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Distributions of 14 Elements on 6{) Selected Absorbers

from Two Simulant Solutions (Acid-Dissolved Sludge and Alkaline

Supernate) for Hanford HLW lhnk 102-SY

by

S. Fredric Marsh, Zita V. Svitra, and Scott M. Bowen

ABSTRACT

Sixty comnlercially available or experimental absorber materi-
als were evaluated for partitioning high-level radioactive waste.
These absorbers included cation and anion exchange resins, inor-
garlic exchangers, composite absorbers, and a series of liquid
extractants sorbed on porous support-beads. The distributions of 14
elements onto each absorber were measured fi'om simulated solu-

tions that represent acid-dissolved sludge and alkaline supemate
solutions from Hartford high-level waste (HLW) Tank 102-SY. The
selected elements, which represent fission products (Ce, Cs, Sr, Tc,
and Y); actinides (U, Pu, and Am); and matrix elements (Cr, Co,
Fe, Mn, Zn, and Zr), were traced by radionuclides and assayed by
gamma spectrometry. Distribution coefficients for each of the 1680
element/absorber/solution combinations were measured for dy-
namic contact periods of 30 rain, 2 h, and 6 h to provide sorption
kinetics information for the specified elements from these complex
media. More than 5000 measured distribution coefficients are
tabulated.

EXECUTIVE SUMMARY

Reliable partitioning agents and technologies are needed to remediate the large quantities of
hazardous waste stored in underground tanks at the Hanford Reservation in Washington State. To
address this need, we have measured the distribution of 14 elements on 60 different absorbers,

fi'om simulants that represent acid-dissolved sludge and alkaline supernate solutions from
Hartford high-level waste (HLW) Tank 102-SY.

This screening study, which is intended to identify the most promising absorbers and
extractants, included mainly absorbers that either are commercially awfilable or appear that they
could be produced in commercial quantities at an acceptable cost, within a reasonable time.
Distribution coel'ficients lSr each element/absorber/solution combination were measured for

dynamic contact periods of 30 min, 2 h, and 6 h to provide infornmtion about the sorption kinet-
ics of each system.



In many cases, the observed Iwhavior of tile absorber/elenlent c_mflfinati_m v_a,.,,.,ignilicantly

different from what had been expected, based on published illea._tll'etllCnls frolll relatively clean
solutions, which demonstrates the valtm of rising realistic sillmlants Iiw such illeastlrcrnent.,,, In

some cases, we found inexpensive cornmercial nlaterials Otltperfornl specialty prodtlct,; who_e

costs are orders of magnitude higher.
Table I summarizes how well each of the 14 elements is sorbed, from both acidic and basic

solutions, by showing the nu,nber of absorbers identilied as efl'ective in each of tile six dislribu-

tion coefficient (Kd) categories.

IIIlllll I I I I I

Table I. Number of Identified Absorbers in Various Kd Categories, for Each _1'14 I{letnent,_,
from Two Simulant Solutions for Hant'ord HLW Tank 102-SY

i

Kd Kd Kd Kd Kd Kd
Medium Element >1000 300-1000 100-300 20.100 10.20 ._.10

Acidic Ce 0 0 0 5 I I
Dissolved Cs 7 0 0 II I 4

Sludge Sr 0 0 0 0 0 0
Tc 0 0 I 11 2 5
Y 0 0 0 0 0 0

Cr 0 0 0 0 0 0
Co 0 0 0 0 I 0
Fe 0 0 0 0 0 ()
Mn 0 0 0 0 0 ()
Zn 0 0 0 0 0 ()
Zr 0 I 3 I0 4 3

U 0 0 0 6 8 5
Pu 2 5 6 2 8 2
Am 0 0 0 0 0 6

Alkaline Ce 1 3 3 10 3 6

Supernate Cs 8 ! 5 2 4 2
Sr 0 0 0 0 3 4

Tc 0 7 7 9 3 I
Y 1 0 I 9 0 5

Cr 0 0 0 2 2 5
Co 0 0 0 I 3 4
Fe 0 0 0 0 0 3
Mn 0 0 0 0 I 5

Zn 0 0 0 5 3 2
Zr 0 0 0 I 4 3
U 0 I 4 15 8 8

Pu 0 0 0 0 () I
Am 0 3 2 13 I 5



('t"rillftl, L_e,dlllll, te_'hll_.'fiLitll,/irL'i)tlililtl, llri|tliLIt11, Ittld pILitOIliLlt11;.tt'e_l_111_llt._for which

lh_ll ',,h,_'q,hi_ ,_l_rpti_ll1'rii111li¢idk' _qtikltil_tltire _tr_ntiLit|l,yttriLitn,chl'onliLinl,cold,tit,iron,
lllilll_illti'_¢,/itIV,iilldilllii,'rk'iLllll,

{*erilllll,¢._¢_iUlII,icL'hll¢litlllh)'llliLlllhlJll_.',ill'llniLllll,liltd_m_cricium_n: ¢I¢in¢i]I_forwhich

llhll,_li_t_i_r_l_llhlrllillill_t}tpli_nrr_ill_dk_din_s_lution_trc,_tronliuln,chromium,cohillt,iron,
llhtl1_itl!¢_e,!il_'iifiillfll,ilnd plttl_mittttl,

_'Itll_Ii_r_inluhdedlilllk_illllptt_iliIIti_lindwith IK,'ILllilw_t_te,Illtilec_I._¢oI"eletllcntsl'orwhich

n.__¢_pI_lhleilh_,_tberIt_t._l_e_nid_llliiied,theeI'I'_rtt_id_ntiI'y_rdcv¢Ioi_._iti._I'aetory
I_iiIi_miiIi__i_ilI,_,.it._tldI_i,.'_.'elL'r_m:d.

I_t e_perilileni_dre,_ulI_imlk'lilelhlllm_Inyc._i_tint_p_rtilionin__i_,ent__ir¢._uit_tbleforHLW

idllk l_li_diilli_*--II, If reli_lhler_¢trtiti,tl_tnl,l ;:t,lcnts¢_mhe identilied, tturlt'ord HLW t_.mkproce_in_
!Iliil|II[_'[_I11ilfl¢l[_ _:_mlpleled_¢_{_ttcr.=ind¢ti¢=h_wcrc{_sI,themwouldotherwisebcpossible.We
IileI_'5_I_fegllhltllh_i}=IdhtIl_ed't_ur_tudy_.'¢_uldhelve=im=_jorheneI'ici=flimp[toton decommis-

_i_Itlnldmid_'n_.'IrtmntenI_iIremedhttle_ncil'_rts=itlhmI'_rd=rodelsewherewithintheUS Dcp[trt-

I, INTR()IIII("rI()N

:l_ht, II_nf,:_rdRewrv_ilk_nin W¢_,,hinL,tmn SI_lt_it'tc¢_rponite_17"7under,,round.,.;ton=_et_mks
thai ¢_mldlltlllltr_ 111_11I_ milli¢m('urie,_¢_l'r¢idi(_¢ictivityin more Ih_.ln6.':;million g=fllonsot"
_,l,de_NIIIIIFdilTereltll,_r,_e,,,,e_h=p,'el_n u_ed¢itll¢inl'ordl'orthep=i._tlit'Ixyc,m'_,durin_which
tl_ s_t_le_,!Iil_'_¢l¢'¢'mmihitedI'mnt nu_.'leetrm=deri_ll_proc¢_in_ for rl[ttionzfldel'cn_crequirc-
llt_lltl_A_, it _,_ulI, Itlitlt)dill_rent re=iizent._=ltl,.lwillie .,,;tr_=ml_were ncutr_.flizcd=rodcombined in
=e!l,kl_t!r_=tlldlltnk_,,_l:lenwilh i;t._ul'li_.'ienl¢,meei'n=lhOLitfile c()mp=llihility ()I"lhe componenlx
!_!fll!,_l___r_dThe're_,Llltin[,!wi|_te_l|i'cilttextremelyc¢)mpliezlted_mds(m1¢tinleSLinstz_hlellliXtLIre

,d_,_ludpe,_,,,idt¢_lke_,_lurrie,,,_tnd_uwrn_te_.Addinl_ .,_i_znit'ic_mtlxto the ,_toredwt_Hteproblem i_
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Some of the recently developed specialty products included in our study are reported to ofl'er
high selectivity for specific ions; however, few of these absorbers have been evaluated with
media approaching the complexity of Hanford high-level waste (HLW) solutions. Nor have any
other investigators, to our knowledge, measured the distribution of as many elements (14) onto so
many different absorber materials (60).

Our objective was to evaluate a largc number of potentially useful absorber materials, includ-
ing many not previously studied, from realistic simulants of acid-dissolved sludge and alkaline
supernate solutions from the Hanlbrd HLW Tank 102-SY. We recognize that no simulant will
exactly represent the contents of any HLW tank. Nevertheless, we have used the best int'ormation
available in our effort to prepare realistic simulants. The most promising absorbers eventually
must be tested with actual waste; however, because actual waste samples are expensive and
difficult to obtain, we suggest that the preliminary screening of promising candidate absorbers
precede tests with actual waste.

. Although we include comments and observations about our experimental data, we intention-
ally do not recommend which absorbers should be used. Our purpose is to identify options from
which reliable flowsheets can be developed. The preferred partitioning options will depend
heavily on the particular objectives of the flowsheet. Although our study initially was intended to
support the Los Alamos flowsheet development program for Hartford Tank 102-SY,4 many of out"
experimental findings are applicable to other flowsheet proposals, such as the so-called "Clean
Option. ''_ Decisions about whether the targeted elements should be recovered individually, or
grouped for subsequent disposal, are properly left to the flowsheet designers. Whichever
flowsheet is adopted, however, we expect that our experimental data could allow HLW tank
processing to begin and be completed sooner, and at a lower cost, than would otherwise be
possible.

II. EXPERIMENTAL PARAMETERS

A. Simulant Solutions

The compositions of the two simulant solutions for Hanford HLW Tank 102-SY were based
on consultation with and recommendations from Westinghouse Hanford Company (WHC) and
Battelle Pacific Northwest Laboratories (PNL) personnel. 6 The sludge composition was based on
the assumption that soluble components had been leached out during thorough mixing with the
supernate solution in Tank 102-SY. All our assumptions about tank contents were checked
against composition data obtained by reconstruction, based on all available records for transfers
into and out of each tank during its entire operating history. 7

The sludge components that are expected to dissolve during sludge-washing operations,
based on PNL sludge-washing studies, 8 were subtracted l'rom our best estimate ofthe initial
sludge composition and added to our best estimate of the supernate composition. We then dis-
solved, in a minimum quantity of nitric acid, those components assumed to remain in the sludge.
The simulated acid-dissolved sludge was filtered to remove insoluble residue.

The target compositions, actual compositions, and detailed procedure used to prepare the
simulated acid-dissolved sludge for Hanford HLW Tank 102-SY are presented in Appendix A.
The target compositions, actual compositions, and detailed procedure used to prepare the simu-
lated alkaline supernate solution for Hanford HLW Tank 102-SY are presented in Appendix B.



We recognize that these simulant solutions (trod tile actual waste solutions) could be modified
and manipulated in various ways to optimize the p,',rt'ornmnce of specific absorbers or
extractants. However, each modification of the waste solution would increase the complexity of
the process and the quantity of secondary waste, an increase we seek to avoid.

We intentionally avoided modifying the simulant :;olutions in any way that could bias our
study in titvor of specific partitioning agents. Instead, we chose to evaluate all the selected parti-
tioning agents on an equal basis with "as-is" simulants. If adequate partitioning technology lk)r
"as-is" waste solution cannot be identified, the feed solution can always be modified as required
for specific portions of any selected flowsheet; however, in the interests of process simplification
and waste minimization, such modifications should be applied only when they are essential.

B. Radiotracers

Because gamma spectrometry was selected as the techniqt:e for measuring the distribution of
the selected elements, suitable radiotracers were obtained and added to the sinlulant solutions.

The selected tracers and the gamma energies measured are listed in Table II.B. The actinides
were isolated and purified in the Los Alamos Plutonium Facility. Chronfium-51, _4_Ce,and _'"Co
were purchased from DuPont New England Nuclear Products, Boston, MA. All other radioiso-
topes were obtained from the Nuclear Chemistry and Analysis Group, INC- 13, Los Alamos
National Laboratory.

To minimize the possibility of interference among ganlma rays with similar energies, we
divided the 14 radiotracers into two easily resolved groups. Each group of tracers was added to a
separate portion of each simulant solution. Each of the four resulting so!utions was evaluated
with each of the 60 absorbers for dynamic contact periods of 30 rain, 2 h and 6 h.

C. Absorbers

The 60 absorbers evaluated in this study are listed in Table II.C. Details about the supplier or
preparation of the absorbers are provided in Section III.B. These absorbers, which encompassed
a wide range of particle sizes and porosities, were air-dried and used without tiwther treatment,
except where otherwise noted.

D. Solution/Absorber ,mtacts

In most cases, a 250-mg portion of each air-dried absorber was contacted with a measured 6-
or 8-ml volume of each solution in a specially modified 20-ml disposable hypodermic syringe.
We modified these syringes by inserting cylindrical plugs cut from l/4"-thick porous Kynar
(obtained fi'om Porex Technologies, Fairburn, Georgia) into the tapered tips as filters, which
permitted liquid, but not most solid absorber materials, to pass through. A 250-rag portion of
each dried absorber was added beforehand to an appropriately labeled syringe.

To begin a set of experiments, we pipetted into a plastic beaker a measured volume of the
selected solution, which then was drawn into a syringe through the Kynar filter. After sealing the
tip o1"each syringe with a solid Luer cap, we mixed a set of six syringes, prepared as described,
on a 48-rpm tube rotator for dynamic contact periods of 30 min, 2 h, and 6 h. At the end of each
contact period, approximately 25% of the total solution volume was expelled through the filtered
tip of the syringe into a tared counting vial. The weight of the dispensed solution was determined
and recorded for later use in the calculation of distribution coefficient (Kd) wdues.



Table ll.B. Radionuclides Used in this Study

Nuclide Gamma energy, MeV Branching, %

241Am .0595 35.9
239Pu .1293 6.2x10 _
23SPu" . [53 1.0×10s
_4_Ce .145 48
95'nTc .204 100
237U .208 23.3
5JCr .320 10
88Zr .394 97
85Sr .514 100
I-_7Cs .662 85
54Mn .835 100
88y .898 92
5'_Fe 1.099 56
65Zn 1.1 15 51
6°Co 1.173 100

" 238Puwas used as the tracer in all alkaline solutions and in a few

of the acidic solutions. When 238puwas used, the plutonium
concentration was 60 rag/L, whereas in the acidic solutions that
contained 239pu, the plutonium concentration was 3 g/L.

III

These filtered syringes were unsuitable for the Sandia National Laboratories (SNL) crystal-
line silico-titanate (CST) absorbers because the particle size of the CSTs was much smaller than
the pores in the Kynar filters. For these very finely divided materials, we contacted each ab-
sorber/solution combination in a 20-ml centrifuge tube, rather than a syringe. At the end of each
contact period, the tubes were centrifuged at high speed for 10 rain, after which 1.6 ml of solu-
tion was transferred into a smaller centrifuge tube, which also was centrifuged at high speed for
10 rain.

Finally, approximately 1.5 ml of solution was transferred from the second centrifuge tube into
a 10-ml hypodermic syringe having a 0.45-micron filter attached to the Luer-lock tip. The twice-
centrifuged solution was expelled through this submicron filter into a tared counting vial, after
which the solution weight was determined and recorded, as was done with the other solutions.

The unusually large variation in Kd values obtained with the CST absorbers indicates that, in
spite of our efforts to exclude them, submicron particles sometimes contaminated the solution
taken for gamma spectrometric assay. This was a particular problem for cesium, which is very
strongly sorbed on CSTs. Even atfew particles on which cesium activity is strongly sorbed could
introduce a significant amount of activity into a solution that otherwise would bc essentially free
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Table II.C. Absorbers Used in this Study

COMMERCIALLY Amberlyst TM 15 cation exchange resin (sull'onic acid)
AVAILABLE ABSORBERS Amberlyst TM XN-1010 cation exchange resin (sul-

fonic acid)

Duolite TM C-467 cation exchange resin (phosphonic
acid)

Diphonix TM cation exchange resin (polyfunctional)

Ionsiv TM TIE-96 (TiO2-1oaded zeolite)
Ionsiv TM TIE-96, modified (TiO,-Ioaded zeolite)

Duolite TMCS- 100 resin

Tannin (Mitsubishi)

Sr-Spec TM resin (EIChrom)
TRU-Spec TM resin (EIChrom)
Durasil TM 190 resin

Durasil TM 230 resin
Bone char

Reillex TM HPQ anion exchange resin

IonacTM SR-3 anion exchange resin

Purolite TM A-520-E (Et)3N anion exchange resin
Ionac TM SR-6 anion exchange resin

EXPERIMENTAL ABSORBERS Sybron TM (Et)3N anion exchange resin
Sybron TM (Pr)3N anion exchange resin
JSK-2 anion exchange resin

JSK-3 anion exchange resin
JSK-4 anion exchange resin

Crypt-DER polymer resin
PK-01-244 phosphinic acid resin
Savannah River formaldehyde/resorcinoi resin

COMPOSITE ABSORBERS TiO-PAN titanium dioxide

Czech Republic NiFC-PAN nickel ferrocyanide
(polyacrylonitrile matrix) MgO-PAN magnesium oxide

MnO-PAN manganese dioxide

NaY-PAN synthetic zeolite
M315-PAN synthetic mordenite
NaTiO-PAN sodium titanate

Ba(Ca)SO4-PAN barium/calcium sulfate
AMP-PAN ammonium molybdophosphate

Poland Titanium hexacyanoferrate
(phenolsulfonic.formaldehyde matrix) Cobalt hexacyanoferrate
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Table II.C. (Continued)

LA NL-PREPA RED Zirconi uill phosp hate

COMPOSITE ABSORBERS Titanium phosphate
Titanium dioxide

Zirconium dioxide

Niobium pentoxide

LANL-PREPARED LIX rM-1010 (di-2-ethylhexylphosphoric acid)
EXTRACTANT BEADS LIXrM-54 (a beta diketone)

LIXrM-84 (a ketoxime)

LIXrM-26 (8-hydroxyquinoline)

Cyanex TM 923 (trialkylphosphine oxide)
Cyanex TM 272 (lrimethyll_entylphosphoric acid)
DHDECMP

DHDECMP-diisopropyibenzene
CMPO-d iisopropy ibe nzene

Aliquat TM 336
Czech cobalt dicarbollide

INC-synthesized cobalt dicarbollide

SANDIA NATIONAL SNL/CST35 crystalline silico-titanate
LABORATORIES ABSORBERS SNL/CST48 crystalline silico-titanate

SNL/CST68 crystalline silico-titanate
SNL/CST69 crystalline silico-titanate
SNL/CST84 crystalline silico-titanate
SNL/CSTI I I crystalline silico-tilanale
SNL/HTO amorphous hydrous TiO,

of cesium. However, in all such cases the error would cause us to understate the actual Kds for

removing cesium fl'om solution. Our reported Kds for the CST materials may therel'ore be con-
sidered as minimum values.

