3,545,920

D'ARCY R. GEORGE ETAL
PROCESS FOR EXTRACTING ALUMINUM FROM SOLUTIONS

Dec. 8, 1970

1968

26,

Filed Feb.

|

Nv H3LVM——=

Ve 4 7

L4

W
INIddidls a4

3734034 JINVONO

09

8¢

A
103734 94

INVENTORS
DARCY R. GEORGE
S. RALPH BORROWMAN

BY s i - il

0%y £v
PrAl NOILNT0S diuls 1on  LNOUOTIX3 94
, o v
NOI LVLIdI03¥d
ﬁ*mi prwecss ECTAIE] 8 AT 43 Q334 dI8LS 19K
T _
1% St ion 42 zoEjowm_Em a3avo 22 2 -
U 67 * y
’ 1/
OINV9¥0 G301 - , | oo
a3ddIyLS
103r3y ¥
samos | | Y= Lrgen o ud | O G S L
Q3aNIYELNI \ hm,\ M 6%
mml* sz _ € O HALVM dNIIVILs
¥3L714 WNSJAD  S39vLs ONIddIMLS ~gg
WONIMINIO[™ oo 6/ 02 A S\\.m,,_m
51 6 9¢ NOILN10S
2z DINVOHO<NOLLYH3Y) 9l LLUNI 44 Lnios
(74 0§
-] s
-4 ‘ « } ¢
) , A
4
A BRI _.\. . —, [ e S/ A e I
¢ | qzaal| 2 gl N/ | & MY o5 4 p
SNe3NoY (HO)DD :
4 .
’ 39VLS ONINI 39VLS ONIGBNNIS:

S39VLS NOILOVYLX3



United States Patent Office

3,545,920
Patented Dec. 8, 1970

1

- 3,545,920
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States of America as represenied by the Secretary of
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ABSTRACT OF THE DISCLOSURE

A process for extracting aluminum from aqueous
solutions with organic alkyl phosphoric acids is presented.
The organic extractant is contacted with the aluminum
containing feed at a pH of from about 2—4, stripped with
acid to form an aluminum compound which can, if de-
sired, be conventionally treated to produce alumina.

BACKGROUND OF THE INVENTION
Field of the invention

This invention relates to the field of alumina and
aluminum compound production. More specifically, it
raltes to a method of recovering aluminum values from
acidic waste solutions.

Description of prior art

A variety of neutralizaton, evaporation and precipita-
tion techniques have been developed for the purpose of
recovering alumina from waste solutions. The object of
these processes was to tap the vast supply of aluminum
contained in industrial and mine wastes. Typical examples
are waste liquors discarded in producing catalyst-support-
ing materials from clays, liquors from uraninum mills
using acid leach process, acid mine waters from iron and
coal mines, and waste solutions resulting from the ex-
traction of copper from waste dumps at porphyry copper
mining operations.

None of the prior art processes has presented an eco-
nomically attractive alternative to alumina production
from bauxite.

Briefly, the present invention involves recovery of
aluminum from acidic waste solutions by extraction with
an alkyl phosphoric acid and stripping with acid.

Accordingly, the general object of this invention is to
present a process for the recovery of aluminum values
from acid waste solutions. More specifically, it is an
object of this invention to provide an improved process
of removing aluminum values from acidic waste solutions
by extraction with an alky}l phosphoric acid. These and
other objects and advantages of this invention will be-
come apparent upon the following description of the
drawing and preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWING

The accompanying drawing is a schematic illustration
of a flow-plan for a process according to the present in-
vention.

DESCRIPTION OF PREFERRED EMODIMENTS

Qur process for recovering aluminum values from in-
dustrial and mineral processing wastes is based upon the
ability of certain organophosphorus compounds to ex-
tract aluminum from weakly acidic solutions. We have
discovered that the alkyl phosphoric acids are particularly
useful in aluminum extraction. Examples of alkyl phos-
phoric acids are; di-2-ethylhexyl phosphoric acid., he)fa-
decyl phosphoric acid, monoheptadecyl phosphoric acid,
and monododecyl phosphoric acid. A monoalkyl phos-
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phoric acid and in particularly monododecyl phosphoric
is preferred. The preparation of these acids involves
reacting the appropriate alcohol with phosphorous
pentoxide or phosporous oxychloride. For example,
monododecyl phosphoric acid is prepared by first react-
ing with P,0; with 2,6,8-trimethyl-4 nonanol. This re-
action yields predominately the pyrophosphoric acid
which is hydrolyzed to the mono acid form with HCL
As used in the present invention, the alkyl phosphoric
acids will be dissolved in a water immiscible inert or-
ganic solvent such as benzene, kerosine, hexane and the
like. The particular solvent selected is not critical al-
though kerosine is preferred for economic reasons. For
the purposes of this disclosure the acids will be repre-
sented by the general formula:

