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ABSTRACT

Samarium is currently used in many applications, such as catalysts, lasers and metal alloys. Samarium is also
employed to absorb neutrons in nuclear reactors. In medicine, samarium is used in the form of radioactive ***Sm
to produce radiopharmaceuticals. A simple process for the preparation of pure samarium acetate was studied.
The raw material, which was used in the form of rare earth carbonates was produced industrially from the
chemical treatment of Brazilian monazite. lon exchange chromatography was performed using a strong cationic
resin to fractionate rare earth elements (REE). Under these conditions, 99.9% pure Sm,0; and yield greater
than or equal 60% was eluted by ammonium salt of ethylenediaminetetraacetic acid (EDTA) solution in con-
trolled pH. The EDTA-samarium complex was transformed into samarium oxide, which was subsequently dis-
solved in acetic acid to obtain the samarium acetate. Molecular absorption spectrophotometry was used to moni-
tor the samarium and sector field inductively coupled plasma mass spectrometry was used to certify the purity of
the samarium acetate. The solid salt was characterized by chemical analysis, thermal analysis, infrared spectros-
copy and X ray diffraction. The analytical data collected allowed to conclude that stoichiometric formula for the
samarium acetate obtained is Sm(CH3;C0OOQ);.4.H,0.
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1. INTRODUCTION

The extraction of rare earths in Brazil occurs during the industrial exploitation of monazite.
Herein, we use mixed rare earth (RE) carbonates depleted in cerium and lanthanum from the
monazite processing industry to obtain high-purity Sm,O3; by ion exchange chromatography.
Monazite is a heavy mineral composed of RE phosphates and thorium. Monazite occurs as an ac-
cessory constituent to granites, gneisses and pegmatites, as well as sands from the decomposition
of the afore-mentioned rocks [1].

In Brazil, monazite is found in riverbeds located in Bahia, Minas Gerais, Goias and Mato
Grosso, and the beaches off the coast of Bahia, Espirito Santo and Rio de Janeiro, which contain
25% to 30% of monazite. Other minerals present in monazite include quartz, zircon, ilmenite,
magnetite and rutile [2-4].

The present procedure for the separation of samarium was carried out using raw material from
the separation of thorium and rare earths in monazite. Fractional precipitation and ion exchange
chromatography were employed to obtain high-purity samarium oxide. Molecular absorption
spectrophotometry and Inductively Coupled Plasma Mass Spectrometry (ICP- MS) were used to
ensure the quality of the samarium oxide and samarium acetates, respectively. At IPEN-
CNEN/SP, the separation of rare-earth metals is performed to meet internal demands in other re-

search areas [5-18].

2. MATERIALS AND METHODS

2.1 Starting Raw Materials

A representative aliquot of commercial rare earth (RE) carbonates (17% Sm203) was used.
Hydrochloric acid, acetic acid, the ammonium salt of ethylene-diamine-tetra acetic acid (EDTA)
and all other reagents were of analytical grade. Solutions of RE chlorides were prepared by dis-
solving the RE carbonates in hydro-chloric acid. Solutions of RE chlorides with a RE203 con-

centration of 10 g L-1 were filtered to remove insoluble products.
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2.2 Loading the Resin and Eluting the Rare Earth Metals to Obtain 20-93% purity
Sm203. lon Exchange 1 — Stage 1

Rare earth chlorides solution with a concentration of 10 g L-1 in mixed rare earth oxides were
pumped into a system of columns filled with a strong cationic resin, which is typically used as a
resin for water treatment and that is easy to obtain in the Brazilian market. The resin was rinsed
with deionized water subsequently. REEs in the resin were eluted with EDTA solution at pH 3.5-
4.0. The effluent was collected in fractions, from which the oxalates were precipitated and con-
verted into oxides. lon exchange-system-1 contained several columns connected in series, includ-
ing 3 columns with a length of 1.4 meters and a diameter of 12 cm and 4 columns with a length of
1.0 meter each and a diameter of 5 cm. In this way, samarium oxide with a purity of 20% to 93%

was obtained.

2.3 Loading the Resin and Eluting the REEs to Obtain > 99.9% purity Sm203. Ion Ex-
change 2 - Stage 2

Several fractions (20%-93%) were combined to obtain 200g of oxide yield a 65% Sm203 con-
centrate, and the combined fractions were dissolved in hot 1:1 HCI. The resulting solution was
diluted to 10 g L-1 of 65% Sm203. This solution was percolated subsequently in another ion ex-
change — system 2 containing 5 columns with length 1 meter and a diameter of 5 cm, which were
connected in series and filled with a strong cationic resin. The same resin used in the previous
section was employed in the second ion exchange system, and an EDTA solution at pH 3.5-4.0
was used to elute the REES. As a result, Sm203 with a purity > 99.9% was obtained. A block di-

agram of this process is presented in Figure 1.

