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Atomic Beam Velocities of Rare Earth Metals Produced by Electron Beam Heating
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Hironori OHBA, Kazuhiro AMEKAWA * and Takemasa SHIBATA

Department of Materials Science
Tokai Research Establishment
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Atomic beam velocities of rare earth metals (cerium, gadolinium,dysprosium,
samarium, ytterbium) were measured using a vacuum balance during evaporation with
electron beam. Deposition rate and velocitities were determined from the weight change
and the momentum change due to vaporized atom deposition under the deposition plate
installed at a height of 382 mm above the evaporation surface. Velocities of cerium and
gadolinium atomic beam were accelerated up to 1000~1100m/s by increasing the
evaporation rate. On the other hand, velocities of sublimates such as dysprosium,
samarium and ytterbium did not depend on the evaporation rate and had the nearly
constant value between 450~650 m/s which approximated to the thermal equilibrium
velocity. It is considered that the sublimate evaporants heated by electron beam
evaporated from wide region and the possibility of interatomic collisions in the vicinity of
evaporation source was small, so that atoms were not accelerated by the expansion into

the vacuum and the cooling effect of the atomic beam.

Keywords : Atomic Beam, Velocities, Rare Earth Metals, Cerium, Gadolinium, Dysprosium,
Samarium, Ytterbium, Vacuum Balance, Electron Beam, Evaporation, Deposition

Rate, Sublimates, Thermal Equilibrium Velocity
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Fig.1 Schematic diagram of the experimental apparatus using

vacuum balance
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Fig.9 Velocity of Cerium atomic beam
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Fig.10-b Velocity of Gadolinium atomic beam
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E 5, B A1l 2 A wv| Pa N/m? N - v b
IANFE— HH BB |2 2 - | J N.m -~ _ W bar (¢Z33]
L, BRHEHR|7 » +| W[ s # W Gal L &1—503 [EEREAR] B5 K EE
B &R, E@H |7 - o v C A-s * a2 DR Ci ER&E 1985 FHiTick 3, 12120, 1eV
|y, BE, £ [ £ o b V| wW/A N N R BLU 1 uDffiz CODATA @ 1986 4E 42
# & % ®|7 » 5 F| F c/v 5 K rad BT L -1
z e i3 | # - & Q V/A v A remny . “.’
avsssvaly-s2val s | AN 2 RAKBEE, /b, Toh 7 s
o ®lw 2 — | Wb | V.s 1 A= 0.1 nm=10"""mn —ALEENTOAHAFORMEDTE
B ok ®m |7 ~ 5 ; wb/x2 | b=100 fm?=10-2* m? TTREBLE,
N N . N _ =14 - )
4 v 57 79 :/ Z [~ / J] I b/ 1 bar=0.1 MPa=10°Pa 3. barid, JISTRAEEDOKEHEEOTIE
vy ZABE |ervyrE| C { Gal=1cm/s?=10-*m/s BRBROEF2DHF ) —gRFEs T
p Blw — 4 Y1 Im | cd-sr al=lem/s*=10""m/s 2
] 3 /m? 1Ci=3.7x10'"Bq °
B\ 7 be | lm/m B 4. ECPM@HLIE4TIE bar, barnbk
e 4t tel~ 2 L a| B s! 1 R=2.58x10 C/kg .
) a A U TMEDHL | mmHg 2% 2045 37
® W B B|7 L 4| Gy | Jke Irad=1cGy=10"Gy —EARTS
OB 4 RB|v-—~wt| Sy J/kg 1 rem=1cSv=10"?Sv °
# B F.3
71| N(=10°dyn) kgf Ibf £ {MPa(=10 bar) kgf/cm? atm mmHg(Torr)| 1bf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 h 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ E 1Pa.s(N-s/m?)=10 P(#7X) (g/(cm-s)) 1.33322 x 107 | 1.35951 x 107 | 1.31579 x 103 1 1.93368 x 102
BHE 1m?s=10'St(Z } — 2 2) (em¥/s) 6.89476 x 107" | 7.03070 x 1072 | 6.80460 x 102 51.7149 1
x| J(=10"erg) kgfem kW+h cal (Gt i) Btu ft « 1bf eV 1cal = 4.18605 J (it&i%)
%
;Z 1 0.101972 277718 x 1077 0.238889 947813 x 1071 0.737562 6.24150 x 10'® =4.184J (MfL3)
| 9.80665 1 2.72407 x 107¢ 2.34270 9.29487x 107 7.23301 6.12082 x 10'* =4.18554d (15°C)
% 3.6 x10° 3.67098 x 10° 1 859999 x 10° 3412.13 2.65522 x 10° 2.24694 x 10% =4.1868 J (B ERE
| 418005 0.426858 | 1.16279 x 10* 1 396759107 | 3.08747 | 261272x10" a5k | pg (LK)
§ 1055.06 107.586 2.93072 x 10°* 252.042 1 778.172 6.58515 x 10*! =175 kgf-m/s
1.35582 0.138255 | 376616 x 10" |  0.323890 | 1.28506 x 10-° 1 846233 x 10" = 735.499 W
1.60218 x 107" | 1.63377 x 1072°| 4.45050 x 10-2¢ 382743 x 107%°| 1.51857 x 10722| 1.18171 x 10~ '° 1
® Bq Ci %Zi Gy rad l;; C/kg R g Sv rem
5 1 2.70270 x 10~"! #® 1 100 B 1 3876 b} 1 100
fit i # i’
3.7 x 10" 1 0.01 1 2.58 x 1074 1 0.01 1
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