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EEFECT. OF ZIRCONIUM JACKETED SLUGS
CCESS

ON zg REDOX PRUCES

ﬁex‘amnc Memorardum, "Effect of Zirconlum Clad Slugs
on Rxdox Ssparaticn®, to R. B. Richerds frong) o)
® E. A. Smith, fugust 3, 1950, ‘

In the refer=ance memorandva above, an inquiry@az made concerning

possible adversa aeffects on the Redox Separations provsess if Hanford Worke
,@umn‘mm slugs were clad with circonium instead of with alumim== gs af
pressnl., Lower orrosion rates of zirconium would help permat aigher

pile operating levels. The predent letter summarizes a survey of Froject

® literatire on the dissclution of zirconiwa metal, particularly with rafe
< e~ence to dissolving the above mentioned zirconium~clad 3lugs in prepars=-
tion of Redcx procaoss TAF feed. @

Recent work at Argomns Jalional Laho@ory and Knollas Atomic Powm-
laboratory on processes to recyver Uranivm Trom the Uranium-Zirconiwn
Suel elements Yo be used in the Nsval Reactor has indicated that thera
are two processes that could ¢rssibly@e adapted to dissolve ~irsoniun=
clad Hanford .type slugs. Conclusions regchked after a study of this work
are sumnarized below, » R o)
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SUMMARY AND_CONC: USIONS
& © © (®)
@1t i3 considered possible that eith@ the fiuosilic® #Md-nitric

acil or b7 hyldreflyoric acyg~altminum nitrate proces: forr digsolvir; the
zirconium cans migM bdo adaPled and used successfully ir the Pedox piint
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dissolving equipment as now dsaigned. Tha g additional equipment. pe~
mlﬁ\mv.W\MZW""\""\%““”"‘;H". - MFW 9?0088‘
: solution to the diasolvers,

. Although the dissolving cy:le would probably be lengthened slightly,
it is tentatively assumed that the presently plamad 3 Redox dissolvere
weuld hava adequate capacity.

@ All studies reported to iiate on these zirconiuxm dissolving proeessob
have beent on a lsboratory scale and of a scouting nature. For these
rezsons, and becgnes of differences betwesn the Naval Reactor fuel
eloments 3nd the proposed Hanlford=-type slugs, development of the follow-
ing additionsl irformation is considered necessary to demonstrate ore or

both of the above processes for preparing Redox IAF @od by dissolving
HRanford-type sirconium~clad slugs: : @

a. Th> minisus AP concentration required for dissolution of the
Hanford~type zircomium-clad slugs should be determined for the
hydroflueric acid-alunirum nitrate process. @
(3} bJ{Bfhe optimm fluosilicic seid concentration for dissolving Hanford-
5 ypo sirconium~clod siugs, and compa%ibility of this fluosilicic
_,6‘;:3' acid with the other ions in Redox IAF feed (i.e., precipitation
& with sodius), should be dotg)r-nnd for the fiunosilicic a*i-nitric
acid procuss.
@. Zr solubility in soluticns containing 2.0 ¥ U ahould be deterairad
N for both processes.
@
a) de The effect of the added ioms (0.11 ¥ Zr, and Fluoride or Fluo-
L4 (@ silicate) on the solwent extraction of U and Pu and on the
. Decortamination Factor should be established.
8. The effect of Al~Si or other bomding layers on solvent extrac~
tion of U and Pu and cn D.F. should be established. .
(),
f. CoL-o0siocn rates on the jdigsolver should be determined at “nd
temperature,
f+ Corrozion rutes in the oxidiger shoulil®be determined ai .. !
ozonisstion ronditionz and dichromate cecidizing comditi.: .
o
k. Corroeior rates on the rest of the plant equipment, partit _.: .y
g.e IAW concentrator, should be determined. N
o i. The w.g ~equired for dissolution of tha Zr jacket® shouiu be
G g establ¥®had by semiworks dissolution studies using "cold®
a sirconium-cled slugs. @ "
DLsCUSSIQ® ®

N Sither ffocess could poesibly prodvde a satisfactory Redox feed hat
wuld not result in excessive corrosion rates in the Redgx stainless.-

ateel squipwent. éhat either procosl can be handled at B4iling temperatures
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0f the two processes, the fluceilicic acicdeniiric acid process sppears
to be the most advantageous a3 the hydroflueric acid-alumiram ritrate
process would require the hq&lwg of large voluses of hydrofluvoric acid.

