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Fig.1 bcc structure rhombohedral dodecahedron cluster. The
center atom (large red ball) is solute atom with negative
enthalpy of mixing with matrix U (small ball); the two
sublayers of the first neighbor are indicated in blue and

yellow
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Table 1 Cluster formulas and corrosion behavior of U-Mo

alloys (condition: 343 ‘C water corrosion)®

Composition, Composition, Failure
/% at% Cluster formula time/d
U-6Mo Uge‘33M013‘57 [MO-U14](M01,5U1,5) 10
U-9Mo Ugo30MO019.70  [M0-U14](M025Uo 5) 63
U-10.7Mo U77‘05M022‘92 [MO-U13'9M00,1]M03 >100
U-10.3Mo U77.72sM022 22 [MO-U14]MO3 Ideal
U-11.5Mo U75.62M024.33 [MO-U13_5M00_4]M03 63
U-15Mo U69‘55M030‘45 [MO-U12,5M01,5]M03 49
1001 [Mo-U,,JMo,~U-10.4Mo
80|

/\

\.

Failure Time/d
(2]
o
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Mo Content/at%

K2 U-Mo &4 s K gE (343 CKMSRLITE]), &
bR T B S A R AR AT A 4 0 B AR R 43 30 R A B

B E

Fig.2 Cluster formulas and corrosion behavior of U-Mo alloys
(condition: 343 ‘C water corrosion); the dash line
indicates the alloy corresponding to the ideal cluster
formula and its mass percent which are close to the

optimal corrosion resistance!®
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Table 2 Cluster formulas and corrosion behavior of U-Nb

alloys (Condition: 343 ‘C water corrosion)®

Comzt;;ztion, COmggjoition, Cluster formula Tiar::/rc(j?
U-8Nb Us17sNbigzr  [U-Uis7NDbos]Nbs 7
U-9Nb U79.78Nb2021  [U-U1z.s Nbos]Nb3 14
U-1INb  U7s9sNbogos  [U-U127Nb13]Nbs 14
U-12Nb U74.11NDb2s 89 [U-U123Nb17]Nbs 21
T T T
U-20Nb Uso.96Nbsgos [U-(UgNbg)](U2oNbyo)  >125

U-19.9Nb U61_11Nb33.sg [U-(Ungs)](Uszl) Ideal
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Fig.3 Cluster formulas and corrosion behavior of U-Nb alloys
(condition: 343 °C water corrosion); the dash line
indicates the alloy corresponding to the ideal cluster
formula and its mass percent which are close to the

optimal corrosion resistance!®!
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Fig.4 Relationship between the number of Nb atoms in the
cluster formulas and these alloys’ quenching products (the

data is from Ref.[11])
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#& 3 U-Mo-Nb & &k 43 = A A K if o 14 E

Table 3 Cluster formulas and corrosion behavior of U-Mo-Nb alloys (condition: 343 ‘C water corrosion)'