2.4 High Purity Samarium Acetate - Stage 3

For the preparation of highly pure samarium acetate, samarium oxide with a purity > 99.9%
was obtained using the procedure previously described. In the experimental procedure samarium
oxide was added to acetic acid and the resulting solution was heated to evaporate excess acid. The
formation of samarium acetate crystals was achieved subsequently. The resulting material was

characterized by SF ICP-MS to determine the quality of the samarium acetate.
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Figure 1: Procedure used for the preparation of pure samarium acetate

3 RESULTS AND DISCUSSION

Table 1 shows the elution conditions and mass balance in enriched samarium from RE carbonates
(17% Sm,03) using ion exchange-system 1- stage 1. Various fractions with a samarium oxide
content between 20% and 93% Sm,0O3 were obtained. Several fractions were combined to obtain
a 65% Sm,03 concentrate, which was used in ion exchange-system 2 — stage 2 to increase the pu-
rity to > 99% Sm;03, see Table 2.
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Table 1: lon exchange - system 1 (stage 1). Elution and mass balance of enriched samarium from
mixed rare earth carbonates (17%sm-03). Eluent: edtasolution- acetic acid-nh,oh at ph 3.5-4.0.
Elution rate: 8 + 2 ml/minute. Analyzed by spectrophotometry (399.5 nm)

Fraction pH Time Oxide Oxide Sm,03
(h) 9) Color (%)
1 3.5 583 623 - -
2 4.0 30 30 White -
3 4.0 24 14 White 20
4 4.0 48 30 Yellow 26
5 4.0 96 88 Yellow 35
6 4.0 24 30 Yellow 45
7 4.0 24 27 Yellow 60
8 4.0 48 46 Yellow 76
9 4.0 24 31 Yellow 93.5
10 4.0 48 50 Yellow 93
11 4.0 24 30 Yellow 934
12 4.0 48 42 Yellow 93
13 4.0 96 121 Brown 72

The REE impurities content in samarium acetate prepared (> 99,9%) in stage 3 is shown in
Table 3 and Table 4.

3.1 Characterization of the samarium acetate (stage 3)

3.1.1 Elemental analysis

The carbon and hydrogen content in the samarium acetate samples was determined by an element
analyzer (CH) using the equipment Elemental Analyzer-2400, Perkin Elmer. Table V shows the
values to C and H. Samarium was determined by gravimetric analyses and thermal analyzes (Fig.
2).

The percent of H,O calculated and experimentally obtained for the samarium acetate hydrate pre-

pared here come from the TG and DTG analyzes, see Table VI and Figure 2.
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3.2 Thermal characterization (TG/DTG) of prepared samarium acetate

Samples of highly pure samarium acetate were submitted to thermal analysis for their characteri-
zation. The equipment used it was a Mettler-Toledo TGA/SDTA 851. The samples were analyzed
under dynamic atmosphere of nitrogen with a flow of 50ml/min and heating rate of 1000C/min

and the temperature program rate from 2500C to 9000C, see Figure 2.

3.3 X-Ray analyze of the prepared samarium acetate

The equipment used it was a Philips PW — 1710 diffractometer. The interpretation of the results
was made using the standard pattern of the JCPDS data bank. The graphic obtained is presented

in Figure 3.

3.4 Infrared spectroscopy (ir) of the prepared samarium acetate

The absorption spectrum in the infrared region was recorded in the range 4000 to 400 cm-1. The
samarium acetate sample was mixed in KBr and pressed into pellet form. The equipment used
was the spectrophotometer model FTIR 670 Nexus, Nicolet. See Figure 4.
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Table 2: lon exchange - system 2 - stage 2. Elution and mass balance of enriched samarium from
mixed rare earth chlorides (mixed oxides:200g) 65% sm,03. Eluent: edta solution with acetic acid
1% (v\v) at ph 3.5. Elution rate: 6 = 2 ml/minute. Analyzed by spectrophotometry (399.5 nm).

