‘ _o0RD CENTER FILE
[ L ST DOCUMENT RO,
! (CLASSIFICATION )
i HEN L'
| GENERAL @D ELECTRIC Y
' MANFORD ATOMIC PRODUCTS OPERATION - RICHLAND, WASHINGTON cory W
ivie e R — -
September 23, 1950
ISSUING FILE
CLADTING OF ZIRCALOY CLAD URANIUM DIOYIDE FPUELS SY ACTOIC P
" T ~.J 13 !
FLUGRIYS SOLUTIONS C’RCULATN\G COPY
RECEIVED 300 AREA
; _AUTHOR- T T = C:T2~1 1960
Reiun 1Q
’.o ™ aness TEZrn.ey ”‘FQP-HAT‘()N Fites
i — ‘—‘—_.__._-u“m‘." 2]
B RouTE TO R PA:-ROI._FLF NG . :;CATION , F'L%“"A:SUTE T SIGNATURE AND DATE
| / H - :) - l 3 i, "
i» ..... //)‘/ :_,/(( 4 ‘l", 4 /. é ) ot g {)"/l -
! T - R |
| - [
i
- _ R b
i = :
:; e e "
] v Y S .
|
__ _ e | » .
N - o e — ‘“"““‘H’e'vi'ewe&'aﬂé"immm/‘eﬁ:i}““"“‘*““
; . : : the No
s blic Release by
‘ e e D D e — PNNLADD
;2170 _Dale
b e
e e - - _
| |
[ B —
I
|

4000~ 030 1956

) E A0 M AND WK

TOQ BE

USED ON UNCLASSIFIED AND OFFICIAL

USE ONLY DOCUMENTS




"INCLASSIFIED HW-6688L
. G J. ARire 13. R. F. Maness
2. F. %, Burn: 4. D. W, Pearce
3. V. R, Ccerer . 15. A. M, Platt
4. J. B. Fecht 16, W. H. Reas
s ¢ B. Foster 179 H. P. Shaw
€. R. G. Getler 18. R. J. Sloat
7. C. T. Greswith 19. R. E. Tomlinson
8. K. M. Harmon 2C. M. T. Walling
G. M. K. Harmon 2l. 300 Files
:0. E. H. Horkins, Jr. 22. Records Center?:.T.
“i. 0, F. Hin: 23-33. Extra
2. B PR, Judson

oo ledey-

DECLADDING OF ZIRCALCY CLAD URANIUM DIOXIDE FUELS
BY ACICIC FLUCRIDE SOLUTION3

By
. F. Meness

Deve!cumen< and Corrosion Chemistry
Chezical Develooment Operation
Chemical Research and Development
Hanford Laboretories Operation

September 23, 1960

HANFORD ATOMIC PRODUCTS OPERATION

RICHLAND, WABHINGTON

GENERAL@ ELECTRIC

UNCLASSIFIED



G4 - 4000 - 366

o
®

O BIANFORD ATOMIC PRODUCTS OPERATION
() RICHLAND. WASHINGTON

PRELIMINARY REPORT

"This report was prepared only for use within General Electric Company in the
course of work under Atomic Energy Commission Contract W-31-109-Eng-52. Any
views or opinions expressed in the report are those of the authors only.”

LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither the United States,
nor the Commission, nor any person acting on behalf of the Commission:

A.  Makes any warranty or representation, express or implied, with respect to the accuracy, com-
pleteness, or usefulness of the information contained in this report, or that the use of any informotion,
apparatus, method, or process disclosed in this report may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from the use of
any information, apparatus, method, or process disclosed in this report,

As used in the above, “person acting or: behalf of the Commission” includes any employee or
contractor of the Commission ta the extent that such employee or contractor prepares, handles or distrib-
utes, or provides access to, any information pursuant to his employment or contract with the Commission.
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DECLADDIN: OF ZIRCALOY CLAD URANIUM DIOXIDE FUELS
BY ACIDIC FLUORIDE SOLUTIONS