Composition, o/%

Composition, at%

Total content of
added element, at/%

Cluster formula

Failure time/d

U-2Mo-2Nb Ugo.46M04 6sND4 83 9.51 [(Mo0o.sUo.2)-U14](Nbo.oU2.1) 0~1
U-6Mo-1.5Nb Usg3.16M013.38Nb3 46 16.84 [Mo-U14](Mo1.4Nbg U1.0) 14~28
U-4Mo-4Nb Us2.02M035.85Nbg 14 17.98 [Mo-U14](M0g 6Nb1.6Uo.5) 7~14
U-7.5Mo-1.5Nb Uso.21M016.40Nb3 39 19.79 [Mo-U14](Mo02.0Nbg gUg.4) 98~112
U-7Mo-2Nb Ug0.18M 015 30Nb4 51 19.82 [Mo-U14](Mo1.sNbg gUg.4) 168~182
U-6Mo-3Nb Ugo.13M013.11Nbg 77 19.87 [Mo-U14](Mo1.4Nb1 2Uq 4) 42~56
U-6.4Mo-3Nb U79.36M013.91Nbg 73 20.64 [Mo-U14](Mo01.5Nb1 2Uq 3) 14~28
U-9Mo-0.5Nb U79.31M019.57Nb1 12 20.69 [Mo-U14](Mo02.5Nbg 2Uq 3) 14~28
U-2Mo-8Nb U77.9sM04.30Nb17.75 22.05 [(M0g.sUo.2)-U13.s Nbo 2]Nbs 7~14
U-7.8Mo-2.5Nb U77.78M016.67Nbs 56 22.22 [Mo-U14](Mo2Nby) Ideal
U-9Mo-1.4Nb U77.56M010.33Nb3 11 22.44 [M0-U135Nbg.1](M025Nbgs) 168~182
U-7.5Mo-3Nb U77.20M016.07NDg 64 22.71 [Mo-U139Nbg1](Mo1.9Nby 1) 28~42
U-10.5Mo-0.5Nb U76.51M022.30Nb1 10 23.49 [Mo-U13sNbg]Mo30 70~84
U-10.5Mo-1.5Nb U74.64M022.10ND3 26 25.36 [Mo-U13.4 Nbos]M03 0 28~42
U-9Mo-3Nb U74.57M015.02Nbg 51 25.43 [Mo-U13.4Nbo 6] (M02.4Nbg 6) 7~14
U-6Mo-6Nb U74.41M012 50Nb13 25.59 [Mo-U13.4Nbg 6] (M01.3Nb;1 7) 14~28
U-4Mo-8Nb U74.31M0g 3sNb17.31 25.69 [Mo-U134Nbg 6] (M0 sNb; 5) 28~42
U-12Mo-0.5Nb U73.8:M025.11Nb1 08 26.19 [Mo-U133Nbg.2M0g 5]]M03.0 42~56
U-12Mo-1.5Nb U72.01M024.79Nb3 20 27.99 [Mo-U12.9Mo0g5Nbg 6]M03 0 14~28
U-12Mo-2Nb U71.14M024.63ND4 24 28.86 [Mo-U12.M00.4Nbg s]M03.0 7~14
U-12Mo-3Nb Uégg.41M024.31Nbg 25 30.59 [Mo-U;15Mo01.4Nb11]Mo30 7~14
U-12Mo-4Nb Us7.73M024.01NDs 26 32.27 [Mo-U12,Mo00.3Nb1 5]Mo3 14
U-8Mo-8Nb Ug7.55M015.96Nb16 45 32.45 [Mo-U12.1Nb1.9](Mo1.9Nb; 1) 42~56
U-4Mo-12Nb Us7.38M07.96Nb24 66 32.62 [Mo-U12.2Nb1 g](M0o.4Nb2 ) 42~56
U-15Mo-2Nb Ugs.22M029.69Nb4 09 33.78 [Mo-U12.0Mo1.3Nbg 7]Mo3 14~28
U-16Mo-4Nb Us1.56M030.55NDb7.89 38.44 [Mo-U11.:Mo01.5Nb;.4]Mos 14~28
U-12Mo-8Nb Ug1.41M022 85Nb15 73 38.59 [Mo-U11.1M0g.1Nb; g]Mo3 14~28
U-10Mo-10Nb Ug1.34M019.02Nb1g 64 38.66 [Mo-U11.1Nb2.9] (M02.4Nbo.6) 7~-14
U-8Mo-12Nb Ug1.26M015.20NDb23 54 38.74 [Mo-U11.1Nb2 g](Mo1.7Nb 3) 28~42
U-4Mo-16Nb Ug1.11M07.58Nb31.31 38.89 [Mo-U11,0Nb3 0] (M0g 4Nb;.6) 42~56
U-20Mo-4Nb Uss.04M036.5:Nb7 54 44.06 [Mo-U10.0Mo026Nb1 4]M03 7~-14
U-16Mo-8Nb Uss.80M029.15Nb15.05 44.2 [Mo-U10.1Mo12Nb; 7]Mo3 7~14
U-12Mo-12Nb Uss.67M021.81Nb22 52 44.33 [M0-U10.0Nb4.0](M02.9Nbo 1) 28~42
U-8Mo-16Nb Uss.54M014.5Nb2g 96 44.46 [Mo-U10.0Nb4.](Mo1.6Nb; 4) 14~28
U-4Mo-20Nb Uss.41M07.24Nb37 36 44.59 [Mo-UgNbg](Mo1.3Nbo. 7U1) 42~56