E. Calculation of Kd Values

Each portion of post-contact solution was assayed by gamma spectrometry Ibr the specific

gamma energies of the added radionuclides. The portion of each element sorbed was determined

indirectly from the difference in the measured gamma activity of the selected radionuclide before

and after contact with the specified absorber.



Distribution coefficients (Kd) were calculated tbr each element as

Kd = (pre-contact activity)-(post-contact activity) ml solution
post-contact activity g absorber

We recognize that uncertainties become larger tbr very small distribution coefficients, when
the numerator represents a small difference between two large numbers, as well as tbr very large
distribution coefficients, when the denominator becomes very small. However, the objective of
this screening study was to identify absorbers thai sorb specific elements very well or poorly. If it
is important to determine very large Kd values with high accuracy, such data can be obtained
during follow-up studies, which would be limited to the most promising absorbers identified in
this study.

E Corrections

Because the weight of the post-contact assay solutions usually differed slightly fi'orn that of
the pre-contact standard solution, each posi-contact solution was first normalized to the same
weight basis as the standard. Appropriate corrections also were rnade in the Kd calculations to
account for the fact thai the liquid/solid ratio and the remaining activity of every radionuclide
decreased as each sequential assay portion was removed.

The activity of each radionuclide in the post-contact solution was compared with the activity
of that same nuclide in the pre-contact standard. Because most absorbers were initially added in
air-dried form, they sometimes preferentially absorbed the aqueous solvent, which had the effect
of increasing the concentration of the solutes in the smaller solution volume. At limes, this
resulted in the activity of certain radionuclides being higher in the post-contact solution than in
the pre-contact solution. Whenever the post-contact/pre-contact solution activity ratio of a radio-
nuclide exceeded unity, we assigned a value of 1.000 to the ratio having the highest wtlue, and
then normalized all other radionuclides in that same portion of solution accordingly.

Corrections also were made for short-lived radionuclides, such as 6.8-day -'_TU,whose decay
during the typical gamn::l assay period was significant. All Kd calculations and corrections were
clone using an EXCEL TM spreadsheet.

G. Other Sources of Error

Each combination of element/absorber/solution/contact-time was measured only once. The
absence of duplicates is partially offset by the fact that we measured individual Kd wllues for
three consecutive contact periods. An abrupt change in the expected srnooth trend of these three
data points can indicate an unreliable point.

Poor precision is also indicated by excessive variation within a set of three data points where
no trend is evident. For very low or very high sorption, the variation is expected to be high for
reasons already discussed. The uncertainty l'or these worst cases appears to be within a liictor of
two to three. We estimate the uncertainty associated with the best Kd values to be 10-20 relative
percent.

At times, Kd values are highest for the 30-rain contact and decrease lhereafter. Several sce-
narios could explain these decreasing Kd values. (1) The element in question might sorb rapidly
and then be displaced by another slower-sorbing species. (2) Some of the strong complexing
anions in the simulants ccn,lld be participating in slow competitive reactions with the cations



being measured. (3) The absorber could be representatively or selectively dissolving, thereby
releasing previously sorbed cations. (Slow dissolution of an amorphous phase wilhin the crystal-
line silico-titanates was suggested by Sandia National Laboratories (SNL) personnel to explain
decreasing Kd values of initially sorbed non-cesium cations.) And finally, (4) the decreasing Kd
values could be solely due to experimental error.

Finally, the difficulty in accurately correcting for the complex background under the low-
energy (59.5-keV) gamma peak of 2,_Amresulted in this nuclide having larger-than-normal
uncertainties associated with its Kd w.dues.

H. Data Transfer and Processing
To minimize the need for transcribing large anlounts of data, and the human errors that can

be introduced during such operations, we automated the data transfer and calculation process.
The area of each gamma peak of interest was determined from the raw data in the multichannel
analyzer memory, using Gamanai, '_which provides a complete qualitative and quantitative
analysis of mixtures of radionuclides by computer interpretation of high-resolution gamma
spectra. Gamanal determines background, fits and resolves complex peak groupings, determines
the energies and absolute intensities of the gamma rays, and calculates the quantities ot"the
source nuclides. All interferences are resolved by a least-squares solution of the matrix of equa-
tions for the gamma intensities.

The Gamanal output was electronically imported into an EXCEL TM spreadsheet, in which all
the described calculations and corrections were applied. Finally, all calculated Kds were com-
bined into one master spreadsheet and converted to a database to provide tabulated comparisons
of the measured Kds according ',o element, absorber, and solution type. Because small Kd values
have large associated uncertainties, we rounded all values to not more than one place beyond the
decimal point.

III. RESULTS AND DISCUSSION

A. Individual Elements

Tables III.A.3 through III.A. 16 list the most promising absorbers for each element, ranked in
order of their Kd values, from acid-dissolved sludge and from alkaline supernate simulant
solutions. Partitioning agents that sorb the specified element poorly are generally omitted from
these tables. However, those absorbers that have been designated as the baseline technologies for
TWRS are always included, even when they perform poorly.

1. Cerium. Aside fl'om the JSK experimental anion exchange resins, Reillex TM HPQ pro-
vides the highest sorption of cerium fl'om acidic solution, within 2 h. From basic solution,
Cyanex TM 923, a low-cost commercial extractant, outperforms specialty products costing orders
of magnitude more.

10



I I I I

Table III.A.I. Cerimn Distribution Data

Medium Absorber 30-min Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge JSK-I resin 28 29 27
JSK-2 resin 27 26 24
JSK-3 resin 23 23 22

Reillex TM HPQ resin 14 13 13
Purolite TM A-520-E resin 7.8 14 21
Ionac TM SR-3 resin 6.6 13 21

Crypt-DER resin 3.0 2,9 2.8
Duolite TM C-467 resin 2.4 1.5 2.2

Amberlyst TM 15 resin 2.0 1.7 1.8

Alkaline Supernate Cyanex TM 923 744 988 1596
TRU-Spec TM resin 547 594 644
SNL/HTO 265 320 512
CMPO-DIPB 78 370 499

Amberlyst TM 15 resin 42 77 132
LIXTM-26 32 40 42
DHDECMP 26 45 51

Czech MgO-PAN 26 59 222
Czech MnO-PAN 24 25 26

Diphonix TM resin 22 23 22
Bone char 19 33 53
DHDECMP-DIPB 18 28 28
SNL/CSTI 11 17 32 57
SRS resorcinol resin 14 26 42

Amberlyst TM XN-1010 resin 13 38 114
Czech AMP-PAN 12 22 28
SNL/CST68 8.6 16 38
SNL/CST48 6.4 8,6 17
Duolite TM C-467 resin 6.3 4.3 3.6

Czech Ba(Ca)SO4-PAN 5.4 6, 1 8.6
Purolite TM A-520-E resin 4.8 5.3 6.1
Czech Na Y-PAN 4,6 4.0 3,3

III IIIIIII

II



2. Cesium. SNL crystalline silico-titanntos outperfornl all other absorbers t'ronl both acidic
and basic solulion. Czech AMP-PAN composite also performs very well from both acidic and
basic solution. Czech NiFC-PAN composite sorbs cesium highly from basic solution, btll only
moderately from acidic solution. The fact that many of these absorbers sorb cesium strongly
from both acidic and basic solution suggests that elution may be diflicult.

I II I

"lhble III.A,2. Cesium Distribution Data

Medium Absorher 30-rain Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge SNL/CST35 4485 1011 3416
SNL/CSTI 11 3420 5021 5305
SNL/CST69 2884 *_79 3_5,.
SNL/CST84 1849 8096 11840
Czech AMP-PAN 1626 4073 5504
SNL/CST48 794 758 1180
SNL/CST68 688 2307 1049
Czech M315-PAN 50 64 61
Czech NiFC-PAN 45 49 49
Duracil TM 230 11 14 19

I_msivTM TIE-96 (rood.) 7.7 9.0 9.4
lonsiv TM TIE-96 7.6 7.9 8,3
Duolite TM CS- 100 resin 0.5 1.1 1.3

Alkaline Supemate SNL/CST35 13158 12421 4195
SNL/CST69 8879 10844 20880
SNL/CST84 5484 3953 3098
SNL/CST I 1I 4938 2713 1864
SNL/CST68 4072 2453 722
SNL/CST48 3951 "_"_,.8,.() I031
Czech NiFC-PAN 3533 11954 5998
Czech AMP-PAN 2133 4636 8275
Czech M315-PAN 191 227 231
Durasil TM 230 78 135 148
SRS resorcinol resin 75 85 66

[onsiv TM TIE-96 (rood,) 63 I I0 139
ltmsiVTM TIE-96 58 97 122
SNL/HTO 10 8.9 8.5

_IM .,-Duolite " CS-100 resin 1.3 1 "_ !,3
II I
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3. Strontium. Although Sr-SpecTM resin sorbsstrontiunl better than lhe olher absorbers I'r_in
both acidic and basic solution, in neither case is tile sorption very high. From basi,' solution,
Amberlyst TM 15 cation exchange resin, whose cost is hundreds of times less than tllat of Sr-
Spec TM resin, performs nearly as well. The poor-to-marginal perforlnartce of all the studied
absorbers lbr strontitinl indicates that better partitioning agents are needed to remove this imp_,r-
tant fission product.

4. Technetium. Reillex TM HPQ resin offers tile highest Kd for technetium from acidic
solution and an even higher Kd fi'om basic solution. Although Reillex TM HPQ resin provides Kd
values o1"at least 250 from basic solution, two experimental resins and two commercial

extractants outperform it. Aliquat TM 336 is especially interesting because it is nearly seleclive for
sorbing technetium from basic solution, but not I'rom acid, which indicates that acid should be an
effective stripping agent.

I I I III

'Fable III.A.3. Strontium Distribution Data

Medium Absorber 30-min Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge Sr-Spec TM resin 3,0 3,1 2.9
Diphonix TM resin 2,0 1.7 1.3
Ionsiv TM TIE-96 1.9 1,0 1.5

Czech Ba(Ca)SO4-PAN 1.5 1.7 1.5
Czech MgO-PAN 1.4 1.6 2.0

Alkaline Supernate Sr-Spec TM resin 18 18 17
Amberlyst TM 15 12 13 13

Czech Ba(Ca)SO4-PAN 7.3 8. i 12
Amberlyst TM XN- lO lO 5.9 7.8 8.3
Czech NaTiO-PAN 4.9 5.3 5.0
SRS resorcinol resin 4.9 2.6 i.5
SNL/CSTI 11 4.2 4.2 3.5
SNL/CST69 3.4 2.9 6.6

Czech MgO-PAN 3.0 4.8 7.4
SNL/CST84 2.2 2.0 4.4
SNL/CST35 1.6 1.3 3.3
SNL/HTO 1.5 1,4 3.6

II I I II II I
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"FableIII.A.4. Technetium Distribution Data

Medium Absorber 30-min Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge Reillex TM HPQ resin 76 90 93
lonac TM SR-3 resin 32 44 43
Purolite TM A-520-E resin ",9J,. 57 77

Sybron TM (Et)_N resin 31 51 53
LANL TiO 2 19 40 57
LANL ZrO 2 17 41 60
Duolite TM C-467 resin 12 12 13

Sybron TM (Pr)_N resin 11 26 45
Tannin 10 39 136

LANL Nb20._ 6.9 17 31
Duolite TM CS- 100 resin 4.8 6.3 6.4
Ionac TM SR-6 resin 2.1 4.6 8.4
SRS resorcinol resin 2.1 4,6 I1

Alkaline Supernate Sybron TM (Pr)sN resin 401 777 992
Cyanex TM 923 300 551 582
Aliquat TM 336 295 443 572

Sybron TM (Et)._Nresin 264 405 440
Reillex TM HPQ resin 250 280 274
Purolite TM A-520-E resin 205 320 380
lonac TM SR-6 resin 151 394 618
lonac TM SR-3 resin 121 123 125

TRU-Spec TM resin 90 78 74

LANL TiO_ 54 185 290
I.,IXTM-26 54 I12 190

Sr-Spec TM resin 45 42 39
DHDECMP 43 i 12 222
CMPO-DIPB 41 111 196
Duolite TM C-467 resin 40 42 44

LANL ZrO 2 35 148 258
LANL Nb20._ 28 134 27 !
Crypt-DER resin 25 25 25

__ I
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5. Yttrium. None of the absorbers sorbs yttrium well l'ronl acidic solution. From basic
solution, however, Cyancx TM 923, a low-cost commercial extractant, sorbs yttrium at least tenfold
better than much-costlier alternatives.

I III II III lllIlll

Table III.A.5. Yttrium Distribution Data

Medium Absorber 30-rain Kd 2-h Kd 6.h Kd

Acid-Dissolved Sludge Amberlyst TM 15 resin 2,3 !,7 2.1
Duolite TMC-467 resin 1,8 0.9 1,6
JSK-I resin 1.7 !,3 1.1
JSK-2 resin 1,6 1,7 1,4
lonac TM SR-3 resin 1.5 1.7 1.4
lonsiv TM TIE-96 1.5 0,9 1.2

Amberlyst TM XN-1010 resin 1.4 1,4 1,5
Purolite TM A-520-E resin 1.4 1.1 1,1

Reillex TM HPQ resin 1.2 0,5 0.8
Tannin 1,2 1,2 0,7

Alkaline Supernate Cyanex TM 923 1078 2014 298i
TRU-Spec TM resin 98 94 92
SNL/HTO 53 59 52

Diphonix TM resin 28 31 31
Amberlyst TM 15 resin 27 45 66
Czech MgO-PAN 26 59 258
CMPO-DIPB 15 45 89
Czech AMP-PAN 15 27 34
SRS resorcinol resin 12 21 36
Bone char 11 18 26

Amberlyst TM XN- 101 resin 11 26 64
II
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6. Chromium. Nora.'of the testedabs_u'bersremovescllt'_mliunlatlcqtlalt'ly I't'_IIlacidic
solution. Althougl'l four absorbersoffer dottblc-tligit Kd valtws for 6-11COlll_lk'lsfl'_lll l'ntsic
solution, Illnsc Kds arc signilicaritly Imvcr for shorter cOlila¢l pcri_u.ls.'l'lw poor=tc,-Illargirial
pcrl'ormancc of all the studiedabsorbers for ¢ht'olllitllll imlicatcs that better partiti_,_nin_ _A_L'III.",

are needed1orewtov¢this imporlant malrix elCrrtetll.

....... I I IIIII I IIII HI 11ll_[ 1111111I I I II I f II IIIIF " -- IIIIII

TableIII.A.6.Cl_iomiumDistributionDala

Medium Absorber 30-mlnKd 2.hKd 6-hKd

Acid-Dissolved Sludge Czech IVlgO-PAN .5 1.4 1,6

LANL Zr,(POII 4 .4 I, I 1,3
lonsiv TM"FIE-:)_'¢_ .4 (1,8 I. I

LANL Ti_(PO.I).a .2 I. I (1,I,I
Cze¢h Ba(Ca)SO4-PA N , I (I,_J 0.9
Duolite TM C-467 resin , I (1,4 I.{1

Diphonix TM resin . I 0.6 I).l,1
SNL/CSTI I I ,0 I.{1 1,2

Ambcrlyst TM 15 resin ,0 (1,7 {),9

Alkaline Supernate SNL/HTO 5.9 7.8 21
Arnbcrlyst TM 15 resin 4.2 7.9 I-1
Czech MgO-PAN 4.0 5.9 36
LANL TiO, 4.0 4.4 5.4
Czech MnO-PAN 3.0 4.3 4.8
SNL/CST69 2.8 3.8 14
Czech NaY-F'AN 2.3 4. ! -1.8
SNL/CSTI 11 2. I 1.9 1.7
SNL/CST68 .7 2.4 6.6
SNL/CST84 .4 1.7 8.8

Sr-Spec TM resin ,3 1,6 2.(1
SNI./CST48 .3 1.7 6.11

TRU-Spcc TM resin .3 1.9 2.5
SNL/CST35 .1 1.9 t).fl
Duo iire _r,_CS- 10() rcsin ,() 2.3 3.5
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?.("ohIlll.If.i)_ti|ttIIill,,,t,_rh,,,,,.'_,_baitwith,ad,_uble-digitKd vl.Ilucfrom_.icidicsolution,and
!h._II_",,q.iI_,,_It._-h_'-iIIIi._"II_'ri_,.,I,,Althoughfouri_artitiorlirlgagents._orI_cobaltI't'otnbasic

,.,,_dilti_I1_,_,ilhde_ublvdii,IilKd _,.ito¢',,,,.onlyC/cobMgC)-I'ANoI'fcrsa Kd higI_crthan15,,andtIiis
ilfi|iiiII'_d fi_lli'i_'IlhlL'1%1_rcelTe_"liveab_oI'her_arcnccdcdIbrbothmediaif'"'Co.;inJllll)tlt'lanl

_l,_II_IiiiIlim_hi_t,i',l_,_,I_: rc'lllOved.

