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The Development of the Alum-Amine
Process for the Recovery of
*Alumina from Shale.
G. THOMAS 2 and T. R. INGRAHAM 2

Based on a review of the extensive published
literature on the recovery of alumina from clays and
shale, sufficient experimental work was done on a
hench scale to establish a flow sheet whereby these
materials might he treated for the recovery of cellgrade alumina. The significant step in the processing
is the recovery of potassium alum, and its purification
by calier recrystallization or liquid-liquid extraction.
n Canada, aluminum metal is produced from alumina recovered
from bauxite. Since bauxite is found principally in tropical
regions, it follows that the aluminum industry in Canada is
totally dependent upon imported bauxite or alumina.
To decrease this dependence upon foreign materials, many
attempts 0-20) have been made to utilize the resources of clays
and shales on this continent. None of the processes devised to
date have succeeded in displacing the Bayer alumina process,
but several of the processes have features which are of interest
when assessed against the background of hvdrometallurgical
techniques developed in the last 15 years.
At the Mines Brandi of the Department of Mines and
Technical Surveys, various processes for producing alumina
have been reviewed, and some of the better features from several
have been combined with liquid-liquid extraction techniques into
an integrated process for the production of cell-grade alumina.
The chemical feasibility of the scheme has ken investigated on
a laboratory scalc by the treatment of a Canadian shale.
The experimental work was done on a typical shale from a
large eastern Canadian deposit. The chemical analysis of the
raw shale is: 58.2% Si0 2, 23.0% Al 20 3, 6.1% Fe 20 3, 3.5%
K 20, 1.7% MgO, 1.3% Na 20,1.3% C, 0.9% Tio,, 0.8% CaO,
0.1% S, 0.09*, P 20 5, and the remainder 1..0.1. Based on the
mineralogical and chemical analyses, the estimated composition
of the raw shale is as f011ows: quartz, 35%; muscovite, 32%;
clay minerais, 12%; chlorite, 11%; andalusitc, 6%; magnetite,
2% ; iron sulphides, 1 0/c; and carbonaceous 'natter, 1%.
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Prelintinary Experiments
%Mien the shale was baked with an equal weight of concentrated
1 xi
1 2SO 4, a sulphated
pnuct was obraine'd from which
93% of the aluminum was extractable in 0.5% y/y I-12SO4.
The other constituents (except silica) of the sulphated shale are
also soluble, c.g., 95% of the iron and 86% of the potassium.
When sulphated shale was leached with a small amount of
0.5% 11 2SO 4 and then filtered; a hot concentrated leach
liquor was obtained. On cooling the liquor, a viscous crystalline
mass of aluminum sulphate, with minor amounts of potassium
alum, was obtained which was di fficult to filter. 1‘'ashing of

this mass to remove the large amount of entrained iron-bearing
mother liquor from the crystals was unsatisfactory.
In contrast, by the addition of sufficient potassium sulphate
to the hot concentrated leach liquor for the complete conversion
of aluminum sulphate to potassium alum prior to cooling, welldefined, readily-filterable, octahedral crystals of potassium aluni
were formed which contained only 0.12% Fe. By recrystallizing
and washing the impure crystals with equal weights of water,
potassium aluni crystals containing 0.003% Fe were obtained.
Calculations show that alum crystals of this purity would give,
aftcr decomposition and leaching, an alumina product that would
meet cell-grade specifications for iron.
It seemed worthwhile, therefore, to investigate the alum
approach more fully by experiments designed to determine
whether it could be applied to the shale sample under study.