1. Introduction

Current processes for dissolving Zircaloy cladding include neutral fluoride
soluti??i (NHhF - NEhNO3) for preferentially decladding uranium or uranium dicxide
fuels, and acid fluorid?ziolutions far total dissolution of such fuels as
Zircaloy clad U-Zr alloys. An acidic fluoride dissolution system which

would preferentially remove Zircaloy cladding fr-m uranium or uranium dioxide
fuels would avoid the problem of amrmonia removal associated with the Zirflex
Process. This report summarizes exnerimental work which show the feasi-

tility of the latter @fproach,

II  Summary and Conclusions

(@]

tisfactory Zircaioy dissolution vatezy relatively low container cerrosion
ates, #nd low loss of uranium dicxide to the decladding solution may be
obtained with a dec.adding soluticn containing hydrofluoric acid and low
ccncentrations of nitric acidE The nitric acid eddition (made to dissolve tin
cresent in Zircaloys) may be made subseguent to decladding. The latter
technique is preferavle from the zorrosion standpoint. The heat of dissolution
iz sufficient to maintain a high Zircaloy dissolution rate. No applied heat
b UTuEboaly Ul des.lablgd)

&) @
1IX% Exverimental and Discussidn

Sati

A ZircaloﬁaDissolutigé o

Considerable data ere available . . the rate and mechanism of the dissolution o
fob ¥ reactor{grg e zirconium in hycroflucric and nitric-nydrofluoric acid
solutions, 7! [ne zirconium dissolution rate has been shown to be directly
creoportional to the un-ionized hydrofluoric acid concentration. For a given
un-ionized hydrofiuoriz acid czoncentration the rate 1s independent of the

HF5, H*, F7, or NO§ concentratiorn over a wide range. The diffusion of
un-lonized hydroflloric acid from the bulk solution through a diffusion

film to the solid surface is postulated as th?3310w step; the energy of

activation for this process,is 3.3 kecal/mole. Other reported activation
energles are -.4'*/) and 5.8'%/ k:al/mole.

Instantanecus di{s:0lution rates c¢ Zircaloy-2 determined in this investigation are
snown in Figure 1 as a function «f temperature and "free" fluoride ion concen-
tration {total fluoride - Lx di: olved Zircaloy; F-4Zy). Dpeviation from
-irearity may be due to ionizati-u of ZrF), (especially at temperatures near
toiling) which derreases the un--onized hydrofluoric acid concentration by
formation of HF5. The plot of = T vs log dissolution rate shown in Figure 2
‘ndicates an average apparent a:tivation energy of 6.1 kcal. The heat of

reaction was estimated to te 22 .000 cal/mole Zircaloy-2 in 0.25 M HNO3 -
2 M HF and 140,000 cal/mole in . M HF. N

)
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The avove data were obtained on unoxidized Zircaloy. Direct use of these
data to estimate dissolution time cycles for decladding Zircalcy-clad fuel
eiements is not possible because of the corrosicn resistant oxide film which
forms on tne elements during reactor operation. Dissolutions of oxidized
Zircaloy-ciad uranium dioxide pellets were made to simulate the decladding

of a spent fuel element. The pellets were about three inches long and sbout
one-half inch in diemeter. The uranium dioxide core was cled in 32 mil
Zircaloy-2 tubing. End caps were 1/4-inch plugs of Zircaloy-2, each of which
welghed about eight grams. The over-all camposition was about 55 g UO2

and 35 g Zircalloy-2 per pellet. Prior to use the pellets were etched“in
hydrofluoric acid and exposed for 22 hours to 1150 psi steam at 400 C. Some
pellets were given an additioral 48 hour exposure at 425 C in a commercial ®
argor. atmosphere. Solution temperature - time data for several dissolutions
are given in Flgures 3 and 4. All runs were made in & one-liter Hastelloy F
ot with no applied heat. In 0.25 M HNO, - 4 M HF, dissolution of steam
‘reated pellets cstarted immediately. Deéladdiﬁg was essentially complete in
‘rnree hours. In $.25 M HNO, - 3 M HF there was an induction period of atout
ore-half nour; about four hRAurs (total exposure) were required for complete
Zircaloy-2 dlssolution. Tke dissolution rate was prohibitively slow in

2.2 M - 2 M HF sclution. As shown in Figure 3 a higher maximum temperature
was aftainea, at constant fluoride concentraticn, when nitricz a>id wag
cresent during Zircaloy-2 dissolution because of the higher heat of reactio
Thgamaximum dissolution rate was independent of the presence of nitric acidg

o

Pellets given a L8-hou®) exposure at<gbs C in a commercial argon atmosphere
{last S-16 hours in air), 4n addition to the 72-hour exposure to 1150 DS
steam, required eight hours for complete decledding in 0.25 M ENO &

- M HF solution (see Figure 4). towever, decladding in 4 M HF so%ution

wBs complete in three hours 1if preceded by a ome-hour exposure to boiling
C.25 M HF. As shown in following sections of this report, the latter metho®

i: preferable from the standpoint of corrosion of nickel-base 2ontainer
raterials.

