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Research Progress of Hyperstoichiometric UO, Crystals
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Abstract: Uranium dioxide is a potential multi-functional material as well as nuclear rod. It exhibits excellent semi-
conductor performance and anti-irradiation ability. It has the similar band gap (1.3 eV) of silicon crystal (1.1 eV), its
Seebeck coefficient is 4 times of the commercial thermoelectric material BiTe, and it shows higher conversion effi-
ciency of solar cells due to its nearly full absorption. These properties make it great potential applications in the fields
of semiconductor, solar energy and thermoelectricity. However, the U atoms in uranium dioxide (UO,+,) can vary from
—0.5 to 1, which is called hyperstoichiometric characteristics, resulting in some problems in crystal growth and prop-
erty homogeneity. In this paper, we analyzed the structure and chemical stability of uranium oxides according to U-O
phase diagrams, summarized recent research progress on crystal growth and physical properties of UO, crystals. UO,
is an ideal Mott insulator with a stable electric conductivity, while the hyperstoichiometric UO,., crystals are semi-
conductors, and their physical properties, including electric conductivity, thermal conductivity and diffusion coeffi-
cient, and optical properties, are closely related to x. So far, UO, crystals have grown via several methods, such as
chemical vapor transport (CVT), sublimation, skull melting, hydrothermal and flux. The skull melting and hydrother-

mal techniques are expected to improve crystal dimensions and quality in future. The growth of UO, crystals is ex-
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pected to enhance the understanding of the material and provide the possibility of great potential applications in solar

cells, thermoelectric devices and future electronics.
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Fig. 9 Thermal conductivities of UO, samples with different
compositions!'!

ANFE O/U - HA AR o B A 22 301, AR 7 B R
T+ A0 T B T P v A A A
A%, Viahovic ZEVHINR T B0 i i AY B R
#, NN UO,LE 230~1330 C X AP L R B iR
TR AR, 78 1730~2530 C X A3 B R E#a T
ANAR, AR T, AT HCR SRS K,

3 UO,@ikEK

3.1 EERERITA

UO, fhiAKs i 2878 C, J& T A K 1 # m il
m R, ERAE K RIS RO, HRiE RS
T2 1) L I AR AE K U0, i 3 ) IR AE V7 X 92
A HHEE TUA A . Chapman 257 g FLARE 77 X
A U0, mIRIRE A g 3. 19 Je & 7 80
(1) UO, % dn Tl #, SR A S0 #4F0 200/800 t/min
P, MIhAEKEEA T K 2 TR
(1 55F=2.54 cm). UO, [ SR A Bh T J5URHE
H T, T SR A kb 2 T PR O &
R B, 2 RS, R B IR AR . BT 7S i
B N U0, Sk, mik e Mg, L&)E
ALY, B2 5 AR IR E R AL, AL AE KL
] N<110>, Jli#5 O/U A 2.000~2.003.

Herrick Z5UVR| AL AK T UO, SRR
J% 553400 “C 1) ThO, fh A« R A S8 S AL U505
T2 & 7 Mgl uo, ok, A3 R
UOy.00-2.00, WAFTESFI &R S T2 . FIH & Jm 4
MK, TR RIS, ThE 24 kW, FrfSFE A B A
BRI, R 2 AR B, SRS 2~3 em.
12253 B3 52> A U0, 10, XRD A7 5 % 5 4k
9 0.5449 nm, X5 AT RESE UO,0, PidE LI —
. MoK XRD ATHHiE KIAFTE KL 5%01) UsOg 4%
Mo BT IETCIEAE FFF &, 3 USRS i =
i, Burgett 25U W 4 K T AL UO, &1k



11

IRAKER, S5 AL R PR AR TR R ST 1189

(Engineered single crystals). P18 _LFE4L UO, A,
BERTDUZ UO, B dh, AT LU & — 58 45 R 1)
U0, [lfk. 8@ U U0, kA, RNt
HAEARY B R R HEA R OR PR . KRR ER 2 &)
(5.08 cm)f) A B LRY, K F A 52 %52 45 (Graphite
susceptor)>K £k, FEASLIG R WIT B EA L 1w
W], S Z3R15 T om BT RE UO, f k(A 10),
BAR R & DL R RS R WARGE . b, M Taea
R Ce BH(U_,Ce0,, x<0.4). Th B, Ce/Th
BN U0, dfh, tHE T BRI IK 2 (b
ZILRBNGI RIS,
32 BRREREAR

X UO, s A, WA K AR =BG WG R (=
TR VR FK PRl o B 7002 R 08 S5 3 IS
AR, E&EEANY REAERK, WEHT
FARHIR RS, ARYEARE, 5 2R L
T U0, ffk, bl PbO. B,0;. ALO; %, HR
Hillerbrand 1 Bard %5 5 T i UO, di iR B 77117k
AR BEETE, HJE L4k B R ARG TAE 1
18,2016 4, Mann 257458 7 UO, dk K kA
Ktse g R, wiE 11 fis. MATRGEH R 7 ARG
TN AR R, S 5 R4 8 ALY 5 Fi
T4 JB S A, IR T AN [E A 7 E Bl R &5 & 1
SR o BEORERI AT 0 55 B TR T BRI X
Pl UO, 1 & AR AE 22 B3 i X i 281 I,
HINAS A E B B A R LA 7R 70% 1) 2. b
T X 8 ) I B I I AE 550~650 °C, JE /%) 172 KPa,
AKEIRL 7 do WIIAAKIRZ RSH/NTF 1 mm (1)

m iR, T EMRACK R R R S, 3743 2 mm
PL BB A, TREmE s . s sk s Eiee
fgh St/ NE, B — DN EETNGLD. I8 E
CaF, 5 AR T UO, vk, MR T SR 125 Aok
P, A 1EH 6 mol/L i) CsF § LAV AN UO, Ji
RE, BRI SS f IX I 4 il AR FFTE 650 F1 600 °C,
£ 1.73x10° Pa HIJE /3 FARFE 45 d, KA
<111>FI<100>H [ A 240 B b UO, ik . 7K #i
EMAETEKRBERM, KA7E 600 C, ZfkT
UO, M 5. AR, S0P & A KA B T4 & i
FiiE, HE WA KASEARTMER & . 2
ARk, AR MKIRE R S R ARE .
3.3 SHEEKEAN

UO, f i SARAE KA F AR AR S
HHEVE(CVT)M A MTTIE(CVD)% . Lierde %P
RIFRFRIEAEK U0, MK . AT R4

10 AHERIEA K U0, & ik
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