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Effects of Tin Addition on Microstructure and Corrosion of Zr-based Alloys
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Abstract The effect of tin on microstructure and corrosion of Zr-based alloys was investigated for the ZrNbFeCu-
xSn alloys manufactured by VAR(Vacuum Arc Remelting). Corrosion tests were carried out in a static autoclave
under 360°C water, 400°C steam and 360°C LiOH solution. Microstructures of alloys were analyzed by using optical mi-
croscope, SEM and TEM/EDS. In 360°C water test, most of alloys were shown pre- transition corrosion behavior until
210 days. At the early stage of corrosion in 400°C steam, the corrosion behavior was similar to that in 360°C water. The
corrosion rate was accelerated after 80 days exposure in 400°C. With the tin addition, the transition of corrosion rate
was accelerated. The precipitates were uniformly distributed, and the composition of precipitate is expected Zr(Fe,Cu).
or Zr(Fe,Cu),. The size and composition of precipitates were not influenced by the tin addition.

.M B

253 9 YAx Y rbEEAL 2L A, A
1

77 €73, T FSE ¥ ¥ 1A ¥AN L5 B2
o) ek AZzE Y AL FHA FrEA,
Teold AEY AR 4 B S5 WA gl

#a W2

24 AR Yo A4
of Wiy MuBo

AAE L) s 8
slof gtoh? g 60ddel 7)
AleEo] & Zircaloy-4322 dxj9) 7FER A= §
J5t2 gle oje) e}

1

g

Aol 23l3 glo} LAY HLE &
e A g AT g AP FE o] 9
& sz = AAo|c} w]=2] Westinghouse7}b
Zircaloy-4%+ael Zr-10Nb¥wS &8s A3k
ZIRLOZZE A =W A% HrlollA 43 RS54 S
el glewm? gjAlotell = Zr-1.0NbEFE
HABgpo R Al gJov}, Sn#  Feol
Zr1SnINbO.4Fed=-& /W¥sl &Haf AH8-2o)A
Hr1Folch.”
Holg HE3Ho FASHL Ak
el dxe] W 53 A B3 Yo a3

ok ot %
N
-

ofr

o

=9 27]9t £ X Foll FFE Tk 0 AR U}
He g2 T4 &3, 7MY, WA 58 sty

Fe, Cr, Sn, V, Nb 5°] 5 §a¢42 dFHx2 2lon,
olF Ui F hREL A E2ZFoA P LEEE JA2
7] el Zri-el g 4EEE YA E 95
g WA S 7EAE A8 0] TS feiA XS] HA
" MEEe 24 IeHooh 3 e =4 e] ol
e dAe] o]He| thE At FAIAEe] HetA]A H
i, AR A 2efAA =)

Zircaloy-42] 7%, PWR (pressurized water reactor)
A 2d4xsE $He] = o FU¥2] (uniform corro-
sion) o] 7}&-Hr}. olo ulet ozl 74| AYAHRTOE wt
o2, Zircaloy-429] ¥-A&n & 243141717 27 A=
2 Sn9 ok Folw gt V& 9] Zircaloy-4 ¥t} Spoj
ke Zal FFE ‘low-tin Zircaloy-4'2kz s, &)
Aol A F glA AREEaL el D olof whel 2 QdFo
ZrNbFeCuA &3] Snokg 0.29014 1.071%] #3}
72 whlo 8 dXeElE g S Axste ¥
ZIAA EAE Hrbste] Y #E3to 2 49
Yrrstaz) kg, obge] 2 R Hrida

02

=13

A

> >
off W 4 oflr o
¢ K

ok
NIO -\“—l' _.[n

N
3
ol

— 978 —



AEN - AE - olwx - A28 - A

7b 34 R oAz o) vl dgel a4 HAe) Snop
& %34 A¥e NaAsch,

2 AdEgyd

4% Fol €A% F de F& s A e
4%} sponge Zr< VAR (Vacuum Arc Remelting) ¥hsd
£ o]43lod oF 400g2] button HEIE AZsHTt. o]
VARHMS dgF2Ae Evdzh A 59 AFE WA
st7) 98 43] Ax vk LafEidch. F2AHA F52 A
ZZA7} o)) @2 Annealing parameter £ 10 Y&}
Wik B9 1020CAlA 30879 S- X HE 53l
FFERAE FANA FA, 2 oA g7k b, W7k o
A& 53l #A= vpEElgen AFAXE F oA 27
ol 4] Akt BE HalE 480 C oA 3412 F4ks v}
2t AxeF st 74 Foll wAE WY S #His)
A} $lo) 2L TAHE FI A= 5744 d59 3t

Z4% E 29 vehligdct.

