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]_0DUOTION

Two possible means of removing aluminum jackets from uranium slugs were con- .,
sidered before ,Hanford start-up in 1944_ and have been' considered at other sites

. for processing other types of slugs. ,Thesodium hydroxide-sodium nitrate dis-
solution3 which served well for Bismuth Phosphate plant operatlom was accepted
for use in the Redox plant. The other means of Jacket removal# namely3 dissol-
ving the Jacket in nitric acid with the aid of mercury as a catalyst_ has been
adapted for use at Arco asi offers certain possible advantages for Redox Plant
oI_ration.

Several problems related to Redox Pla$t dissolver _peration may possibly be
solved by utilization of mercury-catalyzed nitric acid jacket removal_ and include_

i. Radioactive contamination of surrounding environment due to amaonium ,,
nitrate crystals being discharged from the stack.

2. Routing and disposal of coating w_stes.
3. Colloids and solids in ,IAColumn feed which are believed to contribute

to buil_-up of lA Column operating instability (flooding and/or emul-
sions), to cause Zr-Nb contamination of the uranium an_ plutonium •

products, and to be a possible contributing cause of pump# flowmeter#
and valve difficulties. _

4. Lengthy dissolver time cycle which is becoming the limiting factor in
potential plant cal_city_ and requires round-the-clock chargings with
resultant increased costS.

While considerable experimental worm has been performed in studying acid
coating removaland the effects on subsequent solvent extraction_ much of this is
of little use for direct application to currenb,'Redox Plant operations° The work

"' reported herein (and that yet to De perl'ormed) is directed specifically toward
the existing Redox Plant an_ its operation, and will serve as the basis for a

. survey of the possible application to the Purex process.

C_TSCTIVES

The primary purpose of this document is three-fold:

a. To report exploratory experimental work performed to date in the
Process Chemistry laboratories on the study of the dissolving re-
action and the properties of the resultant feed solution;

b. To present a sumaary of the status of related work at other sites
and by other groups at this site_ as determined from a survey of
the available literature references;

c. To outline questions yet to be answered_,:before the process may be
used in the Redox Plant and a program to be followed to answer these '
questions.
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SUMMARY

The use of mercury-cata]_yzeddissolving gives promise,_based on the exeter.i-
mental work reported and the l,iterature 1_.vlewedhereln_ oi'relieving the problems
set forth in the introduction,,because l) ammonia evol.ut,ion from the diesol.vers
is eliminated, 2) coating removal wastes are elimiri%'tedand the aluminum Jacket
material is utilized as process salting agent., 31)a dissolver solution is pro-
duced containing easily sepa,r_tedBolids and exhlblt,lng favorable disengaging prop,-
erties, and. 4) in laboratory studies dissolver time cycles are substant._ally
reduced.

a. l_boratory-scale dissolving8 of non.-irradlatedslugs have demonstrated
a suitable flowsheet for dissolvi_ I_nford 4-1nch slugs (see Appendix
for the proposed,flowsheet). .,h_,_flowsheet permits coating removal
in about,6 hours, with a total of about 8 b..oursrequired for the coat-
ing removal and,first cut of a two-cut dissol.ving. Solids .resulting
from these dis,solvir_s .havebeen e_sily sepazBted from the solutions
and the solutions exhibited favorable diseixgagingproperties in the
Redox, system.

b. A survey has been m_de of avail_ble literature pertaining to mercury.-
catalyzed diesol.vingand the hexone system solvent-extn%ction behavior
of its resulting solutions_ and those fe;ctorspertaining to the .pos-
sible adaptation to the current Redox process are discussed below_.

c. Those items of information requi,_:dfor the evaluation of such a
change in the Redox process but for w_hlch sufficient data are lacking, _
are outlined for future study_

DISCUSSION OF DATA FR0_ T_E L_,_.T_R_:_b_

lo Gene ral

The use of nitric acid with mercury a_ a catalyst for coatiz_ removal was
initially proposed as a step in the chem:l.calprocessing of aluminum-jacketed _l.ugso
Some development work was done on the step Drtor to Hanford Works start-uD,_7)
and many semi-works ./. ng w : ma .J'(_.) '. a ' , ', "'..,_d_esolvi s ere de. 10 lt w s d_scarded at that time

however, because of lack of information on controlling multiple batch dissolvings

and beca_se_bonding .materialsolids did not :interferewith the bismuth phosphate
process._ll/ More recently it w_s proposed for Redox as a possible economy

measure.;(12)that proposal was not too pract_l_s@nd contained too many points
which were subject to question at that ti_e. _ _ ] However, more recent work
has led to a better understanding of the fact,ors involved.

Considerable development work on aluminum dissolving has been perfo:rmedat
various sites_(5,19,23._2_.)and the separatlons plant at Arco, Idaho, is being put

into operation, with the use of me.rcuryce,ta.lyetfor d.iss_ly_.ngvarious types of

reactor fuel eiements prior to blexone sol,vega.t:/e,_.ractionot£_,) Work.was done on. (.32_)suppressing radio-lodine evol)9.t.lonwith mercury in the [BismuthPhosphate process
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Also, a signli$.,c,an_,.prel.±minarysurvey was ._a.d_of the behavior of mercu.r_'in the
Redox process._$4].;46,! !_romthese v,a,rlous _tudi.es:,the problems involved in ada.pr-

ing the .RNOB-7_Igt_cb.niqueto the cu.rren:!,Redox process ,maybe defined.

IIo Dissolvin_

A. Aluminum

The maximum rate of the:akuminum-nit',r!cacid reaction :iss,chieved,at a nitric
acid concentzBtlon of about 23_._either w_t.hor without the mercury catalyst, even
at boiling temp,eratures,(Lx)) Since the react:ionis difficult 'tocontrol,with
excess catalyst present;,variations ].ntemperature., catalyst concentration, or nit-
ric acid concentration, may be used as me..an_of controlling the reaction° Two sets

of conditions h_ve been proposed for o_t,_._um._results, the use of i0_ acid in one
Case{10.,12) and.45% acid in the other, i'/)

The sel.ec_ionof acid concentration is :influencedbF two factors, viz,_ off,-gas
composition and. subsequent rou,_;ingof the ja;:ketremoval sol.ution, lt has been
stated that the 1.0_.nitric acid dissolution gl.ves,_r_aterhydrogen concentrations
in the off-gases than the more concentrated acid°_ -12)