....................... _- H III_!HIIIII[HI I I I III ..... litItIIII II t I

TilhIi'III,A.?,("_hldII.)i_Iributior_I)ata
__ "_ ...... -[ i[ ----_ llmIFI [IIH I l I I I IIII_ niiiIiIn nnn nni U

_l_lum Ah._orber 30-mtn Kd 2-h Kd 6-h Kd

A_,!id..l)l.,,,,_d_¢dSludilc DiplIonixTM resin 1.4 1.7 2.I

('/cch MgO-PAN 1.3 1.4 1.4
Dtmlitc TMC-467 resin 1.3 0,4 0.8
Czech M315-PAN 1.3 1.0 1.1

I.ANL Zf'_(PO_)_ 1.3 1.3 1.!
Tannin 1.3 3.5 13

Aluherlyst TM XN-I01() resin 1.3 0,9 1.2
Ionsiv ,_1TIt5-96 1.2 O.7 0.8

Alk,di._ Sul_rn_tc Duolite TMC-467 resin 14 13 12
' SSR. rcsorcinol resin 12 15 7.7

Czech MgO-PAN 9.4 15 33
C'zech NiFC-PAN 8.9 10 11
Czech NaTiO-PAN 6.2 7.9 9.5
SNI../CST68 5.3 5.4 2.3
SNL/CST48 4.5 4.6 2.0
13(mechar 4.4 5.5 6.9

Amberlyst TM XN-IOIO resin 4.0 3.5 3.4
Amberlyst TM 15 resin 3.6 3.5 3.1
(,rypI-DER resin 2.1 2.1 2.1

< " I II I1_.. II IIIIIII II I
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8. Iron, Iron is poorly sorbed by all absorbers from both acidic and basic media. This is
lbrtunate because iron is present at high concentration in many waste solutions. Interference by
iron in the sorption of other elements may therefore be much less than had been expected. When
iron is present at high concentration, however, significant amounts may load even on the absorb-
ers with low Kd values.

'Fable III.A.8. Iron Distribution Data

Medium Absorber 30-min Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge Czech NaY-PAN 2.2 1.6 1.5
LIXrM-84 1.0 0.5 0.8
Duolite TM CS- 100 resin 0.8 0.8 1.4
SNL/CST35 0.8 0.5 0.8
Czech M315-PAN 0.8 0.5 0.5
Duolite TM C-467 0.8 0.2 0.4

TRU-Spec TM resin 0.8 0.8 0.8
SNL/CST68 0.7 0.7 0.9
LIXTM-54 0.7 0.3 0.4
SNL/CST48 0.7 1.0 1.0
Ionsiv TM TIE-96 0.7 0.4 0.8

Czech MgO-PAN 0.7 0.8 1.0
Czech MnO-PAN 0.7 1.2 1.0
CMPO-DIPB 0.6 0.6 0.5

Amberlyst TM 15 resin 0.5 1.2 0.8

Alkaline Supernate Czech MnO-PAN 3.1 4.5 5.8
LIXrM-54 2.8 3.4 4.7
SNL/CST69 2.2 2.0 2.2
SNL/HTO 2.2 3.1 3.9

Diphonix TM resin 2.1 2.7 3.1
Duolite TM CS- 100 resin 1.8 2.6 3.2
Czech NiFC-PAN 1.4 1.7 2.3
Czech TiO-PAN 1.4 3.8 5.2

Amberlyst TM 15 resin 1.2 3.4 5.8
TRU-Spec TM resin 0.8 1.4 2.5
Reillex TM HPQ 0.7 0.8 1.2
SNL/CSTI 11 0.6 1.6 1.9
SNL/CST84 0.6 1.2 1.4

Sr-Spec TM resin 0.3 0.8 1.5
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9. Manganese. Manganese is moderately sorbed by Duolite TM C-467 resin and Czech
NaTiO-PAN from basic solution, but by no absorbers frona acidic solution. As in the case of iron,
this indicates that the interference from manganese may be less than expected.

III I

Table III.A.9. Manganese Distribution Data

Medium Absorber 30-min Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge Diphonix TM resin 1.8 3.2 3.8
Duolite TM C-467 resin 1.3 1.3 1.4

Amberlyst TM XN-1010 resin 1.1 0.5 0.4
PK-01-244 resin 1.0 0.3 0.3
LIXrM-84 0.9 0.3 0.5

Crypt-DER resin 0.8 0.7 0.4
Czech NaTiO-PAN 0.4 0.4 0.4

Alkaline Supernate Duolite TM C-467 resin 15 17 17
Czech NaTiO-PAN 6.0 7.3 7.6
SRS resorcinol resin 5.9 4.7 2.2

Amberlyst TM 15 resin 5.2 4.7 4.5
LIXTM-IOIO 4.9 5.7 5.3

Amberlyst TM XN- 1010 resin 4.3 4.9 5.0
LIXTM-54 2.4 2.1 2.6
SNL/CST48 2.0 1.7 1.2
SNL/CST68 1.9 1.9 1.6
Bone char 1.8 2.5 2.9
Czech MnO-PAN 1.8 1.9 2.2
CMPO-DIPB !.6 1.6 2.1
Tannin 1.3 0.4 0.5

I II
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I0. Zinc. None o1"the absorbers removes significant amounts ot"zinc I'rona ncidic solution;
however, many absorbers offer moderate-to-high Kd values from basic solution.

III I II IIIIII

Table III.A.10. Zinc Distribution Data

Medium Absorber 30-min Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge JSK-2 resin 2.8 1.9 1.1
JSK-3 resin 1.7 1.3 0.7
JSK- 1 resin 1.6 1.0 0.9

Diphonix TM resin 1.2 2.1 2.1
Duolite TM C-467 resin 0.9 0.7 0.8
PK-01-244 resin 0.8 0.4 0.4
SNL/CST111 0.8 0.6 0.6

Crypt-DER resin 0.7 0.5 0.3

Alkaline Supernate Czech NiFC-PAN 61 94 90
SNL/CST68 33 44 43
Duolite TM C-467 resin 24 46 89
SNL/CST48 23 32 34
Czech NaTiO-PAN 21 44 71
SNL/HTO 18 18 19
SRS resorcinol resin 9.3 11 9.0
Bone char 8.3 14 18
LIXTM-1010 3.6 4.0 4.0

Amberlyst TM XN-1010 resin 3.2 3.4 . 3.6
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11. Zirconium. Many absorbersoffer ruoderate-to-highsorptior_of zirconium l'rotu acidic
solution. A particularly interesting material isCzech TiO-PAN composite, which is highly selec-
tive for zirconium among the 14elements studied.Only Czech MgO-PAN offers a double-digit
Kd value l_r zirconium from basic solution, ttowever, because the 6-h value for MnO-PAN is

significantly higher than the values obtained for shorter contact times, this high value is suspect.
The erratic Kd values Ibr SNL/CST69 are attributed to incomplete exclusion o1"submicron

absorber particles from the assaysolution, and for SNL/CST84 to dissolution of an amorpilous
phasethat sorbs zirconium.

12. Uranium. Many absorbersoffer usel'ulKd wllues Ibr uraniunl l'rom acidic solution.
Note that all 60 absorberswere evaluatedfi'om acid-dissolved sludge that contained 3 g 2_'_Pu/l,.
A l'ew selected absorbers also were evaluated t'rom a similar solution that contained -'_sPtt,but at a

50-fold lower concentration, to determine how the lower plutonium concentration affected
actinide Kd values. From basic solution, Cyanex TM 923 outpcrtbrms other much-costlier parti-
tioning agents.

I I I I IIII III IIIII I I I I I

Table III.A.I I. Zirconium Distribution Data

Medium Absorber 30-rain Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge Czech NaY-PAN 107 191 196
SNL/CST69 91 14 I 16
Duracil TM 230 75 220 205
SNL/CST84 70 87 19
Czech TiO-PAN 51 323 899

lonsiv TM TIE-96 (rood,) 35 88 115
SNL/CST68 31 119 103
lonsiv TM TIE-96 28 64 85
Czech M315-PAN 27 67 96
SNL/CST48 15 49 51
SNL/CST 111 11 14 18
Duolite TM CS- 100 resin 9.2 16 22
SNL/CST35 8.2 26 76

Cyanex TM 272 8.0 32 199

Alkaline Supernate Amberlyst TM 15 resin 2.8 4,6 8.4
Czech MgO-PAN 1,7 2.9 28
SNL/HTO 1.7 2,7 6.4
SNL/CST69 1.7 2,5 5.5
Czech MnO-PAN 1.7 2,2 2.3

Sr-Spec TM resin 1.6 1.8 2.1
Czech TiO-PAN 1.5 2,0 3.2

TRU-Spec TM resin 1.4 !.9 2.6
Duolite TM CS- 100 resin 1.1 2.1 3. !
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"Fable III.A.12. Uranium Distribution Data

Medium Absorber 30-min Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge TRU-Spec TM resin 25 26 27
(3 g Pu/L) JSK-2 resin 19 19 19

JSK-3 resin 18 18 17

Reillex TM HPQ resin 16 19 18
JSK-I resin 14 13 12

Sybron TM (Et)_N resin 13 22 22
lonac TM SR-3 resin 12 21 37
Purolite TMA-520-E resin 9,9 24 35

Sr-Spec TMresin 4.9 5, I 5,7
Duolite TM C-467 resin 3,8 5,0 6.0

Amberlyst TM 15 resin 3, 1 6.4 7.2
DHDECMP-DIPB 1,2 2,3 2,7

Diphonix TM resin 0.4 1,5 2,8
CMPO-DIPB 0.4 0.8 1,4

(60 mg Pu/L) Reillex TM HPQ resin 20 23 23
JSK-2 resin 20 17 17
JSK-3 resin 18 17 17
JSK-I resin 13 12 1i
Purolite TM A-520-E resin I0 22 39

Cyanex TM 923 2.7 6,5 14

Alkaline Supernate Cytmex TM 923 122 233 356
Diphonix TM resin 96 153 214
TRU-Spec TMresin 70 107 164
Czech TiO-PAN 67 115 185
SNL/HTO 52 69 90
CMPO-DIPB 49 183 291
SNL/CST35 25 45 54

Cyanex TM 272 23 41 58
SNL/CST68 23 38 45
DHDECMP 22 31 32
Duolite TM C-467 resin 19 38 63

Amberlyst TM 15 resin 15 30 58
Duolite TM CS- !00 resin 12 !9 25

Reillex TM HPQ resin 8.4 8.9 8.9
SRS resorcinol resin 7.5 13 22
Bone char 6. I 9.6 13

Sr-Spec TM resin 4,8 4.9 5.2
I I I III I II III I
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13.Plutonium. Aside i'r()m the ()tll,,.;tandin_perf()rl]mnce()f lilt.'experin}ental .ISK anit)n
ext.'h_.|llgC l'e.,,;ill_,and Sybr(mI"I (Et)_N rcsirl l'or a 6-11¢()llt_.|t.'lt')eriod,RuillexJMIII)0 sorbsplut()-
niLllll rr()lll ;.lcidicsolution better thi.lnall other p;.il'titi(.)llillg agellt,%, The l')el'l'()rlll;.mce ()1'.1SK-3
resin, whh:h greatly excee(.l,_Ihat ()f Rcillex TM ItPQ, is parlicularly impressive. "Hw i)o()r re_m),,'al
ot"plutoniuln from basicsolution may m}t bca serious pr()blcm I'_ec;.Itlsethe s()lubility (}1"r)luto-
nium in this medium is expectedto be quite low.

I[11 I I I IIIIIIIIII I II III I II II I1][ I ....... I IIII III IIlIlIIIlil II II I I I II

T.ble llI.A.13. Plutonium l)istribution Data

Medium Absorber 30-rain Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge JSK-3 resin IO53 1035 1173
(3 g Pu/l.,) JSK-2 resin 142 278 422

JSK-I resin 83 143 196
ReiihaxTM HPQ resin 78 274 485

"FRU-Spec TM resin 57 58 60
Sybron TM (EI)_N resin 24 il4 839
lonac TM SR-3 resin 21 64 207

Sr-Spec TM resin 14 14 14
Purolite TMA-520-E Ivsin 13 51 415
DHDECMP 4,4 8,2 15
Duolite IM CS- I00 resin 4,0 6,7 1()

Cyanex TM 923 3,0 7.6 21
CMPO-DIPB 0,4 ().4 (),7

(60 mg PulL) JSK-3 resin 870 1650 2185
JSK-2 resin 329 337 2t-_l
JSK-I resin 178 249 254

Reillex TM I-tPQ resin 132 184 205
Purolite TMA-520-E resin 45 186 260

Cyancx TM 923 2 ! I00 !99

Alkaline Supernate Czech MnO-PAN 2,8 3,3 3,8
Duolile TMCS-!0()resin 2,7 3,4 4,4

AmberlysltM 15 resin 2,3 4,9 8,5
LIXIm-54 2,2 2,8 3,()

Cyanex TM 923 1,4 1,9 2,()
TRU-Spcc TMresin 1.2 2.0 2,8
l)iplaonix TM resin I,() 1.2 I,()
CMPO-DIPB 0.8 0,5 1,0
Reillex TM HPQ resin ().7 0,9 (),7
I)HDECMP-DIPB ().7 0.6 (),4

II I I II1[11III III I I I IIII I I IIIIIIIII
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14. Anlerlclunl. Amcriciunl is s_)rbedby the .ISK exl'_erimentalani(m exchanBeresinsa.d
by ReillexTM tlPQ resin I'ronl acidic solution, but at lower levels that1we would like, l:rot_l basic
solutiorl, rlmny absorbersol'fcr higll Kd valuesIbr atviericium.Cyarlcx_n_t_23:,orbsairlct'iciutll
better than _,lllV(_111erl_al'titiollillg I.|_ellt sttldicd, inclttditiB specialty l'H'otltlcls co.slitlg orders ()l'

rnagnitudurYtorc,

B. Indh,,lchml Absorbers

Tables Ill.B, I.,'l. througl'llil.l].7.g, l'_rcscntdistribution cocfl]cicnts f'_)t'cacll of'the 14
clctllcrlts onto eachof the 60 absorbers, from sirmilatcd acid-dissolvedslttdgcand alkaline
supernatcsolutionsof Ilanl'()rd IWPTank 1()2-SY,These tablesmay bc used to lwctlict thv st.,Icc-
tivity ot'sl'_ccit'ical_sorhet'sbeingcon_idcl'ed.

I]IIB _ IIIll I......... I -'i " llliIlllIJI[ I ...... II IllllIIIlllIN I

T.ble III.A.14. Americium Di,,.;tril_utionData

Medium AI)sorl)er 30.rain Kd 2.11K(I 6.h K(I
r i .,,, i ,., ................ iHi ,,u iml -

Acid-Dissolved Sludge JSK-2 resin 8.4 7.t) 7,6
(3 g PulL) JSK-I resin 7.4 6.5 5.9

JSK-3 resin 6,2 5.3 5,1)

Rcillex TMttPQ resin 3,t) 2.4 2.4
'FRU-SpecTM resin (),3 <(),I <(), I
Dipl'lonix TMresin <(), I (),3 (),4

(6() mg Pull.) ,ISK-2 resin (),4 7.7 7.2
JSK-I resin 8.3 7.() 6,6
JSK-3 resin 7,() 6,3 (),()
Rcillcx TM IIPQ resin 4.6 3,6 3,8

"_ ,rl

Alkalinc Supcrnatc ( yancx TM 923 538 751 81)2
'rRtl-Spc¢ TM resin ,105 5OX 67 I
S ' P " _ im•NL/tl IC) 2_t) 264 I(,_8
( 'MI}(). l) II_I3 4t) .I55 472
I.IX im-.54 34 32 3()

Atnberlyst om15resin 33 1_8 _)3
('zcch MrlC)-I)AN 32 31) 20

l)il._h()nix IMI'C.%il] 2_ 25 22
SNI./C,STI I I 25 52 1(17
I)! I[)I:.C,MP 25 34 35
C'zcch AMI)-PAN 24 5() 8(_
I.iX TM-.'_6 23 33 3()
13()nochar 16 35 _'_2

An|lbcl'lyst TMXN-I()I()resin I(1 27 ('}(_
I.IX _m.I()1() I() 27 {_4
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i, C()nmlerci.lly Av.il.i)le AI),_()rl)er,_.Sevenlecncotumerei'all>,available;Ih_)rlx'r_ were
included in our study,

....%n11..,rly_tTM 15 C.II.. l,]xch..fle Re_l.. A111berly_t'M15. tllanul'aeturcdhy P,(fll,u_:
liar|s, Philadelphia, PA. i_ a i11tiCt'()pOl'OU_,str()ng-aeid catiolz exchI|n_e re,_il| witll _tlll'(mic acid

l'UllCtionl.|l gl'Ollj_,,i,Ait'-dl'yJllg 111¢a_-l'e¢¢iv_d I'¢,4J11b¢I'(_I'¢ tl_e l'¢_uJtcd ill ;l wei_llt I_ _)f ,-15,,I';;,

"Fable111.13.l.a. _l'iowslJlal surprisingly l'¢weh.,ille,l_ _,'h _mlhi_ cali_mexchange l'¢_in l'l'_Ull
acidic solulioll, and thal lanlhanide.,,and Irivalcnt a¢lil|id,,.,__)rl'_r,,.'a_mahlywell l'n,_ alkaline
_olution. Arnberly_( TM 15 i._oulpcrlbrn_ed by _mlyotI¢ olhcr abash'herIbr retrlovir4a._iI'_111JUI11
l'mm basic ,_olulion.

i iii i i i_1111111iii i i iiiii i ii I IliIOT I - II I I[i II I .... II II II II II I I I/fl I I ........ II
............ _,_,i. _-................................................................................. - ...................................................................

'ihl)le III,B.I,., Di_tributiorl _)1'1.4,I_lcment__r_t¢)Aml'_erly,_t_M15C'ali_)nI:._¢han_e
R¢_irl from "l'w()Simularll ,";()IL_tiori._li)r llanl'()rd I II.W 'lhnk I()2-.',;'Y

,.................. ,,,_ ii i H ,i ,,,i , : - ,i u. i ,, ii., i,. -_ ,, ................

Medlum Ah_.rher 30.mh_ Kd 2.h Kd 6.h Kcl
......... . --_ .........

