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Abstract It is important for the fabrication of nuclear cladding to optimize the microstructure, because the properties
of Zr-based nuclear claddings such as mechanical properties, oxidation-resistance and corrosion-resistance vary wide-
ly with its microstructure. The microstructure in Zr-based alloy is strongly dependent on the solubility of alloying ele-
ment. However, it is very difficult to measure the solubility due to the low solution limit of alloying elements in Zr-
based alloy. In this study, Thermoelectric Power(TEP) measurements are used to determine the solubility of Nb in Zr
-0.8Sn alloy, which is confirmed by optical microscopy and transmission electron microscopy. The solutioning of Nb
obtained by a homogenization treatment and water-quench leads to a decrease of TEP. The saturation of TEP ap-
pears with the increase of homogenization temperature, which means the saturation of the Nb content in the matrix.
From these results, the solubility(Cyw) of Nb in Zr-0.8Sn with temperature could be expressed as follow equation ;
4.69097 % 10° x &= (ppm + at. %)
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Table 1. Chemical composition of Zr-based alloys for the study.

unit: at.%
Alloys Nominal Composition The Result of ICP Analysis
Zr Nb Sn Zr Nb Sn
SN-1 bal. 0.1 0.8 bal. 0.13 0.75
SN-2 bal. 0.3 0.8 bal. 0.23 0.76
SN-3 bal. 0.3 0.8 bal. 0.33 0.75
SN-5 bal. 0.5 038 bal. 051 0.76
SN-8 bal. 0.8 0.8 bal. 0.87 0.76
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Fig. 1. Schematic representation of heat-treatment for this
study.

i) 245, A GE HEFE] E 27 ¢ %,
A7/ W7 el wE w2 e W, 223 A2
AAE Fol A 7)2AEE eR & 5 Ut §F
3], §F 949 T4E4 B4t metallography &
o]-43te] =9} gFZ Ao w8 Zr-based 52 4 o
o, & o F& a+ppt. 99, a+pe] 24 49 22z pY
99 ¢ AN 477 RuEHUt® 2y, dds
HEF AN Zre A T2oA d-E Tk
T4YET} £A~ $lppm o vl$ A7) o Fo Pyt
TR E SHIH) g o B8 ot} o5} a
+ppt. 99E A AHsr|z o). w4, ¥
AA A U2 FobE ZAS o)F v|FHI U
7} HA&E A 5o uiXe 9% o A7 551
HA7NF-Z2AE & o] Ut HZd o2
2 445 o "7y Ao wHEE o83 Zr-
based ¥ Y4 n4U=F AA7) H4E A7}
slA AW=ET gldg' B3], Thermoelectric
power (TEP) &Adbyl&"*') Fdgk AJHA 2xAo]
of e} AA7 WASHE Seebeck LE o4 Aol
o}, F L AHeH 2= o7} LAEH AL Fiol
EA3He Al ATHEY DAY A) giel #48=
A7VE REOR o)FEH, olFd AL A wFel A
Mo =AE BRI b FELS AVHES HAA
(Seebeck H3}) 7} w5}, ofuff ofihol A A3 A Y
g &ilolR e g (4V/4T) €& Thermoelectric
Power (S) 8t 3 ¥c}. 394 Hrke Jd9 HzE A9
o AFslnE YA HAY £E FHA N, F
TEP gte] #3tE 7hxle s whol n43x oo &
Aste FFdce HEES 4T 2N J99] A4-A

o] 7] WEel T4 e T g ohv
WINE, A¢EA e g TEP S ¥8E #3s A
€ ¥t TEP9 H3py} &AW adae] = W
Soflnt EHEF AojfoZH Yuds 18E &F
o] 7¥Fsse}. ol2igt W& ©|8-3te] Zr-based ¥l H
7 e 29 3924 i B 477 AYHUA
2, AREEE] g R AT AT Aol

2 dFe TEP §A3& o}83t dA) /idFa 9
o8 &S oA Zr AgE9] 712 249 Zr-0.85n
3ol s Lo @& Nbe] n4H¢=E FA43= A7
£ 93

2 A HYY

£ dFoME Zr-0.8Sn IFol4el Nbe n45s¢}
TEP 9] Wi3}g xA517] 18ted Nbel Hrtakg 2@ 5
%59 Zr-0.8Sn-xNbAl ¥F& Azsgct. 39UA Zr
HE2 AF arc2o)A 485te] 30089 button FEHE
2gS¢ Azsgled, dF=AE FLIHA HE7) s
o 5] ANLHE Yot ST T ALY
FAdg 228 Ys5lo button YA Zr FF€ 1050°C
A 2087E FAIRE Foll f-F3 " T00CoA 30E7T o
298 H2E esisct. Age) ey w9 AW A=
E 95l 700 CoA Y 4717138 B35 60% ) FAE
FaAReny, Ao F 29 Y& sk
A7 W2 Folle AR-HE AARY] Slskd
Z+zt 700°C 9+ 610°ColA 2417 Fob dxlsigen, 1
mn X 10mm X 50mm Z7}8} A|WE& Axeigch Azd 2E
A9 AL Gty A JEEHLE 4ger A
Az Fo ICP £4& s, AEEA A=
Table 1} veblizic}.

Nb #7}eko] o} Zr-0.8Sn 332 FA8 Hxd
w2 TEP A& A737] i3 A8 #33} A=) 33
¢ Fig. 19 Yehligict. 945 238 A FA4go] o
£ ulAzA o) HaE 3 43s87] 95t 4 AW & 850
Colld 122417 A7 dA=g Fo ysiged, o4
550°C~850C 9 &% HHelA 30C A2 #45
g % Ao £502 F9Y HYsiqdt. Fda] §ab
£ 8 128l Ay 27t Aol wet dX Azt



2.4l - AEA - HL4R - 4 TEP 34U HE

Cooting Chamber [~ 10T}

Thermocouple o T
i o

‘ Heating
|

E""“"‘\,L
e .
o Y
""LL; SO gt

|
SRS | — . |

NanoVoltmeter

e T

Heating Block

Fig. 2. Schematic representation of TEP measurement equip-
ment.
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Fig. 3. TEP measured at 20°C versus homogenization tempera-
ture for Zr-0.8Sn-0.1Nb.
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Fig. 4. TEP measured at 20°C versus homogenization tempera-
ture for Zr-0.8Sn-0.3Nb,
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Fig. 5. TEP measured at 20°C versus homogenization tempera-
ture for Zr-0.8Sn-0.8Nb.
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Fig. 6. TEM micrographs of Zr-0.8Sn-0.2Nb alloy geunched from (a) 640°C and (b) 760°C.
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Table 2. Content of Nb, Aw and 6Sm of Zr-0.8Sn-xNb.

Alloy
N SN-2 SN-3 SN-5
Content of Nb(ppm - at.%) 230000 330000 510000
Bo(uV/K- ppm - at.%) -2.80870 X 10~¢ -2.353654x10° -2.30686 % 10°°
3Sw(uV/K) -0.6460 -0.7767 ~1.1765
Temperature ( K) 983 1003
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Fig. 7. 8{4S(T)-4(T ] versus homogenization temperature
for Zr-0.8Sn-xNb alloys.
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