HPO,RR’
where:

R=an alkyl group
R’=an alkyl group or H+

Extraction of aluminum from an aqeuous phase with
an organic phase containing an alkyl phosphoric acid
involves an exchange of aluminum ions for hydrogen
ions. The reaction is illustrated as follows:

Al+3
(a:jueous)

-+ 3(HPO:RR")
{organic)

2 AN(POsRR'): +

(organic)

31T+
(agueous)
@
This extraction is strongly dependent upon pH. Ex-
traction of aluminum is obtained only in the pH range
of from 2 to 4 and efficient extraction is had only in the
preferred range of from 2.8 to 3.2. This optimum pH is
about 3.1. The equation above shows that hydrogen ions
are continually added to the aqueous phase as extraction
proceeds. If allowed to proceed unchecked, the pH of
the aqueous phase would fall causing extraction efficiency
to drop and eventually preventing any transfer of
aluminum jons to the organic phase. To compensate for
the transfer of hydrogen ions to the aqueous phase,
that phase must be continuously neutralized. The im-
portance of pH maintenance is illustrated in Table I
below which shows the effect of pH on an extraction of
aluminum from a aqueous sulfate solution by contact with
a kerosine solution containing 0.4 N monododecyl phos-
phoric acid.

TABLE I-—-EFFECT OF pH BXTRACTION COETFFICIENT
(ORGANIC/AQUEOUS=2/1)

Alin Alin  Extraction Percent Al
organic aqueous coefficient extracted
Aqueous pIH extract, raffinate, Iioja

g.fl. g./1.

2.1 1.88 1.1 685.8

2. 56 1.04 2.5 81. 1

2. 46 .70 3.5 86.7

2.5 .64 3.9 88.4

2.7 .86 3.1 84. 4

2.1 1. 26 1.7 77.1

L0 2. 66 .4 5.16

Any base may be used to maintain pH control in the
aqueous phase although less expensive materials such as
limestone, lime, hydrated lime or their dolomitic equiv-
alents are preferred. Theoretical requirements are 1.5
moles base to 1 mole of aluminum.

Finely ground limestone may be added directly to the
extraction circuit mixers as an aqueous slurry or as
a dry powder. It is not practical to add lime or hydrated
lime in this manner because their high reactivity causes
local precipitation of metal hydroxides which entrain the
organic extractant. Lime or hydrated lime may be used,
however, to convert the alkyl phosphoric acid to the cal-
cium salt prior to its use as an extractant. Conversion to
the calcium salt is illustrated by the following equation.
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Ca+212(OH)—}-2HPO,RR <
Ca(PO4RR’)3+2H,0  (2)

If this method of pH control is used, extraction of
aluminum will occur by an exchange of Cat2 for Al+3
according to the final reaction.

2A1+3-3Ca(PO4RR"),;=2AL(PORR )3+ 3Cat2
(aqueous) (organic) (organic) (aqueous)
When a base such as lime is used to convert the alkyl
phosphoric acid to its clacium salt only about three-
fourths of the alkyl phosphoric acid is converted to the
calcium form. Consequently, the organic is loaded with
aluminum to only about three-fourths of theoretical
capacity and the consumption of Ca(OH); is nearly
stoichiometric at pH values of 3.1 or lower. With larger
additions, a more complete conversion of the alkyl phos-
phoric acid to its calcium salt is obtained, but because
all the calcium is not displaced by aluminum, consump-
tion of a calcium containing base is increased. This effect
is shown in Table II below:

(3)

TABLE II

Gm. of
Ca(OH); Ca(0H);
per gm. of exeess,
AlO; percent
2.25 3.7
2,26 4.1
2,31 6.5
2.28 5.1
2,47 13.8
2.55 17. 5
3.70 69, 2

Furthermore, the presence of undisplaced calcium in
the organic phase after extraction increases the acid re-
quirements necessary to strip aluminem from that phase.
Hence, the use of excess base is undesirable.

When aluminum is extracted from sulfate solutions
using limestone, lime, or hydrated lime for pH control,
calcium sulfate in formed and precipitates in the extrac-
tion circuit as gypsum (CaSO,-2H,0). The yield is 1.5
moles of gypsum per mole of aluminum or approximately
2.58 grams per gram of aluminum extracted. If dolomite,
dolomitic lime, or hydrated dolomitic lime are substituted,
the formation of gypsum is reduced in proportion to the
lower calcium content and the accompanying magnesium
is converted to magnesium sulfate which is soluble.

Precipitation of gypsum in the extraction circuit results
in some entrainment of the organic phase and although
the amount entrained is only about 0.04 milliliters per
kilogram of gypsum, more than 90 percent of entrained
organic can be recovered by agitating and aerating a
thickened slurry of the gypsum in a floatation cell. The
entrained organic rises to the surface and can be removed
by skimming.

