


The Development of the Alum-Amine
| Process for the Recovery of
‘Alumina from Shale’

. THOMAS? and T. R. INGRAHAM:

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
bench scale to establish a flow sheet whereby these
materials might be treated for the recovery of cell-
grade alumina. The significant step in the processing
is the recovery of potassium alum, and its purification
by either recrystallization or liquid-liquid extraction.

In Canada, aluminum mctal is produced from alunnina recovered
from bauxite. Since bauxite is found principally in tropical
regions, it follows that the aluminum industry in Canada is
totally dependent upon imported bausite or alumina.

To decrease this dependence upon forcign materials, nyany
atternpts~2 have been made to utlize the resources of clays
and shales on this continent. None of the processes devised to
date have succeeded in displacing the Bayer alumina proccss,
bur several of the processes have features which are of nterest
when assessed against the background of hydromerallurgical
techniques developed in the last 15 years. :

At the Mines Branch of the Deparunent of Mines and
Technical Surveys, various processes for producing alumina
have been reviewed, and some of the better featurcs from several
have been combined with liquid-liquid extraction techmiques into
an integrated process for the production of ccll-grade alumina,
The chemical feasibility of the scheme has been investigated on
a laboratory scale by the treatment of a Canadian shale,

The experimental work was done on a typical shale from a
large castern Canadian deposit.  The chermcal analysis of the
raw shalc is:  58.29% Si0,, 23.09% ALOs, 619 Fe 05, 3.5%
K40, 1.7% MgO, 1.39, Na.0, 1.39 C, 0.99% Fi0y, 0.8% Ca0,
0.19% S, 0.099, P40s, and the remainder 1..0.1. Based on the
mineralogical and chemical analyses, the estimated composition
of the raw shalc is as follows: quartz, 35%; muscovite, 32%;
clay minerals, 129; chlorite, 119; andalusite, 69; magnetite,
2%; iron sulphides, 19%; and carbonaccous matter, 1%.

Preliminary Experiments

When the shale was baked with an equal weight of concen-
trated 11,80, a sulphated product was obtained from which
?}% of the aluminum was extractable in 0.5 v/v HSO,.
The other constituents (except silica) of the sulphated shale are
also soluble, e.g., 95, of the iron and 86%, of the potassium.

When sulphated shale was Icached with a small amount of
(?.5% v/v HLSOQ, and then fileered; 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 obrained which was difhicult to filter. VWashing of
ll.l.lllll.IIIIIII-II.IIIIIIIIllllIIIIIIIlll.IIII.Illlllllll"l.lll.l.llllI.I‘.I
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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 alwn prior to cooling, well-
dcfined, readily-filtcrable, octahedral crystals of potassium alum
were formed which contained only 0.12%, Fe. By recrystallizing
and washing the impurc crystals with equal weights of warer,
potassium alum crystals containing 0.003% Fc were obtained.
Calculations show that alum crystals of this purity would give,
after decornposition and Iecaching, an alwnina product that would
mcet cell-grade specifications for iron.

It scemed worthwhile, thercfore, to investigate the alum
approach morc fully by cxperiments designed to determine
whether it could be applied to the shale sample under srudy.

Leaching of Sulphated Shale

The first stage of the alum process to be investigated was
the lcaching of sulphated shale.  For this purpose, a 2000 g.
sample of sulphated shalc, to which 430 g. K-S0 was added for
alum formation, was lcached with 3300 ml. H,0 for 30 nun. at
95°C. The slurry was filtered, and the hot filtered leach liquor
was cooled and centrifuged to scparate the alum erystals from
the mother liquor. The filter residue was repulped twice with

~ boiling watecr, filtered, and washed again with boiling water.

The results arc shown in Table 1.

From Table 1, it is cvident that about 779 of the soluble
aluminum was cxtracted from the sulphated shale in the inidal
lcaching, In this stage, the Al:Fe ratio was changed from 3:1
in the sulphated shale to 45:1 in the alum erystals which con-
tained 0.129% Fe. An over-all extraction of about 95% of the
solublc aluminum was obtained when the residue was repulped
and washed. These wash solutions would be swtable for usc,
instcad of fresh water, in the leaching of sulphared shale.

TABLE 1

RECOVERY OF ALUM
BY LEACHING SULPHATED SHALE W1TH WATER

Cum. ¢y Extn.*
) . Wt Vol Al Fe § o
Sample | gy | () | (g) | ()
Al Fe

Head 2000 133 4% 50.4*
Alum crystals | 1640 91.1 201 0683 1.0
Mother liquor 1560 1.2 29.8 76.7 63 .1
{st wash 2850 19.2 1.1 91.1 65.3
2nd wash 6820 4.71 0.3 91.6 65.9
Residue 700 11.5

*Based on G5 sol Al and sol Fe in 0.5 v/p I{,50,.

