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Theoretical study on the diffusion coefficient and
concentration distribution of copper in the beryllium crystal

CAO Hua Liang , CHENG Xin-Lu
(Institute of Atomic and Molecular Physics, Sichuan University, Chengdu 610065, China)

Abstract: The diffusion of copper in the beryllium crystal is an important factor affecting the perform-
ance of the capsule in the inertial confinement fusion experiment. The diffusion coefficient of copper was
investigated by molecular dynamics method in the crystal of beryllium, and the relationship between the
diffusion concentration and the depth of copper in germanium crystals was analyzed. The results show
that the diffusion coefficient of copper atoms is significantly larger when the copper-doped concentration
is higher under low temperature conditions. The copper diffusion coefficient is in good agreement with
the experiment when the copper-doped is 1. 0 at%. The concentration and depth of copper atom diffusion
are 0. 06 at?% and 6. 2 pm, respectively, under the same conditions as the capsule pyrolysis. A 10 pm
thick 0. 5 at% copper-doped layer can reduce the diffusion depth of copper atoms in the beryllium crys-
tal. These results could provide useful help for the preparation of higher performance capsule.
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Fig. 1 Five-layer gradient copper-doped capsule
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Fig. 2 Schematic of the gradient interface of the capsule
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Fig. 4 The diffusion coefficient of copper in the crystal
of beryllium
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(a) Copper atom diffusion concentration profile after pyrolysis of copper-doped layers of different thicknesses; (b)

the effect of diffusion time on the diffusion concentration distribution (T=698 K,L=10 um)
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Fig. 6 (a) Copper atom diffusion concentration profile after pyrolysis of copper-doped layers
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%58 BAE, F AEERRTY R AMAIRESF A EBATR 945

4 & &

ENS QY 5 e DA Ry e I LR €551 3
L NSRRI/ € O 5 TR ) 4 €7 (Y RN
JEZMEIB R &R, RV Y4B E N 1.0
at Yol 698 K I I - 19 1 R 40 26 [ 55
185 B S B R [ R S 0 = ) S IR 25 SRAN B ARG
B4 R 0.5 at I B R BT g R 5
B AR IE 1. 0 at Yo 25 1, H e 0 4 J7 7
TEBE SR 5 2 e 2 2 5% i L k) — A~ 2
RIZ. HIWKTE 698 K I XA 2 $0# J 4 Ji 1 7 %
A A R RO B AR B R AT 43T (Cu 1. 0 ato)
R IR R FAES AR T R B 10 pm Bk
JESR 0.006 3 atYo, X JL-T- 7] LLZL W 5 2 8 45 22 ik
JEHN 0.5 atY 2 48 h AR J5 I+ & BLAR IR
AU Y. P A AL R A AR rh g R
Layer 2 J& R, W AT LL7E 0 LA B B2 AIG Layer 3
T JE - [0] Layer 1 A SO TREE. 506 il 2514 e
O i AL AR A .

SE Lk

[1]  Mitteau R, Stangeby P, Lowry C, et al. A shaped
first wall for ITER [J]. J Nucl Mater, 2011,
415 S969.

[2] Spilker B, Linke J, Loewenhoff T, et al. High
pulse number transient heat loads on beryllium [J].
Nucl Mater Energy, 2017, 12; 1184.

[3] Kline]J L, YiS A, Simakov A N, etal. First beryl-
lium capsule implosions on the National Ignition Fa-
cility [JJ. Phys Plasmas, 2016, 23. 056310.

[4] Wilson D C, Bradley P A, Hoffman N M, et al.
The development and advantages of beryllium cap-
sules for the National Ignition Facility [ J]. Phys
Plasmas, 1998, 5. 1953.

[5] Moses E I, Boyd R N, Remington B A, et al. The
National Ignition Facility: Ushering in a new age for
high energy density science [ J]. Phys Plasmas.
2009, 16. 041066.

[6] Zylstra AB, Yi S A, MaclLaren S, et al. Beryllium
capsule implosions at a case-to-capsule ratio of 3. 7
on the National Ignition Facility [ J]. Phys Plasmas,
2018, 25 102704.

[7] MacKinnon A J, Meezan N B, Ross J S, et al.
High-density carbon ablator experiments on the Na-
tional Ignition Facility [ J]. Phys Plasmas, 2014,
21. 056318.

