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The radioactivity of alumina production materials was analyzed. The main information on the content of radioac-
tive metals in bauxite and red mud is presented. Technologies for the extraction of radioactive metals from red mud

are considered.

INTRODUCTION

During the processing of bauxite raw materials into
alumina using the Bayer method, aluminum and most of
the gallium are transferred into an aluminate solution,
while a part of bauxite that is insoluble during leaching
forms a precipitate, the so-called red mud (RM). At the
same time, from 0.7 to 1.5 t of RM is formed for each
ton of obtained alumina, depending on the composition
of the processed bauxite. Such rare metals as vanadium,
titanium, zirconium, niobium, and tantalum partially
transfer from bauxite to RM. Rare-earth metals (scandi-
um, yttrium, as well as lanthanum, cerium and neodym-
ium) are almost completely transferred to RM. Radioac-
tive metals such as uranium and thorium are contained
in the form of microimpurities in RM. The technologies
for extracting these metals from RM are described in
conference proceedings, monographs, in particular, in
[1-5] and other sources.

The study of the processing of radioactive metals
from secondary raw materials has long attracted the
possibility of obtaining a cheap and quality final prod-
uct. The study and analysis of recycling secondary radi-
oactive metals was generalized by us earlier in [6, 7].

RADIOACTIVITY OF ALUMINA
PRODUCTION MATERIALS

RM radioactivity is hereditary, obtained from mater-
nal bauxite processed by Bayer. It is known that baux-
ites of many ore regions of the world are characterized
by increased radioactivity. Thus, according to [8, 9], the
concentration coefficient of thorium in bauxite is 3.4—
4.2. In [10], it is indicated that bauxites (Brazilian) are
the main source of radioactivity in the Bayer process.
Using gamma-ray spectroscopy and neutron activation
analysis, it was found that the studied bauxites had an
activity of (37+12) Bqg/kg for *®U and (154+16) Bg/kg
for 2*Th. It was reported in [11] that the Egyptian baux-
ites used in Australia show an activity of ~ 120 Bg/kg
for U and from 289 to 575 Bq/kg for “°K. The average
radioactivity of bauxites in Saudi Arabia (Kassim re-
gion) is about 107 Bq/kg for #*Th and 192 Bq/kg for
*K [12]. A number of bauxite deposits on the territory
of the Siberian Platform are also characterized by in-
creased concentrations of thorium: from 25...50 to
200 g/t and higher [13].

The resulting RM has a concentration of radionu-
clides higher than that of bauxite. Thus, in [14], in the

production of alumina from Jamaican bauxites, an in-
crease in the content of uranium, thorium, actinium, and
their descendants (lead, bismuth) in RM was estab-
lished. According to [15], the UAZ's RM (Russia) sam-
ple contained 64 g/t of thorium, the BAZ's RM (Russia)
sample contained 89 g/t (when the thorium content in
the initial bauxite was 22 g/t). Uranium in the samples
was less than 0.01 g/t. NGZ's RM (Ukraine) contains
about 50...60 g/t of thorium and 20...30 g/t of uranium
[16]. At the same time, our chemical analysis of RM
produced by ZALK (Ukraine) showed that the radioac-
tive elements were either absent or in the form of traces
[17].

In [18], RM samples using mineralogy methods
were divided into fractions. Thorium and uranium tend-
ed to accumulate in light fractions (159 mg/g versus
102 mg/g in a single sample for thorium and 31.3 mg/g
versus 25 mg/g for uranium). Neither uranium nor tho-
rium was concentrated in magnetic fractions, and thori-
um tended to accumulate in a fine fraction (-20 um)
(120 mg/g versus 99.9 mg/g in a single sample) and was
mainly in perovskite. The authors concluded that physi-
cal methods for extracting radioactive elements or re-
ducing their content in RM are not effective.

As it is known, RM can be used as a material for the
road and building industries, including for the manufac-
ture of ceramics. Many researchers indicate that this
direction is the most real for the utilization of RM.
However, the presence of radioactive elements limits
the use of RM for these materials [19, 20]. To reduce
the radiation activity of RM to an acceptable level, a
number of solutions have been proposed [21-24]. So,
for example, in [23] it is recommended to add barium
carbonate to the ceramic mixture, which promotes the
formation of glassy phases absorbing radiation.

Increased attention is also paid to ensuring the radia-
tion safety of RM during its storage and use for soil
reclamation [25, 26].