If t_e 3acket removal solution were _.._,.,to stored waste (as would probably
be the case i_',ltw(.reto be used.for Purex) 'thelower acid concentration would be

favored, since it would,give l.owerwaste vo.l.umeswhen concentrated a_d neutrslized.
This procedure has been shown 'togive ±ro:m,0,_5to 0,8%.uranium lOSSo(10) If the
coating wash.,eswere ..riD0ed,_t,t._ent._.tedilut:,eacid removal would give the lobe,st
waste lossem, N.owever_,if the excess acid we_ to be used subsequently for dis-
solving uranium, then the dilute dis,_ol.vingwould be disadvantageous since con-
siderable water boil-off would be required p:r.ior to use as I&F_

Considerable work has been,done on fi..o,d_._.gan optimismconcentration throughout
the dissolution of AI-U alloys_._29) .._..stud.yof the reaction rates in the explore,tory
work indicated t,b_t,more. rapid coating removal m:i,g_:tbe obtained by increme,ntal
acid addition_ and re.centRedox F!_eontex.F,ar'iencehas shown.that 'theuranium dis.-
solvir_g rate is al.so i.nc.r_.ased by this te_._ " _ o._..mlq_e _he use of dilute acid, _mposes
a load on '_-,he H-4. oxidizer to Doll off exces_ water; thus, the use of acid which
averages l,ess than 50_,w:illcs,usea red:uction ,inthe potential head-end proce_slng
capacity. "Zhi_ factor should be con_,idere.d in ar<v study of use of acid .recovered

in the UO3 pl.ant..

Since the most convenient_ temgePat, ure. for a p.lant, operation of this kind is
the boiling pdint of the solu.tior._ once the '.ac,._d concentration has been se!ected_
'this then les,ves t.be mer,c,.ury cor.,.centrat_o.c to be determined for a_y dissol.ving
rate.

I<., Uranium

T:.6.epre.se_)ceof .m_:reu_Fdoes uot appre,::ia,bkyall'ectt,ne rate of dle.solv_ngof



Observed reactions.,_b.o_ever._are not the s,1_le ones indicatedv and are prob-

ably combin_t].on_ of t:hea_ove re.act...i.onmd.es_nding on instantaneous acid concen-

trations and. condense:r,efflclency, Whil.e t,he reactions vary during dissolving as
. . , . . ..

concentration_ change,"_,2._i,_27._ +.:.b.em_mm_,:_7of se-veral,di_solvlngs (under a dif-

ferent flowsh.eet,from t-,heone coms.idered her.e) gi.v.r_s_ final equat:ion of:;

9) A1 * 3 '__ Fi-_O_ _ _t1(_!O "_ ... O P2_ ,V,q ._. O 15 _20 '_ i .875 H20' "- -....................... 3,"] .....'.... '.... " " ....

This _eac,.tion p.rodu'...:es 400 m[_ of oi:f-ga.:_ ..t;er gr&m, of A].. at:. standard conditions

of t,emper, tture and pressure_'__heu e.t;,._,.-r4._edw_,t.t_ ,_n inJ.t, la,1..L{NO3 c,).ucer.,trat,.i.on of
4.25 M at, the bo±l.trm: po.int_ with a down-draft condense.[ on -t._e dl.s._olver and a
mercury addition equ_,l"t,o2_ of +.,hewelghto of aluminum.o(2'._) .An.ovez_.ll uranium dis-

solvir_ reaction.,, sta, rt.i..o,g Wi:th 5.5% :9[_,.)_ %ras, po_t,u,iated as foll,ows,, on t,.h.e b._sis, of
experimental, work at O_A_.ZL::;[_._'.) " ""

10) U * k -q m_,r> >O..:.,_',In=,t.*. 1 2> "_">, O .3._:t_"O.. O 33 RO2 + O 26 N20b..... ........... _ ......... - '-:,.2 ................. " '
. ,.. ,._ ... _ . . .... ,

This reac:Lion g.i.ve_ '_.7,6 i:it..ers of off,-g:a:_: t:,ez" mole of U d:i_sol.ved_ at 30°i]o I
and standard pressure,,

W_i.le the abow _ .react:i.on_ do ,_ + _"- ' ' . . . . ......... o_ _......_d.e h:y-i._ogen evoluf, lon._ hydrogen has been.
. _._., _. ..found in o:f'f,-g_._e_. Some in..,_-.rac,. _.on of h,vdrogen with other agent,_ _.r_.se:nt would

be exgect, ed Lo o,::c_._,.:: both in solu+_u_cm.._,n.d l::z t,be ga_ pba, ses_, thus"

i,1') 2]¢. * ;" l:*.'N¢lI ......" P _'20 '. _'""'"
l_'J) ¢).[a? 4 3 ,;{_!(']"_ ..... :[_,[_!.j4.[_!O', '_ ',_!(')-, + h [K''.O,

r U
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' use of steam, or cooliug, water,_llJ:_ it. is more in accord, with preBent dissolver oper-
ation to all.ow the reaction •t,oproceed, at the soJ,:utlonboiling point-:and applF

steam or cooling water in a mam:_,erwhich wi,Ll give a constant, pressure drop acroe_

the dissolver towe_ and. a constant pot va",:uum.

3. Chemlcal ,A.ddi_!_ion

While some.: e._.per.tme.ntal, work incl.uded the soak._ng, of t,he ma:ter;i.al to be d.le_,oi,ved,
in me.rcurlc nltra'te ._o].,uti.on .pr:i.or to d.iB._obati.on in order to ma,ke short te.m_, ex.y,erl-,

manta reproduc:ib!,e_.,'itJ_30)_'rh'iswa:_ not, ahc_'n to be of sufficient aid. i.nl.or_ di'_-

to i' op.e:rat o.. ' ' '• :30) _rc, u,rlc nlt,rate_ the most, feas,_ble

reagent for' this p,roce_ requires that a stock solution contain ap,preciable a_.oun, t_
of nitric acid. t,o prever.,:tthe pre6il31ta,tion of t',he basic: ni't;rate; a soluti.on 6 M

Hg(N03)2 and 3 .M=B.i_'O3 has been pro';osed.,, :i28) ....

