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[57] ABSTRACT

Aluminum nitrate solutions are subjected to hydrolysis
at elevated temperature and pressure, with the pressure
being kept relatively low by continual bleeding of reac-
tant gases from the reaction vessel. The resultant prod-
uct is a noncrystalline alumina that may be readily con-
verted to crystalline alumina by roasting.

In addition, the discharged reactant gases are employed
for leaching of clay to provide aluminum nitrate feed
solution.

2 Claims, No Drawings



4,260,589

1

PRODUCTION OF ALUMINA FROM ALUMINUM
NITRATE SOLUTIONS

Alumina is conventionally produced from clay by
means of a process involving calcination of the clay,
leaching of the calcined clay with nitric acid, removal
of iron from the pregnant leach solution by solvent

extraction, crystallization of AI(NO:):.9H>0 from the |

leach solution and calcining to convert the AI(NQ3)3.9-
H:»O to alumina. All of these steps are, however, energy
intensive, and various modifications have been intro-
duced in efforts to reduce energy requirements in pro-
duction of alumina from clay. For example, U.S. Pat.
No. 4,044,115 discloses a pressure hydrolysis procedure
employing pressures above 500 psi and yielding a prod-
uct of alumina monohydrate. U.S. Pat. No. 4,094,955
discloses a similar process in which the volatiles and
heat resulting from the pressure hydrolysis are dis-
charged into a chamber containing calcined clay and
water, thereby utilizing these reaction products in pro-
duction of additional aluminum nitrate from the cal-
cined clay.

It has now been found, according to the process of
the present invention, that a still more efficient produc-
tion of alumina, particularly from clay, may be achieved
by hydrolysis of an aluminum nitrate solution at a tem-
perature of about 250° to 350° C., but at a substantially
lower pressure, e.g., about 30 to 200 psi, preferably
about 60 psi. It has been further found that this lower
pressure is readily achieved by means of continuous
bleeding of the vapors, consisting essentially of steam
and oxides of nitrogen, from the reaction vessel in
which the hydrolysis of the aluminum nitrate is carried
out. Hydrolysis is generally complete in a period of
about 0.5 to 3 hours.

The product resulting from hydrolysis of the alumi-
num nitrate at the lower pressure of the present inven-
tion 1s a noncrystalline alumina, rather than the alumina
monohydrate of the above-mentioned prior art patents.
This noncrystalline alumina can be water washed to
remove impurities, such as sodium or calcium, and can
be readily converted to crystalline alumina by roasting
at a suitable temperature, ie., about 750° to 1000° C.

Preferably, the vapors that are bled from the hydroly-
sis reaction vessel are discharged into a chamber con-
taining clay and water in a manner similar to that dis-
closed in above-mentioned U.S. Pat. No. 4,094,955,
thereby considerably increasing the efficiency of the
overall process, i.e., recovery of alumina from clay. It
has also been found, however, that the process of the
invention is not limited to calcined clay as the raw mate-
rial, but that the process is applicable to raw clay as
well.

The hydrolysis of the aluminum nitrate solution may
be carried out in any conventional vessel, such as an
autoclave, capable of providing the required tempera-
ture and pressure, as well as means for bleeding off the
vapors at a rate sufficient to maintain the required tem-
perature and pressure in the hydrolysis reaction vessel.
Suitable temperatures may be maintained in the reaction
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vessel by any conventional means such as a heating
mantle.

Leaching of the clay to provide the aluminum nitrate
solution may also be carried out in any conventional
apparatus such as an autoclave, provided that it is
adapted to receive the vapors that are bled from the
hydrolysis reaction vessel. Temperatures and pressures
employed in the leaching are somewhat higher than
those conventionally employed for leaching of calcined

0 clays, e.g., about 120° to 150° C. and about 50 to 100 psi,

with about 20% to 50% of nitric acid. Although a por-
tion of the acid, as well as heat, will be provided by the
vapors bled from the hydrolysis reaction vessel, addi-
tional heat and acid will usually be required.

The process of the invention produces an alumina
product directly from aluminum nitrate solution, thus
obviating the step of crystallization of AKNO3):.9H20.
In addition, as noted above, the noncrystalline alumina
product is readily purified by washing, and the reduced
pressure of hydrolysis permits use of less expensive
reaction vessels.

The process of the invention will now be more specif-
ically illustrated by the following example.

EXAMPLE

Two autoclaves (A-1 and A-2) were connected to-
gether by a line for the transfer of vapors from alumi-
num nitrate decomposition. One hundred and twenty-
eight grams of AI(NO3)3 in 222 grams of water were
placed in A-1 while 65 grams of raw clay and 100 grams
of water were placed in A-2. The contents of A-1 were
heated from room temperature to 300° C. over a 2-hour
period during which time vapors were transferred from
A-1 to A-2. The pressure in A-1 rose to ~60 psi. After
the reaction in A-1 was complete, in a period of about 2
hours, a valve in the vapor transfer line was closed and
A-1 opened and its contents removed. The material was
water washed to remove impurities and the solid prod-
uct (noncrystalline alumina) roasted to crystalline alu-
mina. Product yield was 95 pct.

A-2 was mechanically stirred while the vapors were
being transferred from A-1 to A-2. The clay slurry was
heated to 120° C. (after valve closure) and maintained at
that temperature for 3 hours, A-2 pressure rising to 90
psi. After cooling, the contents of A-2 were removed,
filtered and washed. Aluminum recovery from the clay
was approximately 90 pct.

We claim:

1. A process for production of alumina consisting
essentially of treating an aqueous solution of aluminum
nitrate in a reaction vessel at a temperature of about
250° to 350° C. and a pressure of about 30 to 200 psi for
a time sufficient to substantially completely hydrolyze
the aluminum nitrate and form a solid product consist-
ing essentially of noncrystalline alumina, said pressure
being maintained by continually bleeding vapors from
the reaction vessel and discharging said vapors into a
chamber containing clay and water, wherein the clay is
leached to form additional aluminum nitrate solution.

2. The process of claim 1 in which the noncrystalline
alumina product is water washed to remove impurities,

and is then converted to crystalline alumina by roasting.
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