In work [27], the safety of people and the environ-
ment from the presence of RM residues was studied at
an industrial facility. Evaluation and dose of irradiation
by **U and ***Th isotopes were made using the neutron
activation method. Phantoms were used to monitor the
distribution of the radiation dose throughout the human
body, demonstrating the radiation effect on each indi-
vidual organ.

It was emphasized in [28] that it is essential that the
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alumina used for the manufacture of electronic devices
contains a minimally low level of a-radiation, the main
source of which in alumina is uranium and in a lesser
degree thorium. It was shown that during the Bayer pro-
cess, part of the uranium is precipitated together with
aluminum hydroxide, and its content is controlled by the
content of organic substances in the solution.

EXTRACTION OF METALS
FROM RED MUD

Today, the issues of RM utilization with the extrac-
tion of rare, rare-earth (REM) and radioactive metals
from them are priority. Most methods for extracting
valuable metals from RM are hydrometallurgical, alt-
hough pyrometallurgical (after sludge dehydration) is
also used. It is noted [29] that REMs are easier to leach
from RM than from bauxite due to differences in their
mineral composition and morphology.

In [30], the selective separation of thorium from the
solutions formed during the processing of RM from the
Ural plants was carried out by coprecipitation with cal-
cium or barium sulfates. Since the sorption activity of
barium sulfate is 10-20 times higher than the corre-
sponding value for calcium sulfate, a smaller excess of
sulfuric acid is required for the extraction of thorium
with BaSO,. When processing solutions containing
40...80 mg/dm?® of thorium, to extract it into the solid
phase by 90...99%, 5...10 g/dm3 of BaCl, and H,SO,
must be introduced into the initial solution. The
amounts of BaCl, and H,SO, introduced should provide
an excess of sulfate ions with respect to the sum of bari-
um and calcium contents and the formation of negative-
ly charged particles in the solution. Since calcium is
always present in solutions under production conditions,
mixed precipitates of BaSO, and CaSQO, containing tho-
rium are released into the solid phase.

Using a selective complexing agent, RM was deac-
tivated in [31] with extraction of uranium-thorium
products for burial. It is assumed that during decontam-
ination of RM in amount of 1 million tons/year, more
than 2.5 t of uranium and 1.5 t of thorium will be able to
be extracted with the associated production of up to
30 t/year of scandium compounds.

The authors of work [32] developed a complex tech-
nology of sulfuric acid processing of RM with the ex-
traction of uranium, rare-earth metals and aluminum.
For the extraction of radioactive and rare-earth metals
from RM of Middle Timan (Komi Republic, Russia),
sulfuric acid leaching was used at a temperature of 90-
120 °C and a ratio S:L = 3:10. The extraction of rare-
earth metals, thorium, and scandium into the sulfate
solution was 92...99%, and that of iron, aluminum, and
phosphorus was 98%. Titanium, niobium, hafnium and
strontium remain in the solid residue. Sorption separa-
tion of uranium-thorium products, as well as the associ-
ated production of scandium compounds and additional
extraction of aluminum and rare-earth metals was car-
ried out at pH = 1.5 on universal KU-2 cationite.

The most frequently extracted elements from RM
are scandium and yttrium. In this case, scandium is the
most valuable element among the rare-earth metals that
are present in RM. According to the authors of [33], it
accounts for more than 95% of the economic value of

rare-earth metals in RM.

If it is believed that bauxite contains an average of
0.001...0.01% Sc,0s, then its content in RM is already
0.01...0.02%. As was shown in [34], during the leach-
ing of bauxite, rare-earth metals are concentrated in
RM, and scandium passes from bauxite to RM by 95%.

The most promising method for scandium extrac-
tion, according to [16], is the sulfuric acid opening of
RM with its subsequent sorption on ion-exchange resins
AFI-21, AFI-22, SF-4, SF-5 and desorption by a
Na,CO; solution. The authors managed to extract most
of uranium and thorium from the sulfuric acid solution
of RM together with scandium, the extraction of which
amounted to 50%). Complete precipitation of scandium
was achieved by adding excess (up to 20...30 g¢/I) alkali
to the solution. The crude scandium concentrate after
titanium extraction contained 5...7% Sc, 4.5% U, and
0.9% Th.

