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State-of-the-art of the study on ion cyclotron resonance isotope separation

LUO Lanyue ZHANG Menglong WANG Yaoting LI Heping JIANG Dongjun ZHOU Mingsheng
(Department of Engineering Physics, Tsinghua University, Beijing 100084, China)
Abstract  Since the ion cyclotron resonance isotope separation (ICR-IS) method was proposed in 1970s, it has

received widespread attention from researchers and industries around the world. Based on the published results on the
ICR-IS in the past few decades, a review is presented in this paper including the fundamental theories of ICR-IS,
basic structures of the devices, major criteria for obtaining significant isotope separation effects; and in particular, the
recent progress in the theoretical and experimental research fields for obtaining different isotopes using the ICR-IS

approach is summarized and discussed. And finally, the key scientific and technological issues in future research for

promoting industrial applications of the ICR-IS method are discussed briefly.
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Table 1 Comparisons of major isotope separation methods at the present time™

J71% Methods ~ #: 7 iR 2 Basic principles —E 4% 55 Major characteristics

SEYEGE R TR N R 7 s R AR, S AL N IR T, BOR U R EOR BT R RS
Gas diffusion  MEZ TR, IITIAE 2 FLA 05 WK 4 G aeEm 2B RECR

method Under the condition of molecular effusion, lighter This technology is mature and has been applied for a

AEE Ok
Gas centrifuge
method

molecules move faster and have a higher probability of long time; the separated elements are required to
have their gaseous compounds; the energy consump-
the porous medium tion is high with a large number of separation stages
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LI I3 T SR AT TR I Lol R 38 B B A 4LA W) The structure of the system is mature with
In the centrifugal force field, substances of different low energy consumption and long service life; the
masses experience different centrifugal forces with lighter

passing through micropores, thus be concentrated behind

separated elements are required to have their
and heavier gas components being enriched near the gaseous compounds

central axis and the wall of the rotating cylinder, respectively
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laser isotope
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Based on the slight difference in the absorption spectrum an isotope displacement in absorption spectrum is

separation of the isotope atoms, the target isotope atoms are required for the separated atoms; a laser with
method selectively excited and ionized by a laser with a specific specified wavelength and power is also necessary
wavelength, and then, the target ions are extracted
under an externally applied electromagnetic field
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different centrifugal forces

a high energy consumption
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Using an external electric field with specific frequency,

simultaneously, there exist high requirements for the
stability and uniformity of the electromagnetic field

a certain type of ions is selectively heated, and thus has

a larger cyclotron radius than those of other types of ions,

and consequently, leading to the spatial separation
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Fig.1 Schematic diagram of ICR-IS facility™"
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Fig.2 Schematic of the microwave discharge plasma source'™ (a) and structural diagram of the stationary source with crossed
fields™ (b)
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Fig.3 Schematic of the resonant and non-resonant ion
trajectories based on the single-particle model™”
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Fig.5 Heating efficiency # vs. heating field frequency for two
different ion distributions over longitudinal velocities, for the
same mean longitudinal ion velocity U=6x10° m*s™', and for
electric field £=50 V+-m™' and effective temperature of
longitudinal ion velocity 7=10 eV*"
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Fig.6 Experimental and computational results of SIRENA
and ERIC devices™. (a) Radial variations of the axial B (*) and
transversal B(O) RF magnetic field components in vacuum on
the SIRENA device; experimental conditions: frequency f=
384 kHz, antenna current /=100 A, antenna radius 7=10.5 cm;
calculated values are represented by dashed lines. (b) Mean
transverse energy of *Ca on the ERIC device versus the
antenna frequency; energy analyzer measurements (-o-) and
Runge-Kutta method calculations (---). (c) Variations of the
electric field amplitude |E.|, mean value k. and its width Ak, of
the E,(k,) spectrum and width Af of the resonance with the
plasma density at the plasma center (=0, z=0 m) for the ERIC
device
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Table 2 Some typical plasma parameters of the ERIC*