The sequence oi" in:tt;is, l chemical add.iiio:_.% :is dictated by the re, lation_b:ip, be,+_wee.n
acid concentration and dissolving .rate. When the optimum dissolving rate occurs at,

anacid concentration greater than that which gives the maximum rate (ca,, 23,%._0.._)_

as is the case for a hs_, acid d:i.ssol.ving;tben 60% acid, must be added f.lrst, f¢.'.iL_ed
by water. _l_his sequence insure, s that the desired rate condition is a.pproacb.ed from
the slow rate side rather than through a ._m]_:i.d.rate region, prior to comlpl,etion of tbe
acid ad.dition.,

A.iso_ once a set. of conditions of ..acidconcentration_ catal,yst concentra<,ioo._

and temperature._, has been se&ected to give:,a cont,ro,Lh_ble reaction rate, con_ideratic.n

should be giveD, io maintaln:Lng these co_,_i*.,,ionsbeyond the star_ of the reac!.:l.on,.

Thus, a small, init,lal cbarge of 45% _!N03 ._.esoon depleted by reactlon_ a,.'_das ir i_
reduced in stre_4_t:n t_,e reaction rate will :increase, _(:he _.nitial charge of ac.icl, mu._t
therefore be la, rge to mai.ntair.: a, constant, control.lable rate_ or incremental, ac.ld
additions should• be used to prevent the tree acid. c.onc.ent, r_,tlon from being d.e_l.et,,ed,

The work wi.th "J" t Yl0e slug.s(29) showed that, an op,t:Imum acid• concentrat.ior_ e.xlst_
which give_ a, maximum di_so.l.ving :_._t,e for a:_:_y aluminum nit;rate c:oncentra, t,io:n,, ._:_:,._s

condition ex:_sts when K., in, the expres_,!or.,,, K - 1,.5 :II:+ + NO3- , is equal to 6,4.5,.
It is pos._ib..,l.et.hal;a sim.:il.a'rrela.tionshi$._holds for the coa[,i.ngremoval +_, .. . op.erS....iO:_.
and a su:rtab].e incre_enta,1, a_[d a.ddi.tion tecb, n:tq'ue, m_.y be derived,,,

4o Ra_e Control.

Once the car..aiq_',t _._as. been added,_ t:emperature and chemical ad.dit,ion offer me a_,-..
of controlling *.,he di, seolution .rate,, As .iudica,:ed in the above psr. ,ph 2 on,
t_mperature_, control, may be s,Lh_e,v..dby coo.!.:l_or heat.lr_ Further <on trol m/3._s•Lso

be achieved by control.,i.ed ac:ld and. water add_L, ion_,; as indicated, in the preced._.ng
Lomments o.,a chemical add.ltion_,. .Drowni:_i of the al_imlnum reaction, if required,,
would be ace ompL.is:_..ed hy the add.it, ion of nltrl,:: .... never with water,, Suc, h ac_.d.

d.rowniDg would i:ts.rea,_e tb.e _te of u_n.ium <li:_,,.9.olvl.o.g, but this is muc.h ._,!.e_,rer tta.._,
t.he ._'lumi_::_L_ :re.ac._ Jot,.
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Sampling of 0.issolver _olution in the H,_7blend t_nk would be required,s ,_.sat

present, so that Kcidity adjustments could be made in the oxld.lzer. _'o cbaDge in
adjusting procedure would be required.

B. Oxidat ion

No difficulty should 'be experienced with oxldat_ion by dichromate° .Mercuric di-

chromate is only slightly soluble, but i,_t,]._ereported work with mercury _l_ssolving
and dichromate oxlda:tion no mention was found of solubility difficul'tieso '

0 Cent rifu ation....... ,_.,L.,//C.....

_!_he.change of centr:ifuge condi%,ions _s mentioned _bove, and includes an e.,_pected
incr_eaa,_'in the amount, of solld.s to be centrifuged out. as well as imo,roved centrl-

fug,Kt_on _,rope.rtle.sof these so!.J,dso E°he density of the solution to be centrifuged

will be less; thus also aid.lng _epara.tlon oi" tn.e solids,, Preliminary laboratory
studies indicate tha_t tb_ :_e solidsare more easily removed by centrifugation than the

MnO 2 from permangao,_te head-end ,hre.attaint,,Fission product _nd piu%oni_m scs,vengi__g
by these solids is yet to be determined°

D. P_erman_anat e Head-End

• , . _ " ' _ reduction of perma,nga_s,te byMe rcur,v has 10een show___,to be a c.atal,v_ for r,he

X-_ys,<l..) Z_tseffect, on the cur:rent,head._,end_.reatment in the presence of hlgh,,level

radioactivity h_s yet to be determined,

"E"

20% adsorbed when the concentration 'isi0--- M_Bg, . .The effect of sucb adsorbed
mercury on Zr_Nb has not been determined,

No change Is foreseen in the actual, volatli._zation of Ru from solutions prepared

by mercury dis_,olv_ngo Experiments conducted to determine [KMnO4 reduction rates and

MnO 2 scavenging beha,v_or will perm.it detezwz:i.nationof volatilization effects alsoo

lt i'_s been sb.ow_,that considerable :_.od_.neis adsorbed on MnOo in the absence of
" " • r ,

mercury and is not apFreciahiy volatilized d.urin_ cake dissolution.(39) t_b.eInfluenee

of mercury on SUCh beDavior stil.]has to be determined°

IV o Solvent Ext faotion
i

A. Flowsheet "

!..fa 2°0 M U.NH sol.u_.ionis 'the most (.on¢._n_.rat;edsolutlo_ that can leave _,he

oxidizer because of rre.ezing point cons_der_tlons, then jet dilutions will reduce

t_h.isto about I_._3M U_NH oy the time i' ent-ez'_,the ],._Column as feed° Thus, the ].&

flowsheet w_[l be d-eter_ined b.v 8, fee_ of ]...(:IM UNH..,0.52 M A._ and .-0o18M B/_03;
from whic_ severs[, alterDate fiow,s[,_eet_may be proposed'_ in-corporatlng such possl-

_ -ba..._m,vcle_ .........bil._,]es _ d,;ai.-s_:_,.it__r_,le,-scn_.b, waste _" "i ete A tabul.ation of tb_e



possible flows.beets is given in Table "_,.__,wl.th current flowsheets for ¢,,.o_parison.

