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F1 Zr-Sn-Nb S &MU ER S
Tablel Chemical composition of Zr-Sn-Nb alloy (w/%)

Sn Nb Fe (@) Cr Ni Zr

1.1 1.1 0.1 0.12 - - Bal.

1 HasHmARNEELY

Fig.1 Internal hydrides in the cross-section structure of

zirconium alloy (hydrogen content: 195 pg-g™)
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Fig.2 Schematic diagrams of ring pressure test (a) and offset

strain calculation (b)

J&, SRR SR E K (RN 8:1:1) 1RE
[ b 2] VR B S e AU A AT o), R
JSM-7001F 37 kg% 255 (SEM) 2 ikl
A SR P EIEIEAT . i T RO
f1%t (EBSD, JSM-7001F 37 & S H 7 BME) *f
BA S AL P SR AL SRR ST T
L TIRAE (EPMA, JXA-8230) XH45& 4842 A
AR AT HEAT DU E 31T o

2 HREDR

2.1 FESeEEaeslERRRE N

ANEAAEEEEENRRBIEWE 3 . HE 3
AILLE H, R LOCA 358 o HAth 158 2% 1 AH R 1%
OUF, BEEEEERNIM, 84 &48 B LOCA ik
JE AR B 2 T P
2.2 REFHEEELRERST

Bl 4 5 3 MEAS &G SR OM AR, ]
W, A LOCA 58 5 M85 & & S A = 24
iy, WEINZEMNE. PEES oO)FH. W
prior-p Z%, KA A EE (OB MMM, X
prior-f 7 BA —E BV, XL LOCA 50 = B & ik
RIBPERL POE PR .

I B AR RIS 2R A A B % S5 A N5
BB, v LLURILEE S & &30, prior-B
R a0V, XRHTEZ B MHIEETER, Al



° 1628 «

G E A R

53 %

50

—m— Zr-Sn-Nb
401

30r

201

Offset Strain/%

101

\.

—n

0 100 200 300 400
Hydrogen Content/pg-g™!

K3 ARAEENEG SRR ENE
Fig.3 Residual ductility of zirconium alloys with different

hydrogen contents
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Fig.4 Cross section OM microstructures of zirconium alloys
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with different hydrogen contents: (a) 0 pg/g, (b) 195 ng/g,
and (c) 395 pg/g
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Fig.5 Grain microstructures (a-c) and grain sizes (a’-c’) of zirconium alloys with different hydrogen contents: (a, a’) 0 pg/g, (b, b") 195

pg/g, and (c, c') 395 pg/g
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Table2 Hydrogen content of zirconium alloy before and after

the experiment (ug/g)

Sample Before the experiment After the experiment
1 195 180
2 310 310
3 395 440

E6 WRiJFEEA4E (310 ng/g) ALk SEM B3
Fig.6  Cross section SEM morphology of hydride of zirconium
alloy (310 pg/g) after test
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Fig.7 Schematic diagram of oxygen distribution in cross section

of zirconium alloy by EPMA point analysis
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Fig.8 EPMA analysis result of oxygen element of Zr-Sn-Nb

alloys with different hydrogen contents
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Mechanical Behavior of Zirconium Alloy in Chinese(& & &

Effect of Hydrogen on Residual Ductility of Zr-Sn-Nb Alloy After LOCA Test

Liu Xin, Tu Menghe, Li Shen, Wang Hui, Hu Yong
(China Institute of Atomic Energy, Beijing 102413, China)

Abstract: Zirconium cladding absorbs hydrogen in the reactor, and the zirconium cladding will embrittle in the loss of coolant accident
(LOCA). The hydrogen-containing cladding is more likely to rupture in the process of accident or the subsequent treatment of accident,
resulting in the leakage of radioactive products. In this research, residual ductility of zirconium alloys with different hydrogen contents (0,
195, 315, 395 pg/g) after simulated LOCA was studied, and the effect mechanism of hydrogen on residual ductility of zirconium alloys
during simulated LOCA was explored. The results show that the residual ductility of zirconium alloy decreases with the increase in
hydrogen content. The addition of hydrogen has little effect on the microstructure of zirconium alloy, and the effect of hydrogen on the
microstructure of zirconium alloy is not the reason for the reduction of residual ductility of zirconium alloy. One of the reasons why the
presence of hydrogen leads to the decrease in the residual ductility of zirconium alloy after simulated LOCA is that the increase in
hydrogen content increases the oxygen content absorbed by the prior-f phase after quenching, thus reducing the residual ductility of
zirconium alloy. Secondly, hydrogen may exist in the prior-f phase in the form of saturated solid solution or fine hydride brittle phase,
which also decreases the residual ductility of zirconium alloy.

Key words: zirconium alloy; hydrogen; LOCA; residual ductility; oxygen content
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