Z4) Parameters $1H Values

B KRN 38 i Magnetic field (max) 3T

%) P Homogeneity 1%

J5] X K ¥ Length of homogeneity 2m

55 B TR L 4% Diameter of the plasma 11 cm

1 1-if J£ Electron temperature 2~5eV
BT Z Ton temperature 0.2~2 eV

2 7% J% Ton density (1~5)x10" em™
W48 B2 Microwave power 1 kW

TR AR Microwave frequency 29 GHz
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Table 3 Part of separation experimental results on ERIC

158]

HARFEAL R RIRFE FAR B % T3 R4 A AR
Resonant isotope Natural abundance / % Relative mass difference / % Magnetic field /T  Enrichment factor Depletion factor
“Ca 0.134 6.86 0.714 11.8 0.246
“Ca 2.06 9.05 1.29 18 0.174
“Ca 0.186 16.5 1.29 10 0.108
“Ca 0.186 16.5 2.07 24 —

“Ca 0.186 16.5 0.723 24 0.335
“Zn 49.8 4.44 0.716 1.04 0.263
“Zn 18 4.95 1.25 442 0.63

"°Cd 12.4 2.74 1.29 2.65 0.62

"’Ba 0.104 4.11 1.29 8.5 0.76

°Yb 12.8 1.89 2.94 6 0.92

*Cr 435 43 1.54 13.6 -

“Ni 3.35 5.49 0.95 3.28 0.96

'”Pd 1.03 4.47 0.714 2.04 0.94

3 SYEERE

ARSCNES 1 [ IR (R 2R 70 B T VA K 2 A i
BRI BRI RN T B0 8 1 Bl e I 2 L 1 5
TR IR IX M X = A E X, i T
SRR AR AR RSB T I N, A
KA bRRALER S TR A R, 408 T E bR
b H AT A RS I E A S I B Sk, LUTOA R
Bz UK SRR N I TSR 2% . @i
Xt CLAT SCRR TR o0 T » 32 ZAT 200 T 2538 -

IDVNENIN=EENOITIPIRSE S o/ | EC R )
SEARSLIANF B TT R B T B AT AT (H R
T I 5 REAE 1 20 B 2 PF R 2 S N e . — D5 T £ 70
B ICR KB TR AT 2R AR KR RE =, A
A7 e 49 0 JEE (Y SR 37 RV R 5 1) (e e i 37 (17 2
I b 5 2 Pl AR AR 2, T SO IX e S AR A e
P28 S AT 85 T DUk WA B 2 B I 2 R o —
3 A B AR P A L H AR R AL R T R s R
AR SR RS, AT E R BN RRN S
HAAARAT BN R 2 AR M

2)FE Ve 2 T AN B A ULATE 7E 7 T 5 2 T FURE
TR BORAE — B R B4R 1R T [ml g3t
PR AL R 73 B 1) 1 ZE BN L (B 5 Se bR B 2
FECAAAAE — B 2200 e 2455 1 1M AL
[0 RR % VA i RAtYI O 85 A= 0 VAR i2 I R R
777 A 1R 7 ) R 2880 IS AR 2 8] il 48 £ FH PR S i AN

AT 706 5 3 LR B T I I S R AR R, 7
KI5 FESE B TR 5 4NN s R 37 () AR ELAE FH R FE 1
W B RO . R R DL A B AR N H
B £E 4 B LT 70 ml b, 32 H 46 ICR-IS &
45 Sz oR N FH 0 2 8000 A B 8 A0 5, 6 T HE SN ICR-
ISEAR P TAL N K B B .