Leaching of Sulphated Shale
The first stage of the aluni process to be investigated was
the leaching of sulphated shale. For this purpose, a 2000 g.
sample of sulphated shale, to which 430 g.k 2S0 4 was added for
aluni formation, vas leached with 3300 nil. 11 20 for 30 min. at
95°C. The slurry was filtered, and the hot filtered leach liquor
was cooled and centrifuged to separate the aluni crystals from
the inother liquor. The filter residue was repulped twice with
boiling water, filtered, and washed again with boiling water.
The results are shown in Table I.
From Table 1, it is evident that ab:itit 77% of the soluble
aluminum was extracted from the sulphated shale in the initial
leaching. In this stage, the Al:Fe ratio was chamTed front 3:1
in the sulphated shale to 45:1 in the aluni crystars which contained 0.12% Fe. An over-all extraction of about 95% of the
soluble aluminum was obtained when the residue was repulped
and washed. These wash solutions would be suitable for use,
instead of fresh water, in the leaching of sulphated shale.
TABLE I
RECOVERY OF ALUM
BY LEACHING SULPHATED SIIALE WITH WATER

-

Mantiscript received January
arcepted June 27, 1960.
Metallurgy Division, Mies Brandt, Departmcnt of Mines and
Technical Surtyys, Ottawa, Ont.
Contribution front the Extraction Metallurgy Division, Mines Branch,
Department of Mines and Technical Surveys, Ottawa, Ont.

.2 Extraction

Cum. ','(, Extn.•
Sample

Head
Alum crystals
Mother liquor
1st wash
2nd wash
Residue

\Vt
(g)

Vol
(ml)

2000
1640
1560
2850
6820
700

Al
• (g)

Fe
(g)

133 4* 50.4*
91.1
2.0
29.8
11.2
1.1
19.2
0.3
4.7
11.5

Al

Fe

68.3
76.7
91.1
94.6

4.0
63.1
65.3
65.9

*Based on cil, sol Al and sol Fe in 0.5( 10 y/y // 25"01 .
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Retruival of Iron front Mother Liquor
To investi gate lb, removal of iron font] mother Wynn - ,

FLOW

synthetic solutions were prepared which were saturated at
room temperature with aluni and cOntained 10-20 g. Fe/I.
Lime (CaO) was added to these solutions to raise the p11 to
2,5. "Fhe mixtutcs were heated for 2.5 hr. at 95°C., to assist
in the precipitation of iron by hydrolysis, and then the iron
precipitates were removed by filtration.. Under these conditions
of neutralization and hydrolysis, it vas possible to remove about
80% of the iron, and about 20(X, of the altuninunt. from synthetic
mother liquors. Since mother liquors contain about 10% of the
aluminum extracted from sulphated shale (see Table 1), a precipitation of 20% of the aluntinum from nunher liquor corresixinds to an over-all aluminum loss of only 2%. When the
i ron precipitates, which contained hydrated iron oxides and
jarosite, Fe:.•(S0 3- 4 Fe (01 I) 3, were thermally decomposed and leached, potassium sulphate and an iron product were

• - - souos a stuakirs
----GAsts a AouEous

As an alternative to recrystallization, it was found possible
to use liquid-liquid extraction to remove iron. Experimentally.
an aqueous slurry of 25 g. of moist, freshly prepared impure
aluni crystals (0.12% Fe) in 25 iiil. of water was shaken with
100 ml. of a 5% v/v Primene JN1* solution in kerosene. "Hie
organic phase vas decanted front the aqueous slurry, and the
purified crystals which N‘Tre separated front the aqueous solution
by filtratic:n contained 0.004% Fe. The purified aluni crystals,
after a second treatment with fresh x% au r and fresh organic
solution contained 0.0005% Fe. The Primcne solution, therefore,
effected an almost complete removal of iron front the aluni.
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Figure 1—Flow sheet for alumina rerovery front sulphated
shale.