A¢id-l)i.s,_olv_.'dSlud_e ('c 2,() I,7 I,_
C'_ 1.5 1.3 1.6
Sr I _ 1),9 I _
"I'¢ I,() (),7 1,2

Y 2,3 1,7 2,1
C'r I,() ().7 ():)
('o (),9 (),6 (),6
Fe (),5 1,2 (),8
Mn (),3 (),6 (),4
Zn <(). I <(),I <(), I
Zr 1,2 1.3 1.3
L1 3,i t_,4 7,2
lhn I, I 1,9 I,_
Am ().7 (),7 (),N

AlkalineSUlk'rnale ('e 42 77 132
C'_ _),7 9, I U,()
Sr 12 13 1.1
'1'¢ <(),I <l), I <(), I
Y 27 45 hf_
C'r .1,2 7,4 i.l
('_ 3,6 3,5 3, I
I:¢ 1,2 3,4 5,_

Mn 5,2 4,7 4,5
Z. 2,4 2,(1 1,8
Z,' 2,_ ..I,6 X,4
I T 15 3() 5_

I'u 2,3 ,1,4 X,._
AIII ,t,i hl'i ¢)3

................................. :': ..................... :2__: .......... ' ' ± -
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b. Aml)erlyst TM XN- I010 Cation l,]xchan_e Resin. Ambcrly_t TM X N- I(911},zl,nacr_l_,'_)u_,
,strong-acidcation ¢XCllang¢l'csinwitll still'olli¢acid ftlnctiOllalgl'otlp_,is nlalltlfat.'turedby l,h_hl_1
& Haas,Philadelphia, PA. Anlberiysl XN-I()I(} is statedby the i111.illtlt'_Wttlr_rI(} t1[IV¢ _,ipal'ticu-
lady high .'.itlri'l|¢¢arctt ttlld to b,2suitable t'_r llOll-aqtl¢Otl.',iapplicatiot1_.Air-drying theas-rct'civcd
resin bcl'orc rise restllted in a weight loss of 4,4_;_,,

Table III,B, I.b, shows thai the behavior of Amberlyst TM XN-I()1()is similar h_that ot'
Arnbcrlysl TM 1.5,,although the Kd valuesgenerally arc lower,

'i_al)leill.ILl.I), Distribution of 14Elements(rot()Ambcrlysl XN-I()1()C'ali()ll I!xchmlge
Resin from "l\vo Simulanl Solutions for Ilanford HI.W Tank IO..-SY

i'_" I InInf I I I I ......... [ LC/I[ I .... [n Ill n_N]NI_ I I III I I L I .......................

Medium Absorber 30,rain Kd 2-h Kd 6-h Kd
--- -- ..... TI -- i /I IIII III IIII I III III I I II I I IIII[I I JII........................

Acid-DJssolxed Sludge Ce 1,3 1,4 1,5
Cs 2.4 2.2 2.5
Sr 0,9 (},9 I, I
Tc 1,2 I. I 1,3
Y 1,4 1,4 1,5
Cr {).9 0,6 1,3
Co 1,3 0,9 1.2
Fe 0,3 I.i {),X
Mn I,I 0.5 0,4
Zn 0,3 <(), I <(), I
Zr 1,2 1,8 3,3
t,l 1,2 2,4 .1,6
Ptl <{),1 (),7 1,3
Am 0.2 0,4 0,2

Alkaline Supcrnatc Ce 13 3X 114
C's 13 15 15
Sr 5.9 7.8 8,3
Tc 1.3 I.() I,()
Y II 2t_ 64
Cr (),5 (),X 1,3
C'o 4,0 3,5 3,4
Fc <0, I <0, I <(},I
Mn 4,3 4,_} 5,()
Zn 3,2 3,4 3,6
Zr <(),i <(1.I <(1,i
It 4,() 6,7 15
Pu 0,3 1),I 1),4
Am I0 27 66

-- _ II IIII : lllll_ lilll III IIIIIIII II I I II_ i i ililllil -- _ III .. ........I!IIII!: _ _...........J]l!!l ........ll!f
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c. l)tn.lite""' C-467 Ctltion Exdulnl,le Re_in. DuoliteTM('-,-lift. a chelatin_ cati_mexchange
re_inc(mlpo_edof a polystyrcncMivinylhcrIzerleco[_oiynlerwith .mim_ph_l_llonic acid flint'-
ti_}llal[Zt'Otlp_.i_ n1_.lntlfat.'turcdhy Rohm & llaa_, Plliladelr_l'lia,PA. Air_tlryin_ the a_-rec¢,ivetl
re_in hclbrc useresulted in a weigl'il lossoI"34,Ici _,

Table III,B, l.c, ,,,,how_rrloderale_orption of teclmclium and zirc_miutnfrom acidic _iuti_'m,
l:rorn basic solution, technetillnl. 1,lilt. aM tlrllniiltll ,,,;ot'l_reusorlahly well. wherua,,cobalt, t]mn-
_llt|_se, lltlleri¢iLili|, alitl l,anthanid¢,',isoft} tnodcratcly,

IIII| I I]I lIl I l I I [ I III[ .......... II IIIT...................
......... _ ................................................. _ ........................ _ ............................................................................................................................................................

Tilble lil.B.Ix, l)i_Iribttlion oI' 14 Elcnlenl_ onto l)uolite TM('-467 C'ati(m l:.xcllan_c
Rcsirl l'rom Two Slmulant Solutions for llanl'ord III.W "r..k I()2.SY

- , , J,lilt :: i r " --- , ri, | r,, , ,,,,,,,,, ........

Medium ASNorher 30-mln Kd 2-h Kd 6-h lid
ill -- ......... i ,.,ii .......... ,,,i i -- , , ,, . ----

Acid-l)issolvcd Sludge Cc 2,.I 1,5 2,2
Cs (),t_ (1,2 (),7
Sr 1,4 0.6 (),9
're 12 12 13
Y 1,8 ().t} I ,("_
Cr I,I (),4 I,()
Co 1,3 11.4 0,8
Fe 0,8 (l,2 0,4
Mn 1,3 1.3 1,4
Zn 0,9 (),7 0,8
Zr 5,4 7,7 13
II 3.8 5.() fi,()

Pu 2,4 3,2 3.9
Am (),8 0.7 0,7

Alkaline Supernate ('e 6,3 4,2 ?,h
C's <0, I <1),I 1;,I
St' 1,4 ().7 ().5

're 4() 42 44
Y 7.2 5,6 ,1.5
C'r (1,5 (),7 I,I
('o 14 13 12
Fe <(),I ().h 0,8
Mn 15 17 17
Zn 24 4(_ lit}
Zr <1},1 (1,I 1),3
II It) 38 h3

Pu ().7 I.() 1,3
Am 6,t; _,2 5,4

..........................................................................................7"""_7-" ......... _'_'-"_q"............. _'-_--_" .........,"i_,.....................................................i...........=:........._,,
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d. l)iphonlx TM Cation Exchange Resin. DiphonixtM a polyfl,ucti()nal resiu that e(,nlains
diphosphoni¢ acid, sulfonic acid, and carboxylic acid I'LInctionalgtoul_s,wasobtained from
El('hroM Industries, Inc., l)aricn, II,. Air-drying the as-receivedresin hcl'orc riserestillcd in an
urtusually large v.,cightloss of 72_';_,.

Diphonix TM resin sorbs11ot1_or the 14ele.tllCtltS ,,,ignificarltly I'rornacidic soltttion, whereas
uranitlnl, lanthanides,and anleri¢itltn sorbI'ronlbasic solution.

IIII IIII I IIIIEII I I I /l/ll 111 I I II II I [FI III II I I/ IIIIII I I " I .........

'ralfle III.B.I,d. l)istrihutiort of 14 Elementsonto Dipl'lonix TM ('atiotl Exchat_g¢Resin
l'rorrl Two Sin'luiantSolutions for itani'ord l lL,W Tank 1()2-SY

Medium Absorber 30-rain Kd 2-h Kd 6-h Kd
_ iill, i_ _ _ i

Acid-Dissolved Sludge Ce 1.3 I. I 1.2
Cs 1,7 1,4 1,3
St" 2.0 1,7 1,3
Tc 2,0 i.6 1.8
Y 1.1 I.I 1.0
Cr I,I 0,6 (),8
Co !,4 1,7 2.1
Fc (1,2 0.6 0,3
Mn 1.8 3.2 3.8
Zn 1.2 2. ! 2, I
Zr 1,0 0.6 1.0
U 0.4 1,5 2.8
Pu <().I <(), I <0, I
Am <O.I 0,3 0,4

Alkaline Supernate Ce 22 23 22
Cs 1.5 I.() I.I
Sr ().6 0.2 0.2
Tc I.() I,() 1.4
Y 28 31 31
(i'1' (),9 1.7 3, I
Co I, I !,2 ().9
Fe 2. I 2.7 13.I
Mn 0.6 0.7 ().6
Zn 0.4 <(),1 <().1
Zr <(),1 <(),1 0,3
L[ 96 153 214
Pu I,O 1.2 1,0
Am 28 25 22
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e. lonslv TM TIE-96 Absorber. Ionsiv TM TIE-96 is a titanium-loaded zeolite manufactured by
UOP Molecular Sieves Division, Moorestown, NJ, This abst_rber was used as received,

lonsiv TM TIE-96 sorbs zirconiun'l well and cesium moderately fronl acidic solution, l::rolll
basic solution, cesium is sot'bed well and uranium is sot'bed rm_deratcly,

I I I " II IIII II IIII III I IIIII II[IH I I I II I11111 ....

Table lll.B.l.e, 13istribution o1'14 Elements onto lonsiVTM TIE-96 Absorber from Two
Simulant Solutions for l-lanlbrd HLW Tank 102.SY

Medium Absorber 30-rain Kd 2-h Kd 6-h Kd
, i ,, ,, --

Acid-Dissolved Sludgc Ce 1.8 1,1 1,5
Cs 7,6 7,9 8,3
Sr 1,9 1,0 1,4
Tc 1,7 !.6 1.5
Y 1,5 0,9 1.2
Cr 1,4 0,8 1.1
Co 1.2 0,7 0.8
Fe O,7 O,4 O.8
Mn 0,1 0.1 O,1
Zn 0.4 0,2 0.3
Zr 28 64 85
U <0.1 0,4 0.1
Pu 1,5 2,5 4.4
Am 0.2 <0,1 0,3

Alkaline Supernate Ce 0, I 1,2 !.6
Cs 58 97 122
Sr 0.5 0,7 0.4
Tc <0. I <0,1 <0,1
Y 0.9 1,3 1.1
Cr <0.1 0,9 0.9
Co 0.2 0.6 0.4
Fe 0,5 0,4 0,5
Mn 0.4 0,3 0.3
Zn 0,6 0.2 0.4
Zr <0.1 0,6 0,5
U 5.4 7,6 12
Pu <0.1 0,3 0.3
Am 1,5 1,9 2.2
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f. lonslv TM TIE-96 (m.difled) Absorber. Ionsiv TMTIE-96, motlitird, is an imlm,Vcd vrrsi_m
of the lonsiv TIE-96 titaniutn-ioadedzeolite nmnufacturrd by [ l()p Nh_lectllarSieves I}ivi_i_,n,
Moorestown, NJ. 'l'his absorber was u_ed as received.

The modified form of Ionsiv TM TIE-gO provides a generally ilnpt'¢wed vct'siun ¢,1'Ihe .,,_,'pthm

pattern of unmodil'icd lonsiv TMTIE-96, with the Ktls of lanthanides, uraniut_l, and anlericium
from basic soluti(m approximately doubled.

i '''1 ....... II IIIII I1 T I I ..... llll I ]J I .... [I - . ....

'fable III,B,I.f. Distrihulion o1'14 Elements_mloIonsivTM'I'1E-96 (Motlilietl)Al'_,rher
t'rom Two Sirnulant Solutiorls for Hanford I ILW Tank 1()2-SY

........ -- " ' ................... ".............. III1

Medium Absorber 30.rain Kd 2-h Kd 6.h Kd
, i j,. i1_ i II 1111 i I 11 I II J II IIIrU Ul ....... ,W IIII

Acid-Dissolved Sludge Ce 0,9 I. I 1,3
Cs 7,7 9.1) t;,4
St" 1,4 1,4 1,4
T¢ I,O i,(1 1,5
Y 1.2 1,0 I,(1
Cr 0.4 0.9 I.I
Co 0,7 0.8 0,6
Fe 0,2 (1,7 (),6

Mn 0.3 ().1 (1,1
Zn 0,3 0,2 (1,I

Zr 35 88 115
U <0.1 0.2 0,3
Pu 1,8 3,0 4,9
Am 0.3 (),I 0,3

Alkaline Supernate Cc 2.3 3,0 2,t)
('s 63 ! I() 139
Sr 0.9 I,(1 11.7
Tc <0. I <(), I <(). I
Y 2,2 2.2 1,9
Cr I.() 1,6 1,3
Co 1.0 0.8 (1.8

Fe ().5 0.6 (),1_
Mn ().3 ().4 0,5
Zn 0,8 ().3 11,5
Zr (),6 0,8 11.6

U 7,3 14 26
Pu <0.1 0.4 (1,2
All1 4.6 5.6 5.7

3O



tl, Duollte TM CS-IO0 Resin. Duolite TM CS-100 is a phenolic resin manufactured by
Rohm _ Haas, t)hiladelphia, PA. Air-drying the as-received resin before use resulted in a
_,vcjghth)ssof 55_;..

Dtlolit¢ TM ('S-I()O resin .,,;orbszirconiLlnl, plutoniLlnl, and technetium (but no[ cesium) [¥OIYI
acidic m_lulion. Only uranium is sorbed to a useful extent from basic solution.

. [ I I

'lhble III.B.I.R, Distribution of 14 Elements onto Duolite TM CS-100 Cation Exchange
Re_in from Two Simulant Solutions for Hanford HLW Tank 102-SY

i i i

Mtrdlunl Absorber 30-rain Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge Ce 0.2 0.5 0.5
Cs 0.5 1.1 1.3
Sr <0.1 <0.1 <0.1
Tc 4.8 6.3 6.4
Y 0.2 0.3 0.2
Cr 0.1 0.1 0.2
Co 0.3 0.5 0.4
Fe 0.8 0.8 1.4
Mn 0.1 0.1 0.3
Zn <0.1 <0.1 0.2
Zr 9.2 16 22
U 1.2 1.6 2.4
Pu 4.0 6.7 10
Am O.1 <0.1 <0.1

Alkaline Supernate Ce 2.6 2.5 3.0
Cs 1.3 1.2 1.3
Sr <0.1 <0. l <0.1
Tc 2.2 2.6 2.8
Y 2.4 2.4 2.4
Cr 1.0 2.3 3.5
Co 0.5 0.4 0.5
Fe 1.8 2.6 3.2
Mn <0.1 <0.1 <0.1
Zn 1.1 0.9 0.8
Zr I.] 2.1 3.1
U 12 19 25
Pu 2.7 3.4 4.4
Am 3.1 3.0 2.9
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h. Tannin Absorber. Tannin absorber was obtained I'rom Mitsubishi Nuclear Fuels Corpo-
ration, Japan. Air-drying the as-received tannin resulted in an unusually high weight loss of
82.2%.

Tannin sorbs technetium and zirconiul-n from acidic solution, although the sorption kinetics
are slow. Only uranium is sorbed with a Kd higher than 5 from basic solution, and again the
sorption kinetics appear slow.

I II I I I III

Table III.B.l.h. Distribution of 14 Elements onto Tannin Absorber fi'om Two Simulant
Solutions for Hartford HLW Tank 102-SY

Medium Absorber 30-min Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge Ce 1.0 0.6 0.5
Cs 1.8 1.5 1.3
Sr 0.9 0.6 0.3
Tc 10 39 136
Y 1.2 1.2 0.7
Cr 0.6 0.6 0.3
Co 1.3 3.4 13
Fe 0.3 0.2 0.7
Mn 0.2 0.3 0.2
Zn 0.4 0.3 0.2
Zr 4.3 12 33
U <0.1 0.6 1.0
Pu <0.1 0.6 2.5
Am 0.2 0.1 0.2

Alkaline Supernate Ce 1.9 3.7 4.1
Cs 2.4 2.2 2.4
Sr 1.0 0.9 0.7
Tc 2.1 2.7 2.7
Y 1.8 3.3 4.1
Cr 0.1 0.3 0.6
Co 1.6 1.6 1.0
Fe <0.1 <0. I O.2
Mn 1.3 0.4 0.5
Zn 0.6 0.2 0.2
Zr <0.1 <0.1 <0.1
U 2.2 4.2 8.8
Pu 0.4 0.2 0.4
Am 1.I 2.(1 3. I

LI_
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i. Sr-Spec TM Resin. Sr-Spec TM resin, a crown-ether-based material, was oblainect from
EIChroM Industries, Inc., Darien, IL, This resin was used as received.

The low Kd of 3 for strontium from acid is nearly matched by that for technetiuln, and is
exceeded by Kds for uranium and plutonium. Technetium, strontium, and uranittln sorb from
basic solution. Some solution discoloration, observed in basic solution, indicated that Sr-Spec TM

nfight be somewhat unstable in this medium.

II IIIIS

Table llI.B.l.i. Distribution of 14 Elements onto Sr-Spec TM Resin from Two Simulant
Solutions for Hanford HLW Tank 102-SY

Medium Absorber 30-min Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge Ce 0.3 0, I 0.3
Cs 0.3 0.1 0.1
Sr 3.0 3.1 2,9
Tc 2.8 2.7 2,8
Y 0.6 0.4 0,5
Cr <0.1 0.1 0.2
Co 0.4 0.1 0.2
Fe <0.1 0.2 0.2
Mn 0.2 0.1 0.3
Zn O.1 0.2 0.2
Zr 1.1 1.5 1.6
U 4.9 5.1 5.7
Pu 14 14 14
Am 0.1 0.2 0.1

Alkaline Supernate Ce 1.0 0.8 0.8
Cs 0.9 0.9 0.9
Sr 18 18 17
Tc 45 42 39
Y <0.1 <0. ! <0. !
Cr 1.3 1.6 2.0
Co I. I 0.8 0.8
Fe 0.3 0.8 1,5
Mn 0,1 0.3 0.4
Zn <0.1 <0. ! <0.1
Zr 1.6 1.8 2.1
U 4.8 4,9 5.2
Pu 0.4 0.7 1,0
Am 0.1 0.5 0.3

I I I
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j. TRU-Spec TM Resin. TRU-Spec TM resin, a mixture of13% CMPO (octylphenyl-N,
N-diisobutylcarbamoylmethylphosphine oxide) and 27% TBP (tributyl phosphate) sorbed on
polyacrylic ester beads, was obtained from EIChroM industries, Inc., Darien, IL. This absorber
was used as received.