3)TE S I6 I 78 A B W R 7 I, A2 ) T R R
b2 23 B8 R AN K R R e 8- 2 P ) sk s 9% FH A
RERESFIE Z N2 1 VR RAR A T st =P B, 36
PPM #¢ & | % [H ERIC %% B J 1 %' B SIRENA %¢
BITESLR HEAS T — e ke, H A% EZR W
O 7 AR R R A SE B0 I 9, 1 2 L 7 12 4035
(K AH S B F0 38+ 2 55 . 43 37 ICR-IS J& B U6 1IF 52
WAL E, SEW o MEVEAE T A4 A TR
ICR-IS 43 B i FE S 2 W o B AL 54k, DL
ARG 45 T SO TAE 2 5000 0 55 16 S FH JE il
FC, Bt FHESN ICR-IS H AR 1) Tl Ak b A R E B &

W o e s e AR ) 2R H R RE (W B T S
IR B G, UL R AR A 55 B TR IR B S 4L
VEEGELATNIES T N -3 o - R 1) = i VAo ]
TR AR B ARRERE L 72 A R i Y S FE R
o B A AR AN B ISR I B A T Tk H
AURIF 70 THI I (19SS B R 2 5 AR [l 8, A 9 e 1
J&. 57, B & R RS e R &R DA & Z Rk S
b3S 37 B A 7R SR H 28 38 0, 5 7 [l e R vk

010002-11



% AR

2025, 48: 010002

R B BN R A R P R . BRI, 4R R Gt
RN I T 5 DASE: 180 4 A Ry R 3R b [+
finia Nz O M ER 2 B BB AN SRR T X T
HESH B 7 8 e SR R 67 38 70 B BOAR 1 Tl Ak B HT R
A+ EENE L

EETIBAERE 2 KA A i & HRAn 8 5 % 0w
KPR AR X EEERME RN RE T
8 B2 1 5T B B SCHR A ALK 6 SO A s B A f AR
HEERE R XHTHFEMER ZRE . AA
PRl X TR AT T 485 F0 &

R P

1

Hipple J A, Sommer H, Thomas H A. A precise method of
determining the faraday by magnetic resonance[J].
Physical Review, 1949, 76(12): 1877 - 1878. DOI:
10.1103/physrev.76.1877.2.

Wobschall D, Graham J R, Malone D P. Ion cyclotron
resonance and the determination of collision cross sections
[J]. Physical Review, 1963, 131(4): 1565 - 1571. DOL:
10.1103/physrev.131.1565.

Anders L R, Beauchamp J L, Dunbar R C, et al. Ton-
cyclotron double resonance[J]. The Journal of Chemical
Physics, 1966, 45(3): 1062 - 1063. DOI: 10.1063/
1.1727658.

Comisarow M B, Marshall A G. Fourier transform ion
cyclotron resonance spectroscopy[J]. Chemical Physics
Letters, 1974, 25(2): 282 - 283. DOIL: 10.1016/0009-2614
(74)89137-2.

Bray F, Fabrizi I, Flament S, et al. Robust high-
throughput proteomics identification and deamidation
quantitation of extinct species up to Pleistocene with
ultrahigh-resolution MALDI-FTICR mass spectrometry
[J]. Analytical Chemistry, 2023, 95(19): 7422 - 7432.
DOI: 10.1021/acs.analchem.2¢03301.

Kip A M, Valverde J M, Altelaar M, et al. Combined
quantitative (phospho)proteomics and mass spectrometry
imaging reveal temporal and spatial protein changes in
human intestinal Journal of
Proteome Research, 2022, 21(1): 49 - 66. DOI: 10.1021/
acs.jproteome.1c00447.

ischemia-reperfusion[J].

Kansha Y, Kato S, Tsuji K. Analysis of reactions during
the residue desulfurization of heavy oil based on a data-
driven method[J]. Computers & Chemical Engineering,
2022, 164: 107901. DOI: 10.1016/j. compchemeng. 2022.
107901.

Vanini G, Barra T A, Souza L M, ef al. Characterization

10

11

12

13

14

15

16

010002-12

of nonvolatile polar compounds from Brazilian oils by
electrospray ionization with FT-ICR MS and Orbitrap-MS
[J]. Fuel, 2020, 282: 118790. DOI: 10.1016/]. fuel. 2020.
118790.

Marshall A G, Hendrickson C L, Jackson G S. Fourier
transform ion cyclotron resonance mass spectrometry: a
primer[J]. Mass Spectrometry Reviews, 1998, 17(1): 1 -
35. DOI: 10.1002/(SICI)1098-2787(1998)17: 1<1: AID-
MAS1>3.0.CO;2-K.