Recovery of Alumina from Aluni
The feasibility of preparing alumina from alum lias already
been established in a pilot plant investigation in the United
States (91 . ln a few experiments at the Mines Branch laboratories
at Ottawa, pure chemical grade alum was dehydrated in an oven
at 400°C. and, aftcr pulverization of the fragile porous mass,
the powder was decomposed at about 900°C., at a shallow bed
depth of 0.5 cm. in a muffle furnace. In other tests, aluni was
decomposed in a fluidizer, which consisted of a vertical 1 in.
diameter silica tube, fitted at its base with a silica cloth fOr
supporting the charge over the gas inlet. Aluni vas added
slowly to the fluidizer at 9(X)°C. for flash decomposition and
brief 'fluidization. All calcines were then leached with water
for the removal of potassium sulphate front the alumina. The
results from these tests show that, under suitable conditions,
the aluni cati be treated by decontrxisition and leaching to yield
an alumina containing only small amounts of potassium, e.g.,
0.08 — 0.13% K.

As shown by countercurrent liquid-liquid extraction tests,
Primene solution removes mainly, iron and only traces of aluminum. Under the steady-state conditions of one experiment, the
aqueous phase was foiind to contain 0i)02 g. Fe/1 and 50 g.
AI/1, whereas the organic phase contained 3.-2 g. Fe/I and t104
g. AI/ 1 . Other preliminary results from the countercurrent
tests indic-ate a consumption -of 3 to 4 lb. Ca() and 0.1 to 0.2 lb.
Priment, per lb. iron removed front Primene, during- the regeneration of Primene for recycling. 'nest: results indicate that
reagent costs should be lox-v wh-en Primene is used to remove
the relatively small amounts of iron in the alum crystals.
• Prinien e

LEACH.
HYDROLYZE, 95 °C - FILTER
LEACH.t LIOUOR

To determine whether the iron removal treatment of mother
liquors could be simplified by combining the separate stages of
leaching and hydrolysis, several samples of sulphated shal were
heated at 95 °C. for various periods of tittle, with syn th eti c
and 20 g. Fe/I. It was fin- 1nd that motherliquscnag10
by leaching sulphated sh-ale for alxnit 10 minutes with mother
liquor, a 15% extraction of iron from the shale was obtained.
By using longer leaching peritxls, 1 to 8 hr. to facilitate hydrolysis, there was no net extraction of iron from the shah: but
there was a decrease of from 14 to 76 7e of iron in the liquors.
At thc same tinte, all of the aluminum in the recycled mother
liquor was recovered, together with 86 to 90% of the aluminum
from the sulphated shale. Hence, a combination leachinghydrolysis stage for sulphated shale is possible for the extraction
of aluminum into the liquor and the rejection of iron, by hydrolysis, into the shale residue.

Impure alum crystals, obtained front the leaching of sulphated
shale and containing, 0.12% Fe, were used in the pritication
experiments. Slurries of 1: I mixtures of aluni and water In
impure aluni,weightradolx90°C.tisveh
the purified aluni. After filtration, andthecolrysiz
the crystals and wash liquors were moved countercurrently in a
4-stage countercurrent crystallization circuit. nese tests were
continued until steady-state conditions were obtained, and in
the four successive stages the alum was found to contain, respectively, 0.01% Fe, 0.002% Fe, 0.0005% Fe, and 0.0003% Fe.

SULPHATED SHALE

SOLUTIONS
- - - ORGANIC LIQUIDS

recovered.

Purification of Aluni Crystals

SHEET FOR ALUMINA RECOVERY FROM SULPHATED
SHALE

JNI is a prutiary amine from the Rohm and I I aaS
5, Penn., U.S.A.

Philadelphia
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Recovery of Alumina front Shale
Having prepared a suitable alumina front pure alum, experiments were done to determine whether cell-grade alumina could
be obtained front shale, by the foregoing process. For this
purpose, three samples of stilphated shale, t-o which the requisite
amount of potassium sulphate had been added, were leached at
95 °C. with hot water. The hot filtered leach liquors were cooled,
and the resultant aluni crystals were separated front the mother
liquor by a basket centrifuge or by a sintered glass filter. 'hile
aluni was recrystallized and washeii several times for the removal
of iron, and the purified aluni was decomposed at 900 ° C. By
leaching the calcine with water for the removal of potassium
sulphate, an alumina product was obtained. The purity of the
alumina front these tests is given in Table 2.

l'A RTI1.11.