(JRF 0 H UgeoTizy)o EVERMZE, U-0.78Ti Xf  HE. XUWHESE U-TifARM bec EMELE, &
LA AR E I bee A4, MR AT o'H, BRI Z 1 Nb S5t g5t ar A, FHERRM Ti
IRIEAEETEIR o-Ti & FTIRBUM A5, X R R B A IEBIRACE B B 1o AR X IR kP B G 10 R 4y
T EHCh 16 1 B% o kR . Ti 6 & X T bee-U U-4Nb-2Ti ( Ugr3Nbg o7 Tig71 ) XF B [ A #% 1 X A
() 45 R s 1A B, HLAE B B0 B I i 23 T 1 U, T, [Ti-U14](TiogNb1gUgs) (Ugo23NbgooTiggr), HITiZ%k %
BN B AR S5 0, B T S BRI (1) bee k& &b, H Rl Jo it FAE HOR B 19 0 067

Z%1] U-Nb-Ti &4t ihscieR i (€ 4), £ Nb HET LLZ % U-Nb-Zr 1 R, 45 Hi[Ti-U,]Nbs (135 4H
TEAENEOLT, Ti SRS, kMR ki B Ay RAE NG 8 TR S5,
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Fig.5 Cluster formulas and corrosion behavior of U-Mo-Nb
alloys (condition: 343 C water corrosion); the
five-pointed star indicates the alloy corresponding to the

ideal cluster formula [Mo-Uy,](Mo2Nby)®!

#F 4 U-Nb-Ti/Zr &5 R R ihi g
Table 4 Cluster formulas and corrosion behavior of U-Nb-

Ti/Zr alloys (Condition: 343 °C water corrosion)

Composition, - o Failure
/% Composition, at%  Cluster formula time/d
U-4Nb-2Ti Us2.32Nbsg o7 Tig.71 [Ti-Usd] 8

(TiO.GNbl,GUO.S)
U-5.1Nb-2.6Ti Usg_esNbu_n Ti11_11 [Ti-U14](Ti1Nb2) Ideal
[Ti-U13,er0,4]

U‘4Nb-4T| U75_32Nb8_3gTi16_29 (Til_ngl_l) 1
U-4Nb-10Ti Usg.01ND7.02Ti34.07 [TI-Ulo'G:II-iIZ'lel'3]_ 0
3
Zro9Uo.1)-U14]
U-4Nb-2Z Ugs s7Nbg 367 [(ZrosUo. 1
' e Doz LT (Nb17U13)
[Zr-U14]
-4Nb-4Z Nbs.06Z 14
U b r U81_64 bg_og l9.26 (ZI’o,aNbl'7U0.7)
Zr-Uy,7Nb
U-4Nb-10Zr  U70.30NDbg.3sZr2133 [ (ng_lgzl'\jbo_zl)'S] 96

U-2.5Nb-7.4Zr U77.78Nbss5Zr1667 [Zr'Ul4](szr2) Ideal

4 % i

1) T b5 HH AR DA AR AR AR A 22 ORI LA, R AN
2 HAKIFMYERE, W U-20Mo-4Nb 45 .

2) RI—Lmsy, BARTE MMM, [ 6
g AR (3 A2 B #% 20, 41 U-10.7Mo  ([Mo-U14]Mo3),
U-9Mo-1.4Nb(Z1[Mo-U14](Nb,sMog5)), U-7.5Nb-2.5Zr
(Z[Zr-Upg]Nbg) %55 33X A2 KR i 2 22 A8 1 7% 200
gy, TERTFS5R R EMENfEE. EREEREN
HL 5 K 1 R BN, R 2 B A H 5 R 0 AR E T
BT

3) A — ULt ph 4 Re 8 75 I o, AN ETRE R A 2

XN K RZAHE, W U-7TMo-2Nb ([Mo-Uy4](Moy g-
NbogUos)) 55, FTEMATH BRI, ZRIEE
A W BEIEAFLE B AL B 25 1), (H AN HEBR S50 Ak 43
HAERFRZEmMZE. B4 U-Nb 1= t&4, BE#E Nb
SRR, SRR AME Nb
S B -Nb AH B A 075 B v B, A T 4 A
(R PP BEIG N, NFERRAE DA -U 2kl i) Bl & 6 i
Tl Ve 5 S a2 Ak