Perkins F W. Heating tokamaks via the ion-cyclotron and
ion-ion hybrid resonances[J]. Nuclear Fusion, 1977, 17
(6): 1197 - 1224. DOI: 10.1088/0029-5515/17/6/008.
Lerche E, Van Eester D, Ongena J, et al. Optimizing ion-
cyclotron resonance frequency heating for ITER:
dedicated JET experiments[J].
Controlled Fusion, 2011, 53(12): 124019. DOI: 10.1088/
0741-3335/53/12/124019.

Colas L, Vulliez K, Basiuk V, et al. Ion cyclotron resonant

Plasma Physics and

heating in tore supra[J]. Fusion Science and Technology,
2009, 56(3): 1173 - 1204. DOI: 10.13182/f5t09-a9173.
Zhao Y P, Zhang X J, Mao Y Z, et al. EAST ion cyclotron
resonance heating system for long pulse operation[J].
Fusion Engineering and Design, 2014, 89(11): 2642 -
2646. DOI: 10.1016/j.fusengdes.2014.06.017.

FAS, B4, NI, 55 ICRF IN#4 N EAST TR 5541
o 7 18] 2 A W15 I L[], B R, 2023, 46(12):
120601. DOI: 10.11889/j.0253-3219.2023.hjs.46.120601.
WANG Shusong, HUANG Juan, CHANG liafeng, et al.
Preliminary study of velocity-space distribution of fast-
ion loss under ion cyclotron resonance heating in the
EAST[J]. Nuclear Techniques, 2023, 46(12): 120601.
DOI: 10.11889/j.0253-3219.2023.hjs.46.120601.

Wk, T, U, A HL-3 %6 B BB [l n
XS ep AU S2 W (], B BOR, 2024, 47(5): 050001,
DOI: 10.11889/j.0253-3219.2024.hjs.47.050001.

YANG Guanming, HAO Guangzhou, LU Lingfeng, et al.
Influence of ion cyclotron range of frequencies heating on
neutron emission rate in HL-3 tokamak[J]. Nuclear
Techniques, 2024, 47(5): 050001. DOI: 10.11889/j.0253-
3219.2024.hjs.47.050001.

TRIRAR, IRALIE, FHOLHE, 55 . BT R BN R K
EAST %5 5 7R 48 5 47 N HF 7T [J]. AR, 2023, 46(1):
010502. DOI: 10.11889/j.0253-3219.2023.hjs.46.010502.
WEN Xiaodong, XU Liqing, HU Liqun, et al. Sawtooth
behavior of EAST plasma under ICRF heating[J]. Nuclear
Techniques, 2023, 46(1): 010502. DOI: 10.11889/j.0253-



B RA L BT Rt

PRIE[FI AL R BT 7O

17

18

19

20

21

22

23

24

25

26

27

3219.2023.hjs.46.010502.

Diaz F R C. An overview of the VASIMR engine: high
power space propulsion with RF plasma generation and
heating[C]. AIP Conference Oxnard,
California (USA). AIP, 2001, 595(1): 3—15. DOI: 10.1063/
1.1424142.

Cassady L D, Longmier B W, Olsen C S, et al. VASIMR
performance results[C]. Proceedings of the 46th AIAA/
ASME/SAE/ASEE Joint Propulsion Conference &
Exhibit. Nashville, TN. Reston, Virigina: AIAA, 2010:
ATAA2010-6772. DOI: 10.2514/6.2010-6772.

Proceedings.

