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Corrosion of Zircaloy-2 and 4 in High Temperature
and High Pressure Boiling Water and Steam

Y

Summary

Two kinds of Zircaloy-2 and one kind of Zircaloy-4 were corroded in 280°C
, boiling water and 400°C steam at pressure 64kg/cm? G.

Remarkable corrosion was observed where a stringer was located, and the
corrosion was larger in the flowing condition of water or steam than in the
stagnant. Further, it was increased with increasing oxygen content of the
water or steam.

By the weight gain-time curves for the three kinds of specimens, it was in-
dicated that the difference in weight gain was caused by the difference in the
reaction rate constants of the different specimens, although the time depen-
dency of weight gain was constant. The difference in the reaction rate con-
stant was considered as due to the morphological difference of the corroded
specimen surfaces, by the impedance measurment and optical-and electron-

microscopic observation of the surface oxide films of the specimens.
Aug., 1966

Sueo Nomura, Nosoru Ito
Division of Japan Material Testing Reactor
Tokai Research Establishment, Japan Atomic Energy Research Institute
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Fig.1 Schematic diagram of experimental apparatus

Taste 1 Chemical composition of samples

1 Sn ’ Fe Cr ‘ Ni

N‘O[H c | z

Zry-2 () l 1.400 } 0.119 | o0.122 ‘ 0.063 j"b.oozl | 0.0752 | 0.002 | 0.002 Bal,

Zry-2(®) | 1.470 )0.136 ’0.106 ‘0.055 ]0.0052 0.107 | 0.0009 ) 0.0027 | Bal

Zry-4 1,450 ‘ 0.145 \ 0.110 | 0.002 | 0.002 | 0.067 [ 0.0019 | 0.008 Bal.
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Fig. 2 Corrosion of Zry-2 (A) and Zry-4 at various
position in boiler at 280°C, 64 kg/cm? G
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Fig. 3 Corrosion of Zry-2 (4) in flowing boiling
water and stagnant pressurized water
at 280°C, Ca 64kg/cm? G
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Fig. 4 Corrosion of Zry-2 (a) in flowing steam
and stagnant steam at 400°C, Ca 64kg/

cm? G
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Fig. 5 Corrosion of Zry-2(a), (B)and Zry-4 in dowing
boiling water (<0.02ppm O,) at 280°C, 64

kg/cm? G
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Fig. 6 Corrosion of Zry-2(a) and Zry-4 in flowing
steam at 400°C, 64 kg/cm? G
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Fig. 7 Corrosion penetration in Zircaloys in high
pressure flowing steam at 400°C, 64kg/cm?
G



4 i ERBEAR, KEECIsorrnl 0BR

b, ORI TCIEAAL FE ZrFe;, #HoWFh
NDENZERBBRCRELSFLET 503 L » T i
< BIZUN D v A OHE B IEEE T 2 B 2 £ A
F23d 5L, ZrFe, Z oMy TairH L w2 L ik kg
BhbbEX SN, Photo. 3HZHEZRLTVZDT
THhOPRTHEPEHOP,ICTIZ LT 8 L v,
Fig.7 X Photo. 2 DK BIEHE R 2 KBMICE LT
LOT, PVhuAf-200) TRESEOIEE L, U
NiwA-4 T EE2HEORPBARS S B b,
ThHuL-20BF T NVIu -4 X0, o
DFEF L Photo. 2, 4 DFEREHHTE 25 L, ZrFe,
DESLHBENED PHENZ LV DA ng-2
QEINIRA-4DFRDENKRECDOT RPEEL
BT Z0RL LA EA FThAH LEbR%. Photo
S, 6RFY v A-20@0), B % 400°C OAEKH T
BRELEEOXREO 2B VY HiEC & 2 BT EMES
BT, WeBIFhBAEVEZAZLLT, wFhih
LOBVCERET DY 2 BT TR & P ic B L
DERBRON, ThhHEHTHFHEL TV L HBO)DH
BB E DI ORERLRLRL L bEL TRE DTN
MOECESTHS.

3.4 XEBLEOS . E—¥ . XAF

BRRAREOBILIES “Bh” Ok wFiTiR= v 7
V-t A LEARCE, CoBEOERERCE
&R di L oz kEr LT 5*.

C=cAldrnd; (2)
TelEU e BALIEOFERS, A REH*LT5. L
7o TH LB C BRSO R — S nd 5L C
BREVEZRLTEBI Y OIS VWEE  (Zhe
ZMRE effective thickness? LIELRZ L43dh3) 2 &
5. ThilR, BILIKEY— L&z TEREM» 55k
MR dw & C 0EW» & BIHEE di & 1¥—8Th
LB Bh o vwi—hbol £2 T, E7-
dw H di XY b REWERLERELSRE—BS NS

{CHin-REE boZ Lz s, 280°C RS T
Fdw & di i Fig8 iIZABNL XL HIEhY L —%
T 525, 400°C DBAICIE Fig.® 0k 5 iclFEO—t
B, B HEBIKERP I L 5 RESEN B LR
5. 4, BItBEO®ER S ¥+ 5 L EREM A Wimg/
dm?® L ofliciz

dw =3.85 x 10-5 A W/S (3)
7212 1L3.85=2Zr0:/02, S % Zr0O; o (g/cmd), #*

* i 1KC kit s C OfEixvEs.

