JAERI-M
82-005

S TBmiLI N YL E A R
KT 5 R RS AL K

1982%3H

ARIBEE - HHIMER

B & B F H W R M
Japan Atomic Energy Research Institute



i
== T

JAERIM U A= R 1E, B K A3 s I AT L T 2 a2
AFOMA b, BB ST S SR R (T o101 Sl R AL
At) T, BRI S n, 405, ZollA i nwimAE T L e - v —

CT3I9 11 RS TR S B R T A RPN T G

Hio L AEREAI A B A

E
s
B FES .
JAERLM reports are mssued irregulariy. _
Inquiries about availability of the reports should be addressed to Information Seetion, Divisiot

of Technical Information, Japan Atomic Lrergy Researcn Institute, Tokabmura, Naka-gon
[baraki-ken  319-11, Japan.
(C Japan Atomic Lnergy Research Institute, 1982

e 2 S FEAT HOAJE T3 67T A
EN L A A RS E T




JAERTM 82-005

SR THE S Y v o4 E LicER T S ERER LR

FI A B F B0 U BT 25 A
KIS A - HH EE

(1982 1H29HZH

AP HBEEEE Yvn o4 —4%2 1000 CHBLU 105 0°CT, KER-KRES A A
e b E ¥, HICAERS o BEE ORIk oL TXEREIEIC & - T~
HEFEICRRE T AOHBICE - T, 2HEORILE, N5, BRE Z2r0, HokiHEE LU
BLE « FA& 210, £Z2r0 D ORAEBOBESENRS L. BEORIESERENL5E
OBALEE L, BRI - T 508, SBBILEDEEICE, BIOMMICH TEMAICE -
Tw%oiﬁ,gﬁﬁﬂﬁﬁﬁﬁén%ﬁ,9wﬁm4$K@%%®*$ﬁ@ﬂéﬂfbéo%%@
Befbimiz, BEALETHEME ZrO. , PEITRBEMBLEAD Zr0, , £ LTRILE LS & OfE
T3 ZrO & - THRENTV S, EAR ZrO, BB LS Hn & T AR Zr0, ~&&ZkL
THBHTELEDLNT,

+ T



JAERI-M B82-005

Layer structures of oxide scales on zircaloy-4 tube

exposed to steam-hydrogen mixture at high temperatures
Haruhiko MOTOHASHI and Teruo FURUTA"

Division of Physics,
Tokai Research Establishment, JAERI

(Received January 29, 1582}

We have conducted oxidation experiments for zircaloy-4 tube in a mixed
gas of steam and hydrogen at 1000 and 1050°C, and then made x-ray diffraction
study for the oxide scales to determine the characteristics of products.

It has been found that two different scales exist in the specimen de-
pending on the composition of the mixed gas ; one has single-layer structure
composed of the monoclinic ZrO2 phase and the other has the multi-layer stru-
ture composed of the monoclinic Zr02 phase at the surface, of the monoclinic
and tetragonal Zr02 phase at the intermediate range and of the Zr0 phase at
the scale-metal interface of the specimen. The oxidation of the specimen with
single-layer follows the parabolic rate law for an exposure time, whereas that
with multi-layer follows the linear rate law during the initial oxidation pro-
cess. In the specimen with multi-layer, the tetragonal Zr02 phase is found to
transfer to the monoclinic phase with increasing the exposure time.

Keywords : Zircaloy-4, Oxidation, Steam-Hydrogen Mixture, Zirconia,
High Temperature, X-ray Diffraction, Crystal Structure,
Layer Structure, Moncclinic Phase, Tetragonal Phase, Zr0,

Oxidation Rate.
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Fig. 2 Hydrbgen concentration as a functio:n of time.l
Steam:1.dml/min., Hydrogen:(A:1l.0ml/min.,  B:0.6ml/min.)
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DIFFRACTION ANGLES ( DEGREE }

Change of x-ray diffraction patterns of oxide scales on
zircaloy at different oxidation time in a mixed gas cf steanm

(3.1ml/min.and l.4ml/min.} a&nd hydrogen, (}.6ml/min.) at 1000°C.
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Fig. 4 Fraction intensty fT cf tetragonal Zro2 in oxide scales as &

function of time,

Steam: (A:1.4ml/min., B:3.lml/min.) and Evdrogen: (open marks:-

o.6ml/min.,Filled marks:l.0ml/min.).



JAERI-M 82—-005

Oxide surface

e JR
— /R
—/R

{ um )

1 ! | ! ! —l ! ! —l | | ! ]

27 8 219 X 31 2 B H B H T B ¥ W
DIFFRACTION ANGLES ( DEGREE )
Fig. 5 X-ray diffraction patterns as a function of respective depth
in oxide scales.
Steam,l.4ml/min., Hydrogen,0.émli/min., Temperature, 1GG0°C

Time, 20min.
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Fig. 6 Relative intensty as a function of respective depth of oxide scales
Steam:1.4ml/min., Hydregen:0.6mi/min., Temperature:1000°C,

Time:20min.

(Relative intensty normalized by maximum intensty in respective

patterns.)
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