
C~bonato Cotnp~cuc+ of Tktmvatent Actinidcs 

Oxides and hydrous oxides of lctravalcnt achnidcs bave very tow a&bility and r&aMc 
s~lubil~ py6duutf for tw compounds ue available (Rni 1984; Rai et al. 1987,199O; wn md 
Rd :!987). Thue doto suggest that reasonably low upper ikits cao be act MI the cawmmbn~ of 
t&0 .*rnimts in repos@ry~lcachaWs, pnkdcd il an k shown that aquews r;omplexatki duo to 
ttic pt+nc$ * COJ’ , Cl-, SCM , I:-, and PCM in tho groundwaterf@askachat~ do not 
ngnitkautly increase ti.air solubility. ‘I’bcrcfore. accurate Zhcrmodyuamic data for achide 
wmj,plux8srion-l ‘ntemdms wttb groundwater anions arc required to detorrnine their intluonce on 

: the 80htbilityctfptrsvPtent a,ctinldc compounh. 

. . .’ On& limiti cxpcrinlenlrl data arc rvailable for the&m cornpkxcs with carbonate (?vlo~h~6 
and Cl- 1958; Moskvin 1971; Kim CI al. 1983; Motijanla et al. 1989). These data form the 
b&s fe! M& rccportcd in many past rcviewo of ectinide thermodynamic data (Lcmirc and 
Ttimainc. 1980, Phil@ 1982; K&r 1971). The rqlorted vatucs (k 151 (z to 10. )indic& that 
carbooaic mrJrcs.vcry strong c+mphcs. Iftherrc ~lucs Kerr correct, they would make the An(W) 
Ok&s cbcmcly golublc. Howcvcr, tc~cnt results show that suoh high carbonate constant values 
arcat least 20 t@cra bfmagnitude too high (Rai and Ryan 1985). We surmise lhat the masons for 
ruch. hi&! values k prcviouo studies inoludc cxperimentP1 di&culties (ouch as mriutaining a proper 

_ &&& rtate or &&&iy OcIppRt~lg solids from ration) md diniculti~. in intsrprcfing the data 
as a Pes+.of very’ high 4-t concadrdons, itidcquate characterization of the equilibrium solid 
ptrasclq and the kk of reliable thermodynamic data for the equilibrium did and the rppropriatc 
hydr@ysis speck Wa.ero now in n po&ion to overoomo many of these diffkukies. WC ptoposc 
to obt+t-tlx: +cs of carboneto cotnplexcs ftom sokMity measurc~l~~~rs of lcttavaknt g&ni& 
hydrous oxide, the chanical potentials for wkiah wctd prrviously determined, in the prcrencc of 
varying amounts of onrbanates and as a titiiol> of pFI, where appropriate. WC will 
mo&or/con&rol the redos potu&l and throughly aharackrizc tho solid and ti aqueous phases. 
*.pMporqd s&d& will involvo hydrous oxides of ‘fh, which has only one osidetion stab, and 

, WC w$ll inititc otodicv of U and Np, where tetravalent oxidation staho can bc ,mrinttincd by using 
redo% gent+ .Catbons@ ccarlplexe of Th through Tli(OHT(am) scrlrrbility h carbon& nrdia ulcf 
initiate shtdics witb.Np(lV)lU(IV) c&on& oomplcxcs (in&de progress to date) will be included 
in.- & 0lM 1993 Work, 

‘In -FY 19iJ3, WC WiJl inhiatu studies to develop thormo&emical dale at hi@et tumpetatutcs. 

-kw~nliablc thcrmqckmical data cxisl for the actinides at higher temperatures. This lack of 
nqxyqary dala in&d& cvcn the fundamental hydrolysis reactions that muSt be urxkrstood bciorr: 
a.ny of the other s&q complex&ion reactions car) bc evatualtd. 

. 