Selection of the flowsheet will be made no the basis of pliant operating economv_ de-

contam_ation_ wB,st.e l.osses_ and .limiting ca_c_t_y_, No flowsheet c.hanges are _ndl-
cated for cohmuns other than the I'.A!3olumn,,

B. .Decont,_mi.na_._on

.Expected solvent extraction decontal_iD_tlon will be influenced both by the

changed feed prepar_t.ion and the changed solvent extraction flowsheet. .The changed

dissolving procednre will increase the am.o_Lntof iodine relained in the column feed°

lt was shown that iodine was the major contaminant in !lP (mercury present.,

hexone system), but constituted oo.1,2 I0_/ of the activity of the aqueous IBP, having

been retained lar_e_!y with the solvent leaving the IB Column (oxidizing first cycle,
no partillonin_) .'_,0)

The sol.vent ext,z_cti.on behavior of Z,r,_]._bmay be influenced by the absence of

silicic acid in the mercury dissolved feeds_ but no information appears appears to

be available on this. The effect, of changing )i'..&flowsheets, however, is expected to

alter decontamination_ since the change from single to dual-scrub flowsheets was shown

in the Process Chemistry laboratory to give a greater decontaminatlon across the I.&

system, and to affect the %_rt.itloning _.nthe lIB system by reducing the proportion

o_'activity leaving w"ith the ]_P.

C. Waste Losses

..Thegre.atest mmpact on waste losses will. be due not to the presence of mercury

in the system,but rather *_,c!A flowsheet c_.anges, i.F'lowsheetconditions (sea the pro-

posed flowsheets in _.[abl.eLI.)would be chosen wlt,h an adequate salt.lng strength and
solvent fl.ow to control the l.&Wwas,_e lo._ses to desired low va.lueso

D. Path of Mercury in Process

i

Batch extract.ion data exist for mercury, d.__.stributloncoefficients in the Redox

process_ which _ndica.te an expected distribution of mercury in the first cycle of 10%
in IBP, .35_ in IC'U and 5,5% Ir,the ICW.(41_h6) ._inal concentrations of mercury in

the product streams are predicted to be 35 ppmp U and 2000 ppmp Pa, from a L&F..

" initially 9_x 10-13 in mercury. It is predicted that a substantial refl._ of mercury

will occur in. the lA and I_ systems. '.Indications are, however., that dynamic extrac-
t.ion work will show little mercury in product streams.(13)

The solubility oi' Hg under I_.Column conditions is l.imi_edo This is probably

due largely to the fact that mercurous ion is very insol.uble{13), although the basic
mercury sul.famate has also been. reported to be insoluble.(3) The basic nitrate salts

lh, ..
also are on!.y slightly soluble<. ) and requ._re e..x.cessnitric acid to keep them in
solution._,98) ].twas found that. ferrous sulfam_ie could not be added to the ilia

Cobm_ of the "25" process because of the precipitation of mercury, present at a
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0.002 M co.n.,::eni'ratior:..o_ 16 ,',_, tee. Zd,_t,_, ,:t:,e_l...al..t. roce._6_ng .PJ.e,:,i i't- w&_ found

tbat: precl.p.ltatir:.,r ot m_-,rcury w:)u.td c.,::cur _lt _- i=rrouB 8,]II'&ll}_t.e ic tbr secoz:,d
cycle of _..L_'X_ f"uc..L .prr.,.ce._s._._g.,'_,L.4) Jh. ",.._ _:_c::r_te-d t.ha,,_ O..R_ g,/l, E8. Jormed a

• _ :?:_b,,_., t:.}:,e _ut.l_,-u; qf mer,..slight, £rec:l.[, itat e w1 t.b 0,.0j _. :r'erro._,:', c,,.,.i.te_m,_jt e., ihP.,
cur'y lr..Redox ]'i' by r-e f j.u;_ rrtav i._.-a(_ t '., _,n_e .pre," l_ JLat, ton, De.pe_.:;dlr.,_z02, !._e .pat-b
of mercury.>, thl 8 1.1mlt:_at:.',(:_,:,_ay _::_.f].u_r::;e f.be flows.c.eet 1-.o be u_ed for bar k -,_y'..J.e;
e.g,._ the ,Noo 6 P].ows_'eet in. 2abl..e _.,!: .m_v b_ ._,,refermd over Nr, q _i,ow_,_:et,_. .it'
apDr_.,r'iabl.( quaz}tttie,_ of ug. ar_ In the I,].ur, o_._t_ cv"::le wasf,e_

V. !:'/o_lu._:.tL2_.Ed:l.i.:.E¢

A. [1.t_n I ,xm.

Z:t' the above pred.tc-"" Ion of & i i,n.aL mercuz'v c.-.)ncen.t.n_t,]o:_, oi' 35 pPm..P uretn.t.,_ .DL,
the end.-_,t.-re,e_ i 6: _:ub =" _' r. . ...... .ant;areal> ,,ns,._ (D_.8.]_JE'TP+ i.O.U._hc)_,}ld be g.l.ven t.o t.h_' fate of
inis mercurT. ,:,u._..ceii .r.m_been snow.r._t:,:-,.a",;merc'ury cross not _ncrease. corrosion

under dissolver COl!dtt. JO.._,.9,, it.._s not expected to increase corr'osion of the uran-
ium concentrators, Due rc, I_,s va.por pressure and to the #_ture of it,s oxides,

which decompose on heat_[._g_mercury would be e._:pectedto be vol_t,Jlized duri._ cal.-

" clnat_on of t.[_[uto I!03,%-u_!._.l_fzicie:qt,1.:_me_..covezT/would then obvlousiy be m&n,-
datory. Its presence in Lhr.U0_ prod.u,.-;t..;snot desirable but. might. Dossibl.y be
tolerated if t.he co,nee.qt:r.e,tion Is not e.xr:e;ssJve.

B. Pl.u ton turn

A firal mercu_' con(.'entt_tion of 200U .p_ .[_)iuton i'._ a,sDredicLed above_ would
li_ke _.e]-(,_.l.lm/,.8. rr_..lor coQia,_.l..naRrzt,o '."!o study has been _de of tbr fate of this mer-
cury in., or It.s, effect or,, sdbseq,uen.t _lutor:.ium processing steps.

_VJt. Waste Process,in_.,

As prevl(.Tusl,yl.nd._c:at.ecl._ both ]o01_,e an.ctmercury wouic[ De lo,zD.d.ID. organic
_'i" b,,zl; t;hej r I'_%e .lfl i:,he ,r._,.) Column..and the _olvent d.Jsl:;il-waste st,re&Es, e,.g,., ,._W_ .......

