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Abstract. The process of changing isotopic composition of the lithium and magnesium salts
was studied by using the process of zone melting. It was founded in the paper that the process
of separation of the lithium isotopes is more effective than for magnesium isotopes when the
conditions of process were the same. The coefficients of isotopes separation were calculated
and have the next value: a = 1.006 for 2Mg isotope and o = 1.0022 for ®Li isotope.

1. Introduction

Naturally occurring lithium is composed of two stable isotopes °Li (7.589 %) and "Li (92.411 %) [1].
Each of them is very important for nuclear energetics. The isotope of 'Li is used as additive in the
coolant of the first loop pressurized water reactor and also for production chemical reagents for
nuclear energetics [2].

Naturally occurring magnesium is composed of tree stable isotopes **Mg (78.992 %), Mg (10.003
%) and **Mg (11.005 %) [3]. The isotope of **Mg is used for production radioisotope **Na [4]. Other
isotopes Mg and **Mg are used for biological labeling during the process of study the absorption and
metabolism of magnesium in the human body.

Isotopes of lithium and magnesium are nonvolatile compounds. For this reason for separation of
these isotopes we use the next methods: electromagnetic [5-6], crown ethers extraction [7-11], ion
exchange [12-14], vacuum distillation [15], amalgam-lithium and amalgam-magnesium systems [16,
17] during precipitation from aqueous solutions [18, 19].

The process of zone melting is widely used for deep cleaning the different substances and for their
production in single crystal form [20-23]. Also, this process can be used for separation isotopes such
as H,O and D,0 [24-26], the isotopes of boron, zinc, magnesium, lead and tin [27-32].

The purpose of this work is to investigate the process of changing isotope composition of lithium
and magnesium during the process of zone melting of their salts.

2. Experimental part

2.1. Reagents

MgCl,-6H,0 (analytical grade), LiCl0,-3H,0 and LiClO4 were used. LiOH-H,O (pure) and HCIO,
(pure) were used for synthesis LiClO4-3H,0. The anhydrous lithium perchlorate LiCl1O, was obtained
by dehydration of the LiClO,4-3H,0 at 200 °C for 3 hours. According to the results of X-ray diffraction
analysis, the obtained salts were correspond to LiClO4-3H,O (PDF 00-008-0156) and LiClO4 (PDF
30-0751).
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2.2. Instrumentation

Investigations were conducted on samples with a length of 100 mm and a diameter of 3 mm. For
preparing samples MgCl,-6H,0, LiCl04-3H,0 or LiClO, were heated until salt melted. After that a
part of the melt was placed into a glass tube which was sealed at one end. When the process of zone
melting was done, the glass tube was cut into samples, 10 mm in length. Then the samples were
removed and dissolved in distilled water. After this, in the obtained solutions the isotope composition
of the lithium or magnesium was determined. The analysis of isotope compositions was carried out on
the mass spectrometer MX-1301T.

2.3. The process of zone melting

All experiments were carried out on the installation, which has five heating elements and five cooling
elements (Figure 1). The main part of the installation was a platform with the heating elements placed
at equal distance in the form of a ring, the inner diameter of which corresponds to the outer diameter
of the glass tube. Power supply GW INSTEK PSH -10100 was used for regulating the temperature of
the heating elements. Temperature was measured by using a chromel-alumel thermocouple. The
cooling elements were installed between the heating elements.

Figure 1. Installation for zone recrystallization
(1 — mixture of REES; 2 — cooling element;
3 —rod; 4 — carriage; 5 — housing; 6 — stepper
motor; 7 — heating element; 8 — platform; 9 — shaft;
10 — guides; 11 — sensor).

Nichrome wire was used as the heating element. In Table 1 the temperatures of the heating
elements for different work substances are presented. The length of the melt of the ingot was from 7 to
8 mm.

Table 1. The melting point of the work substances.

The work The melting Temperature of the

substance point, °C heating elements, °C
LiClO4 236 285+15
LiClO4-3H,0 95 115+5
MgCl,-6H,0 120 140+£5

3. Results and discussions
In the experiments with lithium the parameters of the process of zone melting were the following: the
speed of the tube was 3 cm/h, the number of zone processes was equal to 30. The results of isotopic
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analysis show that the isotopic composition of lithium in the work substances has change. The process
of isotopes fractionation is more effective if we use LiCl10,-3H,O as the work substance. The results
of isotopic analysis of the lithium isotopes after the process of zone melting are shown in the Table
2.The coefficients of separation of the lithium isotopes are shown in Table 3.

Table 2. The isotopic composition of MgCl,-6H,0 in the initial zone of crystallization.