Hollweg J V, Isenberg P A. Generation of the fast solar
wind: a review with emphasis on the resonant cyclotron
interaction[J]. Journal of Geophysical Research: Space
Physics, 2002, 107(A7): SSH 12-1-SSH 12-37. DOI:
10.1029/2001j2000270.
H R . A AL 2 B M. bt By AEHH AL, 1999.
XIAO Xiaoan. Isotope separation[M]. Beijing: Atomic
Press, 1999.
Dolgolenko D A, Muromkin Y A. Plasma isotope
separation based on ion cyclotron resonance[J]. Physics-
Uspekhi, 2009, 52(4): 345 - 357. DOI: 10.3367/ufne.
0179.200904¢.0369.
Gorshunov N M, Dolgolenko D A, Muromkin Y A, et al.
ECR sources of calcium plasma[J]. Instruments and
Experimental Techniques, 2011, 54(1): 97 - 103. DOI:
10.1134/S0020441211010155.
Compant La Fontaine A, Louvet P. Study of an ECR
sputtering plasma source[J]. Plasma Sources Science and
Technology, 1999, 8(1): 125 - 135. DOI: 10.1088/0963-
0252/8/1/015.
Churkin I N, Volosov V I, Steshov A G. Universal metal
ion source[J]. Review of Scientific Instruments, 1998, 69
(2): 822 - 824. DOI: 10.1063/1.1148577.
Churkin I N, Semenov E P, Steshov A G, et al. Electrode
system for plasma source with crossed fields[J]. Fusion
Science and Technology, 2005, 47(1T): 348 - 350. DOI:
10.13182/fst05-a686.
Beiranvand R. Magnetic field uniformity of the practical
The Review of
055115. DOI:

tri-axial Helmholtz coils systems[J].
Scientific Instruments, 2014, 85(5):
10.1063/1.4876480.

Safari R, Sohbatzadeh F. Effect of DC magnetic field on
atmospheric pressure argon plasma jet[J]. Indian Journal
of Physics, 2015, 89(5): 495 - 502. DOI: 10.1007/512648-

014-0609-0.

28

29

30

31

32

33

34

35

36

010002-13

Xiao C J, Chen Y H, Yang X Y, et al. Plasma rotation in
the Peking University Plasma Test device[J]. The Review
of Scientific Instruments, 2016, 87(11): 11D610. DOI:
10.1063/1.4961282.

Magarotto M, Melazzi D, Pavarin D. Study on the
influence of the magnetic field geometry on the power
deposition in a Helicon plasma source[J]. Journal of
Plasma Physics, 2019, 85(4): 905850404. DOI: 10.1017/
s0022377819000473.

Dubinov A E, Kornilova I Y, Selemir V D. Isotope
separation in plasmas by the ion-cyclotron resonance
method[J]. Physics of Particles and Nuclei, 2001, 32(4):
443 - 452.

Volosov V I, Kotelnikov I A, Churkin I N, et al. Setup for
isotope separation by the ICR-heating method[J]. Atomic
2000, 88(5): 385 - 392. DOI: 10.1007/
BF02680534.

MR, PhRA, BAEE, 55 o Bl A Ar K 1 85 7 [l g
SARVE ). B S E , 1985(1): 16-18. DOI: CNKI:
SUN:GWHW.0.1985-01-016.

XIAO Xiaoan, SUN Shiren, LI Gongpan, et al. lon

Energy,

cyclotron resonance method for separation of uranium
isotopes[J]. Foreign Nuclear News, 1985(1): 16—18. DOI:
CNKI:SUN:GWHW.0.1985-01-016.

Li H P, Ostrikov K K, Sun W T. The energy tree: Non-
equilibrium energy transfer in collision-dominated
plasmas[J]. Physics Reports, 2018, 770 - 772: 1 - 45.
DOI: 10.1016/j.physrep.2018.08.002.

WEE, R4k5E, M) . AR & WAL R ALK 7 3
WA [J]. 2 S A 5, 2015, 37(1): 12 - 17.
DOI: 10.7538/hhx.2015.37.01.0012.

SHU Yuzhen, WU Jizong, DENG Weiqin. Application of
crown compounds in lithium isotopes separation[J].
Journal of Nuclear and Radiochemistry, 2015, 37(1): 12 -
17. DOI: 10.7538/hhx.2015.37.01.0012.

BIRA, B RE, BT, R S RUE AR
B -13 (a5 i 2R [T]. (RIR 5 45, 2008, 26(6): 9 - 15.
DOI: 10.3969/j.issn.1007-7804.2008.06.003.