HORBERE L CTR VWD,

B KEBE U CARREBOL. SEh LR L <5
ZHRTHBY.

JAERL 1116

BOLT 5. fE-TLC L AW R LT uy bt
&, dw=di 7553 UTEEORAE B Y B R
1.54x1047/e, A. S D—EEEZFOEHIC D B Z L H3(2)
LR HEMPND., Fig.10 ZEENF—F 57 uy b L
72 b 0 T280°C OFERMA Tix Lo MRS T 5 25,
400°C DFILAEEHF OERRAA TR Z A LB EEATE
BFEREBLEVCEBE LY, FE»DOXL L IERFF
HREEE S HCRENE L RE L, T804 4
ZURDEEFA M) Vv F—RbovidRAD (Eh)
DREZMSHRLL k5. HBKKKPOBERA CIk
bIERFE TR 2R, 1/C & AW oic Bk
REFEAZO V. ZhiRERVECHE N GEh)
DR L I FE L e Z L ERB L, Photo. 5, 6 @
BRLINEZFL TV,

YA rA-20@0), B)izovT400°C DOREIAKES
PCOERMNE S 5 ICFEHICIFBIIIC B BF L 7o
Fig- 11 ¢, A W=50mg/dm? DL & i i ik A
BHLNDB. ZOEEEIT—HMEIC rate transition &
whbh, YvheA AT IHAOKREVIIEEL &
> TV 5%, ZhbDFRERATIC2vT 102~104c/s D JF
BECBILEDO A v E—F 22 EL, EHK R LE
[ER C 2RwH, SRRt b b ERED
iz 10:C/S izisiF % R L 103C/S ic k133 C X v (2)
REACCRD K di L6 Ridi 8O, Zhik
BRBREORIEN 50 L, —F Rldw 3ER(bE
DEENLEESE D bbb, 2 CRIEARI T OB
BRAFICOVCTORBEAMEHRE L "R+ 3 &
Fig.12, B DX 5k, REKKZFTOBEBRRAA Tz
TEE rate transition 3% b bh 358 T Rid Al
WAL, —F rate transition EJE i vEIEAK
KFDOBRAAI TR IO LS hAERAONAE Y. Z0
Z ki rate transition RICER{LIE B (R0 BEL MG A
RCESZF e d 5 i BLEOBE BN S -7 -
LETRRL TS, WEHOBEADOEITICES ZrR
HoOONVHuA-B) LY bA)THEL, FTh—ic@n
FHB LY bECEZRTEHIARITH 5. £eTH8
KRLTAER—ETHDHRE oW Rdw oFH
Ridi X 0 b RE LI —EiE%E FT 0’ 2h b ofbiE
DIEVIPBERERD LR b 2 GBI 720 1 ikfE+
50TRKEL, LA bulky ZHWMLLED kO
B ET 22 L2 RRT500THSS.

400°C DAREIC L 2EBEVES, X0 n i3iF
0.5 123V 0 T S ¥ O 72 I sE v RIS ©
&5 & LT C. Wacner DOBERILORD & iz
2 THDBE, Waener OBEBRILICEVCTEEREH
B, BIUEEFERE Kk (22 CaAER) 2RE
BAIBEBMERL LCRIUEREE L, BILEORES
BRER I CE#RTX L LTRKRE 270,

I=E/Re+Ri=E«A-kenp(nctny)/y {4)



JAERI 1116 3. IR L BE 5

—o— Flowing(8ppmO. 280°C 64kg/em?G)
——4—— Flowing(<0.02ppm0 , 280°C 64kg/cm?G )
——0—— Static (Autoclave 280°C 65kg/em?G)

0.8l Calculated by the capacity measurment| Calculated from the weight gain o
of oxide film o
O —
0.6 - -
= o / /g
@ B /// i o
2 /8 A U/
'_;) 0.4 [} / B [
"E A A/O
E N7 -/ /9
I
0.2

0 » 10 20 30 10 20 30
Corrosion time (days) :

Fig. 8 Comparison of calculated oxide filom thickness obtained by the two different methods
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Fig. 11 Corrosion of Zry-2 (A) and Zry-2 (B) in flo-
wing steam at 400°C, 64kg/cm? G
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Fig- 13 Change of specific resistance of gross oxi-
de film
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Zircaloy 2 Zircaloy-4

Photo. 1 Surface views of Zircaloy specimens corroded in steam at 400°C for 14 days

Zircaloy-2 (B) 63 days

S St

Zircaloy—v 4 k51 déys

Photo. 2 Micrographs of cross scctions of corroded specimens in steam at 400°C
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Zircaloy-2 (a) Zircaloy-2 (B)
Photo. 3 X-ray-microanalyses of Zircaloy-2 surfaces

Zry-2 (8) - Zry-4
Photo. 4 Distribution of ZrFe, compound on Zircaloy specimens
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Original 2 days 20 days

Photo. 5 Electron micrographs of Zry-2 () specimens corroded in steam at 400C, 64 kg/cm? G

Original h . 2 days 14 days 20 days

Photo. 6 Electron micrographs of Zry-2 (B) specimens corroded in steam at 400°C
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