Plutonium and uraniunl sorb reasonably well from acid, while technetium and zirconium sorb
weakly. Lanthanides, americium, uranium, and technetium sorb well from basic solution.

I I I Ill

Table III.B.I.j. Distribution of 14 Elements onto TRU-Spec TM Resin from Two Simulant
Solutions tbr Hanford HLW Tank 102-SY

Mr tlium Absorber 30-min Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge Ce 0.1 0.2 0.4
Cs 0.2 0.3 0.3
Sr 0.2 0.2 0.3
Tc 4.1 4.0 4.1
Y 0.1 0.3 0.4
Cr 0.6 0.6 0.8
Co <0.1 <0.1 <0.1
Fe 0.8 0.8 0.8
Mn <0.1 0.1 0.4
Zn 0.6 0.5 0.6
Zr 3.8 4.3 4.9
U 25 26 27
Pu 57 58 60
Am 0.3 0.1 0.1

Alkaline Supernate Ce 548 594 644
Cs 1.5 1.8 2.0
Sr 0.5 0.2 0.1
Tc 90 78 74
Y 98 94 92
Cr 1.3 1.9 2.5
Co <0.1 <0.1 <0.1
Fe 0.8 1.4 2.5
Mn 0.3 0.3 0.3
Zn <0.1 <0.1 <0.1
Zr 1.4 1.9 2.6
U 70 107 164
Pu 1.2 2.0 2.8
Am 495 598 671
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k. Durasil TM 190 Resin. Durasil TM 190 resin, oblained from Duralek C{,rp{,ralion.
Beltsville, MD, was used as received. The air-dried weight, per water-wet ml, was {}.06t) g.

None ot"the 14 elements s{,rbs significantly ['roll1acidic solution, but cesium st,rbs 1'1"OlliII_lsi¢

solution.

I I HI]Ill III I1[111 [III_II11111 II I I I I I I I I I II

Table lll,B,l,k, Distribution of 14 Elements onto Durasil TM 190 Resin l'romTwo
Simulant Solutions lbr Hanford HLW 'rank 102-SY

Medium Absorber 30-mtn Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge Ce 0.4 0.5 0.7
Cs 1.2 1,7 2.5
Sr 0,1 <0,1 0,3
Tc 0.5 0,5 0.7
Y <0.1 0.3 0. I
Cr 0. i <0. I 0.1
Co 0.3 0.3 0.3
Fe 0.3 0,6 0.7
Mn 0.3 0.4 0.2
Zn 0.4 0,6 0.5
Zr 0.7 1.3 1.7
U O.4 0,1 0,2
Pu 0.2 0.2 0.2
Am <0.1 0.3 0.4

Alkaline Supernate Ce 0.3 0. I 0.4
Cs 9,4 21 34
Sr 0.1 <0.1 <0.1
Tc 0.4 0.3 0.4
Y <0.1 0,2 0.3
Cr 0.1 0.1 0.3
Co 0.4 0.3 0.3
Fe 0.3 0.8 0.8
Mn <0.1 <0.1 <0.1
Zn 0.4 0,6 0,6
Zr 0.3 0.2 {).3
U 0.2 0.7 0.8
Pu 0.8 1.0 0.9
Am 0.1 0.6 0.6

I IIIII
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' )I, I)urasll TM 230 Resin. 12)urasilTM 230 resin, obtained rrom l.?uratek¢ orr)( ratio)n,
Bcllsville. MD, was used as received. 'rite air-dried weight, per Wa|CI'-WCI ml, was 0,749 g.

Zirconiunl and cesium sorb I'roln acidic s(flulion, Cesium sorbs scleclivcly l'rom basic
solution,

.lllll. ii iriiiiiiiiiii ill II I I I I II IIII III I I II I I IIIIII II IIII IIIIIIIII ................

Tahle III.B.I.I, Distribution ot"14 Elementsonto Durasil TM 23()Resin t'rom Two
Simularlt Solutions for Hanford HLW "l]mk I02-SY

Medium Absorber 30.rain Kd 2-h Kd 6-11Kd

Acid-Dissolved Sludge Ce 0,3 0,5 0,5
Cs 11 14 13
St' 0,5 O,1 0,2
Tc 0,5 0,7 (),6
Y 0,2 0,2 0,2
Cr <0,1 <0,1 <0, I
Co 0,4 0,3 0,4
Fe <0, I O.I 0,2
Mn <0,1 <0,1 <0, I
Zn O.1 O,1 O.i
Zr 75 220 205
U (.).4 0,3 0,3
Pu 1,2 2,8 3,4
Am 0,3 0.1 0,2

Alkaline Supernate Ce <0. I O.1 <0,1
Cs 78 135 148
St' 0.3 0.3 0.2
Tc 0,4 0,5 0,6
Y 0.3 0.3 0,3
Cr 0.4 0,6 0.7
Co 0.1 <0.1 0.3
Fe <0.1 0,4 0.9
Mn 0.3 0.3 0.3
Zn 0.4 0.4 0.7
Zr 0.4 0.7 0,9
U 0.7 0.5 0,9
Pu <0,1 O,3 O.7
Am O,1 <0. I ().1
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m. Bo.e Ch.r ,A.I)sot'l)en l]onc char, I'_.'nlcd by calcining cattle t_tme.,,,in the al'_,,t'nce_)l'air,
was obtained t'ronl Stauffer Cllcn|ical ("ot|q_at|y, Wesll'_t.'t, ('T. I]one char is I'_t'cdott|inatltly cal-

,,.'iurrl phosphate,
Not'It of the 14 elcrtl¢tlts st.'l_s at t0s¢i'ttlIcvcl_ t'rtml acidic ,,oltttion. bttt larltharlid,,..s,atm'ri-

ciut11,tcchn¢titlnl, cobalt, arid zinc ,,,,orbt'rotll basic ,_olLttion,

n. Retllex TM FIPQ Anion Exdmnge BeNin, Rcillcx IM IIPQ, a stl't.lg-base p()lyvinyll'Lvridirle

arlion exchange resin, was obtained from Rcilly Industries, lrlc., Irldiarlal_t)lis, IN, Thi,,. rcsit) ,,va_
¢ollvcrtcd I'ronl the tls-r¢ccivcd chloride I'ort|l to the nitrate I'orlll arid air-dried b¢f'_.'e Ll._t.','l'r_cair-

dried wcigl'll, per water-wet tnl. was (),.t._2g,

I IIIII + I +l+lllll]ll I ....... 11 Ill[ llMI]I_I .......................

T.ble lll,B,l,m, l)i,stribution of 14 Eletucnt,s onto l]ort¢ Char Ab,sol'ber l'l't+irlTwo ,',;inmhml
Soltltions for Html'on.l IILW Tank 10...-SY

Medium Absorber 30.rain Kd 2.h K(I 64. K(I
-v --_:- ,ll,i i , , i , , i,,

Acid-l)is._olvcd Sludge Ce I, I 1,4 1,2
Cs I, I I,() (),9
Sr 0,7 0.6 0,8
Tc 4,() 4.() 3,9
Y 0,6 0,4 0,5
Cr (),7 0,5 (),7

Co 0,7 I ,o 1,0
F'e 0,4 i).2 ().3
Mn 0,3 (), I 0.3
Zn 0,4 0.2 0,3
Zr 2,() 2,5 2,6

U 1,5 0,9 I, I
Pu 2.0 I .fl 1,6
Atn 0.6 0.4 (),3

Alkaline Supemate Ce 19 33 53
Cs 0,2 O.I 0,2
Sr 1,6 2,0 1,9
T¢ 12 14 15
Y I I 18 26
Cr 0,2 0.4 (),7
Co 4.4 5.5 fl,9
Fe 0, I 0.5 0,7
Mn 1,8 2,5 2.9
Zn 8,3 14 I,_
Zr <0,I 0,2 (),3
U 6,1 9.6 13
Pu 0, l ().2 I, I
Am 16 35 62

[ I I I II IIIlll I I I
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'['cchilctiuftl_.'1_ well fro,t1I'r_thm.'itlicam.Iha_icmdtoli(m,_,I)lut(miu.i m,t'., v,ciI, _ hilt

Lirat|iLitll and ¢_riLItll ,sot'l_Itlodcratcly I't'_)ltiacidic m_luti_m,[!r;itlitltll ,,_.'h_.,,_.twv,hat Icy, It't_tii
basicsolutiCm,

T.ble Ill,ll.l,n. Di,stributiorlof 1,4l.lciucnt i)t_lt()RcillcxTM: ' • ', liP(.) A.i_m I_xclmll_c
Resin l'roll| 'l\v_)Sill|LllanlSolution_for I larll'_;rdI II.W Tank I()2*SY

Medium Ahsorher 30.rain Kd 2-11K(I 6.h K(I
......... _-.:..... ,if, ..... i iil ,,II,ll,I,]rmrii!rllIiJ]J I I I I Jill II 'l _ ......... ........ Z ] l _ [FI[

Acid-DismlvcdSlutl_c C'c 14 I .! 13
C,s (),8 1),3 (),(_

St" I,i (),6 (),7
Tc 76 0() 9._
Y 1,2 11.5 (),X
C,r 0.8 ().2 ().6

Co 0,9 1),2 (),2
Fc 11,5 1).5 1),5

Mn <0, ! <(1,I <(), I
Zn (),3 (),2 11,2
Zr 4,3 4,2 4.2
Lt 17 19 It_
If,, 20 23 21t
Pu 78 274 485
Ptr' 131 184 2115
Am 33) 2.4 2,4
Am" 4.6 3,6 3,8

Alkaline Supcrnatc C"c ().4 1).6 ().5
Cs I.() (),8 (),8
Sr (),1 ().3 (),1
Tc 251) 2X() 274
Y 0,8 1,1) (),6
Cr <(), I <(), I <(). I
Co (),9 1,1) (),N
Fc (),7 (),8 1.2
Mn <1),I <(), I <1),I
Zn 1),6 (1,5 (),6
Zr 1).2 ().4 (),4

II X,4 X,9 8,9
Pu (),7 (),t) (),7

Am l,() (),9 (),_

"These solutions c(mtaincd 60 mg Pull.'. all others contained 3 g Pull.,
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It. |tllltli 'i'_t_H-.t Althln |.:_l¢|llllttle Ilt..qln. hlliilL*''I _R-t. a inlicr._l_,,r_lll_,.tri)llg.bil_e illli_itl
e_,cliang¢r¢.,ill v,ith Iritil_.'lh_lavuitt¢a.,Ihe l'uncli_,lal gmlJl'_._a,, ,,blaitlL'dIi_mt _i'01_1111('lleltli-
cal,,, lilt., Iliriliitlghatll, N.I. Tile air-dried _v¢ighl,r,,'r ¢,'iitcr._,_,etilll, _a,, l)..t_ t_.

Iqut_tniutll, t¢clltlL,tiuttl. I.irlifliUlll, iltltl _.'¢riilltl_qll'ltI'riitll ili:idh: ,,,_lhlthm,llli't., illlll.' that tilL'

_wpthitl,_qil_yltt'iutll iini,Jlinlcrh.'iuttl frlitll acid Ill't.',ql_llJl'k.'atlll%"it.',,,,,,than tl,: _l_rrtlhltlid cl.,rilltll,
_vllich tllilV pr_vid¢ an _.'_l_l¢_ital'_h:¢¢riiiln-,,¢h,,l:ti_,.¢[tarlitiimillg N%",it_lll,'Ib,'hndiul_l I_ _v_:li
,,orlx'd lltlt.Il..'¢rilitni_W¢llkiv _orl'tcdfmtll bii,,dc,,!lhlti_)tl.

'i'tll}l¢ Ill.ll.l.o. I)i,,Iril'_uli_,i _,1'14l_l¢il.:ril.,,_,,ttt, h.lilc'"' Sl,,l-.qAili,,1 I:._cliiitvg¢I,k,_ili
from 'l'w_,.".iimulam.'4,_lutir,l.,.,for I laril'urd iii .W 'l'lltlk lil2.SY
............................. /11111 i i ii ....... illi if i11_.................. _ ........................... _- -_ ....

Medhlm Ahmirbl,r .lll-iilln ld 2.h Kd 6.h ld
n, i lull II I I ......................................................

Ac'id-l)i_milvcd Sliitltli: ('¢ fi,f! 13 21
(',,, ._(),I <it, I <(), I
Sr 1),2 I),¢l (I,j
'h: .12 44 43
Y 1,5 1,7 1,4
('r ill It,9 0,7
('u ql),l ll,3 il,3
Fi: ll,3 II,.'i (i,6
Mn <(),1 <(I,I <(i,I
Zn (),1 (),2 (),.,i
Zr 1,4 2,8 2,4
It 12 21 37
Pu 21 t,4 207
AIII _,f't 3,7 4,3

Alktilin¢ SUlX_l'nlit¢ ('i: ,t,.,i .t,,4i ,1,4
(',_ II,,'i (i,_ (i,4
Sr I,() I),7 li,_}
'!%' 121 123 12,'i
Y l),7 (i.6 (),7
Cr <(),I <(), I <(), I
('o (),8 (),8 (),7
I:¢ ..(),I (),3 (),1
M. (),3 ().5 (),3
Zn (),3 (),4 (),4
Zr 0,5 (),2 (),3
II i,2 I,t') 1,7
Pu 0,5 (),1 (),2
Am (),5 (),t) (),g

IIIIIIIII I I I I llll I I[ IIII I II Ill IllllHl[lfll I II Ul II II I IIIII _ III I III II I -- -
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q, lonlic TMNX.6 Anhm l,X,:h.n/,le XL,,,,In.h.1_i_:TM _I,_-_'_,_,,,m_.'r_,l_._.i,,,,Ir,m_-l_i.,e_miCm
,:_L'lmltgL'r,:_inwith tribut}l _illtirl,.._i_thehi.ctism;il gr_)up,v,,_i,,t_l',t;iim..dIr,qstSyhr,m ('hettti-
c_il.,.,I.i:,, HirllHl1_hstnt.NJ,Th,: _iir-dried,_,,:i_ht.per WIIIL'I'J,'_I:Iml, v,'_i,.(i.Jir_2g. l_mm.''_t SR6
re_i. h¢i_beetlrep_)rted_''toolTer_n.'¢lll}_i.,:re_o_ed,_¢h:vtisil,. f',q"llilr;lli2 it,ll i'11)III_rt_tllltl_..lil_,l.

•rlsi_ rCNiltiNquit,.',,elcdiv,: lot lechni:liUlll, whk'h _,_i'I_..lllt)d_..l'_ilel_,lltqlt _i_.,idi,:,,,t_Itilion.l_tll

.................. _" ...................... I I I _l I I iIIiIIl|rlllllrI I Ill l IF llrll .... I/IFTIII]I

'rlihlelll.ll.i.q,l)i..,lril_ulionoi'14l_.l_lllelll_01110lOllliL'_'__R._6Afli_illl!x,.'h;m_,,:Rv,,i.
I]'_.tlTw. SimuhtntStflzitiotl,,l_r I lzznl_,'dI II.W 'r_lrikI I)2-SY

Medium Ah.,iorher .10.mln Kd 2.h Kd 6.h Kd
............. -.......11j[ - _ ............... i l llllrii ii ii i .... .,_,it_ - _ ....... ;.... " ,_.,-.....T;;--- _m_

AcM-Di_.I,,'ml Slud_t: C'_: (),6 (),7 (1,'7
('_ ().3 (),3 (),4
,',;r (),1 1),7 (),4
're 2,2 4,6 I_,.t
Y (),1 0.4 (),3
Ur 0,2 ()..t (),_
C'o <(), I <(),I <(), I
F_ 0,1 (),3 ().X
Mn <0, I <(I,I <(l, I
Ztl l),2 0.2 0,3
Zr <ILl (),.'; (),6
iI 0,2 (),X 0,7
I)U (),3 (),.4i (),.';
/%111 (),l 0,3 (),3

Alk.lin,: Sup_:rmit_: ('_: <(),i 0,2 (), I
(',, 0.3 (),I (), I
Sr (),1 (),3 (),3
'I'i: 151 3t)4 61t)
Y 0,4 (),.'; (),.l
('r (),,t ().6 (),_
('t_ (),2 (),4 (),6
I:v (),1 <0,1 (),2
M. (),,'; (),2 (),2
Ztl (),2 (),3 (),5

Zr 0,2 (),3 (),3
I' ().6 I,?, 1,7
l'u (),7 (),2 (),5
A.I <(),I <(),I <(), I

.li



2. Experlment.I Ahsorh0.,rs, I!ight CXl_critncntalal'ts,.'l'_er_v,_ercincluded in ,mr _tudy,
lh _yl)roll (EI)_N Aiihm Exch.llKe Ile,iillh This ¢xpcrilllelllal, Illacropol'OLl_ ,sll'{)ng-ba._e

t ' _ _,dlltlLfl cxchatl[2c l'e_,ill with tricthvl lltllillC ll_ the l'tlncti(}t|al _l'Otlp, wa.s (fl'_laincd t'l'_111._ybl'{)ll

('hctllicals, Birniinghalll, NJ. The air-dt'icd weight, per water-wet nil, v.,a.,,(),305g, 'l'hi_ resin wa,.,
sllowll it1a pl'cviousMudy li to ,si_,llit]canlly illcrcascIhc sorplhm o1F'u(IV)I'1'_1111dilute IliIi'iL'
acid.

The behavior o1'Ihi_ cxpcrimclltal rcsill i.,,,_itl|ilar to Ihat O1'Purolitc A-52()-I:. re_itl (Jl._¢oi11-
IIlcr¢ial equivalent),cxccpt for IIICIowur ,sOl'iHiOtlO1"ccriLIIIIt'rolllalkalinu solliti{)t),

III III I II III I I I .................... II II I .... I.......