Two small coupons of Zircaloyeere available which had been exposed @o©363 C
water for 21 months. The oxide film on these specimens was comparable to that
focrmed on the pellets treated with both steam and air. An initiel fluoride

concentration of four mclar was required (at 25C) to penetrate the oxide
fiim et a reasonable rate.

Complete dissoclution of Zircaloy-2 in flucride solutions requires a
F/Zy mole ratio of about five.

At lower ratios Zircaloy-2 cycled between
& rassive and an active condition during the final portion of the dissolution.
The dissolution rate increased with increasing agitation of the s?iytion.
«uantitative data on this effect are available in the literature.

An off-gas analysis taken rear the mid-point of a Zircaloy-2 dissolution run
in $.25 M HNO. - 2 M HF solution gave the fcllowing composition: N, - 13.3 v/o,
Hy - 74.6 v/o7 NO -72.3 v/o, and N20 - 8.8 v/o. 1Incre s}ng the ritric acid
concentration reduces the amount of hydrogen produced.!?2

O
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B. Uranium Dicxide Core Loss C

Urerium dioxide ccre losses during decladding w@re estimated by exvosing
smell and large (one pound) guantities of unclad sintered U0y pellets to
cidic fluoride decladding solutions. Typical data obtained by exposing
sicgle unclad sintered U0, pellets (previously etched im nitric acid) to
toiling acid fluoride solutions are given in Table Ig Experiments with
ucetched pellets gave somewhat lower but erratic waste loss data.

Table @
aple @

@ran®r ®oss ®o Acid Fluoride Decladding SE®@®ions -
) _ intered UO» Pellets

RS

©®:®ponsg Excostires of 20 @ 180 mis ®o ol lig® sclu®ions
contaiged dw @cflion.

Lo CeS M INC,e 2 M HEj OubC ™ 2Zr &

2y OaRS M HNCus 2 M HF; Oule M ze 810

@ 0225 M HNOyg 3 M HF o 5L

: e T o~ R e B > T ST s & 9

[SLCON ™) g HFg .32 3)& Qa0

rese da®e :now @ne® ®he uraniu- 1055 §s Righl® devcpet® 4Bl Che e
acid cententra®iong @@ Run © (Featle '®) sulfami® acig wad added sut e juent &
dissoluticn of tze zirconiumg Runs withy similed® solu®fons in whicr sulfamic
ecid was sdded rric®@®c zirscrium dissclution resulted iQ @gncgease: rath
(?\J:.an‘ deiregsed amsle lossesy The effects of ®rea add3®yoms vege .mileg®
®: ®nose cohrtalned with s®llange scidg

Exverimer®s siz:la®®@o @hose discussed above were made @ith one -.upd tdfches

c? sintered uranium dioxide rei.etsg About ten weight @ercent o7 the 10

=a&s rresect as Tines pgoduced from grain fall@out after exposure ¥c nitrg-:
2ide Exocsure teriods varied from one to three hours@ Errati: data were
ained from ¢hese experimen®s with uranium losses varying fro- 0.02 ®o

w/o cer pour of exposure ®c boiling O@R5 %ENO@ 2 éHF@ ¢ méZy.

]
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“ranium dioxide loss deé¥a obtained from experiments ®hich si- ated ®he

[T
[17IRS }

i ‘
cledding ~§ sten¥ Buel element; (see @igures é and &) are - ven iw Jable &



BW-66884

Page L4
Table II
Uranium ®csses During Acid Fluoride Decladding
. Of Zircaloy Clad Uranium Dioxide Pellets .
- ®
@B\‘mitial Solution@ EXT® Time@@rg Max Temp m.,_@\g" @%@3&%
C.25 M HNO; @d @ E® L} EC) 8016
S.25 M HNO, =A@ H® ® &9 ©:06
- I "“"" ), 'é) " 3 oy (.
CaRt M ENOg o 2 WEP & @ 0058
- o

\( ) Soluelon male 5% ¥ ®n HNO, oneeh- .f hou® p!!ogsgo Cernina®ion 8¢ Fune
-(2) 3clution buttedgto CepS M BNC., @ C@! M NH_SO.B ! ®ins cggor €o
i@"brminatio;g, @& rurng; =3 =273

n -

i

{

_;