LI Hulin, LI Liangjun, LI Sining, et al. Review and
prospect for separation of stable isotope carbon-13 by
cryogenic rectification[J]. Low Temperature and Specialty
Gases, 2008, 26(6): 9 - 15. DOI: 10.3969/j. issn. 1007-
7804.2008.06.003.

VAT, TR, W R, 55 . DAY SALBE D9/ B 0 o)
B "Ge AL KL AW R [I]. FIAL R, 2021, 34(5): 475 -
479. DOI: 10.7538/tws.2021.34.05.0475.



% AR

2025, 48: 010002

37

38

39

40

41

42

43

44

45

46

SUN Qiming, ZHOU Mingsheng, PAN Jianxiong, et al.
Technical study on centrifugal separation of “Ge isotope
with germanium tetrafluoride as
Journal of Isotopes, 2021, 34(5): 475 - 479. DOI: 10.
7538/tws.2021.34.05.0475.

processing  gas[J].

Karchevskii A 1, Potanin E P. Coefficient of the extraction
of the target isotope and optimum parameters of a
collector of heated ions in the context of the ICR method
of isotope separation[J]. Plasma Physics Reports, 2002, 28
(7): 565 - 571. DOI: 10.1134/1.1494054.

Potanin E P. Analysis of the separation of gadolinium
isotopes by the ICR method[J]. Plasma Physics Reports,
2008, 34(2): 121 - 127. DOI: 10.1134/S1063780X0802
0049.

Karchevskii A I, Potanin E P. Calculation of the ion
transverse velocity distribution function under ion
cyclotron resonance heating[J]. Technical Physics, 2004,
49(6): 800 - 803. DOI: 10.1134/1.1767897.

Karchevskii A I, Potanin E P. Calculation of the ion
distribution function over transverse velocities under ICR
heating conditions and separation parameters of a
collector of heated ions[J]. Plasma Physics Reports, 2004,
30(12): 1006 - 1011. DOT: 10.1134/1.1839954.

Potanin E P. Effect of the ion distribution over
longitudinal velocities on the efficiency and separating
parameters of the ICR method of isotope separation[J].
Technical Physics, 2005, 50(6): 698 - 704. DOI: 10.1134/
1.1947343.

Potanin E P. Heating of gadolinium plasma ions by the
ion cyclotron resonance method[J].
2006, 51(12): 1586 - 1590. DOI: 10.1134/S106378420612
005X.

Volosov V I, Demenev V V, Steshov A G, et al. Some

Technical Physics,

features of ICR heating by a solenoidal antennal[J].
Plasma Physics Reports, 2002, 28(7): 559 - 564. DOI:
10.1134/1.1494053.

Compant L F A, Pashkovsky V G. Study of selective
heating at ion cyclotron resonance for the plasma
separation process[J]. Physics of Plasmas, 1995, 2(12):
4641 - 4649. DOI: 10.1063/1.870955.

Volosov V I, Kotelnikov I A, Kuzmin S G. Separation of
heavy-element ICR heating
techniques[J]. Plasma Physics Reports, 1998, 24(6): 474
- 485.

isotopes by selective

Kotelnikov I A, Kuzmin S G. Separation of heavy-

element isotopes by ICR heating at the second harmonic

47

48

49

50

51

52

53

54

55

56

57

58

010002-14

[J]. Plasma Physics Reports, 1999, 25(12): 1010 - 1019.
Timofeev A V. ICR heating in ion separation systems[J].
Plasma Physics Reports, 2005, 31(12): 1012 - 1028. DOI:
10.1134/1.2147647.

Timofeev A V. Plasma processing of spent nuclear fuel by
two-frequency ion cyclotron resonance heating[J]. Plasma
Physics Reports, 2009, 35(11): 912 - 923. DOI: 10.1134/
S1063780X09110026.

Zhil'tsov V A, Kulygin V M, Semashko N N, et al.
Plasma separation of the elements applied to nuclear
materials handling[J]. Atomic Energy, 2006, 101(4): 755
- 759. DOI: 10.1007/s10512-006-0164-7.

