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Element Parameter Symbol Value

Melting point [K] Tm,Gd 1586
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Gd AHwca  2.29%10°
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Density @ 300 K [kg m™] P0.Gd 7.90x10°

Metal area Coefficient of thermal expansion
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2 R =R B ()M = 4R (D) Melting point [K] Tore 811
Fig.2 Schematic diagram of the 3D calculation model (a) and the 3D Boiling point [K] Tiore 3134
CoB i i ) Latent heat of fusion [J kg™'] AHgre  2.47x10°
2.4 £BRMEBM Fe Latent heat of vaporization AHire  6.26x10°
SBALAERE B S H R 1 FRD. SJRELR [Tke']
BRI (p) KETERE (. LI (G GER (o). Density @ 300 K [kg m*] pore  7.87x103
RIS (o) WRASUE (p) BINHBHRE () 1 Coeflicientof thermal expansion | gx10°
HER(16) ~ (21)] B+, Bp K]
_ 2.5 SLIRYIE
p=pl1=A(T-1)] 1o T4 RALIME SO SR (B D, 2R A
1.4x10° PRRIRR I, TEFRATSCLS IR B SE 30 3% B 2 T M ek
Hoq =1.7x107 ex [—J A7) JFFREBALK M ER RIS, TiSLHEL, &8
il BRSO Sk . (435008 1071 1 3716 KD B3I
~0.7209+ 269495 R, WA G RKN A 28R L5, i 2 T4
Hi ROPOTX10 ' (9 oo e RABER. B, AN EUOHET
C,oq =131+0.08T (19) afi 4 J& Al 1Y) R SO0 AR AR BUE SRR L AR A s
’ U, )25 e R IGAFAS ST 2.2-2.4 5 BT ST A B H s A
Cp,Fe =824 (20) ST g . B
SREN PSR 2 R, Hd, & @4
k., =—64+1393x102T 21 12 E (p) K 52 N(16) A R TH R 7%, R R4 (o
Kk ) (o) FMBPMAESE (p BEMEHRE (T A&
k., =4.69799+0.0151T (22 WHERBCRRWAQT)~QO)FRI 4, ek (G, Ak

T (k) W Eh SCRR[45] 7 00 K AT VIR E RS -



Mty @M RS TR Eike

AN NS BB BREAT R, DIk, R 2.2 A
W ITRERHEAT SRR, FNEERIO 1, RS
PR 5 & A UL R B R M B R AR A ]

3
yCe=(101154x103exp(§9f£Z£ilg—J @7)

RT

¢, =0.751-0.071x107(T =T, ) (28)

__ 20813.1074
T-273.15+231.68 (29)

. 8.54474
Pe. =133.322x10

#2 SRMHAIESH™

Table 2 Thermophysical properties of cerium®?!

Element Parameter Symbol Value
Melting point [K] Tnce 1071
Boiling point [K] Tivce 3716
Latent heat of fusion [J kg™'] AHice  3.90x10*
Latent heat of vaporization
Ce AHwce  2.95x10°
[Jke']
Density @ 300 K [kg m?] poce 6.77x10°

Coefticient of thermal expansion

e 6.31x10°
(K] g
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Modeling for the Effect of Iron Impurities on the Characteristics of Gadolinium Molten
Pools During Electron Beam Heating Process

Lai Ganping, Li Heping", Jiang Dongjun, Zhou Mingsheng
(Department of Engineering Physics, Tsinghua University, Beijing 100084, China)

Abstract: The isotope '°Gd can be separated from natural gadolinium using atomic vapor laser isotope separation (AVLIS) technique; and then,
160Gd can be used to produce the medical isotope '*'Tb through irradiation. Metal evaporation process is one of the critical steps in AVLIS, and the

introduction of iron impurities from the working environment can affect the characteristics of the molten pool and the vapor quality. In this study, a
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molten pool model for gadolinium containing iron impurities during electron beam heating is established by employing an
“evaporation—activity—concentration gradient transport-VOF free surface” coupling model with considering the effects of metal vapor recoil
pressure, surface tension, buoyancy force, transport due to species concentration gradient and activity. Based on this new model, a criterion for
dividing the iron content distribution regions at the molten pool surface is established, and the distributions of temperature and iron content in the
molten pool of a Gd-Fe system are obtained. In the parameter range studied in this paper, the modeling results show that: With the lasting of
electron beam exposure duration, the temperature at the center point of the top surface of the metal ingot rises rapidly at first, and then stabilizes at
approximately 2600 K, while the molten pool surface expands into an approximately elliptical shape, and the depth of the surface depression
gradually increases to about 2 mm. The distribution of iron content at the molten pool surface can be divided into three regions, i.e., the central
evaporation zone, transition zone, and unmelted zone, with the isotherm of 2200 K and the boundary of unmelted metal on the top surface of the
metal ingot as a criterion. The initial iron content has significant influences on the iron content distributions in the transition zone and the purity of
the gadolinium vapor; with the increase of the initial iron content from 5 to 15 wt%, the iron impurity content in the gadolinium vapor increases
from 8.2 to 36.5 wt% corresponding to the surface temperature of 2200 K of the molten pool. There also exist obvious influences of the electron
beam power on both the temperature distribution and iron content distribution on the top surface of the metal ingot. With increasing the electron
beam power from 10 to 30 kW, the maximum surface temperature at the top surface of the metal ingot increases from approximately 2200 to 2600
K, while the iron content in the central evaporation zone decreases from about 0.8 to 0.2 wt%, and simultaneously, the boundary of the central
evaporation zone and the outer boundary of the transition zone both expand outward noticeably. Based on the modeling results under different
initial iron contents and electron beam powers, it is recommended that 10 wt% of the initial iron content in the Gd-Fe metal ingot can be set as the
upper limit for obtaining high-quality gadolinium vapors in actual applications.

Key words: gadolinium; iron impurity; electron beam heating; molten pool
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