The work The isotope content, %
substances 5 i i
the original after the the original after the
composition  process of  composition  process of
zone melting zone melting
LiClO, 6.950+0.01 7.32+0.03 93.045+0.01  92.68+0.04

LiClO,4-3H,0 6.955+0.01 7.15+0.02 93.050+0.02  92.85+0.03

Table 3. The coefficients of separation of the lithium isotopes.

The work substances The coefficients of separation
a(®Li) a('Li)
LiClIO, 1.0019 0.9981
LiClO,4-3H,0 1.0022 0.9978

The parameters of the process of zone melting of MgCl,-6H,O were the same. The results of
isotopic analysis of the magnesium isotopes after the process of zone melting are shown in the Table
4.

Table 4. The isotopic composition of MgCl,-6H,0 in the initial zone of crystallization.

The isotope content, %

24Mg 25Mg 26Mg
the original after the the original after the the original after the
composition process of composition process of composition process of
zone melting zone melting zone melting
79.58+0.03 79.35+0.04 9.8+0.02 9.87+0.04 10.62+0.02 10.78+0.04

The data obtained from the Table 4 shows that the isotopes Mg and Mg concentrate in the initial
zone of crystallization and, also, the isotope **Mg moves with the melt zone and concentrates in the
end of zone crystallization. The coefficients of separation of the magnesium isotopes are presented in
Table 5.

Table 5. The coefficients of separation of the magnesium isotopes.

The coefficients of separation
o(*"Mg) o(*Mg) o(*Mg)
0.9995 1.0002 1.0006

These results can be explained as follows. Burton, Prim and Slichter obtained the formula for the
effective distribution coefficient [33]:

EERE @
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where K, — the equilibrium distribution coefficient, f — the crystal growth rate, 8 — the thickness of the
diffusion layer in front of the crystallization front, D — the diffusion coefficient.

From this equation we can conclude that differences between the effective distribution coefficient
K and the equilibrium distribution coefficient K, will be more significant if the value of the diffusion
coefficient D is higher and the thickness of the diffusion layer in front of the crystallization front is
smaller.

4. Conclusion

The distribution of lithium and magnesium isotopes was studied during the process of zone melting of
their salts. During the process of zone melting the isotopes Mg and **Mg concentrate in the initial
zone of crystallization and, also, the isotope **Mg moves with the melt zone and concentrates in the
end of zone crystallization. The coefficients of isotopes separation were calculated and have the next
value: a = 1.006 for Mg isotope and o = 1.0022 for °Li isotope. In the next work effectiveness of
separation isotopes during the process of zone melting can be changed by using the other work
substances, such as LiClO4-H,0 [34].

References

[1] Qi H P, Tailor P D P, De Bievre P 1997 Calibrated Measurements of the Isotopic Composition
and Atomic Weight of the Natural Li Isotopic Reference Material IRMM-016 International
Journal of Mass Spectrometry and lon Processes 171 263-268

[2] Report to the Ranking Member, Subcommittee on Oversight, Committee on Science, Space, and
Technology, House of Representatives 2013 Stewardship of Lithium-7 Is Needed to Ensure a
Stable Supply United States Government Accountability Office Ne GAO-13-716 31

[3] Sabatier M, Arnaud M J, Kastenmayer P, Rytz A, Barclay D V 2002 Meal effect on magnesium
bioavailability from mineral water in healthy women Am. J. Clin. Nutr. 75 65-71

[4] Wailti M K, Zimmermann M B, Walczyk T, Spinas G A, Hurrell R F 2003 Measurement of
magnesium absorption and retention in type 2 diabetic patients with the use of stable
isotopes Am. J. Clin. Nutr. 78 448-453

[5] Gusev V M, Chkuaseli D V, Guseva M | 1957 Separation of germanium and magnesium
isotopes in a small electromagnetic separator The Soviet Journal of Atomic Energy 3 3 999-
1005

[6] Keim C P 1952 Electromagnetic separation of stable isotopes Annu. Rev. Nucl. Sci. 1 263-292

[71 Nishizawa K, Nishida T, Miki T, Yamamoto T, Hosoe M 1996 Extractive behavior of
magnesium chloride and isotopic enrichment of magnesium by a crown ether Separation
Science and Technology 31 5 643-654

[8] Kim D W 2001 Enrichment of magnesium isotopes by monoazacrown bonded merrifield
peptide resin Bull. Korean Chem. Soc. 22 6 570-574

[9] Symons E A 1985 Lithium Isotope Separation: A Review of Possible Technigques Separation
Science and Technology 20 633-651

[10] Kim D W, Kang B M 2001 Enrichment of magnesium isotopes by 2’-aminomethyl-15-crown-5
bonded Merrifield peptide resin Journal of Radioanalytical and Nuclear Chemistry 250 291
294