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Simakov A N, Wilson D C, Yi S A, et al. Opti-
mized beryllium target design for indirectly driven
inertial confinement fusion experiments on the Na-
tional Ignition Facility [J]. Phys Plasmas, 2014,
21. 022701.

Haan S W, Herrmann M C, Amendt P A, et al.
Update on specifications for NIF ignition targets,
and their rollup into an error budget [ J]. Fusion Sci
Technol, 2006, 49. 553.

Haan SW, Amendt P A, Callahan D A, eral. Up-
date on specifications for NIF ignition targets [ J].
Fusion Sci Technol, 2007, 51. 509.

Nikroo A, Chen K C, Hoppe M L, et al. Progress
toward fabrication of graded doped beryllium and
CH capsules for the National Ignition Facility [J].
Phys Plasmas, 2006, 13: 056302.

Nobile A, Nikroo A, Cook R C, ezal. Status of the
development of ignition capsules in the U. S. effort
to achieve thermonuclear ignition on the national ig-
nition facility [ J]. Laser Part Beams, 2006,
24. 567.

Landen O L, Edwards J, Haan S W, ez al. Capsule
implosion optimization during the indirect-drive Na-
tional Ignition Campaign [ J]. Phys Plasmas, 2011,
18. 051002,

Strobel G L., Haan S W, Munro D H, er al. Yield
and hydrodynamic instability versus absorbed energy
for a uniformly doped beryllium 250 eV ignition cap-
sule [J]. Phys Plasmas, 2004, 11: 4695.
Youngblood K P, Huang H, Xu H W, ez al. Thin
oxides as a copper diffusion barrier for NIF berylli-
um ablator capsules [J]. Fusion Sci Technol, 2013,
63: 208.

Huang H, Xu H W, Youngblood K P, et al. Inho-
mogeneous copper diffusion in NIF beryllium ablator
capsules [J]. Fusion Sci Technol, 2013, 63 190.
Butrymowicz D B, Manning ] R, Read M E. Diffu-
sion in copper and copper alloys part III. Diffusion
in systems involving elements of groups 1A, IIA, II-
IB, IVB, VB, VIB, and VIIB [J]. J Phys Chem
Ref Data, 1975, 4. 177.

Xu H, Youngblood K P, Huang H, ez al. Charac-
terization of thin copper diffusion barrier layer in be-
ryllium capsules [J]. Fusion Sci Technol, 2013,
63: 202.

FRG, £, ko, R ENGR =R R
ARG 43T A 4 T A ATLE 22 vl R B R B 1) AR
WIS AT LT ] 1 7 55> 7 %) ¥ 22 iz, 2020,



946 Wl K FFH/CAH RFF 0O % 57 %

37 649. [23] Foiles S M, Baskes M I, Daw M S. Embedded-at-

[20] W2k, ZH0M, skig e, ke 5B/ Ny T omrmethod functions for the fcc metals Cu, Ag,

Eﬁﬁl‘l*ﬁﬁﬁ’ﬁﬂ%é’]“?zjﬁj Wl FF5H5T Au, Ni, Pd, Pt, and their alloys [J]. Phys Rev B,
Y324, 2020, 37 107, 1986, 33: 7983.

[21] Crank J. The mathematics of diffusion [ M]. 2rd [24] Sharma A, Datta D, Balasubramaniam R. An inves-

ed. London: Oxford University Press, 1975. tigation of tool and hard particle interaction in

[22] Agrawal A, Mishra R, Ward L, et al. An embed- nanoscale cutting of copper beryllium [J]. Comp

ded atom method potential of beryllium [J]. Model
Simul Mater Sc, 2015, 23: 069501.

Mater Sci, 2018, 145; 208.

L i R

} Bl AA X
o o, sz,
357 941.

+

R, AR SR A I HICR BRI BE 3 AT Y BT ST LT . IR 224l FARBA R 2020,1

;

+ P&  3: Cao H L, Cheng X L. Theoretical study on the diffusion coefficient and concentration distribution of copper in +
+ the beryllium crystal [J]. J Sichuan Univ: Nat Sci Ed, 2020, 57: 941. +

S S S S SR