'rltl)le III.B.2,., l)islribl,tlion ot' 14[ilclnentsonto Sybron (I.:I),N Anion I:.xchatlgcRcsirl
rrolll Two Simulatlt SolutiollS for thillford HL.WTank IO2-SY

........... i i[ ..................... _ _ - _ i i [ i ......... u i ii ....

Medium Ab._orher 30.rain Kd 2.h Kd 6.h Kd
i ii i ] iii]1 i i i. 1 iii i IH L I II II II I1'""' ......- .......................... m

Acid-DissolvedSludge ('c 7,4 9,0 7,5
Cs ().2 O,I (),2
Sr O.I (),2 (),3
I'c 31 31 53
Y 0,6 ().6 (),3

Cr 0,3 0,1 (),4
Co <0, I <0, I <0.1
Fc O,I 0,I (),4

Mn <0,I <0,I 0,3
Zn 0,3 0,2 0,5

Zr 2.4 2,6 2,0
U 13 22 22
Pu 24 114 839
Am 2,6 1,4 (1,8

Alkaline Supcrtltilc Ce 0.7 0,7 0,8
Cs <0. I <0, I <0, I
Sr 0,2 0,4 0,3
Tc 264 405 440
Y 0,2 0,5 0.4
Cr 0,8 0,9 0,8
Co 0,2 0,5 0,4
i:'c O.I 0,2 0.2
Mn 0,3 0,3 0,4

Zn 0,5 0,5 0,3
Zr O,I O,I 0,3

U 2.8 3,1 3.1
Pu <0. I <0.1 0,2
An1 0.3 0,4 0,2

II " I i II I IIIIIIIII I IIIIIII!I I II IIIHI I III II
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b, Syl)ron (Pr)_N Anion Exchange Resin. This expcrinu:nlal, lnacn'ol_or_m.sstrong-Imsc
anion exchangeresin with tripropyl anline as the I'tlnctit'JIll.l[gl'otll'L Wasobtained I'roln Svbn'on
('hemicals, Birmirlgham, NJ. Thc air-dried weight, per Wi.llet'-Wt21tllJ, WIIS().4()(_g.

Only techncliurn and t_raniumare signiticanlly sot'bed1'1'o111acidic solution, whereas¢¢ritll|l
is weakly sot'bed.'l'echneli,an'lis wcli sorbed,and tlraniut|l is weakly sorbed, from basic s(_lttliorl.

Ill II I I .... I1[ I I IIII IIII Ill I ........ III IIIIIIII I IIIIIIIII II II II

Table 111,11.2.5. Distribution o1"14 Elements onto Sybron (Pr),N Anion F-xchange Resin
t't'omTwo S itnulant Solutions for ttant'ord ttLW Tank I02-SY
,,,, i , ..... i,,, i,i i t i , ,,,,i i, i i, , , ,

Medium Absorber 30.rain Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge Ce 1.2 1.7 2.2
Cs O.! 0.5 0,3
Sr <0.1 O,4 O.2
Tc il 26 45
Y 0,2 0.5 0.3
Cr <0, I O.8 0.6
Co 0.3 O.1 O.I
Fe o.1 0.3 o,3
Mn O.! <0, I <0,1
Zn <0,1 (),4 0,2
Zr 0,5 1,0 1,8
U 1.9 3.5 7.1
Pu 0,7 1.7 3.2
Am 0.3 0.7 0,9

Alkaline Supernate Ce 0.4 O.I 0.2
Cs <0. I <0. I <(). 1
Sr 0,3 0.2 0.3
Tc 401 777 992
Y 0,4 0,5 (),4
Cr 0.6 0.6 0.6
Co 0,4 ().6 0,4
Fe 0,3 0,2 0, 1
Mn <0. ! 0,2 0,1
Zn 0.7 0,4 0,4
Zr 1.2 0.4 0.7
U 3.5 4.2 5.4
Pu 0.5 0.4 0,3
Am 0,3 O,1 (),1

I I I Ill II
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The three following JSK eXl)erimcntal re,ins are¢u_tonl-_ynlhe_izedanion exchan_er_wh_.,e
conlposiLioneatltl(.Hb_ disclosedtlntil/1fir patentl')osiLionis ,seL,'Ltt'ed,W'e k'Iltl start',h_m.,evet',that
althougl'l theseresinsinvolve a new concept for anion exchl|n_e, they can be pt'odticedby lllodJl'y-

Jtlgexisting ¢onlnlcrcJal t'¢sJns.For this t'l_a,5on,prodltt'tiotl on a cotllll|¢rcial scalefrilly t!C c_,lsJdct'-
ably lessdilTicult thanwotild be the c'as¢for I.ii1entirely new rffOtlllL't.

c. ,ISK-I Anion ExchanReResin. Fron'lacidic solutiorl, pitltorliutu i_ strongly ,,,orbed.
wJler¢l.ls COl'Jilt11,t¢¢hllt2tJlllll, arid llrl.trlilltll ._ot'h l.lt lower, blll llS¢l'lll levels, ZJrk'otlJlltll iltld yltrJlltii

sorption li'om acid arc low. Only technetiumsorbs well from basicsoluli_m:/ira'. Ltrlmium,aml
americium sorb slightly from basic solution.

Table lll.B,2.c, Distribution of 14 Elements onto JSK-I Experimental Anion F_.xchangc
Resin from Two Simulant Solutions for Hanford HLW Tank I()2-SY

Medium Absorber 30-rain Kd 2.h Kd 6-h Kd
i i r l r IITIiiUlllll11TI'II1

Acid-Dissolved Sludge Ce 28 29 27
Cs 0.4 O,I O,2
Sr 1.2 1,3 I.I
Tc 32 :t2 30
Y 1.7 1,2 I,I
Cr 0,5 0.4 0,4
Co <0.I 0,3 0,I
Fe O.I 0.I 0,2
Mn <0,I <0,I <0,I
Zn 1,6 I ,() 0.9
Zr 4,7 4,4 2.8
U 14 13 12
U" 13 12 II
Pu 83 143 196
Pu" 178 249 254
Am 7,4 6.5 5,9
Am" 8,3 7.0 6,6

Alkaline Supemate Ce 0.7 0,6 0.5
Cs <0.I <().I <0.I
Sr 0.6 O,6 ().5
Tc 63 63 61
Y 0,4 0.4 (),3
Cr 0,4 (),7 ().7
Co 1.0 0,7 O,fl
Fe <0.I <0,I <0.I
Mn 1.0 i ,0 0,9
Zn 2,6 2,8 2,5
Zr 0.4 0.3 0,3
U 1,8 1,7 1.7
Pu 1,5 0,9 0,8
Am 1,8 1,8 I .7

"These solutions contained 60 mg PulL', all others contained 3 g Pull.,
.... I _. I I I II H i . Illl I I Ill I L Ill ..
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d. JSK-2 Anion Exchange Resin. Plutonium sorbs well IYomacidic solution, while cerium,
technetium, uranitlm, and americiunl sorb at lower levels. Only technetium sorbs at a useful level
tYombasic solution.

[ [ I Ill IIII

Table III.B,2.d. Distribution of 14 Elements onto JSK-2 Experimental Anion Exchange
Resin from Two Simuhmt Solutions for Hanford HLW Tank 102-SY

Medium Absorber 30-min Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge Ce 27 26 24
Cs 0.3 0.1 0.1
Sr 0.6 0.5 0.6
Tc 28 28 27
Y 1.6 1.7 1.4
Cr 0.4 0.4 0.5
Co <0.1 <0.1 0.1
Fe <0.1 <0.1 0.3
Mn 0.3 0.1 0.1
Zn 2.8 1.9 1.1
Zr 5.5 5.6 5.8
U 19 19 19
U" 20 17 17
Pu 142 278 422
Pu" 329 337 261
Am 8.4 7.9 7.6
Am" 9.4 7.7 7.2

Alkaline Supernate Ce 0.6 -- 1.2
Cs 0.1 -- 0.3
Sr 0.2 -- 0.5
Tc 50 _ 51
Y <0.1 _ 0.5
Cr <0.1 q 0.6
Co 0.1 m 0.4
Fe <0.1 0.1 0.3
Mn 0.7 0.2 0.3
Zn 1.9 1.8 1.8
Zr <0.1 m 0.5
U 1.3 1.2 1.2
Pu 0.2 0.3 0.1
Am 1.8 1.2 1.1

"These solutions contained 60 mg Pu/L; all others contained 3 g Pu/L.
IIIIII
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e. JSK-3 Anion Exchange Resin. The sorption of plutonium is significantly greater than on
any other absorber fl'om acidic solution, whereas the sorption of other elements fl'orn acidic and
basic solution is similar to that of JSK-2 resin. The exceptionally high sorption of plutonium
from acid exceeds that of the next best absorber, Reillex TM HPQ resin, by an order of magnitude.

Illlll

Table IlI.B.2.e. Distribution of 14 Elements onto JSK-3 Experimental Anion Exchange
Resin from Two Simulant Solutions for Hanford HLW Tank 102-SY

Medium Absorber 30-min Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge Ce 23 23 22
Cs 0.4 0.1 0.4
Sr 1.0 1.3 1.3
Tc 24 24 22
Y 1.2 I.l 1.3
Cr 0.4 0.6 0.7
Co <0.1 0.3 0.1
Fe 0.4 0.1 0.3
Mn <0.1 0.2 0.4
Zn 1.7 1.3 0.7
Zr 3.7 3.3 3.0
U 18 18 17
U'_ 18 17 17
Pu 1053 1035 1173
Pu" 870 1650 2185
Am 6.2 5.3 5.0
Am _ 7.9 6.3 6.0

Alkaline Supernate Ce 1.4 1.4 1.4
Cs <0.1 <0.1 0.1
Sr 0.8 0.8 0,8
To 48 49 50
Y O.6 0.7 0.5
Cr 0.o 0.5 0.6
Co 1.1 1.3 0.9
Fe <0.1 <0.1 <0.1
Mn 0.8 0.9 0.5
Zn 1.7 1.3 1.5
Zr 0.3 0.2 0.1
U 2.0 1.4 1.5
Pu 0.7 0.4 0.4
Am 1.7 1.3 1.1

"These solutions contained 60 mg Pu/L; all others contained 3 g Pu/L.
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f. Crypt-DER Polymer Resin. Crypt-DER polymer resin is a novel absorber prepared by

the Materials Technology: Polymers and Coatings Group at Los Alamos National Laboratory.

The granular solid is obtained by polymerizing an octaazacryptand cornpound with a commer-

cially available di-epoxide resin (DER). The cryptand functionality contained in the polymer

selectively sorbs certain metal ions [e.g., Hg(II) and Cd(II)] from solutions of pH > 3. However,

when the amine nitrogens of the cryptand are protonated at a lower pH, the cationic functionality

binds fluoride ions quite selectively. We included the Crypt-DER polymer resin in this study to

obtain additional information about its metal sorption properties.
Plutonium, technetium, and uranium sorb at useful levels fi'om acidic solution, while cerium

and zirconium are weakly sorbed. Only technetium offers useful Kds fi'om basic solution.

II I I

Table lll.B.2.f, Distribution of 14 Elements onto Crypt-DER Polymer Resin from Two Simulant
Solutions for Hanford HLW Tank 102-SY

Medium Absorber 30-min Kd 2.h Kd 6-h Kd

Acid-Dissolved Sludge Ce 3.0 2.9 2,8
Cs 0. I 0,3 0.2
Sr 0.8 0.5 0.4

Tc 9.8 9.9 9.8
Y 1,0 0.7 0.6
Cr <0. I <0. I <0.1

Co 0.3 0.3 0.3
Fe <0. ! <0. I 0. I

Mn 0.8 0.7 0.4
Zn 0.7 0.5 0.3
Zr 3.2 3.6 3.9

U 3.6 6.3 8.3
Pu 4. I 8.0 19
Am 1.0 0.9 1.0

Alkaline Supernate Ce 0.9 0.7 0.7
Cs 0.8 0.8 !.0
Sr 0.7 0.3 0.4
Tc 25 25 25
Y ! .0 0.6 0.8

Cr 0.5 0. I 0.1
Co 2.1 2.1 2.1
Fe 0. I 0.2 0.4

Mn 0.8 0.8 I.I
Zn 1.2 ! .3 I .4
Zr <0.1 0.3 0.2

U 1.6 1.7 1.9
Pu <0. I <0. I <0. I
Am 1.2 I .4 ! .5

IIII
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g. PK-01-244 Phosphinic Acid Resin. This PK-01-244 phosphinic acid cation exchanger,
prepared by Prof. Spiro Alexandratos at the University of'Tennessee, was stated to contain 45%
water, We followed the accompanying directions to avoid drying this resin and took 455-mg
portions that should have contained 250 mg of the dry resin.

Only cesium and technetium exhibit a Kd consistently higher than I fl'om either acidic or
basic solution.

IIIIIIII I I I I IIIII I

Table llI.B.2.g, Distribution of 14 Elements onto PK-01-244 Resin from Two Simulant
Solutions for Hanford HLW Tank 102-SY

i Medium Absorber 30-min Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge Ce 0.8 0.8 0,5
Cs 1,0 0,9 0,5
Sr 0.6 0.6 0.5
Tc 1,5 1.7 1.9
Y 0,6 0.8 0.6
Cr 0.6 0,6 0,4
Co 0.9 0,7 0.5
Fe 0,7 0,2 0.2
Mn 1,0 0.3 0.3
Zn 0.8 0,4 0.4
Zr 1.1 0,6 1.0
U <0.1 0.3 0.3
Pu 0.6 0,3 0,2
Am 0.8 0.4 0,3

Alkaline Supernate Ce 0.5 0.5 0.8
Cs 1.4 1.4 1.7
Sr 0.3 0.3 0.7
Tc 0.9 0.8 1.4
Y 0.7 0.4 0.7
Cr <0.1 0.1 0.1
Co 0.7 0.4 1.0
Fe 0,2 0. I 0.1
Mn 0.5 0.3 0.3
Zn 0,2 0.2 0.2
Zr 0.5 0.1 0.1
U 0.5 0.4 0,5
Pu 0.3 0.3 0.2
Am <0.1 <0.1 0.1

iii I I
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h. SRS Formaldehyde/Resorcinol Resin. Jane Bibler of Savannah Ri,_er Site (SRS), who
provided this formaldehyde/resorcinol resin, recommended that we convert it fl'om the as-
received potassium t'orm to a sodium form. This wits clone by passing ten w,_lumes of 10% NaOH
solution through a column of potassium-fbrm resin, followed by 15 column volumes of water,
after which the resin wits air-dried. The air-dried weight, per water-wet nil, was 0.254 g.

Chromium, technetium, and cesitanl sorb somewhat fl'om acidic solution. Cesium sorbs well
fl'om basic solution, but is accompanied by significant levels of many other elements.

II II I I I

Table llI.B.2.h. Distribution of 14 Elements onto SRS Formaldehyde/Resorcinol Resin
from Two Simulant Solutions for Hanford HLW Tank 102-SY

Medium Absorber 30-rain Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge Ce 0,8 1.0 1.1
Cs 2.7 4.5 5.9
Sr 1,2 0.8 1.i
Tc 2,7 4.5 11
Y 0,7 1.0 1.1
Cr 0.8 0.9 1.0
Co 1.0 1.2 1.3
Fe 0.2 0.5 0.3
Mn 0.3 0.4 0.5
Zn 0.2 0.5 0.5
Zr 1.3 0.9 1.5
U 0.2 <0.1 0.3
Pu <0.1 0.1 0.1
Am <0.1 0.4 0.1

Alkaline Supernate Ce 14 26 42
Cs 75 85 66
Sr 4.8 2.6 1.5
Tc 1.0 1.5 1.8
Y 12 21 36
Cr 0.3 1.0 0.8
Co 12 15 7.7
Fe 0.2 0.5 0,7
Mn 5.9 4.7 2.2
Zn 9.3 I I 9.0
Zr <0.1 <0.1 0,1
U 7.5 13 22
Pu 0.2 0.9 1.2
Am 11 19 27
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3. Polyacrylonitrile (PAN) Composite Absorbers. Although inorganic ion exchangers arc
known to offer high selectivity, high capacity, and rapid kinetics, their granular and nlechanical
properties often make them unsuitable for column applications. One way to circumvent these
limitations is to incorporate the inorganic exchange materials in beads of a suitable porous poly-
nler. 12

Nine composite absorbers were prepared and provided to us by Dr, Ferdinand Sebesta of the
Czech Technical University in Prague. These composites consist of various inorganic exchange
materials dispersed in modified-binding-polymer beads ot' polyacrylonitrile (PAN),

a. TiO-PAN Titanium Dioxide Composite. The titanium dioxide content of the dry TiO-PAN
composite was 85%. The air-dried weight of this composite, per water-wet ml, wits 0.231 g.

Zirconium is strongly sorbed from acidic solution, albiet with slow kinetics; only plutonium
offers even weak competition. Uranium is strongly sorbed fl'om basic solution, while several other
elements are slightly sorbed.

III I II II I I I II

Table lll.B.3.a. Distribution of 14 Elements onto TiO-PAN Composite Resin from Two
Simulant Solutions for Hanford HLW Tank 102-SY

Medium Absorber 30-min Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge Ce 0,7 0,4 0,5
Cs (),3 0, I 0,4
Sr I, I 0,4 0,8

Tc 1,0 0.7 0,9
Y 0,8 0,6 0,6
Cr 0,5 (,),4 (,),5
Co 0,6 (),3 0,4
Fe (`),4 0,4 (.),8
Mn 0, I (`),I (,),2
Zn <0, I 0.2 ().3
Zr 51 323 899

U 0,3 0,3 0,6
Pu 6,3 7,7 8.6
Am 0, I <0, I <(), I

Alkaline Supernate Ce 1,6 !,9 1,6
Cs 0,6 1.0 0.6
Sr (`),2 0,5 (,),4

Tc i,3 1,5 1,6
Y 1,5 2,0 1.8
Cr 4,0 4,4 5.4
Co <0. I <0, I <0, I
Fe 1,4 3.8 5,2
Mn <0. I <0, I (),!
Zn <0, I (),2 (),I
Zr 1.5 2,(') 3,2
U 67 115 185

Pu I, I 1,5 2.0
Am 2.1 2,8 3.2
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b. NiFC-PAN Nickel Ferrocyanide Composite. The nickel l'ermcyanide content of the dry
NiFC-PAN composite was 85%. The air-dried weight of this composite, per water-wet nil, was
0.231 g.