[11] Levkin A V, Basmanov V V, Demin S V, Tsivadze A Yu 1990 Segregation of magnesium
isotopes at extraction with crown ethers Russ. J. Phys. Chem. 64 5 1376-1377

[12] Oi T, Yanase S, Kakihana H 1987 Magnesium Isotope Fractionation in Cation-Exchange
Chromatography Separation Science and Technology 22 11 2203-2215

[13] Kim D W 2002 Separation of lithium and magnesium isotopes by hydrous manganese(lV) oxide
Journal of Radioanalytical and Nuclear Chemistry 252 3 559-563

[14] Isupov V P, Mitrofanova R P, Chupahina L E 2001 Partition coefficients of lithium isotopes by
chemical isotopic exchange Chemistry for Sustainable Development 9 183-198

[15] Pugachev Yu I, Rylov V S 1963 Segregation of magnesium isotopes at vacuum distillation



PowerPlants2016 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 135 (2016) 012001 doi:10.1088/1757-899X/135/1/012001

[27]
(28]

[29]

[30]
[31]

[32]

Russ. J. Phys. Chem. 37 3 691-693

Allred V D, Cutler 1 B 1953 Chemical methods for the separation of lithium isotopes (Oak
Ridge National Laboratory) 177

Chen D, Chang Z, Nomura M, Fujii T 1997 Isotope effects of magnesium in amalgam/organic
solution systems J. Chem. Soc. Faraday Trans. 93 14 2395-2398

Mavromatis V, Pearce C R, Shirokova L S, Bundeleva | A, Pokrovsky O S, Benezeth P, Oelkers
E H 2012 Magnesium isotope fractionation during hydrous magnesium carbonate
precipitation with and without cyanobacteria Geochimica et Cosmochimica Acta 76 161-174

Li W, Chakraborty S, Beard B L, Romanek C S, Johnson C M 2012 Magnesium isotope
fractionation during precipitation of inorganic calcite under laboratory conditions Earth and
Planetary Science Letters 333-334 304-316

Yang G, Guan Y T, Jian F Y 2015 Zone Refinement of Germanium Crystals Journal of
Physics: Conference Series 606 012014

Sun D Y, He L W, Lian J Q 2015 Process for solar grade silicon production by molten salt
electrolysis and zone melting Journal of Materials Engineering 43 4 7378

Yang G, Govani J, Mei H 2014 Investigation of influential factors on the purification of zone-
refined germanium ingot Crystal Research and Technology 49 4 269-275

Akimov D V, Egorov N B, Obmuch K V 2013 Separation of rare earth elements by zone
recrystallization Fundamental Research 8 3 529-533

Smith H A, Thomas C O 1959 The separation of mixtures of ordinary and heavy water by zone
refining J. Phys. Chem. 63 3 445-447

Herington E F G 1959 Zone melting with some comments on its analytical potentialities Analyst
84 680-689

Kuhn W, Thirkauf M 1958 Isotopentrennung beim gefrieren von wasser und
diffusionskonstanten von D und 'O im Eis. Mit diskussion der moglichkeit einer
multiplikation der beim  gefrieren auftretenden Isotopentrennung in  einer
haarnadelgegenstromvorrichtung Helvetica Chimica Acta 41 4 938-970

Makarov A V, Koreckay T V, Panchenkov G M 1962 About boron isotope separation zone
melting Russ. J. Phys. Chem. 36 391-393

Troitskii O A 1978 Fractionation of stable isotopes of metals by combined electric migration
and zone melting Phys. Stat. Sol. (a) 48 229-234

Troitskii O A, Spitsyn V |, Moiseenko M M, Tsiganov A D 1979 Fractionation of stable
isotopes and impurities during zone recrystallization of metals and preparation of single
crystals rich in individual isotopes Phys. Stat. Sol. (a) 54 651-654

Akimov D V 2012 Preparation of isotopically enriched lead suitable for use in fast reactors
Russian Physics Journal 55 2/2 123-129

Egorov N B, Akimov D V Gerin | I, Obmuch K V 2014 Fractionation of magnesium isotopes
by using zone recrystallization Russian Physics Journal 57 2/2 249-254

Andrienko O S, Egorov N B, Gerin | 1 2007 Magnesium isotopes selection at recrystallization of
MgCl,-6H,0 Bulletin of the Tomsk Polytechnic University 311 3 67-69

Pfann V 1970 Zone melting (M: Mir)

Ivlev S I, Akimov D V, Egorov N B, Kraus F 2016 Syntesys and charaxterization of
LiClO4-H,O Monatshfte fur Chemie 147 279-288





