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ME (Al B)

o Fuel material: U-Zr & U-TRU-Zr o Cladding & duct material: FC92/HT9 o Active fuel length: 900 mm
o Cladding diameter & thickness: 7.4 mm & 0.5 mm o Fuel rod length: 2,240 mm o Qverall assembly length:4,550mm
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Energy-dispersive Spectroscopy
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chvorinov's rule (Y= =)

" A(area) = 2nr? +2nrh =2 - (2.27)%+ 2 -m-2.27 -300 = 4311.22
t=20B 7)) V(volume) = mr2h = m- (2.27)% - 300 = 4856.49

t = solidification time
V = the volume of the casting,

A =_the surface area of the casting that contacts the mold T, = 1,132°C = 1405K
N = constant (usually 2) m h
B = the mold constant. T, = 600 °C = 873K

AT = 1773K - 1405K = 368K
L = 9140] ! [";“’] : 1000[%] = 38398[J/kg]

ol] 238.03

) (U molecular weight = 238.029 g/mol)
K = 1.4 [W/m-K]
p = 2600 [kg/m3]

— i ] C = 705 [J/kg K]
T, = initial temperature of the mold (in kelvins), p.. = 18900 [kg/m3]
m

AT; = Tpour — T = superheat (in kelvins), C., = 0.00012[J/kg -k]
L = latent heat of fusion (in [J -kg_l]],
k = thermal conductivity of the mold (in [‘W-m_l-li_l)]],
p = density of the mold (in [kg-m_E]),
¢ = specific heat of the mold (in [J-kg™-K™']), T =0.5673 - (

o= [ (] [ (222)

T, = melting or freezing temperature of the liquid (in kelvins),

B = [1.86-101%] - [3.05 - 1077] - [1+(1.32 - 10712)] = 567300 [s/m?]

4856.49
4311.22

)2=10.7198 s
Pm = density of the metal (in [kg-m ™)),
¢ = specific heat of the metal (in [T-kg™-K™']).
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Ce-U phase diagram

Ce-U (Cerium-Uranium)

Phase

(5Ce)

(vCe)
(BCe)

(aCe)

V)

(V)
(aV)

Composition,
at.% U

99.69 to 100

99.83 to 100
100

Pearson
symbol

cl2

CF4
hP4

cF4

cl2

tP30
oC4

Space
group

Im3m
Fm3m
P6,/mmc
Fm3m
Im3m

P4./mnm

Cmcm

Struktur-
bericht Prototype
designation

A2 W

Al Cu
A3’ ala

Al Cu

A2 W

A, U
A20 aU

Temperature °C

o) 1

20

30

30

Weight Percent Uranium

50 60 70 a0 90 100
1400 - B B e S S S S N
1
1 \
1300 { voE
p 1)
[} 1
Ly + L,
1200 - »
E a,
. 1108°C ~ga.3| 4 1135°C
noo = 9969
1000 -
:- (V)
900 -
798°C
BOO -
3=—1{dCe) 754°C 776°C
'-:--—72(]"(: 752°C 99.83
700 - (BU) —=t-
p=—(yCe) 838°C see’C
600 -} .
500 -4 (aU)—=f
400 ] T T T L MM I T T T T T h -
0 10 20 30 40 50 60 70 80 90 100
Ce Atomic Percent Uranium U
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Nd-U phase diagram

Nd-U (Neodymium-Uranium)

Composition - Space Struktur- Weight Percent Uranium
Phase 0 bericht Prototype 0 10 20 a0 40 50 GO 70 uo 90 100
at.% U symbol group designation P i o T R e R R R o R M S L B TITE M MNP S .
(BNd) 0 cl2 Im3m A2 w 1200 T Lt Lp—=1
L1 + La
(aNd) 0 hP4 P6,/mmc A3’ ala
— o e I Sy S 1135°C
V) 100 cl2 Im3m A2 w
¢, 1100+
(BU) 100 tP30 P4./mnm A, U 5
v L, + (V)
(aV) 100 oC4 Cmem A20 al =
o ocll
= f L0 -} R - T . - e 0 - - [ — -
& 1000-
E
©
b=
~—(BNd) (BNA) + (V) (yU) —=
900 -
BBAC b e e e ——————— B30 e _
t=—(aNd) (aNd) + (yU)
800 - T ey - e s o
0 10 20 30 40 50 6o 70 80 90 100
Nd Atomic Percent Uranium U
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Pr-U phase diagram

Pr-U (Praseodymium-Uranium)

Weight Percent Uranium

c i P S Struktur-
Phase omposttion, earson pace bericht Prototype 0 10 20 30 40 50 60 70 80 20 - 100
at.% U symbol group desi - b ek i Aege e ey T ! e -
esignation
Pr 0 cl2 3 A2 w L
(BPR) Im3m ool 4 L, + Ly o :
(oPr) 0 hP4 P6,/mmc A3’ ala
= e e ———— e ————————————————— e m e ——————mmm———— =] [1135°C
(V) 100 cl2 Im3m A2 w [
1100 4 E
(BU) 100 tP30 P4,/mnm A, BU O
(aV) 100 oC4 Cmem A20 aU bt
= Ly + (U)
a
-
8, 1000- r
g
A
—
] B o S ittt i
200 - F
-—(BPr) (yU)y—¢
B T S T 5 e se e 70 so 80 100
Pr Alomic Perceni Uranium U
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v' Laand U are immiscible in the liquid state.

- The solubility of La in liquid U is 1.43 and 1.31 at.% at 1225 and 1150 °C, respectively.
- The solubility of U in liquid La is 0.60 and 0.25 at.% at 1250 and 1050 °C, respectively.

Ce-Zr
v' Laand Zr are immiscible in the liquid state. Weight Percent Zirconium
i1 20 30 40 50 &80 70 a0
ZOCHD - ..n,-rr.-wﬁT,-q-,..I:ﬂ-.frﬁ*ﬁ“ o e T, S RS TS [N
- Solid solubility was detected in neither La nor Zr ca00 | L
. - b ,i' L L [
- No intermetallic compounds form 5 1 e
1600 - ’
i ______ 1490°C
1400 - ’,”
o /
‘/ Nd and ZI’ @ 1200 | rj:
'g 1000 - :‘
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5 PN T T T T T T T I T I I :
& _h _Edﬁc-e-)- ------- \‘ :
500 - VP
v Prand Zr; X 1004 (5ce) -
200 - 3
al-c.,./_(_ﬂ_.c_ez _____________________________________________________________________ 7
° o o zo a0 ao "5 en 70 o 20 100
Ce Atomic Percent Zirconium 7Y



Si-U phase diagram

., Si-U Phase Diagram

l!@’ Weight Percent Uranium
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2004 =1 »
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