1ese date indicate ¥ow uranium Yos@@®o the deciadding solugton 4w cb¥aineg
irresvective of the method of nitric acid additicng Nitric acid consumptio;

scrarently nearly comriete before a signigicant amound cf the '?;?Qa_ Sese
excosed ®o the decladding solutiong =

L T S
47}

ur

The attack ¢® acig fluoride decladding solution on metalife #Sanium @5 Peld®ivelP
razides A rate of 20 mg;”cme- hr was determined (via weight Yoss) in a one®
hour exposure of gngot uranium ®o @oiling 0e2S é)HNOé -8 $HF 90 & M &P

an~> 1
sclution.

— e

. Gorrosiom

The corrosivity of acid fluoride decladding solution @®re®Pudes 304a@® s®ainless
stzel as a material of constructiong Vacuum-melted nickel-base alloys were
investigated and found to be sufficiently corrosion resistantg @Ghe composi®
®:ions cf allqys gnvestigated are shown inm Table Il

Table II%

ggginal Composition of Candidate Alloyé

Weight Percent
o Aoy . = ~Fe_ Mo T 0 T1 o -
- s—e — —) @-—e@ —_— —
Hastelloy Fa) b5 22 bal (& @® .02 ® 2
HAPO Nc. 4 (a) 45 22 bal 6 ® @02 1® ®
HAPC No. 119 45 22 bal 6® 2 .02 1 ®
HAPO No. 20 50 25 bal 6 1 .02 1 -

(a) These are experimental alloys small heats of which were prepared
at Ba-*ei.e Memorial Institute.

)
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Corrosion rates for alloy HAPO No. 11 inmn 0.25 M HNO; - 2 snd-3 MEF as a
functicn of temperature are given in Figure 5. The desirability of limiting
the temperature of the iritial solution to SO C or less is apparent. The
corrosivity of decladding solution containing dissolved Zircaloy as a function
of free fluoride concentratiom (F - 4 Zy) at 75 C and at the boiling voint

is given in Figure 6. The corrosivity decreases markedly with decreasing

free fluoride concenirationg especially at boiling temperatures.

®orrosion rates determined in runs simulating the decladding of sper® fuel
elements are gigen in Table F¥e

%)

¢

Table W
i@brrosiog}%@‘a Obtained During ®ecid Fluoride Decladdin®

———— Of_Zircaloy Clad Urenium Dioxide _._ ___
A ————— F—

P
Sores., RePey Mi_: Mo.
Terminal Alloy

wbidial scldion ¥axg Tempp & /2y ©E'@g L =

c.es%mv% @@%H" 5@3 &® 5.9 .3
C.25 M HNO; @ 3 WE® » 80 &0 Cef ®a® .7
©BRaogw R @ S SN RRC
CF8: ) o LEC @ ©% f.u
® X BF® 3 73 @2 %w 0@ .2

*Preceded by one-hour exposure ®c boiling 0.25 M HRg)
Corrosion rate is for tota. eXposureg)

From the corrosion standpointg the or:imum operating procedure is to declad

in hydrofluoric acid onlyp Nitric ac:d is added subseguent t- decladding to
issolve ting)

Corrosion attack on the nickel-base alloys by acid flucride decladding solution
largely general with socme intergranular attack. Weldments of the HAPO mlloys
were not preferentiall: sttacked. Hestelloy F weldments exhibited some
ve2ferential attack ir the weld meta. and in the sensitized area adjacent to the
~eld. No heat trensfer surfaces are required during de:ladding since sufficlent

feat tc maintain rapid Zircsloy dissclution is supplied by tne heat of reaction.

(¥
n

The free fluoride concentration in s-ent declalding sciution is low. However,
eny fluoride carried from th= deciadiing to the core dissolution ster should be

cmplexed with excess AlL(III; prior -o core dissolution to minimize corrosion of the
iszclver.

[Prp]
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FIGURE 1
i ®hstantaneous Dissolution Rates of Zircaloy
Effect of Temperature and "Free" Flouride Concentration
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FIGURE 5

‘©orrosivity of Acid Flouride Solution.

Effect of Tempenature
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FIGURE 6
Corrositivity of Acid Flouride Solution
Effect of "Free" Flouride Concentration
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