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Measurement of Surface Temperature Profiles on Liquid Uranium Metal
during Electron Beam Evaporation

Hironori OHBA and Takemasa SHIBATA

Department of Materials Science
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received October 14, 1998)

Surface temperature distributions of liquid uranium in a water-cooled copper crucible during
electron beam evaporation were measured. Evaporation surface was imaged by a lens through a
band-path filter (650t 5nm) and a double mirror system on a charge coupled device (CCD) camera.
The video signals of the recorded image were connected to an image processor and converted to two-
dimensional spectral radiance profiles. The surface temperatures were obtained from the spectral
radiation intensity ratio of the evaporation surface and a freezing point of uranium and/or a reference
light source using Planck’s law of radiation. The maximum temperature exceeded 3000K and had
saturation tendency with increasing electron beam input. The measured surface temperatures agreed

with those estimated from deposition rates and data of saturated vapor pressure of uranium.

Keywords: Temperature Profile, Evaporation Surface, Uranium, Electron Beam Evaporation, CCD

Camera, Spectral Radiation Intensity, Planck’s Law
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Fig. 4 Spectral radiance profile of uranium metal surface
during evaporation at input power of 5kW
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Fig.10 Spectral radiance profile of uranium metal surface
during evaporation at input power of 20kW.
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Fig.13 Contour plot of uranium metalsurface during
evaporation at input power of 20kW.



Deposition rate [nm/s]

JAERI-Research 98-069

1 2 T T 1 T I 1 1 1 T T 1 T T ¥ 1 T T T T T T ! 1 T T T 1 T T

10__ .................... ....................................................... O

o .
i| Melting region 8.

S

I : L Deposition rate| | ]

0 5 10 15 20 25 30 35
Electron beam input [kW]

Fig.14 Electron beam input dependence of deposition rate
and melting region in the crucible.

Melting region [cm)]



Temperature [K]

3500

3000

2500

2000

1500 |

1000

500

JAERI-Research 98-069

[ T ] ]
: §:’*:wv """"""" .
I . 7 7 Measured Value
I / S
- /\
i £ Estimated valﬁl
= /- o

/
-——/———-————- — — — — — | —— ——— — S — —
[/ ; |
Wi ; ‘ Melting pointj"-—q
:, H ]
[/
$

N D ST SRS AR

0 5 10 15 20 25 30 35

Electron beam input [kW]

Fig.15 Electron beam input dependence of maximum

temperature of uranium metal in the crucible.