Timofeev A V. On the theory of plasma processing of
spent nuclear fuel[J]. Physics-Uspekhi, 2014, 57(10): 990
- 1021. DOI: 10.3367/ufne.0184.201410g.1101.
Timofeev A V. Plasma method for processing spent
nuclear fuel[J]. Plasma Physics Reports, 2007, 33(11): 890
-905. DOI: 10.1134/S1063780X07110025.

Timofeev A V. Ion sepation by a curved magnetic field in
a multicomponent plasma[J].
2000, 26(7): 626 - 627. DOI: 10.1134/1.952900.

Dawson J M, Kim H C, Arnush D, et al. Isotope

Plasma Physics Reports,

separation in plasmas by use of ion cyclotron resonance
[J]. Physical Review Letters, 1976, 37(23): 1547 - 1550.
DOI: 10.1103/physrevlett.37.1547.

Stevenson N R, Bigelow T S, Tarallo F J. Industrial scale
production of stable isotopes employing the technique of
plasma separation[J].
Nuclear Chemistry, 2003, 257(1): 153 - 155. DOL:
10.1023/A:1024722132332.

Journal of Radioanalytical and

Tracy J G. Isotope separation program—present and
future[J]. Nuclear Instruments and Methods in Physics
Research  Section A: Accelerators,
Detectors and Associated Equipment, 1989, 282(1): 261 -
266. DOI: 10.1016/0168-9002(89)90149-6.

Bigelow T S, Tarallo F J, Stevenson N R. Production of

Spectrometers,

stable isotopes utilizing the plasma separation process[J].
Nuclear Instruments and Methods in Physics Research
Section B: Beam Interactions with Materials and Atoms,
2005, 241(1 - 4): 652 - 654. DOIL: 10.1016/j.nimb.2005.
07.163.

Compant L F A, Gil C, Louvet P. Isotope separation by
ionic cyclotron resonance[R]. CEA Centre d'Etudes
Nucleaires de Saclay, 1986.

Louvet P, Compant L F A, Larousse B, et al. Heavy stable

isotope separation by ion cyclotron resonance[C]. 4th



B RA L BT Rt

PRIE[FI AL R BT 7O

59

60

61

Workshop on Separation Phenomena in Liquids and
Gases, Beijing, 1994: 83-92.

Compant L F A, Louvet P, Le Gourrierec P, er al.
Selective heating of high-pressure vapour elements by
ion-cyclotron resonance[J]. Journal of Physics D: Applied
Physics, 1998, 31(7): 847 - 865. DOI: 10.1088/0022-
3727/31/7/014.

Babichev A P, Gorshunov N M, Dolgolenko D A, et al.
Distribution of the lithium deposition on the collector
during separation of lithium isotopes by the plasma ICR
method[J]. Plasma Physics Reports, 2014, 40(9): 760 -
766. DOI: 10.1134/S1063780X14090013.

Dolgolenko D A, Muromkin Y A, Pashkovsky V G. An
experimental technique for separating lithium isotopes in
plasma using the ion cyclotron resonance method[J].

Instruments and Experimental Techniques, 2019, 62(6):

62

63

64

010002-15

798 - 808. DOI: 10.1134/S0020441219060058.

Nanri K, Arai K, Matsubara A, et al. Isotope separation in
a magnetized sheet plasma by ion cyclotron resonance[J].
Nuclear Instruments and Methods in Physics Research
Section B: Beam Interactions with Materials and Atoms,
1992, 70(1 - 4): 37 - 39. DOI: 10.1016/0168-583x(92)
95906-8.

Nanri K, Matsumura M, Homma M, et al. lon cyclotron
resonance in a magnetized sheet plasma[J]. Review of
Scientific Instruments, 1994, 65(4): 1359 - 1361. DOI:
10.1063/1.1144960.

Katakura H, Miura K, Inoue M. A new concept of isotope
separation using ion cyclotron resonance in a magnetic
field having a radial component[J]. Japanese Journal of
Applied Physics, 1993, 32(5R): 2167. DOI: 10.1143/jjap.
32.2167.