BAEAS HrEEr] HsiA] 16X 25X 2mm*e] #AEo
2 AHE s, 29 AR Al vA= 4
e #HA3s7] Ysi SiC dvkAlE AHEsle] #2204-F
#12007}# dulstodch. 1 Fofl AHE HEFe] A2TH
2l pickling (-8-<4: H,0 50%, HNO, 45%, HF 5%) 2]
% stdeh. ¥-4A18e 360C & £971(2.750ps), 400

C 37 29>7)(1,500psi), 360°C LiOH 70ppm 3} 7]
A autoclaved ol&-&) TH=H o] Fr|Ha FA F
7Vekg EAst ¥4 EAE FHrlshodot

A B 2Ag A7) oS 2 dApd hdst o
2|7} JE"‘:} "l?i% ANH e ottt Azt o2 mount-
Ao B2 gis -‘&‘—J%}S’i‘:} 2Z 93

Table 1. Heat treatment process of Zr-based alloys.

Condition 1 Condition 11
Beta Treatment 1020°C x0.5hr  1020°C x 0.5hr
Hot Rolling 630C x0.5hr 630°C x 0.5hr
Annealing 580C x 3hr 630C x 3hr
1st Cold Rolling
1st Recrystallization 580°C x 2hr 610T x 2hr
2nd Cold Rolling
2nd Recrystallization ~ 580°C x Zhr 610C x 2hr
3rd Cold Rolling
Final Annealing 480C x 3hr 480C x 3hr

Annealing Parameter YA=591x10"% SA=287x10 "

Table 2. Chemical composition of Zr-based alloys(wt.%).
Alloy 2 Alloy3 Alloy4 Alloy5

Elements Alloy 1

Nb 0.2 0.2 0.2 0.2 0.2
Fe 04 0.4 04 0.4 0.4
Cu 0.2 0.2 0.2 0.2 0.2
Sn 0.2 0.4 0.6 0.8 1.0
Zr bal. bal. bal. bal. bal.
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Fig. 1. Optical micrographs of Zr-based alloys (a) lst recry-
stallization, (b) 2nd recrystallization, (¢) 3rd recrystallization.
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Fig. 2. Corrosion behavior of Zr-based alloys in water at 360°C.
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Fig. 3. Corrosion behavior of Zr- based alloys in steam at 400C.
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Fig. 4. Corrosion behavior of Zr-based alloys in LiOH water at
360°C.
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Table 3. Corrosion kinetics of Zr-based alloys in various conditions.
Time-to- ‘n’ value* in ‘n’ value in Weight Gain
Alloy transit.(day) pre-transit, post- transit. (mg/dm?)
Type 70ppm . 5 70ppm 360TC 400C LiOH
400C 360C 400C LiOH 400C
LiOH ! LiOH | (210day) | (180day) | (210day)

0.25n - - 0.35 0.39 0.29 - - 4791 79.9 48.83
0.4Sn 150 - 0.35 0.38 0.27 - - 49.10 117.0 49.84
0.65n 100 180 0.34 0.37 0.32 0.78 - 47.08 101.0 66.27
0.85n 80 150 0.32 0.43 0.34 0.90 1.69 46.90 101.0 78.51
1.0Sn 80 150 030 | 045 | 036 0.91 165 | 4563 | 1078 | 854l

* Corrosion kinetics : AW =Kt"
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Fig. 5. TEM photographs and EDS spectra of ZrNbFeCu-0.25n alloys.
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Fig. 6. TEM photographs and EDS spectra of ZrNbFeCu-0.65n alloys.
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