Fraction Time Oxides Sm;03
(h) (9) (%)

1 456 37.02 59,32

2 24 2.56 70.37

3 40 4.0 87.03

4 72 8.5 95

5 24 3.1 >99
6 24 3.0 >99
7 24 3.5 >99
8 24 3.5 >99
9 72 8.6 >99
10 24 3.0 >99
11 24 3.0 >99
12 24 3.0 >99
13 24 4.2 >99
14 72 8.1 >99
15 24 4.3 >99
16 12 14.1 >99
17 72 10 >99
18 72 9.9 >99
19 72 11.7 >99
20 96 15.2 >99
21 72 10 80

N
N

96 11 50
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Table 3: Stage 3 — Rare earth impurities present in samarium acetate prepared. Inductively Cou-
pled Plasma Mass Spectrometry (ICP-MS) [14]

Element Sm(CH3090)34H20
(ug-g~ +/- o)
Y 11.80 +/- 0.20
Sc 20.90 +/- 0.22
La 3.36 +/-0.81
Ce 1.87 +/-0.70
Pr 1.28 +/- 0.80
Nd 2.98 +/- 0.80
Sm
Eu 8.40 +/- 0.90
Gd 15.40 +/- 0.40
Tb 1.41 +/- 0.50
Dy 1.92 +/- 0.50
Ho 2.85+/-0.10
Er 1.49 +/- 0.70
Tm 2.96 +/- 0.10
Yb 19.90 +/- 0.60

Table 4: Metallic impurities (ug. g™*) in the high pure samarium acetate prepared Inductively
Coupled Plasma Mass Spectrometry (ICP-MS) [14]

Sm(CH3C00)3.4H,0 Sm(CH3C00)3.4H,0
Element (ng-g* +- ) Element (ng-g* +- o)
B 0.42 /- 0.01 Nb 0.17 +/- 0.01
Ti 0.24 +/- 0.02 Mo 0.10 +/- 0.01
\Y 0.50 +/- 0.02 Pd 0.57 +/- 0.01
Cr 0.18 +/- 0.01 Sn 1.49 +/-0.01
Mn 0.37 +/- 0.01 Cd 2.76 +/- 0.02
Fe 25.10 +/- 0.10 Sb 2.85 +/- 0.01
Co 0.38 +/-0.01 Pb 1.57 +/- 0.01
Ni 4.46 +/-0.11 Bi 0.14 +/- 0.01
Cu 1.44 +/-0.11 Th 1.51 +/-0.01
Zn 1.13 +/-0.01 u 2.92 +/- 0.01

Sr 0.09 +/- 0.01
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Queiroz et al, It is used the technique of strong cationic exchange resin, proper to watertreat-
ment, to the neodymium'’s fractionation and it is achieved a purity of 99.9% in Nd203 and yield
greater than or equal 80%, with the elution of rare earths by EDTA solution in pH controlled [19].

Kuznikova et al describes the preparation of gadolinium oxide nanocrystallites (hano Gd203)

through thermal decomposition of a complex formed by Gd (NO3)3-6 H20 and glycine [20].

Table 5: Elemental and water assay for the samarium compound Sm (Ac)3. 4H20 [14]

Compound Calculated (%) Exp' rimental (%)
H Sm C H Sm

18.04 428 37.63 18.00 430 37.50

Sm(Ac)3.4H20

Table 6: Elemental analyses of C, H and Sm for the samarium acetate prepared [14]

Sm (Ac)3.4H,0 H,O Atmosphere
Calculated (%) - Experimental (%) \P)
18.03 17.97
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Figure 2: TG/ DTG of the samarium acetate prepared Sm(CH3;C00)3.4.H,0
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Figure 3: X ray diffractogram of the prepared samarium acetate [14]
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Figure 4: Infrared spectroscopy of the samarium acetate prepared [14]

4. CONCLUSIONS

The analytical date collected here (stage 3: Table IlI, Table 1V, Table V, Figure 2, Figure 3
and Figure 4) for the crystallized samarium acetate led to the conclusion that the samarium ace-
tate obtained exhibit the analogous chemical composition published by the technical literature
(14).

A simple and economical procedure based on ion exchange, using common cationic ion ex-
change resins and avoiding the barrier ion, it was possible to prepare high pure samarium oxide
and in sequence high pure samarium acetate. The high-purity samarium acetate (< 99.99) pro-
duced in the present study can be used as an alternative to imported products in research and de-
velopment applications. The typical Sm(CH3COQO)3.4.0H20 prepared contain the followings ra-
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re earths contaminants in micrograms per gram: Y(0.9), Sc (5.1), La (1.0), Pr (3.4), Sm (12.8), Eu
(1.1), Gd (15.4), Tb (2.9), Dy (5.3), Ho (7.4), Er(1.5), Tm (0.3), Yb( 2.5), Lu (1.0).
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