Following the extraction of aluminum from the aqueous
phase, the phases are separated and aluminum is stripped
from the loaded alkyl phosphoric acids by contacting the
organic phase with an acid such as hydrochloric, sulfuric
or nitric. The stripping reactions for these acids are as
follows:

AI(PO,RR’);43HCI-> AICI,1-3HPO,RR’  (4)
2A1(PO4RR’) 5--3H,S0,~
Aly(SO4)3+6HPORR’  (5)
AI(PO,RR’)3--3HNO;—>
A1(NO3) 51 3HPORR’  (6)

Stripping efficiencies of 90 to 95 percent are obtained
when using 6 to 8 N HCI at ambient temperatures, 6 to 8
N, HNO; at ambient temperatures or with 6 to 8 N
H,S0O, at 80 to 90 C.

Aluminum values are recovered from the stripping
solution by evaporation and crystallization to form
aluminum chloride, nitrate, or sulfate which can be
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marketed in the salt form or converted into alumina by
thermal decomposition. Decomposition of nitrate and
sulfate salts yields nitrogen oxides or sulfur oxides
which, may be converted by well known processes into
nitric or sulfuric acid and recycled to the stripping opera-
tion. Decompositoin of aluminum chloride yields HC1
gas which can be recovered and recycled.

Aluminum chloride can be removed from a chloride
solution by gassing with anhydrous HCI. The reaction
is very selective producing a highly crystalline aluminum
chloride cake that can be washed to yield a product
containing less than 0.05 percent total impurities, Gas
precipitation does however require a large volume of
cooling water because it is so highly exothermic and,
precipitation of aluminum is incomplete necessitating a
substantial recycle. Consequently, the choice between
evaporation with fractional crystallization and gaseous
precipitation will be based primarily on the economics
of ecach particular situation.

In cases where aluminum is to be recovered from acid
solutions containing iron a minor amount of iron up
to about 0.01 gram per liter of organic extractant will be
transferred to the organic phase. Ircn can be removed
by contacting the strip liquors with a kerosinc solution
containing about 10 percent tributyl phosphate plus about
13 percent isodecanol or 10 percent tertiary alkyl amine
plus 10 percent isodecanol. The iron is extracted as a fer-
ric complex and stripped with water.

A flow plan of a complete process for recovering alu-
mina from an acidic waste solution is shown in the ac-
companying drawing. There, 1 represents an aqueous feed
containing aluminum and sulfate ions. It is directed into
the mixer portion 2 of the a first mixer-settler unit 3. In
mixer 2 it is brought into contact with stream 4 containing
a mixture of calcium loaded and aluminum loaded alkyl
phosphoric acid. Here reaction (3) referred to above
takes place. In the settler portion 5 of unit 3, the lighter
organic phase containing extracted aluminum forms on
top of an aqueous phase. Gypsum is precipitated in the
aqueous phase and settles to the bottom of settler 5. A
slurry 6 containing aqueous phase liquid and solid gyp-
sum is withdrawn from settler 5 and passes through a
gypsum trap 7. There the solid gypsum is removed from
the aqueous phase. Gypsum 8 from trap 7 is sent to an
aeration cell 9 where any organic that has been entrained
within the gypsum in unit 3 is removed by froth floata-.
tion, while the clarified aqueous solution 10 recovered
from trap 7 is passed to the mixer portion 11 of a second
mixer-settler unit 12. In mixer 11 solution 10 is intimately
mixed with organic solution 13 containing a calcium
salt or an alkyl phosphoric acid in an inert water insolu-
ble organic diluent such as kerosine. The mixing causes
a transfer of aluminum and calcium ions according to
Egquation 3 above with an accompanying precipitation
of gypsum. A combined slurry of gypsum and aqueous
phase liquid 14 is withdrawn from settler portion 15 and
passcs through a second gypsum trap 16 which separates
the solid gypsum from the aqueous solution. The clarified
aqueous solution, depleted in aluminum after passage
through mixer-settlers 3 and 12, is disposed of as raffinate
17. Gypsum 18 leaving trap 16 is sent to aeration cell 9
where by froth floatation, any organic solution 19 that
ahs been entrained in the gypsum in unit 12 is removed
and recovered. Gypsum 20 from cell 9 is removed from
the system.