[E[EX AR (ST & Rk

F1 SUEANLE X Oulish i £2 SlEfHNE LB x5 Syl
i t i g 6 i g | mn | wow
}é XA = F 1 m Sr, Mg, M | min, h, d 10| = #+ E
Tl Wlx o 794 kg [RTI - e A
IR 1] 12 S8 v ow b |1, L 10" 7 7 T
Wi i A AN A b PN 107 | ¥ # G
EOJpERIE LT oL e v K W R b oV 1()“ A # M
oPl W E n mol Wt FPLREY | u 10j ¥ . k
he lh > 5 3 cd 102 ~ 7 F h
_________________ Ry 4 1 PR , .
Fi ol T s o 1 eV-160218%10 ") 0| 7 2| da
ook M ATFIYT v sr I'u-166054x10 “'kg 10" 7 - d
102 2 » F C
) . R 10 4 = ) m
£3 Ao #HHE L HSIHL Y Y 10°¢]| w47n p
e SLE TPz 00 * 7
; L oSt ®a4 sl et "
it o i+ Dk 7 LBl Hebs X0 3 M 10" e 4 P
)i 4 gl v v He | s %W il 1071 725k f
1 Za-—Fy| N mekg/s” tr V2 bhu—L A 0" 7 N a
e, s |y A A A Pa | N/m® ” - v b
LRAF A2 2 — | 3 | Nem K — a4l bar GE)
I SR /271 S I RN N IR UV I P " v Gal Lo £1 =543 TR, 55, [eRE
IR R I A = B A-s ¥ a2 oy - Ci JEW R TORBHENT Az X B, 72220, 1eV
dif, Wi, kg | A b Vv W/A L v by R HEXCT udiiCODATADI986 FEHERE
it i Fed Wl7 v 7 F [ /v 5 F rad itz k7.
I e x d " — 7y .
i ;f , f;& i;; * - i 22 \A/\\ L A rem 2. K43N, 2o, TN, VY
b yOA|Y = M h ANV
— b mEd sHW DN DT o
73 il = — | Wb Ves I A=0.Inm-10 ""m ‘) %J)"_%“VCL B DR DML A0 T
Boodto oW s o2 3 T | Whm? 1b=100fm*=10 *m* S L £
. o N , . _ N ) _ : . ar .. A""' - ) ): 3 B
1y gy Al ) =L WhA 1 bar=0.1MPa=10"Pa b bar ik, JISTCRRROI) % ST i
e Al e AL C . B y I 20 HF o) =2 ST
) 1 Gal=lem/s* =10 “m/s?
1t o Kl e I 1 Ci—3.7 < 10"B %
i , 1-3.7 < 10"B
it i 7 Al x| e R IL’”“’ 4. E CHHERI 25T bar, barn &
e |, o =2 /KE . i . .
i 3 fiE |~ 7 v Af Bg | s e eGree 10 G W TMUED L, mmHgk £20AF T
I b h ko raa=1cuv= Uy
We o WM M| L A Gy | Jke ; L —IZARTw 3.
S D N 3t kg Lrem-=1cSv—10 “Sv
1t 4} #£
Ji | N{=10"dyn) kgl Ibhf It | MPa(=10bar) kgf/cm® atm mmHg(Torr)| 1bf/in*(psi)
1 0101972 0.224809 1 101972 9.86923 7.50062 %10 145.038
9.80665 1 2.20462 )} 0.0980665 I 0.967841 735.559 14.2233
414822 (.453592 1 0.101325 103323 1 760 14.6959
B K2 TPass(N-5/m9)-10P (1 7 X)(g/(cm-s)) 13332210 1| 135951 x10 * | 13157910 * 1 193368 %10 *
WRE I/ s-107SI{A k= 7 Z)(em?/s) 68947610 7 [7.03070%10 ? | 6.80460% 10 * 517149 |
x| (=107 crg) kpfm kW-h cal(itutik) Btlu fi-lbf QY% I cal= 4.18605) (il4tik)
/L: 1 0.101972 27777810 7 0.238889 9.47813 %10 ! 0.737562 G.24150 < 10" ~ 41841 (#dkE)
¥
] 9.80665 1 27240710 " 2.34270 9.29487 <10 - 7.23301 6.12082 > 10" - 4.1855J (15C)
(I 3.6% 10 3.67098 <10 | 8.59999 x 1 31203 2.65522x10% | 2.24694 x 1077 — 41868 (IR &% )
nj;
,| 18605 0426858 | LI6279710 ' [ BO6TF0 10 | B0B7AT | 261272500 giw | pSOL )
it 1055.06 107586 | 203072210 1| 252.042 I 778172 | 6.58515 <10 ~ 75 kaf-m/s
Eleke T ] Jeons 376616 7 2234¢( 285006 : 16233 I
1.35582 (.138255 | 3.76616 <10 0.323890 | L28506 10 1 816233 x10 Can 100w
L0218 <10 ™| L63377 <10 ="[ 445050 <10 [ 3.82743 %10 **| L3I857 210 | LISITI =10 ™ 1
fit By Ci /3 Gy rad I C/kg R i Sv rem
y UL 94 ht
g{ 1 270270 <10 P ! 100 e 1 3876 H I 100
e bt e L
3.7 % 10" 1 R I N | N 1

(BGAEIZI26 11 8L41)



L —JEE DD\ BRI SRR EIIRRIE RN




