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Abstract: The titanium-nickel alloy hydride was applied to high-current long pulse
(200 A/270 pus) vacuum arc discharging in this paper, which is more resistant to frag-
mentation and maintains good stability under high temperature condition generated by
high-current long pulse vacuum arc discharging. In addition, an experimental study of
the ion charge state distribution and mass-charge component of vacuum arc discharging
with titanium-nickel alloy hydride cathode by the time-of-flight method was carried out
for the first time. The results show that titanium ion and nickel ion have charge states
of 1+, 2+, and 3-+. Meanwhile, in the early stage of the discharging process (0-
30 us), the composition of H™ gradually increases with time, and reaches a maximum

ratio of 57% at 30 ps. while the compositions of Ti"" and Ni"" (n=1,2,3) rapidly
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decrease with time, and reach a minimum ratio of 43% at 30 ps; in the later stage of the

discharging process (30-270 ps), the composition of H" begins to decrease rapidly and

remains unchanged at around 12% after 75 ps until the end of the pulse, and the compo-

sitions of Ti"" and Ni*" (n=1, 2, 3) gradually increase with time and remain around

88 % after 75 us until the end of the pulse.

Key words: vacuum arc discharging; titanium-nickel alloy hydride; ion charge state; ion

composition
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Fig. 2 Schematic diagram of experimental equipment
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Fig. 4 Mass-charge spectrum of ion beams at different moments
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Table 1 Ion beam component of hollow and

solid cathodes during stable discharging period

ES T - B F G/ % ‘

20 Sl
Nit 1.7 1.7
Ti 2.8 3.0
Niz " 23 24
Tiz+ 34 33
Ni#* 3.5 3.3
Ti* 23 23
H* 12 12

2 HMTE BEFROMEMERENTL
Table 2 Variation of HY and Ti* " ion

compositions with discharging time

A N e TV T
ps  RSY/Y WUSY/Y | ps  ROM/% RO/ %
20 0.52 0.07 105 0.11 0. 34
25 0.55 0. 14 115 0.11 0. 34
30 0.57 0.17 135 0.11 0.33
35 0. 56 0.23 150 0.12 0. 34
40 0.32 0. 25 170 0.10 0. 36
45 0. 34 0. 25 190 0.10 0. 30
55 0. 29 0. 27 200 0.11 0.29
65 0.23 0. 27 220 0. 10 0. 28
75 0.17 0.28 240 0.10 0.27
85 0.13 0.32 250 0.10 0. 26
95 0.12 0. 35 260 0.10 0.24

MF 2 AL FE W AR R R H
o7 HOAH X B R L 30 s B SA B IR 5726, 35 ps
Ja /N HAE 75 ps JERFERRE H 2R
S50 TE OB FE D T 0 o E A X R AR
HL B R 223N A 75 ps ERFFRREE 2
JBCHRLEE R AR AR Hom #oE AL Rk 4T
JH IR 35 8 A R i B il rl, o R 1 O 2 o B
e H AR R Bl i B TR AR & R B AR
FE T [ A B A R R TR B S B AR B T
550 K B, &b F R R AH & 1 S AL BB & & T 1R
R R U B R R A 4 R Bk A A X 8
b, BRI A R 2o R T O 4 B B H R X L
BRI T NI (n=1,2, 3) A% HL B/
E TCH Ao A A AR B B s 2 T AR R Ak 2 b
F| 3 000~5 000 K B, BH AR 2 1 19 4 J8 Bk A 4

Ja BT 3 AR I R TR I R R R R B B
Fifi i B A i . Tirt A Nt (n=1,2,3) 1y kL il
R H AR A/ .

3 it

AR SOKG S ALK ER A 4 b RE L A T 58 300 K ik
LA R F IR i T AR G S 2
R AT 9E M AR Y AT A JR A 2% b RHFE B S O
TCHL P AR B S T (3 000~5 000 K) &4 F A 5
W2 HAT PR R st i R M o [R) B KA I i)
TESLE R E T SRR A S B TR
R B 43 A R B TR A R AR T SRR
(200 A/270 p) REFAILKBES &N E T
TSI R AR B T A A 12+ A
S VERBETIH AN 1T HF 2/ 3+, [[
BF R F Ao R 0 L H O A X B B
FE R o AR P R E L T N (n=1,2,3)
F R X B B # . T L T N 4 5 e
34%.23% M 23% H W 12% . %BF5E
R AR ER B 4 B R B A IO H R P AT 5 2 A
T H AR 5 TR B Ay figg e D AR Bk o 2 2 50
R A A EENE S E L.

AR 7 B 27 e L U L BF S T Okes
FUAAT BG4 T o [F] I IRl (R 2 ) 2 e R s
W FEIT B Yushkov, Savkin {8 - % 5238 T /E
A B I e R 2 B D B 4 Jes F 9 e X 5
WFFE 01 A8 R A B R A A 35 B

RS aE

[1] BROWNIG, WASHBUM ]J. The MEVVA ion
source for high current metal ion implantation
[J]. Nuclear Instruments and Methods in Phys-
ics Research Section B, 1986, 21(1): 201-204.

