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ABSTRACT Autoclave experiments in different water chemistry were conducted to clarify the
degradation behavior of zircaloy—4 corroded in LiOH aqueous solution. It was found that the compressive
stress and the tetragonal zirconia (t-ZrOz) contents in oxide films formed in different media were
different; when specimens were exposed in LiOH and KOH solutions with same concentration, the
penetration depth is shallower and the intensity of K+ is weaker than those of Li, and the penetration
depth of OH™ corroded in KOH solution is also shallower than that corroded in LiOH solution. Based
on the results, it is suggested that the growth of oxide films is-a process of OH™ diffusing from outside
of oxide into metal/oxide interface and reacting with zirconium to form ZrO; and hydrogen. It is easy
for Lit to diffuse into oxide film because of small radius when specimen was exposed in LiOH aqueous
solution, so more OH™ would diffuse into oxide film deeply. The reaction between adequate OH™ and
oxygen vacancies in the t~ZrO5 would: promote the transformation from t—ZrO5 to monoclinic zirconia
(m~ZrQ3). The transformation would bring some cracks in the oxide, which relaxed the compressive
stress in the oxide, degraded the protectwe abmty of oxide films and caused an enhancement of corrosion
rate of zircaloy—4 alloy.
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IE R R R R AN — M EERR, MESKERENEZERAHEEER
B SSMKNEMAIRE. E—EREKPRN LOH X Zr-4 &M inER FFHZ
Mg (1~4. LiNOs, LipSO4 #1 LioCOs SEEELKIFW Zr-4 & & B s mwR/ 1, KOH,
NaOH Ml NH,OH /KW A B4 Bhey LiOH HALH Btk 2r-4 £&MEM & b EEE
AT JULRMRRE: (1)LiT BT EAbss S P s, SEEME P AR T, T 265
B . (HXRAEMRE T4 LiNOs. LipSO4 Al LipCO3 S /KIS Zr-4 & & 09T 1
HEREE AR/ (2) ZERRRE LiOH KIFW T, W E4ksEs (¢-2rO2) M5EH M, B AR
A B, BREE N t-Zr0, WSHERAL, XF#B+4> 258, (3)LiIOH 58 EREHEF=A
RIS OLi |, FEAR LRI A I, (8 SR anfk, 38 hn T FAR T4 8k HUEE Bl XPERGRZ
LIEE. E ANNESSEBEN AR TEZ R/ &R A 'MW t-Zr02 17 m-ZrO, %
AR, T LiOH /KSR INE 202 6] m-ZrO, iS4 4~0l. 5 THFSE LiOH K¥ s
t-ZrOq [ m~ZrO, HAF ML, #H7: LiOH KIERGR TS & &M mE R K E, AR T KL
23t AL R R Y S R B AL R RS M e, DU Lit f1 OH~ FEE{bEhaa i B e AL

1 £ B8 F &

1.1 #ESEARAENRPERAETFELE /LR ER R E

VBB Zr4 5&ERAGEFEREABERES R =4 ¥ HE P rm a0 3 8E
0.01 mol/L 1 0.04 mol/L & LiOH 7K¥SW /g, IE X 350 C, [E S 16.8 MPa. RE N E,
ABICHE 14, 24 RES. 5B —4IHFE 400 C, 10.3 MPa f3d #UK KK i, 018 3# #E. R
188 i B BB P T LA B AL R R B, 15 mg/dm? A4 F 1 pm. ERMARRIREE, A
WU o B E R RY EAL I, 5/ HNOs+HF BI/KIS WO &8 Bk i

HENIBR 20, J5 R EERTIEAK, 8B AREELBEARGE 8 b =4 KX .
SN BREELMESSREAE LE, EELERESRYP, SNBEHENSSBES N, EBT
SV RE R B IR AR R . RS MR AL IR, B T RA A R X R, EHE
RO IR S BRI LSRN, IV 75 5 PA SR 7RI S2 3 4 0 sOK 5t i FEAY A7 HU B R g ke (7).
RORGE LS, FEEE T N AR EER T, E4ESEMmr . RIEESCR (7] Ty
R EH EA R R/ &R R E R RN ST .
1.2 ME#EeLEARRNRPELEELENIaEHY

W RLBE H 0.2~0.3 mm BIMYAR Zr-4 & SR 55 FIRCEE 3 sk T #E4T /8 e (1)500 C =2
A, (2)500 C, 10.3 MPa 3 $43&K, (3)350 T, 16.8 MPa, 0.1 mol/L LiOH /K¥%W. & T REFEE L
JETEL B R AS AR R 9 4518 T A EAL IR A G54 00 X, 7 3 PR BB RS RS
GERERBME, FEHE—REEN 1~2 um BELEE. B R85 A R ol B iy R
P EALEA EBE. BB B 7E = Rl R R4 Bk 10 b, 70 min, 8 d S5 Y B U B n 4> 5l
R 18.1,18.3, 17.9 mg/dm?, F I EEEE AN 1.2 pm. ‘
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1.3 MESMAEHELENLAEFHRESH

