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Abstract

The dissolution rate and the corrosion potential of zirconium were measured in
aqueous solutions of ammonium fluoride and hydrofluoric acid at 30°C. The dissolution
was rapid and uniform in both solutions, and the rate increased remarkably with the
increase in concentrations of the solutions. In the case of ammonium fluoride solution,
the pH of the solution also showed an influence on the dissolution rate. The dissolution
rate may be closely connected with the concentration of hydrogen fluoride existing in the
form of neutral molecules in the solutions. In a thermodynamical sense, the depassivation
by fluorides may be attributed to the formation of soluble fluoro-zirconium complexes.
However, in order to explain the highly aggresive attack of fluorides on zirconium, certain
dissolution mechanisms, in which the molecular HF or other fluoro-compounds can take
a share of their contribution, must be assumed.
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Fig. 2. Circuit for measurement of electric
// resistance of corrosion test specimen.
) A; battery, B; switch, C; Zr wire specimen,
Zr specimen i
D; microvoltmeter, E; recorder, F; standard
Fig. 1. Schematic illustration of resistance.

measuring cell.
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Fig. 3. (a) An example of time variation of resistance of test
specimen corroded in hydrofluoric acid.
(b) Analysis of result shown in Fig. 3(a).
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Fig. 4. Influence of pH on dissolution Fig. 5. Relationship between dissolution
rate of zirconium in NHF solution rate and concentration of NHF at

at 30°C. variou pH (30°C).
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Fig. 6. Reflected electron diffraction Fig. 7. Influence of pH on corrosion
pattern of zirconium surface cor- potential of zirconium in ammo-
roded in 10 M NH4F solution nium flouride solution at 30°C.
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Fig. 8. Relationship between dissolution Fig. 9. Influence of concentration on
rate of zirconium and concentration corrosion potential of zirconium in
of hydrofluoric acid (at 30°C). hydrofluoric acid at 30°C.

a; without stirring, b; with stirring.
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Fig. 11. Zirconium surfaces corroded in NH,EF solution. (X600)

(a) Surface covered by hydride.
(b) Surface after removal of hydride.

BfEwrRELLTIRE Fig.llbo X 51, H—REMIPTHRTV%5, RRECI-T
Tl THIERABEZ S,

HEMNEDOMN TR A K AR LR ) 2F L oSO v —h it L, BTk
CHHED LB L, XHCEOOHEE CHEDE KD AHIEI L, 7 oo — & b THRLE
L, TOMERABZTNA v Tkt XBEEHFEIT, Tablel o X 5 2 BIFTHR 2 8572,
ASTM &t & DHIEIC X »C, Yra=9sDKEY ZrH Fi12ZrH,) 0b D :—FT5
kDD, BARBSBEM SRS X5 B &, COROMAFYE LIS
BT Enbiots,

Table 1. Lattice spacings of black powder found on zirconium cor-

roded in NHyF solution (X-ray diffraction patterns were
obtained by the Debye-Scherrer method; see also Fig. 10a).

obs. ZeH* (600°C) ZrHy** (600°C)

dA 1L d A hkl /L d Ahkl 1L
2.747 st 2.75(111) 100 2.76 (111) 100
2.475 st 2.48(002) 50 2.45 (200) 60
2.233 m 2.38 (200) 60 2.29(002) 30
1.762 m 1.74 (220) 50
1.670 st 1.69 (220) 60 1.67(202) 60
1.484 st 1.48(113) 10 1.47(311) 60
1.40 (113) 20

1.393 st 1.38 (222) 50 1.39(222) 30
1.23 (400) 10

1.149 m 1.19 (400) 10 1.12(331) 50
1.101 m 1.10(331) 60 1.10 (420) 30
1.081 st 1.07 (402) 60 1.09(313) 60
1.08 (402) 20

1.027 m 1.04 (204) 20
1.006 st 0.99 (422) 60

*  ASTM-8-211; ap 4.76, co 4.96.
** ASTM-8-282; ag 4.58, ¢y 4.90.
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(a) (b) (e)
Fig. 12. Electron micrographs of Zr corroded in HF solutions. (X6000)
(a) 0.4M HF, (b) 10 MHF, (c) 0.4 MHF+1M HNO;.
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RETARIGHIEID 5%, WTFROPEEN S - & S EETH DD, FofEBRIC/c b IC X
T, HEHMIE AT TEZ ST TEERD S,
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PH15 O Mo LT 1L F — 2B T 5, 7 o bKFEBRABRCKE TR IM U ToOBEE
WEO Lk, IMBECREED 2 LCENT 5, BEOTE/BER T, R
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Table 2. Stability constants of fluoro-zirconate complexes

log K; 5.80 5.96
log K, 4.32 4.54
log K3 2.70 2.83
log K} 1.83
log K5 1.51
log K 0.86

ref. 14) 15) 16)

[ZrF 4™+ [H]

‘‘ LY

Ko = 12757 |HF]

a) 1Mo EF s & 1 RO -0

1) =Zrit+4e” ; Eg=— 1.539+0.0148 log [Zr*+]

2) Zr+HF = ZrF* +H" +4e™ ; Ey = — 1.672—0.0148 log [F 1+0.0148 log [ZrF3*]

3) Zr+2HF = ZrF2r+2H" +4e™ ; Ey = — 1.783—0.0296 log [F7]40.0148 log [ZrF%*]

4) Zr+3HF = ZtF, +3H" +4e~ ; Ey = — 1.872—0.0443 log [F14+0.0148 log [ZrF, ]

5) Zr-+4HF = ZrF,+4H" +4e™ ; E, = — 1.946—0.0591 log [F ']140.0148 log [ZrF,]

6) Zr+5HF = ZrF; +5H" +4e ; B, = — 2.014—0.0739 log [F140.0148 log [ZrF; |
)

3

Zr+6HF = ZrF2-+6H" +4e~ ; Ey= — 2.072—0.0887 log [F140.0148 log [ZrF2")
b) 2 [ HHE O P
8) Zr+2H,0 =ZrO,+4H" +4e” ; E, = — 1.553—0.0591 pH
¢) 7w m ek LI D o i
9) ZrO,+4H' +6F = ZrFi +2H,0 ; log [ZrF2] = 82.26—4 pH+6 log [F ]
d) 2 EAEALSE M o P fE, ZeFE™t +HF =ZrFi-m++H'
10) log <[Zr4+]/[ZrF3+]> = — 5.80— pH —log [HF]
11) log ( sz3+]/[sz2+]) = — 4.32— pH—log [HF]
1og( [ZrFZ+)/[ZeF) ] >—-—2.83—pH—log [HF]
(

log ([Z+F:1/Z1F,] >=—1.83—pH—1og [HF]
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14) log ([ZF,J/(ZtF;]) =~ 1.51— pH—log [HF]
15) log ([sz; ]/[szg~]) = — 0.86—pH—log [HF]

ek, 7 v LKRFEBRIBETHHDOT, TOMPEERLEBTANTS S,
H'+F =HF; log [HF] = 3.17—pH+log [F]
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