(2] FEFW.mfh. A T 7T ELE R
ik 99115 S 1 7 I R e o = = 52 N
2005,39(1) :93-96.
TANG Pingying. XIANG Wei, WANG Chun-
yan, et al. Spatial beam distribution of vacuum
arc ion source in accelerating area[J]. Atomic
Energy Science and Technology. 2005, 39(1):
93-96 (in Chinese).

[3] NIKOLAEV A G, YUSHKOV G Y, SAVKIN

K P, et al. Upgraded vacuum arc ion source for



582

JRTRERLERR  RSAE

[4]

[5]

[6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

metal ion implantation[ J]. Review of Scientific
Instruments, 2012, 83(2) . 02A501.

ZENG Z M, ZHANG T, TANG B Y, et al
Surface modification of steel by metal plasma
immersion ion implantation using vacuum arc
plasma source[ J]. Surface and Coatings Technol-
ogys 1999, 120(1): 659-662.

BROWN I G, OKS E M. Vacuum arc ion sources-a
brief historical review [ J]. IEEE Transactions on
Plasma Science, 1997, 25(6). 1 222-1 228.
BROWN I G. Vacuum arc ion sources[]J]. Re-
view of Scientific Instruments, 2014, 65 (10):
3 061-3 081.

BROWN I G, GODECHOT X. Vacuum arc ion
charge-state distributions[J]. IEEE Transactions
on Plasma Science, 1991, 19(5). 713-717.
ANDERS A. Ion charge state distributions of
vacuum arc plasmas[J]. The Origin of Species,
1997, 55(1): 969-981.

BUGAEV S P, NIKOLAEV A G, OKS E M, et
al. The 100 kV gas and metal ion source for high
current ion implantation[ J]. Review of Scientific
Instruments, 1992, 63(4). 2 422-2 424.

R RERG MR FE kR E RS
B H S5 M R ORI R L. SR OL 5 ok
FH,2015,27(11) :41-46.

TANG Jian, DENG Chunfeng, WU Chunlei, et
al. Spectral property investigation of pulsed me-
tallic hydride vacuum arc discharge plasmal]J].
High Power Laser and Particle Beams, 2015, 27
(11): 41-46(in Chinese).

PR TS, PN BR R i S R T R SN
A — IR B s LT ] Py B eE 4R, 2012, 61
(14) :497-502.
LU Jinlian, CAO Juexian. A first-principles
study of capacity and mechanism of a single tita-
nium atom storing hydrogen[J]. Acta Physica
Sinica, 2012, 61(14): 497-502(in Chinese).
WALKO R J, ROCHAU G E. A high output
neutron tube using an occluded gas ion source
[J1.
1980, 28(2): 1 531-1 534.

HIPPSLEY C A, STRANGWOOD M. Embrit-

IEEE Transactions on Nuclear Science,

tlement and crack growth in high temperature
intermetallics[ J]. Metal Science Journal, 2014,
8(4): 350-358.

DEKHTYAR A I, IVASISHIN O M., MOISEE-

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

VA1V, et al

compact titanium produced {rom titanium hydride

The mechanical properties of

powders using self-propagating high-temperature
synthesis[ J]. Powder Metallurgy & Metal Ce-
ramics, 2015, 53(9-10): 549-556.
CHEIFETZ E, ADAR U, DAVARA G. Ions
emitted by a pulsed titanium-hydride spark plas-
ma source[ C]//Proceedings of 17th International
Symposium on Discharges and Electrical Insula-
tion in Vacuum. Berkeley: [s. n. |, 1996.
CHEN L, JIN D Z, CHENG L, et al. Ton
charge state distribution and ion velocities in the
titanium hydride cathodic vacuum arc plasmas
[J]. Vacuum, 2012, 86(7): 813-816.

BROWN 1G, GALVIN J E, MACGILL R A, et
al. Improved time-of-flight ion charge state diag-
nostic [ J .
1987, 58(9): 1 589-1 592.

GUSHENETS V I, NIKOLAEV A G, OKS E

Review of Scientific Instruments,

M, et al. Simple and inexpensive time-of-flight
charge-to-mass analyzer for ion beam source
characterization[ ] |. Review of Scientific Instru-
ments, 2006, 77(6): 301-303.

TSURUTA K, YAMAZAKI N. Residence time
of metal ions generated from microsecond vacuum
arcs[ J]. IEEE Transactions on Plasma Science,
1993, 21(5): 426-430.

ANDERS A, ANDERS S, JUTTNER B, et al.
Time dependence of vacuum arc parameters[ ] ].
IEEE Transactions on Plasma Science, 1993, 21
(3): 305-311.

CHUAN J B, WAN H, YANG ], et al. Micro-
structure characterization of graphite cathodes for
explosive field-emission[ J]. Applied Mechanics
&. Materials, 2013, 248(3): 268-273.
YOSHIHIKO H. Thermal decomposition of tita-
nium hydride and its application to low pressure
hydrogen control[ J]. Journal of Vacuum Science
&. Technology A, 1984, 2(1). 16-21.

ANDERS A. A periodic table of ion charge-state
distributions observed in the transition region
between vacuum sparks and vacuum ares[]].
IEEE Transactions on Plasma Science, 2001, 29
(2): 393-398.

COLE K. Joule heating of the upper atmosphere
[J]. Australian Journal of Physics, 1962, 15
(2): 223-236.