The Canadian Journal of Chemical Engineering, December, 1960

%
3
;
|
i
|
|



Removal of Iron from Mother Liquor

To investigate the removal of dron from mother liquor,
synthetic solutions were prepared which were saturated at
room temperature with alum and contained 10-20 g, ¥Fe/1.
Lime (CaQ) was added to these solutions to raise the pH to
2.5, The mixtunes were heated for 2.5 hro ar 95°C, to assist
n the prccipim(inn of iron by hydralvsis, and then the iron
precipitates were remaved by filtration. Under these conditions
of neutralization and hydrolysis, 1t was possible to ranove about
80% of the iron, and abour 20%, of the aluminuiy, from synthetic
mother Hquors. Since mother fiquors contain abour 109, of the
aluminum extracted from sulphated shale (sce Table 1), a pre-
cipitation of 207, of the ul.mninum from mother liquor corre-
sponds to an over-all aluminum Joss of only 2%, When the
ron |\rcci|)it-.ncs, which contained |1/\'drntcd iron oxides and
jarosite, KSO . Fee (8O a4 Fe (OFD 5, were thermally decom-
posl:d and Icached, potassium sulphate and an iron product were
recovered.

To determine whether the iron removal treatment of mother
fiquors coukt be simplificd by combining the separate stages of
feaching and h_\'dﬁ)l)'Si.\', several samples of sulphated shale were
heated ar 95°C5, for varous periads of tone, with svnthetic
mother liquors contaiming 10 and 20 . Fe,/T. Tt was found that
by Jeaching sulphated shale for about 10 minutes with mother
fliquor, a 159 extraction of iron from the shale was obrained.
By using longer Icaching periods, 1 to 8 hr. to facilitate hydro-
lysis, there was no net extraction of iron from the shale but
there was a decrcase of from 14 1o 769, of tron n the liquors.
At the same time, all of the aluminum in the recycled mother
liquor was recovered, together with 86 to 909, of the aluminum
from the sulphated shale.  Hence, a combination leaching-
hydrolysis stage for sulphated shale is possible for the extraction
of aluminum into the liquor and the rejection of iron, by hydro-
lvsis, into the shale residuc.

Purification of Alum Crystals

tmpurc alum crystals, obtamcd fram the feaching of sulphated
shale and containing 0.12% Tc, were used in the furihication
experiments.  Slurries of :1 mixtures of alum and water by
weight were heated to about 90°C. to dissolve the impure alum,
and then cooled to erystatlize the purified alum. After fileration,
the crystals and wash hquors were moved countercurrently ina
4-stage countercurrent crystallizanion cireuit. ‘Phese tests were
continned until steady-state conditions were obtained, and o
the four successive stages the alum was found o contain, respee-
tively, 0,019, Fe, 0.0029; Fe, 0.0005% Fe, and 0.0003%, Te.
As an alternative to reervstallization, it was found possible
to vse Yiquid-liquid extraction to remove iron. Fxperimentally,
an aqueous slurry of 25 g of moist, freshly prepared mpure
alum crystals (0.129 Fe) in 25 ml. of water was shaken with
100 ml. of a 5% v/x Primence JM* solution in kerosene. "The
organic phase was decanted from the aqueous shurry, and the
purified crystals which were separated from the aqueous solution
by filtraticn contained 0.0049 Fe. The purihied alum erystals,
after a sccond treatment with fresh water and fresh organic
solution contained 0.00059%, Fe. The Primenc solution, therefore,
cffected an almost complete removal of iron from the alum.
.As shown by countercurrent hiquid-liquid extraction tests,
Primene solution removes mainly iron and only traces of alumi-
num. Under the steady-state conditions of one experiment, the
aqueous phase was found to contain 0.002 ¢. Fe/l and 50 g,
Al/1, whereas the organic phase contained 3.2 g. Fe/1 and 0.4
¢ Al/1. Other prehiminary resules from the countercurrent
tests indicate a consumption of 310 4 1b, CaO and 0.1 to 0.2 b,
Primenc, per . iron removed from Primene, during the regen-
cration of Primene for recyeling.  These results indicate thar
reagent costs should be low when Primence ts used 1o remove
the reladvely small amounts of iron in the alan erystals,

‘lzri."'""" JM s a prmsary amine from 1he Roba and 1{aas Company,
Philudelphia 3, Penn,, US.AL