When sulfuric acid leaching of RM, yttrium and oth-
er rare-earth metals are extracted together with scandi-
um. To extract yttrium, it is proposed to treat RM by a
5...7% HCI solution at 85...95 °C and the ratio L:S =
(3...5):1. The proposed technology allows, along with
the separation of the uranium-thorium product and
scandium salts, to obtain a rare-earth concentrate con-
taining 15...25% La,0; [16].

According to the technological scheme of sorption
leaching uranium and scandium from RM formed dur-
ing the processing of Guinean and Jamaican bauxites by
the Bayer method, titanium cake (30...40% of titani-
um), scandium oxide of the grade OS-99, and iron-
aluminum coagulant are obtained. At that, a solution
containing radionuclides of uranium and thorium is sent
for utilization.

When scandium is extracted/sorbed from acidic so-
lutions on phosphorus-containing extractants/ion ex-
changers [35], the extraction of scandium from the elu-
ate to the concentrate exceeds 97%. The impurities of
thorium salts and other elements contained in the pre-
cipitate are separated by filtration. When extracting
scandium, other rare-earth metals, thorium, zirconium
and titanium, the extract is washed with a 4.5 mol/dm?®
solution of H,SO,. Reextraction was carried out with an
alkali solution of 0.25 mol/dm?®.

Selective extraction of thorium from scandium con-
centrates is complicated by the similarity of the physi-
cochemical properties of thorium and scandium ions. To
solve this problem, the authors of [36] use the differ-
ences in the sorption of hydrolyzed thorium ions and
scandium ions on a mixture of KU-23 sulfocationite
with anion exchange resin from solutions with pH ~ 3 at
a temperature of 60...90 °C. As a result, up to 95...98%
Th passes into cation exchanger. Impurities of scandium
ions from cation exchanger are removed by washing
with 0.5...2.0 n solutions of salts of NaCl, KCI, etc.
Thorium desorption is carried out by NaCQj; solutions.
A similar effect was also achieved on KU-23 with the
introduction of 50...150 g/dm® MgCl, into the initial
solution. The resulting products contained 1...10 g/dm®
of scandium and 1...2 g/dm® of thorium.

A significant disadvantage of extraction methods for
extracting scandium from solutions together with radio-
active elements is the need to introduce additional pro-



cessing steps for purifying scandium concentrates from
them.

In the works [37, 38], a carbonization technology
was proposed for extracting scandium from RM pulp,
which makes it possible to reduce the toxicity of sludge
fields. Subsequent two-stage hydrolysis using a ZnO
support (co-precipitator) makes it possible to obtain an
intermediate product with a content of up to 5% Sc,0s.

During the carbonization of RM, a number of ele-
ments pass into the solution, including uranium, thori-
um, and others tended to the formation of carbonate
compounds. Sodium gallate, titanium, zirconium, urani-
um, and thorium hydroxides introduced with RM pulp
interact with bicarbonate and form a double basic car-
bonate [39] Na,O(Al, Ga),03:2CO,nH,0, as well as
soluble complexes [UO,(CO3)s]* and [UO,(CO3),:
2H,0]%. The content of elements in the productive solu-
tion after the first cycle of carbonation of RM by flue
gases (duration of aeration is 24 h) is following, mg/l:
25.0 Ti; 5.4 Sc; 0.17 Th; 0.34 U [40].

On a pilot scale, as a result of multiple carbonate-
hydrocarbonate treatment of RM (both carbon dioxide
and reactive NaHCQO3), scandium, titanium, zirconium,
uranium, thorium, as well as a fine suspension of alumi-
num, iron, silicon, calcium, and other elements hydrox-
ides pass into the solution [41]. Scandium dissolved in
the clarified solution was hydrolyzed in the second stage
at 100 °C for 2 h. During hydrolysis and precipitation of
scandium, sodium zincate which was formed upon in-
troduction of ZnO into the alkaline solution, was used as
a precipitant. The precipitate from the second stage is
the primary scandium concentrate, which contains, %:
2.26 Sc; 0.007 U; 0.014 Th.

To select scandium, accopmanying products (alumi-
num-iron coagulants, enriched iron concentrate), other
rare-earth metals and radioactive elements from RM,
such methods are also used: pulp density separation
with subsequent magnetic separation; leaching of 30%
H,S0,, followed by extraction using D2EHPA and
reextraction by NaF solution to obtain the NasScFg salt;
biosorption [42] (with recovery up to 60% of scandium
and 70% of yttrium); ion exchange; extraction by solid
extractants. Also the introduction of the metal-collector
into the solution remaining after leaching, extraction
and concentration of scandium is used, for which a solu-
tion of aluminum or zinc oxide in sodium hydroxide is
used. The formed precipitate is washed, dried and cal-
cined.