B 58 2B KB Zr-4 &8 FrREEG S U4, 43 BIBCAE 350 CHY 0.1 mol/L LiOH 1l KOH
KSR Pl #E LiOH /KW IS 1k 8 d J5 Ry SR B HH 17.9 mg/dm?, 7E KOH KW+
fit 14 d JR BB I 18.3 mg/dm?, EALBEEELY 1.2 pm. F IMS CAMECA A SIMS il &
Lit, OH- Ml K+ 7EF4LRE 5 EAL BRI T L ho vk BE 42 4. e e JE 0 12,5 kV @B F (0%4)
W, WIGE E I 250 nA, WIS B F R B2 100 pm, %lj);:.‘m,t{ 250 pmx250 pum. &2 B F BT,
HEESREEE

2 ER5ir

2.1 #ELERANEPEMERELELENERS

Zr-4 A47E 0.01 mol/L LiOH /KK 14 d, BESBEKSBRIE M EILE (& 1).
WEE S AR R, 3 PR B LR
SCRIFERY I IR (B 2a). 7€ LIOH Kig B8
WA 2 B (14 2#) THEHFR
—8 3F H LiOH 7K ¥ V8 i ¥ BE X R 7 A/t
AW, RIS oK B IR P AR, (34) &L
R EALM R 14 BERE X 34 B
i, YA/ T 1.3 um B, EALERE L
B FER T HG 14 REGR, OREE K 34 RER RO
PR 14 BEAL R ST B IGTEIRE
TR SV R A 8O K, {8 3 b il Y 74
3, R TR B MRS X A R . T
34t e UL LR T &b i FE R 1 B % AL R 1 1E 0.01 mol/L LiOH /K¥HEF /G 14 d

P T T AR AR, Y AL RR Hy -4 &, WA SRBEERERZIN A

i 1.3 pm, FECHEN RS T 14 H&. M AR

X FPAS b H0 A B KSR R LiOH X4 4k it Fxg 1 Curly oxide film of Zr—4 a.lloy after dis-
2H R E’JI"/EFE‘ET%“U XATREIE B4 solving metal matrix corroded for 14 d

SRR LIOH AWMU R e T T MO solution |

FEA IR A '

Godlewski % B &Il Zr—4 SRR 7EEBEF /KM 0.01 mol/L LiOH AKFH
TG EACTE R 1500, 4t AR/ R R TR 1 5 U BRI X R 4% (B 2b). 72
EEFKFE A RES, BEEEEERMKE 6.5 um, FELHENHTE 1.2 GPa 5] 0.9 GPa
20 B8 TR R, XSRS LU, EMEREAE—BY 1 um EES t-2r0, ME
- HRE W OE—A. 7€ 0.01 mol/L LiOH /KW A RE S, 24 EULIBEESERT, FM AL RN 77
B, (BB S AL 2 H TR . YBT3 um, RE L ER N TrERE
FoK A R 5, ARERE B R A R RIS, AT B R A ST R AR, B D B 0 .
Pecheurl® {45 R, BATS B & ¢ Zr0, WHHEEEZEWH/N, EE/MT 0.2 ym.
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Fig.2 Relationship between compressive stress at interface and oxide thickness of zircaloy—4

exposed in different aqueous media (a) experimental data (b) data from reference!®

2.2 FESEFENFEPRLER LRI EEN

M 3 T, t-ZrOs R FHY (111) ATSTIERR, T HRE m-Zr0, WATHIEES. =
AR B R R B XRD WA BT B8 +-Zr02(111) i, ZEXERRARIR PR AR S Y ¢-ZrOo(111)