Tkcforc, in W 1993 wo. propo& to mudy the hydro&sir =actions of Ndwh@D) at hiphcr 
tclnporacuro.’ Thmc studies will involve the colubility oftlcdymium I1ydforcicfc/oxidc over a nogc 
ofpH v&a. thcrc data will allew us to design the naxswy c~mcnb to cvaIwc Ihc elf&s 
of other @r~.~pIaxanti such w carhato and sulfate. Nd/&n was rclccted bocauoc of I@ 
importan& in puformanca a&amcnt modcling end bccusc of our cxt&ve arpwima~tal 
cxpcricnco wid these clemunts Hyddysiy oonulanb of N&Am(U) at higher tcmpcralun wxl! lx 
includai in thc’rqoa 

.Tly gwxhemical behavior of those &men& and oxidation sllttos that do not &rm iwoluble 
sdid pturtS an be controljd by 8e admption process. The pentavalcut and hcsavalmt a4nides, 
with .a few po&lc cxteptionr, do not @x%ral~y f&m intdublo solid pha!xcu. This is patiularly 
true I$ Np(V). and pertaim to a ali&ly tmocr extent to U(W) Thercfotc, to pro&t the 
gudaurnicol. behavior of W species. the vaiuca of m&wnirlio adsorption wtistan~s for these 
ox,iditi& dntes 8ry requited. Such a mechanistic undcrsrattding of the develop tilirrblc and 
rrci&fi6c@y d&cAaible ‘&rfmmnce asscssn~ul; models for botft dw near urd fir ticId. 

, In,-‘fhe ‘me&at&c ahrption approacl~, intrinsic slability .ranstants ara dtvclqxd for the 
idsorpb~ gf qkxifk actinidc and groundwater spceieu on!0 discrete adsorption s&c% or on?.o 
fufwtkytd grmps prcxxkl on the adsorbc~~Wgco~ogic materids. Itor example, tk Incchanislic 
apm may .reqcurc quanMativc data for the adsorption of actinide species 0c1to alutninum oxidc 
‘or silicon aside $motWaI groups that are prcscnt m the bcntonitc, or onto imcl oxide functional 
groups thst may bc prcscnt 8s coatings on bontmitc or may fo.m from the corroding ovupxk 
mater&. . Thew quantitative adsorption datn for bcliona! gmups are then used to jakrprc! ttlc 
adsorption b’c6mplcx gcolo& materials. These qurrntilativc adsorption data for funcrional groups 
arc then. u@]to i,ntapmt the adsorpiion ict cxnnpkx gcolugic matwialr. Therefore, this l pprcwh 
$ll,requite’drtr Cot pure phase a&orLwnts. such as t~)n and aluminum oxides md controlled 
cxpe&enti with morn complex materials {~.a., bcntinitc) ovcc a range of pH value. #Amide 
spwies wucentnhnu, and, if appropriate, competing ion cot~ccntratiorts. Conscqualltl~, tllc 
iadscdents :tlyt must be conuidcrcd fix near-field analy~cs include iron oxides, 
mor~tmociJlo&@oidellrtc, tiurninum o&c, amorphous alutninmilic;ltcs. bin&t&z, and utllcr 

hong the pentrrrlt~t and hcxavalent acfinidea, wvr) and Np(V) arc tnost ideally suikd for 
cxzta1 &or@+ studi+. To unequivocally iutcrprct the adsorption wperimtntal data fcr 
the spccics. liowcvti, values of thcnnodynamic equiribrium C~~~ILCU ail; also required for the 
wtinide ape&es wi& tbc Jigand@ that are axpcctcd in the repositc%y ~rvironmcnt. : tJraniu:n (VI) 
by&olyzcS ‘very readw, yet reliable valuec for hydrolyeia conslanta OTC not available. Ncpauium 
(w +zw not madity ,hydrotyzc and dots not t&n strong compkxcs Ah many anions such 18 Cl - 
.and SO . .: 3ccauac rotiablc data for U(W) hydrolysis is unavailable, WC witI thcr&rc iuitiate 
,tddsprpb snidi&r&th NpO. 

..$~c data -hi Np(V) -z&orption by iron asides dcv&pcd at BNW (Girvin et al. 1991) and 
+xuherc ‘@Iakaym and, Sakamoto 1989) nre availebIc. ThcrcTorc, our initial Np(V) adsorption 
otu&r~~~il conccntnte on acquiting new Clara on othu irnportatlt adsorbcnfs, such as alumilrun : 
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oxidehydmxidg which oo\Jd bc p&at in the tq~sit~ry cnvironmcnt. The adsorption ofNp(V) 
on the. oelocthd a&orbcnb will bc shdicd as o function of pH, ‘Np(V) voncen~~~, adi~&~lt 
quantity, ad qoncenmtion of &or groundwater ions that could cmnpctc with I+(V) fur 
adM@ioh aikv .and thus pouibly dispbce Np(V) ftom tbc ackt$ed adsvknt. timit#l 
qicpstimer~tal vaIidatia0 ofNp0 a&orptiou QII F&AI oxidea will bc kloludod in the report. 

: 