FLOW SHEET FOR ALUMINA RECOVERY FROM SULPHATED
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Figure 1—Flow sheet for alumina recovery from sulphated
shale,

Recovery of Alumina from Alum

The feasibility of preparing alumina from alum has already
been established in a pilot plant invesagation i the United
States®. In a few cxperiments at the Mines Branch laboratories
at Ottawa, pure chemical grade alum was dehydrated in an oven
at 400°C. and, after pulverization of the fragile porous mass,
the powder was decomposed at about 900°C., ar a shallow bed
depth of 0.5 em. in a muffle furnace. 1o other tests, alum was
decomposed ina fluidizer, which consisted of a vertical 1,
diameter silica wbe, ftted ar its base with a silica cloth for
supporting the charge over the gas inlet. Alum was added
stowly to the fluidizer at 900°C. for flash decomposition and
brief fluidization. Al calcines were then leached with water
for the removal of potassivm sulphate from the alumina, "The
results from these teses show that, under suitable conditions,
the alum can be treated by decomposition and leaching o yield
an alumina containing only small amounts of potassium, e.g.,
008 — 0.139% K.

Recovery of Alumina from Shale

Having prepared a suitable alumina from pure akum, experi-
ments were done ta determine whether cell-grade alumina could
be obrained from shale, by the foregoing process.  For this
purpose, three samples of sulphared shale, to which the requisite
amount of potassium sulphate had been added, were leached at
95°C.. with hot water. The hot fileered leach liquors were cooled,
and the resultant abum erystals were separated from the mother
fiquor by a basket centrifuge or by a sintered glass filter. "The
alum was reerystallized and washed several umes for the removal
of iron, and the purificd alum was decomposed at 900°C. By
feaching the caleine with water for the removal of potassium
sulphate, an alumina product was obrained. The purity of the
alumina from these tests is given in “Fable 2.
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TanLe 2

PARTIAL JANALYSIS OF ALUMINA RECOVERED FROM SULFHATED SuaLe

19 Na Si Cu

] . . Fe N Ti Vv b Mg Ni Ca Cr B
Sample Co) (“e) (") %) (¢ (%) (%) (%) | () | (%) [ () | (%) | (%)
1 0.09* 0.04* nd* | 0.05 0-.03 0.001 <0.0t 0.00510.015 } nd 0.03 | 0.003 | 0.00t
2 0.0|.§‘ 0.14¢ nd* | 0.08 0.04 0.001 <0.01 0.02 0.01 0.004 | nd nd 0.001
3 0.005* | 0.18* nd* | na 0.002* | 0.04* <0.01* | 0.02; | 0.0! nd nd nd na

nd None detected.
na Not available. -

‘The purity of these alumina products compares favorably
with Kalunite alumina from which commercially  aceeprable
aluminum metal has been prepared™®. The impurity level is
slightly in cxcess of that obtained by the Bayer process, but
some improvement might be expected if specific precautions
were raken to keep the impurity level low.,

A flow sheet for connecting the various steps suggested by
these experiments has becn 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

#Chemical analysis. The others are by semi-quantitative spectrographic analysis.

sulphated shale werc Icached at 95°C. for 1 hr. with 200 ml. -
of mother liquor and then with 200 ml. of wash liquor. By

fileration, the lcach solution was scparated from the shale residue,
which was washed first with 150 ml. of alum liquor and then

" with 50 ml. of fresh water. The hot filtered leach liquor, to

which was added about 20 g. K:SO4, was cooled at 25°C. to
form impure alum crystals and mother liquor. -

In the cyclic tests, about 949, of the soluble aluminum from
the sulphated shale was recovered in the form of impure alum
orystals. These alum crystals contained about 0.2% Fe. In
subsequent C{clcs. 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 Ca0 tw the leaching stage, for ncutralizing the acid and
thereby permitting continued hydrolysis of iron éom the liquor,
alum crystals of low iron content werc again obtained. The
impurc alum crystals were purified by the use of equal weights
of water in a 5-stagc countercurrent crystallization circuit. A
spectrographic 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 purificd alum crystals were dehydrated in silica trays
at 400°C.. and decomposed at 900°C. with the off-gases being
vented to the armosphere.  The decomposed alum was leached
at 95°C. and washed at 25°C. for the removal of potassium
sulphate from the alumina. The cold wash solution was uscd
in the crystallization circuit for the purification of crude alum.