BHESESFEMERNS, W Zr4 F
ST R P e, AR ¢
ZrOqy W.7E 22 S H 24 £ 0.1 mol/L LiOH 7K
V5 W FE B R B B t-ZrOo(111) I, IR &
LR LR RE t-Zr0,. X i 5E M H,
K A>T 3t t-ZrO, By B 75 AR K W 2 3E4E H,
LiOH /K ¥ i iy {2 2 1 FI 52 81 2. AR 3% i fh
K, 5 b R B A F 18 mg/dm? A4 B, 7B
500 C 28K T E 10 h, 7 500 CatHFE R
HEE 70 min. 7] W, ZEREFEMHFEAZMET, K
A% X 15 i B A R KB . Kim® R 31
Zr-4 A & 7E 400 C ZE IR R h 3 T T &
T-7E 400 C 4% 7P J§ s 2R, FFIESE Zr(OH)4
& 250 C 7N &) ¥ BE LiOH 7K ¥ WK A B 2, A2 A
m-7r0, W& BHE LOH KIERIKERS
T 0. B Y203 BB /Y t-ZrOy 7F 300 CA
HHBBEER. K. KEKPREGEEH
m~Zr0q, i LK P AR R A ES P
j(ﬁ%g [10,11]_
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Fig.3 XRD spectra of zircaloy—4 powder ex-
posed in three kind media: (a) 500 C
air; (b) 500 C superheated steam; (c)
0.1 mol/I. LiOH aqueous solution at
350 C
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P ESER R, B F/KA LiOH BiR/KE R EEF -Zr0, #2 K m-7ZrO, YR &L
JEREN L ERA B, T LiOH FiR /KRR E R, XHMAEMARmFEHEF OH,
HEWRERE. t-Zr0, B—FErs 8Ly, 75 360 CHERBM t-ZrOs WA TR Zr0:.0V,
TERBHHEEN, EEMHFEETURE t-Zr0y. m-ZrO; NRIEAZHHELY. OH™ 5K
PR E SN EERNY, EEMARMRE -2r02 | m-ZrO; . 5HREF/KMHEE, LiIOH
KB A FEELH OH-, HFE#E LiOH WEMESTHE M. SHEBH/KEBAMLL, Lit gy
B, BHHNENRE, SHAEY OH WASGHNELE, XSRME ¢ ZrO; o] m-ZrO; FAF.
t-ZrOq [6] m-ZrOy 35 33K 6.7% KRBk, B3 EALEF RN SPRAS. S EF RN 8
T EN A RZ =N S, H A REEEE T REA T H 4K 7, 78 =210y #AF K m-7rO,
IO E IS, MEBSETITTERENEN IERATRESRER K, HEMERHERN ]
FASE. BH I t-Zr0s B m-ZrO, MEARFEAEN AA/NMIEERE, BB TESEM
il gk RE. X, EAES Y OH- BIEESSm Bt B N ERFRE. Y458E
LiOH /K¥EWE /@ thbst, KW PAAFERE OH-, OH™ f1 02~ M4, (Harm L 02 4,
FASTEE Ry -E Y, I, B S SR AL R R T 54 R R R R R
& OH™, AR O~ . EHEEE&RERLMENES, EAMBER VRS FSHENEREFFHNE
ik, &8 /S ER R, TR R EA T, OHT it AL A Ay & 2 0 1) FHAR R H T
¥, &REM OH BN, ARELAEMNETE. MR T HRASEEBEESBE S, X3
—EBIRE R ARSI EREMERXNE . FIE/LOH KIFW A HIE AR, B
FES AR BRI ER, FEAREE, Ko FEZBTFEFEN OH™ # Hy. BNV
B, BRSMRVERE OH-, HNERRKS T RNP=YHE LS. SGEmE<s T, Lit
1 OH- HEsE#E/InER. T2 Y842 EdPKER,. BEEE /K LiOH KFER
R e, SRR EALE/ & B A E AN &R EA TR E RS, ArhEg S mEE 11208
LiOH K¥EW FF e, 4 &M EMARNER T, REfthaBER i 14,

2.3 JIMEFESABEIEEMEES R

Zr-4 G&FERH A BIFE 350 'C. 0.1 mol/L Ay LiOH H1 KOH JK¥F A M, BRIRFH/KIER
BYBE/RIRBEFH S, PIFREE R EAL R B 8ar, 5 Lit A1 K ZE W Fhe i S AL R /T ey o A WA
BZ7 (F 4a). 7£ LiOH KIFEWPEAIREER, LiT —EH#AREEE /& B R mAL, e
KOH 7K g thayRES, KT SANEILEREE RA 0.5 um, X-53CH [15) WSR3 BR
BRI oA B OH- RUMR AR, {EXE LiOH /KIEW P nhpg e, 4R 18 OH™ 13K
SRS, OH™ 3t NEALREETR, Wifl e ke i L EHE - OH- Maidas SHXT VM Lit
K+ —3 (E 4b).

R4 78 KOH B LiOH /KW RS MUE, K+ BENEALEZ Br Ui H Lit ATk, BREK KT #
B2 (0.15 nm) FWH Zr*t K, BESAEAES 2ot g0 E 19 78 KOH /K% i il
BIEES:, BT KT WEFRBIE Lit K, EUBANEE, R T 52 MR OH- #EAE L
. mRATEMN OH- AR, AEAE/NEERHREMNERY KT, X OH P=AmIMY
BHERAN. RERE, £ KOH KEW @ mMAvEe R, SEANELER OH- HW7E LiOH KB
JERE RS D, WHER.
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