£ation step Js not kaOVno :[.t, has heel? Fbown by batch c.on_,_.ct;ings t,._.e,¢ the 7,0_ , ,_ " '40)O01.U_bnshould not remove al£ of t,r,.eio(.i!z..:eL_ r,.b..solvent_ ,.,,and al.t.hough.present:

plant ol3er_tt.i.on does not, result .i,:.ncont:]r.tued lod:ine r,uild.-up in the solvent_ it
is Doss.tbl.e. that, the :i.nc.rea, sed. concentr_,'._on of Jodi_e (as a re.sult: o£ tbr use of
m_reu... _i.. _e,y re$,.'-_l;t, l_ _ bui].d.-u.e of _h].s... fission produc._, to a finite st, e.&d¥-,.a,tate
val,ue Jn the _e+.re.a_ed _ _",........... _ex....[_,_

;i:he behavi.or of iodine _n f_.he,._q.ueofs w,e_ste concent, r&t, ors has been det:e:rmlned0
/") r_ )but, zn _;.he absenc-e o£ mercury, _.._;,. ../!.lt.hough co.nslder_ble J.c_J.ne does vo£atiLize_

very. l.ittl.e$,_,ll.a: to .condense, Mer¢:urT-c.asal_zed dissolving, will decrease iodine

evol.u_,ion from t_]e d._s_o:l.ve.rs and. so w.l.[.1.._)_.ll mo:re iodine: lD. the waste sysLem.
Ii' the mu_g:r:,it,ucle of' b:bis 1.ncma,_,ed c.or_cen' rat, ion ts great, enough, some increase

,_ of iodine in the .of'f.-_.a,s sv_+_m _._a.,vbe .,-:o+.,_d,, but .i£ not e_:pe<.:ted to reach si.g-
ni f i r_ant :prot.,o rv icr, __..



o Condit ion_

Two serle._ oi: run_ We_ made iu t,oe labo_m,t.oryon a one-mlu_ basi_, u_img u_u,.

irradiated Hanford h,-,inch_jacketed_, reject, _lugs, $om_ of t,h_ ,ru,_w._e perforv_.,d

in 8 gl.ae_ re_l.lnfla_'._:.__u_ m,_st,were...._i:,er:fo:_e,din a _t_,'!.nle__,t_eelbe_n..ro _,oth

dissolver ve_sel.s were fitt:,edwlth cover._ and. condensers and were heated by el,ec-

irical j._.ci_ets.,Ali r_,ms exce.pt one we.re m_d.e with the stand_rd up-draft type of
condenser.

A. ,First .,@et'iea,

_I_ia _eries of ,m.ln_was _d.e u_,_:ug,a,cld ,._ddition_thai: would give a coat.lng

removal c:u_ volume of about one-q_rt, er oi the fi,_/alsoiutlon vol,um_ per charge;

hence, two urs,m,lum dis_ol:vit:._cute were; require,d after the coabi_g removal-,fir_,t
cut dissolvirk_,. Y,o,rt.b.e_ecoating removal, eu.'te_half of the total acid vo,/ume use,,d,

was charged initi_.lly at eit,_er 30 or 45 we:ight per cent concentration; the re._
mainder was added, slow!7 a,s 60_.acid When the initial, reaction bad, slowed down,.

Heating wa_ _equlired,to initiate the re_,ctJ.on_but once 'the temp.erature res,cb.cd

lo0Oc._ sufficient, heat was generated, to sustain _'.hereaction without the appl,i-
cation of ,_dditioDal ext.er_l, hea't,, Since the stainless steel vessel, used Ir_tb,ls

series oi' _uns had no coil, or jacket suitable for coolln_ sp_rgln_ with col,d ,_,!r

was the only available means for con%rol.l,l._4"the reac'tion. This proved only par,-

tlally effee't:!ve, After %,,heinitial/ vlgorou2 react,ion bad subsided; the appl,lcKtlon

of externsl beat, was required, to keep [,he dissolver contents boiling°

brr.el tabula,tion of th_s series of _ins is given in T_ble i_, and the sequence

of operation_ and, resul,t,lng ,run data, for a successful run. are shown :in_.._bl,eV_

B. Second Serles

Based on the data from. the first series of run.s_ conditions were, altered for the

second series. Al,t,hougb, not ai,l,_ins were: made with s_fflcJent aeld._ data were

sought in this serle_, to permi't d,efin,._ng_,he conditions for a two-cut dissol,viD_...

All initial..acid, concentrations were h,q'_I;)IN0:_with the subsequent C:OD,ti._l:_/Otl8add,i-
tion of' 60_ acid made at_ the o_t_._mt_mD__e :._sdetermlned by 'the ac:icl_rofi',l,esof
the previous series. "_,'hedissolver. vessei_ used were equlp..pe.,d,with cool,in_ coils

and provisions for reading .pot; vapor temp_rstures.

i! o ResuLts

A. ]_'irst, Se:rie_

i._romthe first _.,eriesof r_r..:9_,_info:r_._:t:[onwas obtained which could be applied
. (_ " rl ..t,o the _econd. serie_'v /_..1,._di:..g t..he fo,l.lowin_ ._.'_,e_im_

r
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i. The optimum concentrat, zon of Yg(A!03) P " ( ",, "R2J '_tb.e commonly a,vailable sa,lt )
is approx±matel,y I. per cent. by weight of the aluminum,. _.._).ie cortes,-

tc) about. 0°6 per cent on the ba_,ts of Hg ra, ther than Hg{_TO.3)2"H20)ponds

2. 'l_neoptimum in:iti,_l_cid coneen'_r_(.ionle 45% B.NO3,

3. Acid. concentration profiles as a function oi time ind._.e_te that 'the
Inltial depletlon of ae,_d iB very. rapid. _nd. thet, early addition of eon-
cen.tratedacid.is n.ece,s/_.a_''t,okeep the concentration al.,45_ for a_
l,on_,as po_,siblew'b,1].ethe,a!umin,_m is being dissolved,,

Run ]:-D,Table V, shows a su._tablefl.c_eheetfor the first cut of a i._,-,cutd1_-,
solving. T:h_ cut,_com$_letedin about 5-,.1/2 hours, dissolved a,l,!of the aluminum
in 3-1/2 hours and about, 1,5%of"the charged uranium. _o more c;u!',seach of abo_;t
the same volume would have removed the :restof the charged uranium bo be blended

, with the first cut to give m feed of the desired composition,,

B. Second Series

The second series confirmed the o..Dtlmumcata!y_t and initial a,cidconcentra-
tions and defined the conditions for cont-_.nuousacid additlon, A tabuL._tlonof
the runs is given in Table VZ, ,_,nddata for the,fi_.l _an are _.own ,lh T_ble VT..:.T,,
Other points established were

i, Foaming during the aiumlnum.-nlt:ricacid reaction was o,f"the same
order of magnitude ,asfor the uranium-n:itricacid reaction.

