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Floating Zone Growth and Thermionic Emission Property of
[100], [110], [111] CeB¢ Single Crystal
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Abstract: High-quality CeBg single crystal was successfully prepared by optical floating zone method combining
spark plasma sintering. [100], [110], [111] CeBg single crystals were obtained by X-ray Laue directional system
equipped with precision cutting system. The structure and crystal quality of [100] CeBg single crystal was given
emphasis to analyze and characterize. The results show that [100] CeBg single crystal exhibits good quality with the
full width at half-maxmium (FWHM) of 0.24°. With the increase of the cathode temperature from 1773 K to 1973 K,
the maxmium emission current density of [100], [110], [111] single crystal improved by 3.6, 4.2 and 2.5 times, re-
spectively. [100] CeBg single crystal possesses the best thermionic emission performance: the maxmium emission
current density reaches 64.77 A-cm™ at 1973 K and applied voltage of 4 kV, which is larger than that of reported
values in the literature up to now, and the effective work function is 2.821 eV. Therefore, [100] CeBg single crystal
with excellent thermionic emission properties will have proming application prospects.
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Fig. 1 Photograph of molten zone state
(a) Feed and seed rod began to melt; (b) Stable molten zone formed; (c) Orientated growth of CeBg single crystal; (d) Molten zone narrowed down
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Fig. 2 Photograph of CeBg single crystal
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Fig. 3 Singlecrystal X-ray diffraction photographs

(a) Typical diffraction pattern; (b) Diffraction pattern along the <001>
direction
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Fig. 4 Laue diffraction patterns of CeBg single crystal
(a) Laue diffraction spots of growth plane; (b) Laue diffraction spots of [100] CeBs single crystal; (c) Comparison diagram of
[100] CeBgsingle crystal with standard diffraction spots
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Fig. 5 XRD pattern of [100] CeBg single crystal
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Fig. 6 X-ray rocking curve of [100] CeBgsingle crystal
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Fig. 7 Laue diffraction patterns of [110] (a) and [111] (b) CeBs
single crystal; (c) Comparison diagram of [110] single crystal; (d)
Comparison diagram of [111] single crystal
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Fig. 8 J-U curves of CeBg single crystal
(a) [100]; (b) [110]; (c) [111]
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Tablel Zeroemission current density Jy and effective work function &g of [100], [110], [111] CeBgsingle
crystal at different temperatures

K lgJo Jol(A-cm™) Dy leV

[100] [110] [111] [100] [110] [111] [100] [110] [111]
1773 0.844 0.405 0.143 6.975 2.540 1.389 2721 2.875 2.968
1873 1.216 0.671 0.419 16.455 4.683 2.626 2.754 2.956 3.050
1973 1.465 1.058 0.730 29.182 11.428 5.373 2.821 2.980 3.109
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2% 3k

[1] LAFFERTY J M. Boride cathodes. Journal of Applied Physics,
1951, 22(3): 299-309.

[2] MANDRUS D, SALES B C, JIN R. Localized vibrational mode
analysis of the resistivity and specific heat of LaBs. Phys. Rev. B,
2001, 64(1): 012302—1-4.

[3] BAIL,MAN, LIUF Structure and chemical bond characteristics of
LaBs. Physical B Condensed Matter, 2009, 404(21): 4086-4089.

[4] MONNIER R, DELLEY B. Properties of LaBs elucidated by den-
sity functional theory. Phys. Rev. B, 2004, 70(19): 193403-1-4.

[5] WANG P, ZHANG J, YANG X, et al. Preparation and properties of
(CepaLla2Pro2Ndy2)Bs single-crystal by the optical float-zone trav-
eling solvent technique. Crystal Research & Technology, 2017,
52(11): 1700159-1-5.

[6] OGITA N, NAGAI S, UDAGAWA M, et al. Raman scattering
study of rare-earth hexaboride. Physica B Physics of Condensed
Matter, 2005, 359(361): 941-943.

[71 TANAKA Y, STAUB U, NARUMI Y, et al. Non-resonant X-ray
Bragg diffraction by CeBs. Physica B Condensed Matter, 2004,
345: 78-81.

[8] BAKR M, KAWAI M, KII T, et al. CeBg: emission performance
and uniformity compared with LaBs for thermionic RF guns. IEEE
Transactions on Electron Devices, 2016, 63(3): 1326-1332.

