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Characteristics of Plasma in Uranium Atomic Beam Produced by Electron-
Beam Heating
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Japan Atomic Energy Research Institute
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(Received June 20, 2000)

The electron temperature of plasma and the ion flux ratio in the uranium atomic beam produced
by electron-beam heating were characterized with Langmuir probes. The electron temperature
was 0.13 eV, which was lower than the evaporation surface temperature. The ion flux ratio to
atomic beam flux was more than 3% at higher evaporation rates. The ion flux ratio has
increased with decreasing acceleration energy of the electron-beam under constant electron-
beam power. This is because of an increase of electron-beam current and a large ionization
cross-section of uranium by electron-impact. It was confirmed that the plasma is produced by

electron-impact ionization of the evaporated atoms at the evaporation source.

Keywords: Uranium, Atomic Beam, Plasma, Electron-beam Evaporation, Electron Temperature,

Ion Flux Ratio, Acceleration Energy
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Fig.1. Schematic drawing of experimental apparatus.
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Fig. 2. Electrical circuit for measurement. (a): probe characteristic, (b): ion current.
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Fig. 11. Schematic view of the uranium atomic beam passing through the incident
and reflected electron-beams in the vicinity of the evaporation surface.



JAERI—Research 2000—030

5 1 1 t 1 T 1 [ 1 I T T T 1 I 1 1 T ]
i O: 10kV measured | |
R A: 7kV measured |
4 a
L A -
| o i
- A -
3 B AN O] N

lon flux ratio to atomic beam flux [%]

0.1..|...||.|',|...

0 5 10 15 20
Deposition rate [A /s]

Fig.12. Ion flux ratio in uranium atomic beam. Solid lines denote the estimated value.



This is a blank page.




&

B

Bk (S L HER

#1 SIEABAB IO F2 SILHtHah s x5 SIE#EE
& %2 " i 5 2 R i 5 ¥ RS i 5
E |2 - b+ o m %, ¥, B | min, h d 10 = 2 ¥ E
g B|+o 77 a4 kg E, 2, ¥ S, LT 105 ~ K4 P
B§ 5] B s 9 v b |l L 10 7 7 T
L1 (T v T A b vt 10° | # i G
BMORRE |7F v v v K EFAELL | oV 100 » # M
M Eq B|= w mol EPEREA | u 10° * o k
% By v F 35 cd 100 | ~ 7 h
E & B|5 U7 v | rad 1eV=1.60218x 1071*J 00| % #| da
Y KA RTIITY Gl 1u=1.66054x 10" kg 1
10| ® v F c
1073 N D} m
%£3 EHOZHE b SIELBL B s
#4 SlEHicBENic
we 12D 1
&8 z % |;ms | MOSIEY HrE BBl i A
A b I~ a | Hz s™! & # i 2 107 Z7za4b f
7] =a-Fv N m-kg/sz VIR PO — 4 ;\ 10_’8 7 k a
E 5, B Hl» 2 A ) Pa N/m? N — v b
IRMF-IH #E (Y 2 - v J N-m 3 - W bar (&)
I#®, BRHEER7 » | W | s # W Gal L £1-—-5 TEEBAR] F5K, BB
B XA, B |7 -8 2 C| As * 2 0y - Gi ERER 1985 ERITIc L B, 771, 1eV
BAL EE.ME'ijJ ® w MV W/A [ N R BEU 1 uDfEid CODATA O 1986 SEH#2
% B8 A RBR|7 7 5 F|F C/v 5 g rad BTk -
g S B HW|£# - | Q| V/A " P i
L rem 2. RAREEE
av s s s vr|v-—2rvz| 8§ A/V - Sy by T, ATy
3 HlY = — /—\' Wb | V.s . 1A=0.1nm=10"m —VHEENTVAMEFOBRMIEIDTE
ﬁjﬁ Eﬁ , f |7 ZI) ¥/ ; 32;2 1 b=100 fm?=10-2* m? CTIREREL 1,
M VRNV — o
! ; i Al I I | bar=0.1 MPa=10°Pa S.Abar i, JISTRKEDEHERbT IS
I, - " —
p Blw — 2 v| Im | cd-sr 1 Gal=1em/s?=10""m/s? glcﬁﬂbﬁzo)ﬁT:U EagEshTn
Elrv 2 =z Im/m? 1 Ci=3.7%10"°Bq °
5 * | Im/m " . 4 ECHREEAISS T bar, barnkk
B & B\~ 7 Vo] Bg s | Re2. 58107 Clke O (MEDBH | mmHg £Z205 7 =1
® W # B|7 v 4] Gy | Jike Irad=1cGy=10"Gy Cerntog, TE 77
B OB 4 B{v-~nt]| S| ke lrem=1cSv=10"28v °
# - *
71| N(=10*dyn) kgf 1bf [E |MPa(=10bar) | kgf/em?® atm mmHg(Torr)| 1bf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 750062 x 10° | 145.038
9.80665 1 2.20462 41| 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
$ B 1Pa-s(N.s/m?=10P(#7 ) (g/(cm-s)) 1.33322 x 107 | 1.35951 x 10~% | 1.31579 x 10~ 1 1.93368 x 1072
BEE 1m¥s=10%St(X b — 2 %) (ecm¥/s) 6.89476 x 107° | 7.03070 x 102 | 6.80460 x 102 51.7149 1
x| J(=10"erg) kgfem kW= h cal GGHEE) Btu ft « 1bf eV 1 cal = 4.18605 J (Ft8%)
F3
» 1 0101972 | 277778 x 1077 | 0238889 | 9.47813 x 107* 0.737562 | 6.24150 x 10" =4.184J (#L¥)
1 9.80665 1 272407 x 10" | 2.34270 9.20487x 10~ 7.23301 5.12082x 10" =4.1855J (15°C)
% 36x10° | 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 10% =4.1868 J (RBRTER)
- 4.18605 0.426858 | 1.16279 x 107 1 3.96759 x 1073 3.08747 261272x10°  {Em 1 PS (LEH)
&’ 1055.06 107.586 2.93072x 107 | 252.042 1 778.172 6.58515 x 10%! =75 kgf-m/s
1.35582 0.138255 | 376616 x 1077 |  0.323890 | 1.28506 x 107 1 8.46233x 10'® — 735.499 W
1.60218 x 107" | 1.63377 x 10-2°| 4.45050 x 102| 3.82743 x 10~% | 151857 x 10~2%| 1.18171 x 10™"° 1
i Bq Ci B ELX'( Gy rad g C/kg R g Sv rem
il 1 2.70270 x 10" 5 1 100 i 1 3876 ] 1 100
ik &g 8 i
3.7 x 10% 1 0.01 1 2,58 x 107 1 0.01 1
(86 4F 12 A 26 AR|#)