In [43], ionic liquid was used to leach RM. It was
shown that this method can be used to extract up to 70-
85% rare-earth metals in solution with low (~ 3%)
leaching of iron and 30% additional extraction of alu-
minum. At that, the ionic liquid can be regenerated and
returned to RM leaching.

A detailed review of pyrometallurgical technologies
for processing RM is presented in [44]. The data ob-
tained during reduction smelting (temperature
1300...1400 °C, graphite as reducing agent) of RM of
the Ural aluminum factories [15] are of interest. As a
result of the melting, rare-earth metals (Ce, La, Sc, Sm,
Yb, Eu, Lu) as well as thorium pass into slag. After ex-
traction of Al,O; from slag, a 5...15-fold degree of en-
richment in rare-earth metals and thorium is achieved,;

the concentration of rare-earth metals in the final prod-
uct rises to 6.0...6.5 kg/t.

According to the data of [45], scandium fluoride
successfully (by 92.7%) precipitates when an excess
(~ 130%) of cryolite NasAlFg or AlF; is introduced into
the solution. With a 300% excess of precipitant, 99.6%
scandium precipitation is achieved. Further concentra-
tion is based on the sharply distinctive solubility of
scandium fluorides, other rare-earth metals and thorium
in a solution of ammonium fluoride. With appropriate
treatment, scandium passes into the solution in the form
of the H3[ScFg] complex, and fluorides of other rare-
earth metals, uranium, and thorium remain in the resi-
due. For poor solutions, sodium and potassium fluo-
rides, HF, and H,SiFg, oxalic acid, sodium pyrophos-
phate are recommended as precipitants.

SUMMARY

As a result of the analysis it is established:

1. RM is characterized by increased radioactivity in-
herited from bauxite and due to the presence of mainly
thorium and to a lesser extent uranium. Since the radio-
active elements in the Bayer process almost completely
transfer to RM, their concentration in RM is higher than
in the initial bauxite.

2. Huge accumulations of RM around the world re-
quire the creation and implementation of industrial
technology for their processing. Increased attention
when storing and processing RM should be given to
ensure radiation safety.

3. Physical methods for extracting radioactive metals
from RM are not effective.

4. The extraction of metals from RM in most cases is
based on the use of hydrometallurgical and to a lesser
extent pyrometallurgical processes.

5. Promising are the complex technologies for pro-
cessing RM, which make it possible to extract rare, rare
earth (mainly scandium) and radioactive metals in one
technological process, and use the resulting residue as
building material.

6. It should be noted that the technologies described
in the work have not yet found a proper economic justi-
fication. Most of them are characterized by factors that
impede their implementation, including not only eco-
nomic, but also environmental ones.
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PAJNOAKTHUBHBIE METAJIJIBI B KPACHBIX IIVTAMAX

_ A.I. Kupuuenko, O.C. Booennuxosa, B.O. Ilanosa

IIpoananu3upoBaHa pajHMOaKTUBHOCTh MAaTEpUaIOB INIMHO3EMHOIO NPOU3BOJACTBA. IIpuBENEHBI OCHOBHBIE CBE-
JICHUS] O COICPIKAHUM PAJMOAaKTUBHBIX METAIOB B OokcuTax u KpacHoM nuiame (KIL). PaccmoTpensr TexHomorun

W3BIICYECHUSI pAAHOAKTUBHBIX MeTauoB u3 KIII.

PAJIOAKTHUBHI METAJIN B YEPBOHUX HIJIAMAX
O.I'. Kupuuenko, O.C. Booeunixosa, B.O. Ilanosa

[IpoanarnizoBaHo pagioaKTUBHICTh MaTepialiB IIIMHO3EMHOTO BUpOOHUITBA. [IpHBEeHO OCHOBHI BiTOMOCTI IIPO
BMICT palliOaKTHBHUX MeTaliB y Ookcurax Ta depBoHoMmy mmiami (UII). Po3riustHyTO TEXHOIOTII pamioaKTHBHHUX

metanis 3 YIII.



