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Corrosion Mechanism of Zr-based Alloys in LiOH Solution
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Abstract Corrosion tests of Zr alloys were performed at 350°C in pure water, different Li solutions,
and various alkali metal hydroxide conditions to identify the Li-enhanced corrosion mechanism in LiOH
solution. Corrosion rate of improved Zircaloy— in LiOH solution was slightly accelerated between 2.2
and 30 ppm Li solution but significantly above 30 ppm Li. In pure water hydrogen pickup fraction was
not changed with corrosion time, while in 220 ppm Li solution Li-enhanced hydrogen pickup occured.
Oxides in LiOH grow preferentially on the region where hydrides precipitate. Some results in this study
were inconsistent with the Li~enhanced corrosion mechanisms proposed by the other investigators. In
this study new corrosion mechanism was proposed. Li-enhanced corrosion is caused by the Li-enhanced
hydrogen pickup and hydride precipitate.
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Fig. 1. Corrosion of improved Zircaloy—4 in water and
different LiOH solution



A& Zrdg el LIOH& Aol A7 o 191

I o]l%E Ho|F(post—transition)d o o] et
sl Hold el 7]& Zircaloy—4 3§
=9 Zfel n3te oF 15 vebio

ol9} o] &£ Heo| HAo] dojul o]
of W)= Atk S v abslabe
ANAAY = Abstate] AFFR I
A& YA slehs ofe] 7hA] o] Re] AAlH
uh glo} olof thaf A= o} AT g§e =3t
o] 2] 7} )}

30 ppm Lig] 7--o Aubzl F-AAFL
ol Mol vl RRE ol Abe] FolA] Ko}
HA w3 120 TAA dojdr] Mol F
A HEEFHQl Ho|AFE Ko} Eoje]
Aztel vlwd o A7ke] ZHAdge| we} A
71 A= HAH A= AFE Haldh

olzt& A2 HE 30 ppm Li& HA& 7}
EA1Z k= e HA43] o & e 4
< A7 A LisEe olHo e 2
29k 30 ppm Afele} FEUACR FHdrt
220 ppm Lig] 7%= of 50 o]4%¥ 74
g 7hEFAd o] Vel A 160d A3 Al
1000 mg/dm’e] FA&7Fg H.olv] 2200 ppm
Lie] ZH v ol #4l w25 Fale e
A 10 AlgAlel] eF 1000 mg/dm’e] F-7|
7HE Ealr}

F-Ale] 7h&EE £d4U 9 A Ligss

5 5

10 10
O ket
T W it 00°0)
10} Mconaid 360°)” ¥] 10
LA amensKWU (350°CH !
E +  carieui60°0)" v
2 Sjomm Study350% s
= 10 - 10
(V] “mesnred ot 360°C P
© mormated to 350°C L &
> N I [ c
CC) 2 : ’ < 4 2
= 10 -
E=] ¢
© 4
= Li-content 7
i= 1 o 1
9 10 -— / 10
c .
o )
E Corrosion
9 v Rate
- 0 - 0
10 Garzarolli . 10
% /
B
X - 30 3
10 This Study ppm 10

1000 10!0 1020 1030 1040
Li Concentration in LiOH Solution (ppm)

Fig. 2. Effect of Li concentration on post corrosion rate
of Zircaloy at 350°C and Li-content in the oxide

)
Post-corrosion Rate (mg/dmzd)

z24e7] $8ke] Garzarollivel] ols) Helxl
AR 2 dFolA A& AAE Fst9
et Fig 29 b RAlESEE 3ol
dell Aol FAEzel Ho|F oFodore] N
AEed s Hrlslof sled AA o
AR A= Aol ¥Al& vy dlelg HE
#o FEE F¢3h7] el HolF: F-A
E7b wl Fastc wepa] B dFeMs
Hol¥F Ao o] HASEE Fig 19 #4
HEo24E Figer, SR Holx
Al7rgskell Frbehes F-A FrbeEe] v EA
Al Araksd ot

Garzarolli+= &AUe)] 30 ppm o|A+e] Li
o] 2ANY w) AL s&Ecin sged B
A+ Azhet wlastH 30 ppm o] el = A
9] dA3te AFS HeolAuk 30 ppm o]}
B e k7re zolE Malrh B oo
A A2 A Zircaloy4E WAl Aol <okzl
87 WEel o2 dFapEe] AR&d 7)
&9 Zircaloy4X b= 30 ppm Li ¢332
& FxelA %7t g FAEEE Hlnh
Zefvt 2.2 ppm3t 30 ppm Abe]ef A -2 <
2ot Frbebe ASE #BAY 5 gk o9
o] A Fxo| Ligdel FAl&xr} o7}
F7bebe @A AAHUHL 135 49
Lix%=7} 22 ppmsl ZHA=wS w83 v 2
el s bR fevim Y = glAut 8
AEIAER BHA A TH-FFHo] dojuiy Li
T2t T4 v o w2 Frlgod Li
OHef ofgt R-A7148 o] & F=3 7o]7
dFoll o ZA e ojof Fhr}

rege sagr HE

Fig. 3& #=4&(Fig 3-A)3 220 ppm Li&
H(Fig. 3-Blell A F-A A8 2wl £AZ
7L EME iy Y A F5EE vEd
th Fell M 300 Algdl oM e e
AlZE7FeE(2F 60 mg/dm*) & e
(e} 40 ppm)& vepdct o5&
2 ouebliE o 10% A& Ad=ed, o
= dutye g 7)&e AL Zircaloy+4 ¥
o] Aol ToETEE FAAZ 9 B
Lo FAgle]l 18-20% 9 @& eldes A
sovlad o e 2 ghejrh 220 ppm Li
ANz Eellxe] Ao} nimad o FAZ7)

G5t FrFLAE FA48 FAAT Fa



192 g aErsa A6d A25 (1996)

100 3
(A) Water, 300day ®
£§ o 3
] e S
S E EJws {20 B
E® 60} o
<2 ———] o
53 (X Heorton £
a O —
0% Ll | PV — 2
< &
s {10 §
28 g
T 3
I
0 0
30
10° [ (B) 220 ppm Li, 100day E
<« E c
a T3 Hcontent o
E & Ows B
o -~ [ o
o € 420 <&
£E& .. w
~ € 10 [-%
53 3
3]
°s a
:&’ 8’ 10" 410 g
® 5 g’
s> §
I >
I
10° 0

Fig. 3. Weight gain and hydrogen uptake of improved
Zircaloy— in water(A) and 220 ppm Li(B)
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(A) Growth of nodular-type oxide in Li solution{Q/M)
(B) Hydride at metal-oxide interface (SEM)
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Fig. 6. Comparison of corrosion behavior of improved
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Fig. 8. Schematic representation of proposed Li—accelerated corrosion model
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