2. With the recommended amount of catalyst, 'thefirst cut was completed
in abou't',7 houre, the first 6 oi w,h:ichwere required to complete the
aluminum re,mov_l.

3. Doubling the _mount of catalyst reduced the aluminum removal time to
3 hours but m_de little difference in total dissolving time for the
cut.

4. Rate control was ea_._l,yachieved by _,heuse of the cooling coils, A
temperature drop of I,OCofrG_ the boiling point (ca. llO°Co) was suf-
ficient to quench the ob_erva_bl,ealL_iinum-nitricacid,reaction nea,r!y
comp,lete!.yo

5. A total of 2-]/2 gallons of cooling water (in at 13°C., out at 100°Co)
was _uffieieut:'tocontrol the re_ctlon with twice the recommended i%
catalyst used_ in t_e laboratory equlpmen't_

6, Va_or temperat,ure_ppeared to be a _at,_sf_c'torycontrol,criter_on for
followJ.ngthe :progressof the :reect'_ion_

7. The f.ir_t cut solutlons eontair,ed le_ than 0,,igr,amper llt,er of _m-monlum io_ (a..u_,!y<._c.._l lower l,±m_t ) o
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from the i]ter._ture ha9 po _i,rr;,ed ot]!; s';),._ of ti_e pe:r't.,lr-,_en_; f'_ctor_ to be lr...ve'_,t,] _

" gated further, Whil,._? <:oustder,_,l._b _. li_fo_,a_ i_,r, .ha_ beer, ob't:a.tn_d oe _,.e.reu_,-.e..od _'o_: :t:e e v_ t _L._i,_.d.eo.,:;, t b,e
catal.yzed d,18_ol.vtng of vsr'_o'J_ 'YP_"_ _-,i _D_,_,,
behavior of .@e:rc.u.,_Yand :i.c)di.:o..e lc he,xou. :_oiven, t e_t_ct ion. ]:roce_,see._ .vi :_._ r_.ot.
bel, ieved that the proce.s_'._ _8 _e_.d;? lo,,: _e_"!:_n.g i_.. tns _edox pL_,at,_ .& s_:ec,_"_c '
flo_sheet, must be devel.o._ed _o-_" dl._,so_.v].r_,_.., and dats _hould be obt,s.::ned o.:, _,.1.I. _ub,

sequent ._:,rocessing st.e_.:_ _,s p:_;._tlced i,n tbe present co,_.+.inuous Redox. pl.an.t o._'e,_.-
ation._ with part;lcuLer er_:Dna.sis on t.hoee f'sc.t,o:fi8 wb,I ch ._N b,aVe det'rl._,_!t.._l, e.ffe.,:._
on ope:rat 1.ons or .p.rod_]ct, quality

A program i.s ,cu:r:reDtly _z_der w_,y t,o develop a ._e::rc.u:r_,,.c.atal,yzed d._seol.vir_
procedure l'r,.r l:.._e _r_.s._,nt Hed.ox pl_,,.,'.,t,, a._,.a t.9 _.n.._-_ferquestions oi' y,:rocese lm.po_;,-
anee. ']!n_s. p:ro_-r_ i.Dvol•ve_ consic_erabLe L_,bor_t:'o.-_, "cold." and "hot," w,::,r_,_, p!us

:, Ld _,m_-[_works _c,a,l.e studi_s t_ t,b.e ._2,L 1.u.:_ld, ing dissolver wh.ic,.h ]_,.a L/2"Oth
sca,Le modre:[ of thf'. product:ton plant d.lseo,Lvers, :[t, should, be not, sd here that
alt,hou_h l_ cs.taiyst (based ou the weJ&ht"of A.I,t was adeq,_,te for s_tisf_et;ovY
jacket remo'_a[ tn t.,b,e6e 8ing.Le,-_,Zug l,a,bor-atot_t e._erlment,s_ it, _s found nec:ess_rly
to increase this con(',,ent_'t_.on 3-" to 5.-fol.d _,:o obta.in the same,, z_,su!ts _.n the

32[ Buil.din__ Cold Semi-Work_._ d.._,_solver ._._ i.nd.l.cated b,y p._el.,t.mi_._/ da:t:a,, A com*
pl.et;epresen,tat:ion of these ]/20-scale :re.sul.t_will be made lr,a forthcoming docu.-
ment. The prog,_, r_.y be sepa_t:ed, into t._z'ee phases.

Ii, First Phase _evelooment of :F,l.ow6be,et_,

It 1_ desired, t,o

A. Develop and d.emonst:r_te a mercu_y...cat:._,l,yzed d:i_sol,vi.r._ f.l.owsheet.; t;b.,_t.
w.tl.!, give controllable di_solve.r o_,e:_t:,ion wl±,h a, minimum d,is,_olver time
cycl.e, !.,r;be em._ha_l,s will be .pl_.ce.d on d.own,-d_ft, d J._sol,ver oper_i',lon,

[Bo Develop and demonstz_,te a 'I:_ Col._m._ sol,vent. ext.mct;i.on fl.ow_hee't wb]ch
wil,,L pe,.r_:it., ad,equat',e proce_._l.ng of the feed_ re.suiting from. the mer,-
(zu._,-ca.tal,'./zed d.tssolv_.:ogs,. !Trhe, empha,s]e w.l.l,L be placed, ou d-,t_].,.,scrdb
•fl,owsheet8 wzt:h wa._te b._.c_>.cyc.l.ed ._ ac:rub,.

h_econ.d Pha_e _."T',")vidtr'g Process l:.r.,for't0a:tior-

,:.t, is de_i.red, to::

A, Obtain dat:a on, off,-.g,_a com.poslt, i.:,',.:_ a.nd vol,ume_,,

.p, Obta.zo nl:t.ri,c acid c.onsum.pt:.:lo.[_ date ,.

C, Obtai.n be,a.t evol,ut:,io:a, dat,a..