This absorber appears to be selective Ibr cesium fi'om acidic solution. From basic solution,
cesium sorbed strongly, zinc is well sorbed, cobalt is moderately sorbed, and uranium and iron
are slightly sorbed.

IIIIIIIII I IIII IIII IIIIII IIIII I IIIIIIII1[111 I I I I I IIIII I I

Table lll.B.3.b. Distribution of 14 Elements onto NiFC-PAN Composite Resin from Two
Simul,'mt Solutions for Hanford HLW Tank I02-SY

Medium Absorber 30.rain Kd 2-h Kd 6-h Kd

Acid-r')issolved Sludge Ce 0,5 (.).3 (),5
Cs 45 49 49
Sr 0.5 0.6 0,7
Tc 0.4 0,8 0.7
Y O.5 0.7 0.6
Cr 0,5 0,5 0,6
Co 1.1 1,1 1.1
Fe 0.4 0,3 0,5
Mn 0.3 0.3 0,4
Zn 0.3 0,4 0.4
Zr 1.0 1,1 1.7
U 0,6 0.4 0.2
Pu 0.2 0.7 0,4
Am <0.1 <0.1 0, 1

Alkaline Supernate Ce 0.3 0.3 0.2
Cs 3533 11954 5998
Sr <0.1 <0, I <0.1
Tc 1.0 0.7 0.8
Y <0.1 0.2 0.2
Cr 0.9 0.8 1.2
Co 8.9 10 11
Fe 1.4 1.7 2.3
Mn 0.5 0.7 0.5
Zn 61 94 90
Zr 0.5 0.5 0.7
U 2.1 2.2 2.0
Pu <0.1 <0.1 0.2
Am 0.4 0.3 0.2
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r. MA()-PAN Magnesium ()xide Composite, Thr magnusiunl {_xitle¢onleill of the dry
MgO-PAN composite was 80%, The air-dried weigh! o1'this ¢omp{_sile,per water-wet t111,was
(),_ g,

Zlrconitlnl and severalother elementsareslightly sorhed l'roili acidic ,,¢olulioll,Becausethis
absorberwas unsl,'Lblein basicsolution, dislrilnllions in I_asicsolulion could nol I_emeasured.

The observedresin swelling and soluli()n discoloralion indicaled someinslal_ilily, even in acidic
solution.

I I ......... /ZZ I II III III11 II I III I ..................

Table III,B,3,r, Distribution of J4 Elementsonto MgO-PAN Composite Resin I'rom
Acid-Dissolved Sludge Simulant for Hanford FtI.,WTank 102-SY

........... i,

Medium Absorber 30.rain Kd 2.h Kd 6-h Kd
i - ,11 iill, i ii i i i i ..... ,li,.,i i,,. -

Acid-Dissolved Sludge Ce 1.5 1,5 1,5
Cs 0,8 I.I I,I
Sr 1,4 1.6 2,0
Tc 1,4 1,7 1,9
Y i,2 1.5 i,5
Cr 1,5 1.4 1,6
Co 1.3 1,4 1.4
Fe 0,7 0.8 i,0
Mn 0,3 0.3 0,3
Zn 0.4 0.4 0.4
Zr 2,2 3,2 4,7
U 0,1 0,3 0,5
Pu 0,9 1.3 1.6
Am 0,3 0.3 0.3
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d, Mn()-PAN ManKanese Dioxide C.nlp._ite. The m,urig;me.,,,edi_xide c(mtt,nt _1_thedry
MII(r]-pAN ¢()tlipOsitcwas 1',15%.The air-dried _vcightof thist'_lz|l'rl_ite,per ,,,vatCr-_vCttlli, wa,.,
0,2 I() g,

Zir¢otlitltl|, plutotlittt|l, and a few (_lherelctlK'tltssorbs(_tneu,'halIr(_ttlacidic s(fltlli(m. ('eritltil
lind alllericitltl| show a tllorc than leni'oldhighersorption I'rotll I_;u,,ics_ltlti_}tlthatlvttrittll|.
Ltraniunl,¢hronlitltn, and iron [trt0nlodcratcly sot'bellI'rotn Ilasit.,solutiotl.

............................ llll llllII I I I l II III11 I [III I I........................................... l II : ..... ::7: III I

Tablelll.ll.3,d.DistributionoI'14EicrnetltsontoMnO-F'AN ['ompt)silcR,,.,sinl'nun'l'v,._)
SimulantSolut.)nsforHanl'ordIILW TankI(I.-SY

--- Irl,I III II 1 - Ill I II - .® ,,, ,,,,

Medium AI)sorber 3(l.mln Kd 2-h Kd 6.h Kd
_ " - i nlur iii l,llii i . i f 11iii i _ iii ,i i i i,ii i [ iii i i lqr - w

Acid-Dissolved Sludlge Ce l, I I,() (),t)
Cs 1,2 1,2 I, I
St" 0,9 11.6 ().6
Tc 1,2 1.3 I,()
Y I,i i,I (1,8
Cr 0,6 (),9 0,6
C'o 0,9 0,8 (1,7
Fe 0,7 1,2 1,0
Mn 0,3 0,3 (1,5
Zn <0, i 0.2 (1,2
Zr 4,0 6,() 6,11
tJ 0,5 O,l 0,5
Pu 2,5 2,7 2.8
Am 0,2 (),2 (1.1

Alkaline Supernale Cc 24 25 26
Cs 0,5 0,8 I.I
Sr <0, l <0. I <0, l
Tc I,I 1,4 1.4
Y 2,0 2,1 1,8
Cr 3,0 4.3 4.8
Co <0.I 0,6 0,9
Fc 3,I 4,5 5,8
Mn 1.8 1,9 2,2
Zn <(),l (),1 ().2
Zr !,7 2.2 2.3
11 II 13 13
Pu 2.8 3.3 3.8
Am 32 30 26

II . I I I I I I I i III I till II . [ IIIII . I II
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e, N,Y-PAN Synthetic Ze,llte ('omposlte, The synthetic ,,eolih: c_,it_nt _1'lh_ dry NaY-I'AN
¢onlpo_itewa_ 94f__.The air..dricdweight _t' lhi_ Coml'_l_il¢,per W_II¢i'_W¢I I11l, _Aql._(),.](),'_ g,

Thi.__ib._orbcrapl'_Cai'_t_bc.,,electivet'i_rlit't'otlitll||Ittldl_Itlloniutlll'rolt|acidic.,.,id|ition.
(cSlLlll|,chromiun'J,cct'ium,andatncricium.,,_rbv,,cakly-l_.t1...h:ralclyl'r_mtbasic,,olul.m,

IIIIIIIII11 I......... IF HI llllllI IIII .......... I [I 11 .J ........... IIIII .....

'l'uhlelll,l!,3,e,l)i_IribtltionoI'14li_h:m¢.t_ontoNaY-PAN ('ompo_ilcRc_i.l'romTwo
SimuhmtS_Itlti(m,_l'.rllar11'.rtlIII.WTank I(}2-SY

........ = :..... _. '............................. l Ill .... l ................. ,i 11fill r ......m .........

Medium AI),_orher 3it.rain Kd 2.h Kd 6-h Kd
....... ,. , , ,..,,T,,.,,,, -- - .,, ..................................... . ...... -°

A¢itI-Dissolvcd Sltldtlc C¢ 0,9 I. I (),9
("s 0,9 I,() 0,7
Sr (),7 (),9 ():)
Tc I,() (),9 0,9
Y 0,9 1,0 0,9
Cr 0,9 1.0 0.9
Co 0,8 0,9 0,9
Fc 2.2 1,6 1.5

Mn 0.4 0, I (), I
Zn 0,2 ().2 O,I
Zr 107 It)I 198
II 0,3 0, I ().3
Pu 12 15 15

Am <0, I <0, I <0, I

Alkaline Supernate Ce 4,6 4,0 3,3
C,,_ II I0 I()
Sr 0,6 I.() (),9
Tc (),I 0,5 (),3
Y 1,5 1.6 1,4
Cr 2.3 4.1 4,8
Ct) 0.7 (),4 0,4
Fc (),2 0,5 0,9
Mn 0,H (),7 (),7
Zn 1.5 1,3 1.2
Zr 0,2 0.8 (),8
tl 0.9 0.8 0.9
Pu <(). I <(), I <(). I
AIn 3,7 3,5 3,3

I!1 [l III1 I IlJlll I I I II IIIIIIIII I!l IIIIIIIIII
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i',M31P-PANNynthetlcMorde.ltt, (,.mp.,qte, lhv _,ynthctictn.tdcnitc,,'_.u_nt,_Itilt dry
M3 I._-PAN cotllpo_itc '._,'_l_I)3r';, The air-dried weight of"thJ_cotllp_itc, per W,_III.'I'-_V_'Itill, _,_1'_
0....2 L_.

Thi_ air.other ,d...v_ la._d ,,cle,:tivit_- I'l.' ce_illnl _ltld/ireotlitltli frotll _.:Mic _i_lttli¢,_ti,and t'_t'
L.c_JlinlI'rotll basic soltttiotl.

I II II Iliillll I I1! ........... / II .................. II ¸ II I ................

Tahle iIl.ll.3,r. Di_trihutio,of 14I!lctnc,t._o,to M31_oPAN('Ot,l'_o_iteRc_int'r¢,,"i\vo
Sitmlla,tSohition_t'orllant'ordItI.W Tank I()..-_Y

i_l_. .................. lit i ii 1111 ...... 7_ .............................................................. .i

Medium Absorber 3t).mi. Kd 2.h K(I 6.h Kd
j___ i iir_llr_ll i _i -_ ..... J L_ IIII ..... Ill I I Ir _1 IIIIII IIIII I ..... ,,,,_ J I_ "

Acid-l)i_solvcdSludge {'c 0.9 I,() ().N
C,,,, 5O (_4 t_I
Sr (),8 !,() (),9
Tc 0,7 (),7 O,X
Y I,() 1,0 0,8
Cr 0,8 I,() 0.7
C'o 1,3 i,() I,I
Fc O,X ()._ 0.5
Mn 0.3 0,2 0,2
Zn 0,3 (),4 (),3
Zr 27 67 _)6
I I 0,4 0,6 0.4
Pu I, I I,() 1.2
Am <0,I <(),I <(),I

AlkalineSupermitc Cc (),5 (),2 ().4
Cs 191 ...7 231
Sr I,I i,2 !.4
're (),3 (),6 (),6
Y 0,6 0,6 (),7
Cr 0,6 0,7 l,()
Co O,I <0.I <0,I
Fc 0,5 0.7 (),7
Mn 0.6 0,(_ O,t_
Zn 0,5 0,2 (),4
Zr <0.I (),3 0,5
U 1,2 0.7 (),9
l)u <0,I <0,I <(),I
Am 0,8 0,6 0,7

IIII .... Illlll _ IIIIllllllll I II Ill[I I I Ill I I ....... II J _ II I
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g, NaTI()-PAN S.dlum 'rltamlte C.mp.,_ltt,, The ,,,_diunltit_lnatccontentof tile dry
NaTiO.PAN comr._sitev,,._t)2c;, Theair-dried weight ul' tliis c_.uposite, pet"water-wet mI, w.,_
(L324 [_,

Zirconiunl is illotlt'ratcly surhcd lllltl ccsiulll i_ weakly sorhcd I'rolnacidic solltti_.l, Zinc is
well surbcd I'ronlbasic _oltlti,m, whcrca,_ litany other clct|lcnts arc tnt)dcratcly or weakly s,)rl'_t'tl,

iI I!] ...... ;]._i.__l !__Z_ .... [ ![lllI I[__,I I! ........ !lIlll!._! ....... L ....... Ill ...................................... /lI[I I !__[.___!l]I!l............ Ill/l!..!.......... UlII/l!!.Jo!..-i)j_-_-i. __i__zj!r Ill....... , .....

Tuhle IIl.H,.t,g, I)istributiolt o1'14 Elements Cmt,_NaTIO-PAN C,unp_)sitc I,lcsin I'r,ml
* |'l\vo Sinluhmt S,flutions flu' Itantbrd ItLW Tank 1()2.SY

............................................. Ill I1[111?7- [Nil I Ill II I IIIIll I II I I HI[ ....... I

Medium Ahsorher .tO.rain Kd 2.h Kd 6.h Kd
........ .......... g i _ ..................... II1 ..... I ............. 7 : ...... ; ] r " ..............

Acitl-l)i_solved Sludge Ce 0,9 (),5 (),8
Cs 2,2 1,6 1,9
Sr (1,5 (1,6 0,7

"re ().t) (),6 I, i
Y 1,2 0,7 (1,9
Cr 0,7 0,4 0,7
Co 0,9 0,6 O,7
Fe 0,7 (1,3 0,4
Mn 0,4 0,4 0,4
Zn 0,4 0,4 (),4
Zr 3,5 5,4 13
U 0,2 (),7 0,7
Pu 0,9 0,8 I,()
Am <0, I <0, I <(), I

Alkaline Supermtt,: C¢ 3,7 5,2 6,6
Cs II 12 12
Sr 4,9 5,3 5,(1
"l'c 0,7 0,4 (1,5
Y 3,1 3,5 4,3
Cr (1,8 0,7 I,()
C'o 6,2 7,9 9,5
Fc 0,5 (),6 i.()
Mn 6,() 7,3 7,6
Zn 21 45 7 I
Zr <(),1 <(),1 0,2
tl 4,5 6,8 11,2
I'u <(),I <(),I (),!
Am 4.6 6.0 6.9
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h, IBa(C_I)SO4-PAN ittnrlum/Calclum Sull'tite Composite, The bariunl/calciutn sullatc
content of tile dry BtI(Ca)SO4-PANcomposite was 85_',,._,. The air-d:'icd weight (_1'this ¢(_ml')ositc.
per W,tIICI'-WCI IllJ, WI.IS 0,198 g,

Several elements arc we_lkly sc)rbed t'rolll acitli¢ ,_oltttion. bttt 11(11112111 llsct'ul levels, Slrt)nlittll|
and cerium arc m_derately sorbcd from basic soltlti(m,

l_ [ IIfillIIIIII I IIII III II III1_ I 11 I I I .............................

Table llI.B,3.h, Distributiorl ()1"14 Elcrncnts onto B.t((,I)SO_-PAN Composite Resin
().-SYt'rornTwo Sitnulant Solutions for Hant'ord HLW Tank I _ "

ii i illll _ .

Medium Absorber J0.mln Kd 2-h Kd 6-h Kd
i _ .......-. i -- llllll ,,,, - : i,JJ

Acid-Dissolved Sludge Cc 0.4 0.4 ().3
Cs 1.1 1.6 !.1
Sr !,5 !,7 1,5
"re 1.0 !, I 1.0
Y 0,8 0,7 ().9
Cr I,I 0,9 0,9
Co 1.0 0,9 0,8
Fe <0.1 0,2 0,2
Mn 0.3 0.1 0, I
Zn 0.2 0,2 0,2
Zr 1.0 2,0 1.9
U 0.4 0,5 0.4
Pu 0,9 0.9 0.7
Am 0, 1 <0.1 0, I

Alkaline Supcrnatc Cc 5,4 6,1 8.6
Cs 0,3 O,I 0,2
Sr 7,3 8,0 12
Tc 0.6 1,0 1,2
Y 0.8 0.3 0.3
Cr <0. I <0. I 0.2
Co 0.4 0,3 0.2
Fc 0.5 0,7 0.9
Mn <0. I O,I <0.1
Zn 0.4 (), I 0.2
Zr 0,7 0.7 0,8
U 1,2 !,7 2.2
Pu 0.8 0.5 I .()
Am 0.8 0,6 1,3

_ Ill ___ I I Illl I I I I I Illll II I I
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I, AMP-PAN Ammonium Molyl)dopho,,,IphtdeCompo,,,ilie.The anlnzoniunz
nlolybdopllosphatc contentot thedry composite was 81%, The air-dried weight i_,l'this c¢itnl'lOs-
it¢, per Wilier-wet till, was ().235 g.

C¢,_itiill is Sll'ongiy and selectively sorbcd t'ronl acidic soluliOll. ("l_,_itinlalso i._Mrongly
,_orbedfronl basic ,_olulion,I_ul is acciinlpaniedby llinlhlinid¢,_and linicricitlln.

....................
!lilill(__il I I I III IIII ...... I I II I II I I IIIIIIIII I II ...........

Table llI,B,3,1. Dislrihi.iiioil of 14 Elenlenl,_onlo AMP-PAN Colnpo,_ill_ResinI'roni Twil
Sinltlllinl Soiulions for Hiinford HLW Tiink 1()7-SY

Medium Ahsorber 311,rainKd 2-h Kd 6.h Kd

Acid-Dissolved Sludge Cc 0,4 0,2 (),4
Cs 1626 4072 5504
Sr 0,5 0,7 (),9
Tc 0.8 0.9 1,2
Y 0,8 0,5 0,4
Cr 1.0 0,9 1.0
Co 0.8 0.8 0.8
Fe O.I O.1 O,1
Mn 0.2 0,1 0.4
Zn 0,2 0.1 0,2
Zr 1,4 2,9 4.7
U 0.2 0,1 (),6
Pu 0,3 0,4 l,O
Am <0, ! <0, I <0. I

Alkaline Supernate Ce 12 22 28
Cs 2133 4636 8275
Sr <0, I <0.1 <(). I
Tc . 0,8 1,2 1.4
Y 15 27 34
Cr 0.5 1,3 1,3
Co 1,5 1.8 1.7
Fe 0,5 !. I 1.0
Mn <0. ; O.I <0. I
Zn 0.5 0,4 0,5
Zr 0.4 i,I 0.9
U 1,6 2,1 2.5
Pu 0.5 0,8 1,2
Am 24 50 86
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4. Phenolsuifonic-Formaldehyde Composite Absorbers. These two composites were
prepared and provided to us by Dr. Jerzy Narbutt, Head, Departnlent of Radiochemistry, Institute
of Nuclear Chemistry and Technology, Warsaw, Poland. In these composite resins, the inorganic
exchanger is dispersed in a matrix of phenoisulfonic-l'ormaldehyde. _:_

a. Titanium Hexacyanoferrate Composite. The titanium hexacyanoferrate content of this
composite was approximately 17%.