4) SRS, OIS RAEE - ES, B
AE TR )& et on g, Gl i b BE 2 B 5 o) ik SR
AT AR R 7 BT R SRR R T
X B R AR Al A S AT B AR 2, W RLERN & &
BRRL R Ve vh R B SR .
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Composition Rule of y-U Alloys for Nuclear Fuel

Yuan Junhao’, Dong Dandan? Wang Qing*, Wang Yingmin*, Qiang Jianbing®, Li Xiaona®, Dong Chuang®,
Huang Huogen®, Ke Haibo®, Zhang Pei®, Zhang Pengguo®, Liu Tianwei*
(1. Key Laboratory of Materials Modification by Laser, lon and Electron Beams of Ministry of Education,
Dalian University of Technology, Dalian 116024, China)
(2. Dalian University, Dalian 116622, China)
(3. China Academy of Engineering Physics, Jiangyou 621907, China)
(4. Science and Technology on Surface Physics and Chemistry Laboratory, Mianyang 621907, China)

Abstract: As an important nuclear fuel, y-U alloys with the body centered cubic (bcc) structure have high temperature stability and
comprehensive performance among uranium alloys, which are the target of recent alloy design. In the present paper, a
cluster-plus-glue-atoms structure model, which is used to describe solid solution alloys, were applied to build the component formulas of
y-U solution alloys, and clarify that the structural unit of y-U alloys is composed of bcc first neighbor coordination polyhedron cluster and
three glue atoms. Further, an enormous amount of the existing alloy components were analyzed based on the model. Results indicate that
all the bce-stable alloys satisfy the model, such as [Mo-U14]Mo3 (U-10.7Mo), [Zr-U14]Nbs (U-7.5Nb-2.5Zr, i.e., Mulberry alloy), which all
exhibit the best structural stability in their respective systems and show excellent corrosion resistance. Therefore, the component design
method based on cluster-plus-glue-atoms model clusters has important guiding value in predicting alloys composition and performance.

Key words: uranium alloy; cluster-plus-glue-atoms structure model; solid solution; components; corrosion resistance

Corresponding author: Dong Chuang, Ph. D., Professor, Key Laboratory of Materials Modification by Laser, lon and Electron Beams of
Ministry of Education, Dalian University of Technology, Dalian 116024, P. R. China, E-mail: dong@dIlut.edu.cn


https://link.springer.com/article/10.1007/s11661-012-1523-8
https://www.sciencedirect.com/science/article/pii/S0921509314015822
https://www.sciencedirect.com/science/article/pii/S1002007114000112
https://www.sciencedirect.com/science/article/pii/S1002007114000112
https://www.cambridge.org/core/journals/journal-of-materials-research/article/revelation-of-solid-solubility-limit-feni-112-in-corrosion-resistant-cuni-alloys-and-relevant-cluster-model/43E2218CFFBFC7CEFE86C912659C9FCA
https://www.jstage.jst.go.jp/article/matertrans/46/12/46_12_2817/_article/-char/ja/
https://www.sciencedirect.com/science/article/pii/0022311573901359
https://www.sciencedirect.com/science/article/pii/0022311573901359
https://www.researchgate.net/publication/262559156_1975_Udovsky_Investigation-of-thermodynamic-properties-of-BCC-solid-solutions-of-uranium-II-The-uranium-niobium-system_1975_Journal-of-Nuclear-Mat
https://www.researchgate.net/publication/262559156_1975_Udovsky_Investigation-of-thermodynamic-properties-of-BCC-solid-solutions-of-uranium-II-The-uranium-niobium-system_1975_Journal-of-Nuclear-Mat
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CDFD&dbname=CDFDLAST2017&filename=1016034160.nh&v=MjEwNTZVNzdQVkYyNkdMTzdHdERLcjVFYlBJUjhlWDFMdXhZUzdEaDFUM3FUcldNMUZyQ1VSTEtlWmVkb0Z5N2w=