D, .Prov::_.de (tatr,a., tor r_...a,:'f:i.on Con,r,ro_. :..r't_.::er1..a_ incl:ud:Ing s.,pecif:t.c gr.,_,vitie,6_
boil _,_ _._m_._,,,_!,_.,-_..,_,_:_,nd vapor ,_t:,e._e,ture:s,

E. De!:.e_tn.e. _on..iutr.,. 1.ou eont er,t o-g f'e:eds, o

i

I
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17. l_ter_nlne the behavior of solids, In_'iuding cen_rifuge r_quirements:_

(residence times_ ¢_,._.kevolum_, cake washing and removs.1):_ad_.or_,tion
, of Pu a.nd fi._,=ionproducts,,

IV. Third P._se -- ][nve_tl,__.,._f.ig._.._gJ:i...F.r!_c.e_._.Co_m_llca_t!gn.s

It i_ desY.red to

A. Investigate effecte onhead-end _.re,atment> including .KFmO_ st_b._li.,:y_

ruthenium vol._t,ili.za.t,ion.,_MnI.)2 _cave_gin_,, and iodine evol,ution.
,,

_,. 'investigate the path of mercury ,_r,.continuous counter-current solvent

extraction including over-ali uranium and pluton_.um cycl,es_ and,'during

start-up and shut ..down.

C. Determine the fate of mercury in:,and It._.effect ony subsequent processing

if sol,vent e._tr_n,,tionl,eaves appreciable quantities of mercury in the ,

product, streams°

Do De,termS,he the .._Ithof iodine d.ur_ng solvent extraction and. waste con-

cent,rat,lon in the presence of mer.u,ryo

E. Determine the fate of iodine and. mercu_ in solvent treatment,,

M. ,Eo _urti_

MHC oJLB MKH/meb
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/\I:'PENDIX

[, ,[.,_,i1_ 1!',liD/,D I_I,,I:_C[_E--CATA.]7.fZED DISSOLV _,TG FLOWoI.DJET

l[,,."t,hod: '.,.h.ro-cut disso].v.i_]_.: :['irsb cut_ mez'cu_, cabe,].yzed_ removes all a].tullintmt
_),ll(t " '_ . _'J3_-,5'/_ of., char_,ed uranium', second cui; remove 67.5_ of charged
_io,_:].__m. ][ee.]. mainta:Lned o:[' 5C)_/0o:[' uranitun charged.

! 1. h. Co_tr<_]L: ].t_. _'.cs,_, i.ng removal cui; operation will be controlled by hea'bing or
cooling L,o _airr[',a:i.n a constant va.cutun and tower differential

pressure, wi..bh vapor temperature s,s the criterion :for detelm_ining
'compl,_i_ion oF dissolvin6.

Cl_.a].'ga_: ToL,a]. u]._an:Ltm_ wetgh't charged will be such that the secOnd cut
. ,,_ o[.' i-.t]at charged) may be sa:Fely dissolved with sufficien'[,

freeboard as detez_n.inedby previous exper.ience.

Ac:id: Equal voltunes to be used for each cut as dete.rmi.ned by the seconcl
cut voltune. First cut acid is added in two parts. The initial

addition as )1.5_ acid is t,o be half of 'the total acld volumey and.
t_._esecond ha].:[:'is to be added continuously as 60_ acid.

Cs[.alyst: Hg(NO3)2,H20 , i__ of weigl.rbo[' AD., for 4-inch slugs.

F I,(_.'IS}I_,ET

A C_,oating Removal - First Cut

i. Charge Jacketed 4-inch slugs.

2. Add catalyst, as 1 M ]-Ig(N03) 2 in lt.5_ }INO3.
' 3. Add. h_d_ acid,

4. Turn on of:f -.gas jet_ condenser cooling water, pot heating steam,

(Adjust air sweep if down-draft dissolvings are used.)
, 5. When pot temper.'ature reaches lOO°C._ start continuous acid addition

at a rate wh.ich _ill complete the addition in 75 minutes.
6. Control reaction by the ..useof stea_n ox' cooling water as required,

to ma:Lntain constant pot \,acmm_ and tow'er differemtial pressure at

values con_nonly used :._oruran:i.t_dissolving.

7. Wl._enpot vapor phase temperaI'.ure drops to lOl°C., turn off stea_,

'tmrn on Cool:Lng water,, cool to lI.O°C.
!_, D:tlute to sp. gr. of 1.59 with water.
9. Trans.._er to s'torage tank,

]{'). Tt_.rn oi'[' condenser cool:Lng wa[,ex'_ off-gas jet.

]:_ "o_'.,......- _d. CI_.'[,

J.?c,!].ov_ co_'.'e_.:,[_..o,._ak urani_.m_ dissolving flowsheeb.



"...." ;iT',ii"_' ;'_'+''.......'"" ..... -_" '+ +' L_ " '.....t+! +!.... " +' '+,:0 i;.dS.IC .A(]ID ,-,.[,1.+,0,l">'rt',Sr_ /.lNG TO r--,_r,-, ]_]')])O)L PLANT ----,...._ ...,. . _ . L'.,("+bl.,,_.Lt.,i'..l.._], .......... .u..J .
.......

i,V.." 'i; ........_..<,J. _," t];'._'6.<)I)UC;:]].) (.,l_\I,(:,_!,,:_",, __,,c

•-i" • _fl /, "_ , " T"tl i'l-l "10 r.' - _N' _> .DI; ;/\ i-/,']\]Q[T?/_@J_"I,_5(,.,./ j,'.t,I ' .+) • +l,,. '+A%I,+++L+'. ,+ J .....

C',[I+;+I"L'(-., +'.]<, ,,,,',r., ]. "t'+l.r)l+_t.+,;t., 1 '" ' "......., - . .,..,<'"1"'"C'!),,.,.,I'£'iIt(.)Va,]. O,[' f;C)].j.t].[l i'l'Olll• ++ ++ • .., -

, I.,:]+,_,,.i';...,i.'d_','t_ ,',:'t_(]. .l.'<;'<'ds,-,].(d;J+o_Is.

,- T, i . I '2 1"< ss:i.l'J].e el:ilt_:l.ri,:-:tt, ion o:t' bui]&.-_. .++........ , ,i;i. . •

_tp. o,.' IA Coluat._ o])+: ]:'aft :Lng in-

' ,_:',ta.l:_:i.].:l.'',.y.