Returning now to mixer-settler 3, an aluminum enriched
organic solution 21 is withdrawn from settler portion 5
and is sent to a centrifugal filter 22 where any solids en-
trained in solution 21 are removed and rejected at 23.
The clarified organic solution 24 laden with aluminum
flows to mixer portion 25 of mixer-settler 26. There,
according o reaction (4) above, the aluminum is stripped
from the organic solution by contact with a HCI strip
solution 27. The stripping sequence is a countercurrent
contact of aluminum laden organic solution with HCI
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in mixer-settlers units. The present drawing shows three
such units. Thus, in addition to mixer-settler 26, units
28 and 29 arc also a part of the stripping circuit. The
loaded organic passes through mixer 25 of unit 26, settler
30 of unit 26 then to mixer 31 of unit 28, settler 32 of
unit 28 and finally through mixer 33 and settler 34 of
unit 29 to form a stripped organic solution 35, An aqueous
HCI stripping solution 27 is fed in a generally counter
current fashion to the mixer of units 29, 28 and then 26 to
form a final aluminum loaded effluent solution 36 from
settler 30. The loaded strip solution is directed to an
aluminum precipitation zone 37. There, solution 36 is
contacted with a stream 38 of anhydrous HCI gas caus-
ing a precipitation of AlCly-6H,0 and a strengthening of
the HCI solution. The AICly-6H,O precipitate is removed
by filter 39 and then sent via line 40 to a furnace 41 where
it is roasted. The roasting drives off HCI gas 38 for recycle
and leaves a Al,O3 product 42. The filtered aqueous HCl
strip solution 43, which generally contains some iron, de-
pending upon the composition of feed, is mixed with an
organic extractant 44 such as a kerosine solution con-
taining 10 percent tributyl phosphate. The mixture is
passed to an iron extration zone 45 where iron is ex-
tracted from the aqueous phase into the organic phase
and the two phases are separated. The resulting iron
depleted aqueous HCI phase 27 is recycled to mixer 33,
whereas the iron laden organic phase 60 is passed to an
iron stripping zone 46 where iron is removed from the
organic solution by contact with a stream of water 47.
The stripped organic 44 is recycled for further use and
stream 48 containing stripped iron is removed from the
system.

Returning to settler 34, the stripped organic extract-
ant 35 is mixed with a water stream 49 and a recycled
scrub solution 50 before passing into mixer 51 of mixer-
settler unit 52. From there the mixture is passed to set-
tler 53 where an organic phase 54 and an aqueous phase
55 are separately withdrawn. A portion of the latter com-
prises recycle scrub solution 50 and the remainder 56 is
bled from the system. The scrubbed organic solution 54
is then passed to a mixer 57 where it is treated with cal-
cium hydroxide 58 to convert the alkyl phosphoric acid
in stream 54 to the calcium form in accordance with re-
action (2) above, Effluent 13 from mixer 57 comprises
the organic extractant fed to mixer 11 of unit 12.

While the invention has beenr described in terms of
the preferred embodiments referred to above, it will be
apparent to those skilled in the art that various modi-
fications, alternatives and additions can be made to the
process without departing from the spirit and scope of
the inventiomn.

‘What is claimed is:

1. A method of recovering aluminum values from an
aqueous solution containing aluminum ions comprising of
steps of :

(a) contacting said solution with an aqueous immisi-

cible organic solution comprising an inert organic
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solvent and a solute consisting of a calcium salt
of an alkyl phosphoric acid in the pH range of from
about 2.8 to about 3.2 thereby causing the transfer of
said aluminum ions from said aqueous solution to
said organic solution;

(b) separating said aluminum loaded organic solution
formed in step (a) from said agueous solution;

(c) contacting said aluminum loaded organic solution
with an aqueous inorganic acid solution, said inor-
ganic acid chosn from the group consisting of hydro-
chloric, nitric and sulfuric acids, thereby causing the
transfer of aluminum ions from said organic to said
aqueous acid solution;

(d) separating the aluminum loaded aqueous solution
formed in step (¢) from said organic solution; and

(e) concentrating said aluminum loaded aqueous
phase separated in step (c¢) to precipitate an alu-
minum salt.

2. The method of cllaim 1 wherein said alkyl phosphoric

acid is a monalkyl phosphoric acid.

3. The method of claim 1 wherein said aqueous solu-
tion containing aluminum ions also contains sulfate jons
and wherein said solute consists of a calcium salt of a
monoalkyl phosphoric acid.

4. The method of claim 1 wherein said organic solvent
is a member of the class consisting of kerosine, benzene
and hexane. :

5. The method of claim 2 wherein step (e) is accom-
plished by evaporation.

6. The method of claim 2 wherein said inorganic acid
is hydrochloric and wherein step (e) is accomplished by
contacting the aqueous solution separated in step (d)
with anhydrous hydrogen chloride.

7. The method of claim 1 wherein said organic solu-
tion separated in step (d) is recycled to step (a).

8. The method of claim 7 wherein said alkyl phosphoric
acid is a monoalkyl phosphoric acid and wherein said
organic solvent is selected from the class consisting of
kerosine, benzene and hexane.
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