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Fig. 1. XPS profiles of the initial U sample at different depths: (a) O 1s; (b) U 4f.
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Fig. 2. Surface morphology of nodules exposed in atmosphere for 22 days: (a) Optical microscopic image

(100 x ); (b) SEM image.
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Fig. 3. XPS depth profiles of main elements in the

nodular sample exposed in atmosphere for 22 days.
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Fig. 4. XPS profiles of the uranium film exposed to argon for 6 h at different depths: (a) O 1s; (b) U 4f.

34 B ETENETHUEENERE
Fk

5 gl s B IR (A 2 8 1078 Pa)
NRCE 12 hm 4 U R AN R RO 1s
(E5(a)) X U 4f(E 5 (b)) A RERFE. B, T
J7 ’ A RE SR TR ARG &, EJ7 208 Art
HIEHT 15 s J5 REFIME K. v 0L, B &R
O 1s ¥ 5wl Ar AP B 55 6 o FE il 3% 1 Y
W PR AR A, A7) B 2R T A B O 2L UO, I F
B, HGE#E N E Ny, BRI U Af g A
BORIDX G, LT IR . Horb, AT s e v
(391.3 #1380.5 eV) B AL B 5 FAFE M — 2, W)
NUO, A, AL TR Ae s g, A8 S
SIRAM U AfWefr A FF, UEHIAE XPS 1S BIRE
V0 BB A PRI B T 438 UL S 5 4 e W ) iR R
S AN IR, BRI T R v L PR R, 40 U
R AR LB AR T 2l Ar <0, 230 15 s

At RS G, U Af80IE e &R, MERE
U Afigss EI 2 K. HIbFIRF, O 1s WEimE
BRI E RAKCE. N BUE ) i
P N R TEE 48 USRI, X 3 IR S 1 2R 1H
AR, RSN TR Ar P REE6 h
RS, 75 XPS MR, 53R 2R 7ot
AR 27 1R T R T PRI BRI 2. 7RSI AR 2
DR 2 J2 iR 1 0 BEL P4 1 R 26 5 FE 3 . (R Uk, v DAAR
P Avt SRS BT 5 U &8 06 1 5 2 AR AT E SR L R
TR TR B 5 A 2R 1]

I o, d

(i)
Lt I o, NIRRT EA G &8 U 1),
Iy clean JYIB VAT A R TH 42 8 U )RR B d %R
I RE; N NG T 1P 3 HAE; v LT
KB W (1) AR, AR A
0.48 nm. HT O B FF14%N0.14 nm, KA BLIA
N U R L 12 )2 5T 1 AL

027301-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 2 48 Acta Phys. Sin.

Vol. 67, No. 2 (2018) 027301

(a)

Sputtered time: 15 s

530.6 eV

Intensity/arb. units

532.2 eV

Original surface

U 4f7/2

(b) U 4fs o
377.2 eV

388.1 eV

Sputtered time:
15 s

391.3 eV 380.5 eV

Original surface

Intensity/arb. units

538 536 534 532 530 528 526
Binding energy/eV

1 1 1 1 1
395 390 385 380 375
Binding energy/eV

K5 R REEME T2 U B RRER XPS R (a) O 1s 1&; (b) U 4f 1§
Fig. 5. XPS profiles of the uranium film stored in vacuum at different depths: (a) O 1s; (b) U 4f.
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Fig. 6. Morphology of seeds in the nodules: (a) Optical microscopic image (500 x ); (b) SEM image.
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Fig. 7. XPS profiles of the Au-U interface exposed in atmosphere for 22 days: (a) O 1s; (b) U 4f.
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Fig. 8. XPS profiles of the Au-U interface at different depths: (a) O 1s; (b) U 4f.
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tilayer film at different depths: (a) O 1s; (b) U 4f.
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Abstract

Uranium film is a main functional component to realize the high efficiency conversion of laser to X-ray in the study
on laser inertial confinement fusion. It also has important applications in relevant physics experiments. Due to its active
chemical properties, the metal uranium film is extremely difficult to preserve in the atmosphere. A variety of methods
may help to avoid the oxidation of uranium film, such as coating protective layer, vacuum or inert atmosphere protection.
But under these conditions, the oxidation property of uranium film still needs experimental investigation. In this paper,
the oxidation processes of uranium films under different atmospheres are studied by X-ray photoelectron spectroscopy
(XPS) and depth profiling. Firstly, uranium films and gold-uranium multilayer films are prepared by ultra-high vacuum
magnetron sputtering deposition, and then they are exposed to atmosphere, high purity argon and ultrahigh vacuum
for a period of time. Finally, the distributions and valence states of oxygen and uranium elements are investigated by
XPS depth profiling. The oxidation mechanism is analyzed according to the oxidation products and the microstructure
characteristics of samples. The results show that the oxygen element is undetectable in the initial films. In the Au-U
multilayer film, the protective ability of Au layer is greatly weakened by the micro-defects. The defect is not only the
micro channel of oxygen entering into the sample directly, but also the origin of the interlaminar cracks at the Au/U
interface. In about three weeks, the uranium layer is severely oxidized and large area lamination occurs. The oxidation
products consist of a dense oxide thin film on uranium surface and corrosion pitting around the defects, which are mainly
UO:. For the pure uranium film, the surface of the film is completely oxidized when it is exposed to high purity argon
only for 6 h. The UOz layers with different thickness values are formed on their surface, which is due to the rapid
diffusion of oxygen atoms at the columnar grain boundaries of the film. After the sample is exposed to the ultra-high
vacuum for 12 h, UO2 layer with a thickness of less than 1 nm is generated on the surface of the pure uranium film. In
the etching of oxide by argon ion beams, the preferential sputtering effect of O is produced, and UQO; is reduced into
non-stoichiometric UO2_,. The effect of preferential sputtering is weakened with the decrease of oxide content. When

the oxide content is less than 10%, the reduction of UO2 can hardly be detected.

Keywords: deposition, uranium film, oxidation, X-ray photoelectron spectroscopy
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