3. Po:-;',:_ib_i;t.:i.l<yo:['e]..:Im:Lna%:i.ng(or

:L"edt:',c}.:inS) o i'c,&l_-t;l+l:t:'ougho:I:Z.t'-

]';[b '[50 l]:L"F;l,1"lj.1.1]il/:gild pll ltonlum

cyc le s,

k I_l,)<+d,_<';_s m<,t'uu<y i,o E[':F:'ect_s not evaluai.ed, l. l','iercu.LF as a pos,,:_-i.ble c'o_-b)'_('.,+,,":;, t,aminanb in l:,oth prod.uc, bs,

2. Introduces _ poisonol.}S
chem:i.cal •

_{c,_l,_.:_,_, 0. i,,;s<,l,e:r, t:i.me I. Helps +(?,l:Im:i.na[_e ;possible

c,y'c,].(.' 1 :t:mt%a,L ion on p]+_nb cs,pac i%y.

CI_j+_:;,<:,'; bei,:_,,,, :i.or o:+l' Ei'['ec%s unknown. Efi'ec't_s unkno_,m.
]",_.('] '1.('_,o.ji("I(],i I'll;).

'iI" • .....[,]..il))i;,_) (;,'"',.: (:_lt.tSt:,ic: toa,i;

iI.'n[..;_.",:,i:+<),.a,].,
1. No c,.,n,+t;:in,g _,ra,s tes. 1. No losses of producb %0 1. Cribbing of coa,'_:i.ng wastes

coatin S wasl:,e _. not poss:i.ble under pre,. s(::._rt:,
._ lo:topo sa 1.

, 2. ,',[,l:hmkna'Les e.qu:!puent and time S. EquJpmerr_,. _Ll+.t([ope.]"a,tsJ.on

r'equ:Lred for separate _._as£e gains probably o:['i'-set by
hancll ing. r'equ:Lremerr_ :.Col" t) ::).'ope._:'

' 3, Reduces volume o:F was%e %0 blending o:[' Ctl"0B.
be stored.

':" I'l__ (.._,.t ),,;;(, i c: t t t:.',e d by 1 c,, . . ,):Lmp].t:lFJ.6] r_ operat;ion, .['rees

. + + 6+ ''l
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TAZ.Z_]II

i

PROPOSED REDO]{ IA-COLUK['_FL(_,/SHEZTS

I_,_CUIIYCATALYZED DISSOLV:ENG

, [},':'_
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TABLE III

" SOLUBILITY GF SOLUTIONS PREPARED BY
A MERCURY-CATALYZED DISSOLVING

' Test So]rations: Prepared by dXluting following stock solutions with water
to desired concentration.

Solution A Solution B
z

UNH, M 2.00 2.00

ANN,M_ 0,58 0.58
HN03, M 0.i0 -0.20
Na2Cr20"7, M O,I0 O.i0
_aNo37_ - o,oo, o.3o,

Saturation Temperature: Temperature at which first solids appear on cooling.
" (Found to be nearly identical with temperature at

which solids re-dissolved on heating.)

Concentration of Specific Gravity, Saturation Temperature,
UNH, _ 25°C. oc.
M A B A _'B.,

2.o I.738 I.728 24.5 19.o
i.9 1.700 i.695 16.9 16.o
1.8 1.66o 1.65o 13.o 8.7
1.7 1,625 1,625 8,7 2.3

, 1.6 1.592 1.588 3.,5 13.o
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TABLE IV

LAhORATORY-SCALE. DISSOLV_G ,,QF "COLD''SLUGS:: ......

MERCURY CATALYSIS

' I

Run Conditions: (Coating removal plus first cut)
i,

Initial charge} i) Canned slug (1780 grams of U; 59 grams of Al) ii
2) Heel of partially dissolved slug.

Initial chemical addition: 500 ml. of acid and catalyst as shown.

Continuous chemical

addition: 500 ml. of 60% }{NO3 added at rate of 5 ml. per minute.

Catalyst: i M Hg(NOq)2 in 45% HNO_; amount used expressed as
............ weight of'Hg(NO3)2.H20 gs per cent of weight of Al.

Temperature: Maintained at about llO°C. Cooling required for a
period during initial reaction.

Results:

Run Designation
A B C D

Initial Acid Concen-

trat ion, Wt.%. 30 45 45 45

Catalyst Added, Wt.%
of Al. 4.7 4.7 0.47 1.16

I

Time Continuous Chemical

Addition Started, Minutes 120 90 120 75
after Beginning of Run.

Total Run Time, Minutes. 240 270 360 450

Coating Removal Time,
Minutes. 240 90 360 270

Run Completed to O.O'M HNO_. Nd No No Yes

Uranium Dissolved, Grams. 48 79 219 262

Rate of Aluminum Dissolving Too Too Too
React ion. Rapid Rapid Slow Optimum



TABLE V

RUN DATA

IABORATORY-SCALE DISSOLVING 'OF "COLD" SLUGS
MERCURY CATAIXSIS

Solution -.Solution Composition., ...... Coating
Time, Temp., HNO , UNH, ANN, Sp.Gr., Removal,

Operation Min. oc. M3 M__ M__ 250C..... %

Charge llSO g. "heel".; --
Charge canne_ slug

--
Charge500 ml. of

in HG(N_3)2.H20.-" -- 9.2 0.0 0.0 1.278 0
Start heating. 0 25

Turn heat off.. , 33 lO1
Air sparge to cool
solution .. 35 ilO

Sample solution, 40 116 4.5 0.4 1.6 1.484 55
Turn sparge off. 52 iii

Turn heat on'and

sample ,, 60 iii 0.6 0.4 1.9 1.460 62

Start adding 60% KN03,
5 ml./rain. 75 iII

Sample I 90 iii 1'3 0"5 '2.4 1.493 76
Smnple 150 113 1.8 0>15 2,2 i.513 ' 90

Finish acid addition_ 175 113
Sample 210 ll2 1.6 O.7 i.8 1.559 97
S_,_ple 270 112 O.6 O.9 i.75 i.580 i00
Saz_ple 330 I12 0,0 i.i 2.05 1.620(1) I00
Sample 390 112 -0.2 i.I 2.05 1.625(,1) i00
Turn heat off

(end of run),. 450 112 -0.4 1.1 3.1 1.666( .1) I00

(i) Calculated values. Samples!had to be diluted to prevent freezing at room
temperature.
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