NA LISIS

TAIII.E 2
;‘1.1M4IINA ItEcovEttEn

FIROM S11.111ATED SUALE

V
(%)

Sa mPle

K
(%,)

1
2
3

0.09*
0.015*
0.003

0.04*
0.14*
0 . 18*

.

Na
(%)

Si
('.'4.)

Cu
( (1 )

Ti
(%)

•l&
11(1*
tid*

0.05
0.08
na

0.03
0.04
0.002*

0.001
0.001
0.04*

<0.01
<0.01
<0.01*

l'h

(%,)

Mg
( 1,4.)

0.005
0.02
0.02 1

0.015
0.01
0.01

_

-

---

Ni
(%)

Ca
(%)

Cr
(%)

B
(%)

nd
0.004
nd

0.03
nd
nd

0.003
nd
nd

0.001
0.001
na

--

Fe
(%,)

.

---

-

*Chemical ana ysis. The )thers art. by sesni-quantitative spectrographic analysis.
nd None detected.
na Not available.
111e purity of these alumina pmducts compares fav(;rably
with Kalunitc alumina from which commercrally acceptable
aluminum nierai has bcen preparedn). The impurity level is
slightly in cxcess of that obtamed by the Bayer process, but
some improvement might be expected if specific precautions
were taken to keep the impurity level low.
A flow shcct for connecting the various steps suggested by
these experiments has hem sketched and is shown in Figure 1.
The flow shect was investigated by operating the process on a
small-scale cyclic basis. In these cyclic tests, 100 g. samples of
sulphated shale were leached at 95°C. for 1 hr. with 200 ml.
of mother liquor and then with 200 ml. of wash liquor. By
filtration, the leach solution was separated from the shale residue,
which was washcd first with 150 ml. of alum liquor and then
with 50 ml. of fmch water. The hot filtered leach liquor, to
which was added about 20 g. Ke0 4, was cooled at 25°C. to
form impure alum crystals and mother liquor.
In the cyclic tests, about 94% of the soluble aluminum from
the sulphated shale wàs recovered in the form of impure alum
crystals. Illese alum crystals contained about 0.2% Fe. In
subsequent cycles, the accumulation of sulphuric acid from the
hydrolysis of ferric sulphate gradually decreased the extent of
hydrolysis so that the recycle mother liquor and the alum crystals
contained increasing amounts of iron. However, by .the addition
of CaO to the leaching stage, for ncutralizing the acid and
thereby permitting continued hydrolysis of iron from the liquor,
alum crystals of low iron content were again obtained. Ille
impure alum crystals were purified by the use of equal weights
of water in a 5-stage countercurrent crystallization circuit. A
spectrographie analysis of products indicated the removal, from
the crude alum crystals, of not only iron but also sodium,
magnesium, calcium, titanium, and smaller amounts of other
contaminants.
The purified alum crystals were dehydrated in silica trays
at 400°C. and decomposed at 900°C. with the off-gases being
vented to the annosphere. The decomposed alum was leadied
at 95°C. and washed at 25°C. for the rcmoval of potassium
sulphate from the alumina. The cold wash solution was used
in the crystallization circuit for the purification of crude alum.
"Fhe hot leach solution from the leaching of decomposed alum,
after cooling and filtering to remove K2SO4 crystals, was reheated and recycled for lcaching additional K2SO4. The Keo4
crystals were recycled to the head of the circuit to forrn alum.
Alumina from the cyclic tests was of a purity comparable to
that in Table 2. Additional experimental investigations based
on the flow shect arc now in pmgress, to determine whether
large-scale pilot plant work is warranted. Any final judgment
as to the relative merits of this ineth<xl of producing alumina
will have to await an economic assessment based on pilot plant
data.
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