumina with much higher

BET surface areca, pore volume and thermal stability as compared to the source alumina
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WHAT IS CLAIMED IS:

1. A process tor producing alumina comprising:

a) providing a quantity of alumina powder;

b) mixing said alumina powder with a solid ammonium carbonate and from 5 to 30
welight percent water to form a mixture;

¢) allowing said mixture to cure at a temperature from about 45° to 85° C. to produce
ammonium aluminum hydroxycarbonate; and

d) then decomposing said ammonium aluminum hydroxycarbonate at a temperature

from about 130° to 320° C. to produce an enhanced alumina.

2. The process of claim 1 wherein after said mixture has cured an additional amount of said
solid ammonium carbonate is added to said ammonium aluminum hydroxycarbonate and

allowed to cure at 45° to 85° C.

3. The process of claim 1 wherein said alumina powder is selected from the group consisting
of calcined Al(OH);, alumina produced by hydrolysis of aluminum alkoxide, precipitated

alumina and hydrothermally treated alumina.

4. The process of claim 1 wherein said alumina powder has a BET surface area greater than

50 m*/g.

5. The process of claim 1 wherein said mixture is allowed to cure without application of heat

to said mixture.

6. The process of claim 1 wherein heat is applied to said mixture in addition to heat produced

by an exothermic reaction from said mixture.

7. The process of claim 1 wherein said ammonium carbonates are ammonium bicarbonate,

ammonium carbonate, ammonium carbamate or ammonium sesqui carbonate.

8. 'The process of claim 1 wherein said ammonium carbonate comprises about 2 to 10 mass-

%0 ammonium aluminum hydroxycarbonate.
-7 -
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9. The process of claim 1 wherein carbon dioxide and ammonia produced trom said
decomposition of said ammonium aluminum hydroxycarbonate are combined to produce a

bicarbonate that comprises at least a portion of said solid ammonium carbonate.

10. The process of claim 1 wherein said enhanced alumina 1s additionally treated with acid

solutions to remove the residual sodium contained in source alumina.
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