- The hot leach solution from the leaching of decomposed alum,

after cooling and filkering to remove KsSO crystals, was re-
heated and recycled for lcaching additional K;SO4. The KSO,
crystals were recycled to the head of the circuit to form alum.
Alumina from the cyclic tests was of a purity comparable to
that in Table 2. Additional cxperimental investigations based
on the flow shect arc now in progress, to determine whether
large-scale pilot plant work is warranted. Any final judgment
as to the relative merits of this method of producing alumina

will have to await an cconomic assessment based on pilot plant
data,

References

(1) ). D. Edwards, F. C. Frary and Z. Jeffries, The Aluminum
Industry; Vol. 1, Aluminum and its Production, 358 PP-
McGraw-Hill Book Co. Inc., New York, 1930.

() G. s. Tilley, R. W. Millar and O. C. Ralston, Acid

Processes for the Extraction of Alumina. US. Bureau of
Mines, Bull. 267, 1-82 (1927).

(3) J. H. Walthall, P. Miller and M. M. Striplin, Jr., Develop-
ment of a Sulphuric Acid Process for Production of
Alumina from Clay. Trans. Am. Inst. Chem. Engrs. 41,
53-140 (1945).

(4) T. G. Pearson, The Chemical Background of the Alu-
minjum Industry. Roy. Inst. Chem. Lectures, Monographs
and Repts. No. 3, 103 pp. (1955).

(5) S. Wecks and H. B. McCoy, Materials Survey, Aluminum
Office of Defence Mobilization, US. Dept. of Com-
-merce (1956).

(6) A. Fleischer, The Kalunite Process. Trans. Am. Inst. Min-
ing Met. Engrs. 159, 267-79 (1944). :

(7Y A. Fleischer and J. Glasser, Production of Aluminum
from Kalunite Alumina. J. Metals 3, (Trans. 191), 634-6

(1951). .
(8) H. Pedersen, Production of Pure Alumina from Clay.
Tids. Kemi Bergvaesen, 3, 161-4, 175-8 (1923); 4, 11-7,

55-6 (1924); Chemical Abstracts 18, 1882 (1924).

(9) C.T.Baroch, A, W. Hackwood and P. G. Knickerbocker,
Piloc Plant Investigations—Preparation of Alumina from
Potassium Alum. US. Bureau of Mines, Rept. Invest.
3845, 1-26 (1946).

(10) C. C. Popoff, Cowlitz Clay Deposits near Castle Rock,
‘Washington. US. Bureau of Mines, Rept. Invest. 5157,
1-60 (1955).

(11) W. R. Seyfried, The Ammonium Sulphate Process for the
Extraction of Alumina from Clay and its Application in
a Plant at Salem, Oregon. Am. Inst. Mining Met. Engrs.,
Mining Technology 12, Tech. Pub. 2473, 12 pp. (1948).

(12) C. C. March, Investigations into Methods of Producing
Pure Alumina from Kaolin by Sulphate Leaching. State
College of Washington, Bull. E-4, 1-40 (1943).

(13) R. C. Haff, Method of Recovering Alumina from
Alumina-Bearing Ores. US. Pat. 2, 551, 944, Apr. 19, 1947,

(14) O. Redlich, C. C. March, M. F. Adams, F. l—g Sharp, E.
Holt and ]. Taylor, Extraction of Alumina from Glay.
Ind. Eng. Chem. 38, 1181-7 (1946).

(15) ). I. Hoffman, R. T. Leslie, H. J. Caul, L. J. Clark and
J. D. Hoffman, Development of a Hydrochloric Acid
Process for the Production of Alumina from Clay. J.
Research Natl. Bur. Standards 37, 409-28 (1946). (Re-
search Paper 1756).

(t6) W. Fulda and H. Ginsberg, Tonerde und Aluminum,
Vol. i. W. DeGruyter and Co., Berlin, 195t.

(17) H. W, St. Clair, S. F. Ravitz, A. T. Sweet and C. E.
Plummer, The Ammonium Sulphate Process for Produc-
tion of Alumina from Western Clays. Trans. Am. Inst,
Mining Met. Engrs. 159, 255-66 (1944).

(18) K. K. Kershner, C. W. Funk and W. A. Calhoun, Low
Grade Bauxites and Clays as Potential Aluminum Re-
sources. J. Metals 3, (Trans. AIME, 191,) 1138-42 (1951).

(19) T. P. Hignet, Production of Alumina from Clay by a
Modified Pedersen Process. Ind. Eng. Chem. 39, No. 8,
1052-60 (1947).

(20) F. R. Archibald and C. F. Jackson, Alumina from Clay
by the Lime Sinter Method. Trans. Am. Inst. Mining Met.
Engrs. 159, 227-38 (1944).

x * *

The Canadian Jonurnal of Chemical Engineering, December, 1960

o S i