[9] ZHANG FAN-XING, ZHANG XIN, ZHANG JU-XING, et al.

(10

(11]

(12]

(13]

(14]

(19]

(16]

[17]

(18]

(19]

[20]

[21]

[22]

(23]

[24]

[29]

[26]

[27]

Synthesis and properties of single crystal Ce,_.Pr,Bg by floating zone
melting. Journal of Inorganic Materials, 2014, 29(10): 1073-1076.
GAO RUI-LAN, YU HUA-SHUN, YU PU-LIAN, et al. Prepara-
tion of LaBg polycrystalline materials. Journal of Shandong Uni-
versity (Engineering Science), 2002, 32(6): 593-596.
KARTHISELVA N S, MURTY B S, BAKSHI SR. Low tempera-
ture synthesis of dense and ultrafine grained zirconium diboride
compacts by reactive spark plasma sintering. Scripta Materialia,
2016, 110: 78-81.

ZHOU SHEN-LIN, ZHANG JIU-XING, LIU DAN-MIN, et al.
Properties of CeBg cathode fabricated by spark plasma reactive
liquid phase sintering method. Journal of Inorganic Materials,
2009, 24(4): 793-797.

LI LU-LU, ZHANG XIN, LIU HONG-LIANG, et al. Synthesis
and thermionic emission performance of single crystal La,_.Nd,B.
Mater. Rev., 2017, 31(18): 21-24.

LU QING-LIANG MIN GUANG-HUI, YU HUA-SHUN, et al.
Development and character of preparation methods of LaBg single
crystal. Mater. Rev., 2005, 19(9): 5-7.

ZHANG H, ZHANG Q, TANG J, et al. Single-crystalline CeBg
nanowires. Journal of the American Chemical Society, 2005,
127(22): 8002—8003.

FUTAMOTO M, NAKAZAWA M, KAWABE U. Thermionic
emission properties of hexaborides. Surface Science, 1980, 100(3):
470-480.

HOHN F J, CHANG T H P, BROERS A N, et al. Fabrication and
testing of single-crystal lanthanum hexaboride rod cathodes. Jour-
nal of Applied Physics, 1982, 53(3): 1283-1296.

OTANI S, NAKAGAWA H, NISHI Y, et al. Floating zone growth
and high temperature hardness of rare-earth hexaboride crystals:
LaBs, CeBg, PrBs, NdBs and SmBe. Journal of Solid State Chemis-
try, 2000, 154(1): 238-241.

BAO L H, ZHANG J X, ZHOU SL, et al. Floating zone growth
and thermionic emission property of single crystal CeBs. Chinese
Physics Letters, 2011, 28(8): 1-4.

SCHMIDT P H, JOY D C. Low work function electron emitter
hexaborides. Journal of Vacuum Science & Technology, 1978,
15(6): 1809-1810.

UIJTTEWAAL M A, DE WIJS G A, DE GROOT R A. Ab initio
and work function and surface energy anisotropy of LaBe. Journal
of Physical Chemistry B, 2006, 110(37): 18459-18465.
YAMAMOTO N, ROKUTA E, HASEGAWA Y, et al. Oxygen ad-
sorption sites on the PrBg (100) and LaBs (100) surfaces. Surface
Science, 1996, 348: 133-142.

OTANI S, ISHIZAWA Y. Thermionic emission properties of bo-
ron-rich LaBg and CeBg crystal cathodes. Journal of Alloys &
Compounds, 1996, 245: L18-1 20.

SMITH A L, BREIWIESER R. Richardson-Dushman equation
monograph. Journal of Applied Physics, 1970, 41(1): 436-437.
BACK T C, SCHMID A K, FAIRCHILD SB, et al. Work function
characterization of directionally solidified LaBs-VB, eutectic. Ul-
tramicroscopy, 2017, 183: 67-71.

CHEN X, SANAMARTIN J R. Low work-function thermionic
emission and orbital-motion-limited ion collection at bare-tether
cathodic contact. Physics of Plasmas, 2015, 22(5): 053504-1-10.
YAO JAN-FENG, CHEN XU, JANG JAN-PING, et al. Experi-
mental study on the emission property of the monocrystal and
polycrystal LaBs cathodes. Vacuum Electronics, 2002, 1: 1-4.