Qs discussed further bslow, a potential disadvantage of the fluosilicic~
nitric process it the relatively low solubility of Zr in this solution.
Availsble data on Zr solubility indicats that this process could not be
adapted t.o Redox without possible changes in the Redox Flowsheet if tha
thiciness of the Zr jackats is to be much over 10 mila on the sides and
1CC mils on thwe exds. This low Zr solubility would also require that the
dissolver be charged bafore each cut, instead of after svery third cut
which would probably lengthen the dissolver time cycls by severzl hours.

The time required to dissolve off the Zr jackets should not material-
1y add to the time cycle for eithar process, as Zr is reported to dissolws
quite readily in @t}ar process salution.

The availshle infomtié@"on the various proceasses r&r the rece ..y
of U from U-Zr fusl elements and possible applicatiorns of this {zfrw -
@t.ion to handling Zr-clad slugs in the Redox procens are as follows:

28

225 X Fluosidicis Acid ard 1% M Ritric Acid ®

?  The minimm amount of this sclution requided to dissolve ona gram of
Zr (in the abeence of Uranium) 1s approximately 65 ml. (making a 0.7 ¥
g Solution of Zr). Two grams of Zr (crystal bar of unstated shaps) treated

Fwith spproximately 130 ml. of this solution at 759C. was completely
diasolved in 50 mirutes. It was belisved by A.N.L. personnel (ANL-4/25)
that this solution could possibly be contained in stainlisgs-steel, so it
is possible that it could be used in Redox dizsolvers as presently de~
éigmd. This would requi»s expsrimental confirmation.

Assmaeing that the 7r jacket thicknezs &8 10 mils ou the sides amd
100 mils on the erds gf an 8 inch slug, the mole ratio of U to Zr is
aprroximately 18 to IT A 2,0 ¥ U IAFP solution would therefors contain
0.11 ¥ Zr. Assuming that high U concentration would not sffect the
solubility of Zr, this concentration would be hel .~ the solubility of
Zr (0.17 X) in this solution. The possible adverue effect of 2 ¥ UNH
concentration on Iir solnbilitPshould be determined,

©

Ko wor 8 been done on the distribution of U and Zr betwean thia

@lut:bm haxote . &

®

@

In the TBP process for E.B.R. fuel rscovery 0.01 ¥ fluosilicate ion
© has been fourd to cowplex tracer cuantitles of Zr and provide Wgher ir
~ decortamisation factors. I is possible that the 0.25 M fluosilicate lon

in this process complex ‘oth the 0.11 M “eold™ Zr amd the fission-
product Zr in the wvay and aid in Zr@soon%amimtion. Q)

Q9
Further work on the Mucic acid-n:ltrig acid procuss for Nayg)
Bgctur fuel recovery has been ahandoned by A.N.L. in favor of the Kydro-
@;"Iuorlc acid-aluminum nitrate process because Zr is five times more
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soluble fm the lat.er solut.:lon.

Ty i ) g or aoInSiiity actually

dnt.emma the IM" rood volms for tha Ka7al Reactor process. The mole

ratio of Zr to U in the Naval Resactor fuel 2iwments is approximately 100 °*
compared to 1/13 & 0.056, calculated above for Redox.

O R
Bdrofineric Acic and Alumimui Ritcats

This soluti?n, propared by adding HF to a concontrated ANN solution,
wa found te dissolve U-Zr alloy containing 1X U readily. The AN is
atded to couplex the HF s0 that it does not attack stainless steel.
Cencerrtrations in the dissolver solution from the tentative A.¥M.l. dis=

o eclution procedure are appraximately 0.85 X Zr, 0,01 ¥ U, 0,78 ¥ AL, and
S.4 ¥ fluoride. Corrosion tests indicate that this solution at 70°C. ecor~
redes Typs 302 stainless steel at the rate of 0.008 inck per year. Further

O ccrrosion tests would be required at boiling temperature. o

O

0 Distribution retios for U im this solution with hexome, dibutyl

carbitol, carbon tetrachloride with THP snd msthylcyclohexone with TEP

heve been reported. 28 - this solution amd hexons was fourd to be o

0.1A, which is sbout the same 53 would be sxpected with a nitrate solu-
ticn 0.78 M in AMN. Ko work with higher ARN concentrationa has baen
rerorted. @

Qthex. Procoases 00 ©

o Both A.N.L. and K-A.P.L. have done work on dissolving Zr by electro-
. lysisc A.W.lL. made one test dissolving Zr anodically im & fluosilicic
atid-aitric acid wWixture. Rapid attack was found at $ wolts and a current
i of 5 ampe. R.A.P.l. lies worked ov dissolving Zr by altermating-current
eslectrolysis, using 2Zr as the slectrodes. An apprecighle current flows
only when the iwpressed emf is of the order of &5 volts., Very little
(o) dala ou th.r method are availadls here. (O)
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