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Abstract

Zirconium can effectively reduce the oxidation rate of the cladding under water loss accidents and
improve the safety margin of the reactor. In this work, zirconium coating on Zirconium-Niobium al-
loy substrate was obtained by direct current, single pulse and double pulse electrodeposition
methods from FLINAK-K,ZrF¢ molten salt. The crystal structure, microstructure, thickness of the
coatings and the adhesive strength between the coatings and Zirconium-Niobium alloy substrate
were investigated by XRD, SEM and scratch test techniques. The results show that the pure zir-
conium coating with hexagonal crystal structure can be obtained on the zirconium-niobium al-
loy substrate by both of direct current, single pulse and bidirectional pulse electrodeposition
three methods. Zirconium coating obtained by direct current deposition has a large surface po-
rosity, and the zirconium grains preferentially grow along the (110) direction. While the zirco-
nium coating obtained by pulse electrodeposition is more compact, the zirconium grains pre-
ferentially grow along the (002) direction. The zirconium coating obtained by bidirectional
pulse electrodeposition has the highest hardness value of 855 HV, and the bonding strength
between zirconium coating and zirconium-niobium alloy substrate presents the highest value of
35N.
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1. 5|8

FEAPJ AP ACEA TR E D 21 D, REIEAIIE K D AR 2 NI 2, BElC 2N
2t ERA RN R . RN DA AR 2 2R, TR RERAAELAT(1] (2] [3]. AERATH
W AL WMEEESESNA, REERERRC —, WUTARY4], SRR AR R,
T 270 JIMARAERE . 224t i BRI IR S, o FERZ SN HE, AZ SRR R A HE 3 #H — 24
JERIR, BB T BORM T E R R N HE R B AER], B DMREFIREEAR, R —
SE SR ANAIEE [ SRR LR ANA T, AR AN SZ 7 NI 1k, 8 S} o (K238 7= )
LTS v KNFRI[5]. SRTT H AT IS B & B B MUK 2R & R A S A R BB TOR B UG, 3
PORLCAE SRR, 5 SDEE RS0, KA EIFCRERIR, A KBRS K FH T B5e i e
R, A AN RN G2 A /K S 00 R AN AL 58 ) BRI THIR » R AR OR D0 e I HE Y 22 AR (7] (8] [9] [10]
REFERK N RGN IR, AR olcsim /b, Rk, FUBn TrERess. R as e
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TR, 5 A e e B R RER I LS, IR Bl A R TR B PR RE(11]. £ 57 RE Tl
EREA NIRRT R SRS AT R ] TR N HE A, X T A% Lk A% RE . %30 I
R % AR B I R B AT AR A A Tl PR ] Kool i il 4121, SRIMIZ T i
APERCRAR, AR E B BRI FFC L2847 A8 U A R ARAF SRR [ 131, MR BEREAT AL b
AP N T FEARA, AR AR R R A T2 & 8™ iR B s, (HRMCRIIAA
ECEAR . H A5 8RR R R SRS R I % — RECE B & RE . FE 1995 38 A L S(GE,
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R E AR Z 2 RO RS AEE I NPUKRAEMEE ), JFREEZM PCLAEM, (HME— AR AR
i, VAR . i, Oy TR RESEAEE PCT AR T BOBREUN 71 B TR ASCO) I, 7 8
KL 7E AR TS IR 2 2 iy B 2 AR B N OO JBE SR A0 e MR IO RS 7 76 ik
TP e SRR B IR 2 BOR T RE R MR X — [ A RO& AR . EBRZE S BRI 3 Ui %
AU R ae R B L B IR R, RS F R Al e B, tesa ke, AR Rtk b B, A4
THEERTIR[14]. HAT, WF70E Q2R MRS s i TORU A & R AR T ) 26 R Al B R, (B AE iR &
SR ) 2 SUBS R R R WARGE, Rk, AT R AN R R GTAR 7 AR B o R ) % e R B R R
WEE 1 TR A B & R T L O & R 2R R 5

2. SEEMESTE

SEG rh s I BT B AL i B N e KRR o B KF (25 2 99.95%), LiF (265 : 99.95%) A1 NaF (4% :
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TE AR AT ZE /K i TERSAAH, 16 1023 KR, MIEEEHOIG 85 iR 2 TR TE B e & & 58k b %
B B HU R O 40 mA/em?, B[] K LR 1R I [ FRLIA HLUR S B A 40 mA/em®, A EEN
80%; X[ Fik e LI 5 1 [ LI FLIAE PR 5 2 O 40 mA/em?, (52 LECA 80%, R IAIFEIR LR B N 10
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it X B ATEF(XRD, Rigaku Indus-trial Co., Ltd., D/MAX-BB)Z)> M4k 14 /2 H0 AR 45 46 AL i A B ]
TR I 4 T R (SEM, JSM6480LV) R ALV I R IH T A MBI TEAS . K Image) B ATl &+
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7950 N/min, &FEG#Z N 5 mm/min. A% MM F 4E [HE (X (430SVD), #ifif 200 g, fRfi7 15s,
BC2HAE , BOCT AR 9 i 2 1 S ok 5
3. GRS S
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Figure 1. XRD patterns of zirconium coatings
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Figure 2. Surface SEM images of zirconium coatings obtained at different electrodeposition methods: (a) Direct
current; (b) Single pulse; (c) Bidirectional pulse
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Figure 3. Surface EDS analysis of zirconium coatings obtained at different elec-
trodeposition methods: (a) Direct current; (b) Single pulse; (c) Bidirectional pulse
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Figure 4. Cross-sectional SEM images of zirconium coatings obtained at different electro-
deposition methods: (a) Direct current; (b) Single pulse; (c) Bidirectional pulse
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Figure 5. Cross-sectional SEM image with EDS analysis of zirconium coating obtained at bidirectional pulse electrode-
position
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Figure 6. Average grain size and coating thickness of zirconium coatings obtained at dif-
ferent electrodeposition methods: (a) Direct current (b) Single pulse (c) Bidirectional pulse
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Figure 7. Original surface SEM images with processed images and porosity data of
zirconium coatings: (a) Direct current; (b) Single pulse; (c) Bidirectional pulse
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conium coatings obtained at three electrodeposition methods
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