Cesium is weakly sorbed from acidic solution. Cesium is more strongly sorbed from basic
solution, although the sorption kinetics appear slow. Several other elements are moderately or
weakly sorbed fl'om basic solution.

Table lll.B,4.a. Distribution of 14 Elements onto Titaniurn Hexacyanoferrate Composite
Resin from Two Simuhmt Solutions for Hanford HLW Tank 102-SY

Medium Absorber 30-min Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge Ce <0.1 0.3 0.2
Cs 1.8 2.7 4.7
Sr 0.3 0.8 0.9
Tc 0.3 0.4 0.6
Y 0.2 0.3 0.4
Cr 0.7 0.9 0.9
Co 0.6 0.7 0.8
Fe 0.4 0.3 0.3
Mn 0.4 0.3 0.5
Zn 0.4 0.2 0.5
Zr 0.8 0.8 1.7
U <0.1 0.2 0.2
Pu 0.4 0.1 0.3
Am 0.2 0.2 0.1

Alkaline Supernate Ce 2.1 4.7 7.4
Cs 17 80 255
Sr 1.5 2.3 2.3
Tc 0.6 0.7 0.6
Y 2.0 4.3 5.8
Cr O.1 0.9 1.5
Co 1.9 2.2 3.0
Fe <0.1 <0.1 <0. I
Mn 1.2 2.3 2.0
Zn 1.5 2.6 3.6
Zr <0.1 <0.1 <0.1
U 1.2 2.7 5.6
Pu 0.4 0.5 0.4
Am 1.7 3.6 5.3
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b. Cobalt Hexacyanoferrate Composite. The cobalt hexacyanoferrate content of this
composite was approximately 20%.

Cesium is moderately sorbed, and several other elements are weakly sorbed from acidic
solution, although the sorption kinetics tire slow. Cesium is more strongly sorbed fi'om basic
solution, again with slow sorption kinetics. Several other elements are moderately or weakly
sorbed from basic solution.

IIII I III ,z I I

Table III.B.4.b. Distribution of 14 Elements onto Cobalt Hexacyanoferrate Composite
Resin from Two Simulant Solutions for Hanford HLW Tank 102-SY

Medium Absorber 30-min Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge Ce 0.6 1.2 1.0
Cs 1.9 5.8 10
Sr 0.9 1.7 i.5
Tc 0.6 1.4 1.3
Y 0.8 1.2 1.2
Cr 0.8 2.0 1.4
Co 0.8 1.5 1.3
Fe 0.1 0.1 <0.1
Mn <0.1 0.3 0.5
Zn 0.2 0.3 0.5
Zr 1.1 1.6 1.9
U 0.4 0.1 0.6
Pu 0.2 0.3 0.6
Am <0.1 <0.1 0.1

Alkaline Supernate Ce 1.3 2.8 3.9
Cs 39 263 880
Sr 0.5 1.2 1.4
Tc 0.6 0.4 0.6
Y 1.7 3.5 4.0
Cr <0.1 0.5 0.7
Co 1.8 3.4 5.7
Fe <0.1 <0.1 <0. l
Mn 0.9 1.3 1.4
Zn 1.5 4.1 8.9
Zr 0.2 <0.1 <0. l
U 1.2 2.6 4.0
Pu 0.2 0.1 0.3
Am 1.6 2.3 3.0
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5. LANL-Prepared Composites. Metal phosphate composites were prepared by loading the
selected metal ion on Duolite TM C-467 phosphonate cation exchange resin, obtained from Rohm
& Haas Co., Philadelphia, PA, and then heating the loaded resin stepwise in a tube furnace (in a
stream of nitrogen) to a final temperature of 600"C. We first tested this technique by heating
1.002 g of unloaded, air-dried Duolite TM resin for2 h at 400"C. and found that the resin weight
had decreased to 589 rag. After the same portion of resin was heated for an additional hour at
500°C and one more hour at 850"C, only 453 mg remained.

a. Zirconium Phosphate. An 8.75-g portion of solid ZrCl 4 was dissolved (with quite a
vigorous reaction) in 50 ml of 1.5 M HCI. This solution was added to 50 ml of wet Duolite TM C-
467 resin and mixed on an extraction wheel for2 h. The zirconium-loaded resin then was trans-
ferred to a column, washed with an excess of 0.5 M HCI, rinsed well with water, and air-dried.

After stepwise heating to 600°C, the weight of an initial 3.126 g of zirconium-loaded, air-
dried resin decreased to 1.177 g (37.7%). Stepwise heating ot'a separate 7.714-g portion resulted
in a weight of 3.772 g (48.9%). This indicates that larger portions are less efficiently decomposed
to the metal phosphates. The two portions were combined for this study.

None of the 14 elements studied sorbs at useful levels from acidic or basic solution.
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Table lll.B.5.a. Distribution of 14 Elements onto Zirconium Phosphate Composite fl'om
Two Simulant Solutions for Hanford HLW Tank 102-SY

Medium Absorber 30-min Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge Ce 0.9 0.4 0.6
Cs 1.0 1.1 1.4
Sr 1.0 1.0 1.2
Tc 1.0 1.0 1.2
Y 1.1 0.3 0.8
Cr i.4 1.1 1.3
Co 1.3 1.3 1.1
Fe 0.3 0.1 0.3
Mn <0. I <0.1 0.2
Zn 0.2 0.3 0.2
Zr 2.0 2.4 3.3
U 0.2 0.1 0.5
Pu 0.5 0.3 0.6
Am <0.1 0.2 0.1

Alkaline Supernate Ce 0.2 0.8 0.8
Cs 1.3 2.2 2.6
Sr <0.1 0.2 0.1
Tc 0.7 1.0 0.6
Y 1.0 1.2 1.0
Cr 0.3 0.3 0.4
Co 0.7 0.6 0.4
Fe <0.1 <0.1 <0.1
Mn 0.3 0.6 0.5
Zn 0.4 0.7 0.9
Zr 0.7 0.2 0.2
U 1.4 2.5 2.6
Pu <0.1 0.1 0.3
Am 0.3 0.5 0.4

IIIII III
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b. Titanium Phosphate. A 7.10-g portion of liquid TiCI4 was mixed (with quite a vigorous
reaction) in 50 ml of 1.5 M HCI. This solution was added to 50 ml of wet resin and mixed on an
extraction wheel for 2 h. The titanium-loaded resin then was transferred to a colunm, washed with
an excess of 0.5 M HCI, rinsed well with water, and air-dried.

After stepwise heating to 600"C, the weight of an initial 5.610 g of this titanium-loaded, air-
dried resin decreased to 2.409 g (42.9%), Stepwise heating of a separate 5,669 g-portion resulted in
a weight of 2.443 g (,43.1%). This indicates that when the weights of the initial portions are reason-
ably constant, the decomposition to metal phosphates is fairly reproducible. The two portions were
combined for this study.

None of the 14 elements sorbs at useful levels from acidic or basic solution.

I I iiii

Table llI.B.S.b. Distribution of 14 Elements onto Titanium Phosphate Composite from
Two Simulant Solutions for Hartford HLW Tank 102-SY

I

Medium Absorber 30-rain Kd 2-h Kd 6-h Kd

Acid- Dissolved Sludge Ce 0.6 0,3 0.3
Cs 2.0 2,4 4.0
Sr 1.0 0.4 0.7
Tc 1.6 0,7 0,9
Y 1,0 0,5 0.4
Cr 1.2 I. 1 0.8

Co 0.7 0.2 0,5
Fe 0. I O.I O.I

Mn <0, I <0,1 O.!
Zn 0.2 0,2 0.2
Zr i.8 !.7 2.1
U O.4 O,3 0.3
Pu 0.6 0,7 0.8
Am <0. I <0. ! <0. !

Alkaline Supernate Ce 1.0 0.8 0.9
Cs 2,1 2,6 3.5
Sr 0.4 O.i 0. !
Tc I. I 0.7 0.7
Y 1.2 0,9 0.8
Cr 0.3 0,5 0.3
Co i .0 0.5 0,4
Fe <0. ! O,3 O.2

Mn 0.3 O.1 0.5
Zn I.I 1,7 2.6
Zr <0. I 0. I 0. I
U 2,5 3,6 3.8
Pu <0,1 0.5 0.2
Am i. ! 1,0 0.9

Metal oxide composites were prepared by sorbing a dilution of the appropriate metal alkoxide
into the pores of Ambersorb TM 563 porous carbon beads and allowing the volatile diluent to evapo-
rate. The loaded Ambersorb TM beads then were heated in dilute acid to hydrolyze the metal alkoxide
to the corresponding metal oxide, _4after which the beads were air-dried to constant weight.
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c. Titanium Dioxide. A 30-ml portion of titanium butoxidc was diluted with 60 ml of cyclo-
hexane. Then 79.1 g of Ambersorb TM 563 porous carbon beads, obtained t'rom Rohm & Haas,
Philadelphia, PA, was added to absorb the liquid. After the volatile solvent evaporated, the beads
were heated in 0.1 M nitric acid for 2 h. The loaded beads were washed with an excess of water and

air-dried to yield 94.3 g (119.3 % of the added Arnbersorb TM beads). Assumillg the TiO2 was anhy-
drous, which it is not, this would represent 2.4 mmoles of Ti per initial g ol"Alnbersorb TM beads.

Technetium and zirconium sorb from acidic solution, although the sorption kinetics are slow.
Technetium is rnore strongly sorbed and uranium is moderately sorbed fi'om basic solution.

i_m iiii iiiiiii i

Table III,B.5,c. Distribution of 14 Elernents onto Titanium Dioxide Composite fi'om Two
Simulant Solutions tbr Hanford HLW Tank 102-SY

Medium Absorber 30-rain Kd 2-h Kd 6-b Kd

Acid-Dissolved Sludge Ce 0.8 0.8 0.6
Cs 0,8 0.4 0.3
Sr 0.3 0.1 0.1
Tc 19 40 57
Y 0.8 0.8 0.6
Cr 0.5 0.6 0.5
Co 0.6 0.7 0.6
Fe <0.1 0. l 0.1
Mn 0.3 0.1 0.1
Zn 0.4 0.2 0.2
Zr 4.4 10 28
U 0.3 0.2 0.4
Pu 1.1 1.6 2.1
Am 0.2 0.2 0.2

Alkaline Supernate Ce 1.7 2.2 1.6
Cs 0.1 <0.1 <0.1
Sr <0.1 0.1 0.1
Tc 54 185 290
Y 0.7 0.8 0.5
Cr 0.4 1.I 1.7
Co 0.4 0.7 0.4
Fe <0.1 0.5 1.0
Mn 0.4 0.1 0. i
Zn <0.1 <0.1 0.2
Zr 0.4 0.8 1.0
U 3.8 9.1 19
Pu 0.3 0.5 I. 1
Am 1.3 1.5 1.5
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d. Zirconium Dioxide. A 30-ml portion of zirconium butoxide.butanol was diluted with

60 ml of cyclohexane. Then 80.4 g of Ambcrsorb TM 563 porous carbon beads, obtained from

Rohm & Haas, Philadelphia, PA, was added to absorb the liquid. After the volatile solvent cval_o-
rated, the beads were heated in 0. I M nitric acid tbr 2 tl. The loaded bcads wcrc washed with an

excess of water and then air-dried to yield 91.33 g (123.2 % of the added Ambersorb TM beads),

Assuming the ZrO 2 was anhydrous, which it is not, this would represent 1.1 lnnaoles of Zr per
initial g of Ambersorb TM beads.

Teclmetium is well sorbed and zirconium is weakly sorbed from acidic solution, boti: with

slow sorption kinetics. Technetium is more strongly and selectively sorbcd t'rom basic solution,

again with slow sorption kinetics.

I I I I --

Table lll,B,5,d. Distribution of 14 Elements onto Zirconium Dioxide Composite from Two
Simulant Solutions for Hanford HLW Tank 102-SY

Medium Absorber 30-min Kd 2.h Kd 6-h Kd

Acid-Dissolved Sludge Ce 0.7 0.8 0.8
Cs 0.5 0.3 0.5

Sr 0.9 0.2 0.3

Tc 17 41 60

Y 0.8 1.0 1.0

Cr 1.0 0.7 0.6

Co 0.8 0.5 0.5

Fe 0.6 0.2 0.2

Mn <0. I 0.2 0. I

Zn 0.2 0.2 0.2

Zr 1.7 2.8 3.7
U 0.1 <0. ! 0.3

Pu 0.6 0.7 0.8

Am 0.4 0.2 0.3

Alkaline Supernate Ce <0. I 0.2 0.6
Cs <0. i <0. I 0. I

Sr 1.0 0.6 0.6

Tc 35 148 258

Y 0. I <0. I <0. I

Cr 0.4 0.6 1.2

Co 0.4 0.6 0.5

Fe <0. I 0.6 0.4

Mn 0. I 0.7 0.5

Zn 0.3 0.3 0.3

Zr <0. I 0.7 0.9
U 1.4 2.2 2.9

Pu 0. I 0.4 0.6

A m <0. I <0. I <0. !
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e. Niobium Pentoxide. A 50-ml portion o1' niobium ethoxide was diluted with 10()ml of

cyclohexane. Then 113.9 g ot' Ambersorb TM 563 porous carbon beads, ol_tained I'rom Rohnl &

Haas, Philadelphia, PA, was added to absorb the liquid. After tile w_latile solvent evaporated, tile
beads were heated in 0.1 M nitric acid lk3r2 h. The loaded beads were washed with an excess of

water and air-dried to yield 140.30 g (123.2 % of the added Ambersorb TM beads). Assuming tile

Nb20._ was anhydrous, which it is not, this would represent 1.7 mrnoles o1"Nb per initial g o1'
Ambersorb TM beads.

Technetium and zirconium sorb moderately l'rom acidic solution, Technetium is more

strongly sorbed l'rom basic solution, although with slow sorption kinetics. Several other elements

sorb moderately or weakly from basic solution.

I[ I IIIIll I I[1[ I I II II II

Table llI.B.5.e, Distribution of 14 Elements onto Niobium Pentoxide Composite i'rom Two
Simulant Solutions for Hanford HLW Tank 102-SY

Medium Absorber 30-min Kd 2.h Kd 6.h Kd

Acid-Dissolved Sludge Ce 0.3 0,5 0.5
Cs 0.5 0.9 0,7

Sr O.! 0.3 O.I

Tc 6.9 17 31

Y 0.8 0.3 0.5

Cr 0.6 0.5 0.6

Co 0,3 0.4 0.6

Fe 0.5 0.3 0.4

Mn O. I 0,2 O. I

Zn 0.3 0.3 0.3

Zr 2.2 6.3 14
U <0.1 0.6 0.5

Pu 1.5 2.4 3.4

. Am 0.2 O, I O. I

Alkaline Supernate Ce 1.7 2,4 2.8
Cs 4.5 5.6 6.8

Sr 0.5 O. I 0.2

Tc 28 134 27 I

Y 0.9 0,8 0.8

Cr 0.9 1.6 2.9

Co 0.4 0.6 0.6

Fe <0. I <0. I 0.2

Mn 0.8 0.7 0.3

Zn 1.3 0,8 0.7
Zr <0.1 0.2 0.6

U 2.3 4. I 7.3

Pu 0.5 0.2 0.2

Am I. 1 1.7 2.9
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6. Liquid Extractants. We prepared and evaluated porous beads impregnated witll 12 dil'lL,rcnt
liquid cxtractants.

a. LIXrM-1010. Ten ml of LIX rM I0 I()(di-2-cthylhexylphosphoric acid) was diluted with 2()Inl
of cyclohexane, at'let which 25.76 g ot' Ambersorb TM 563 porotls c,'l|'bon heads, obtainetl t'rom Rohm
& Haas Co., Philadelphia, PA, was added to absorb the liquid. The cyclohexane evaporated to yield
34.7 g of the loaded Ambersorb TM heads.

Zirconium is moderately sorbed and technetium is weakly sorhcd l'rom acidic soltttion, b¢_th
with slow sorption kinetics. From basic solution, americium sorption is signilicantly greater than
lanthanides sorption, which demonstrates a potential for an efficient trivalent actinide/lantl'mnide

s_,bed t'rom basic solution.group separation. Uranium, zinc, and manganese tire moderately '_'

IIIIIIII1 II IIIII I II II [ . I II II II " ' I II 11 - " I

Table III.B.6.a. Distribution ot'14 Elements into LIX'rs_-1010 from Two Simulant Solutions
[br Hanford HLW Tank 102-SY

Medium Absorber 30-mln Kd 2.h Kd 6.h Kd

Acid-Dissolved Sludge Ce 0,8 0.9 0.6
Cs <0.1 0.3 0. I
Sr <0. I 0.2 0, I
Tc 1.8 2.7 4.0
Y I. I O.5 O.4
Cr 0.8 0.8 0.7
Co 0.4 O.I 0.2
Fe 0.4 0,3 0.5
Mn <0. I 0.2 0, I
Zn <0.1 0.4 0.2
Zr 3.6 10 25
U 0. I <0.1 0.5
Pu 0.8 0.7 0.9
Am 0.1 0.1 0. I

Alkaline Supernate Ce 0.5 1.5 1.7
Cs <0. I <0.1 0.2
Sr 0.7 0.7 0.4
Tc 1.0 1.7 3.0
Y 1.0 1.2 1.3
Cr 0.3 0.6 0.6
Co 1.0 0.9 0.6
Fe <0. ! O.I <0. !
Mn 4.9 5.7 5.3
Zn 3.6 4.0 4.0
Zr 0.1 0.8 0.5
U 4.3 7.1 15
Pu 0. I <0. i 0. I
Am 10 27 64

iiI I
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I). I,IX'r'_*-54. Ten ml o1'I,IX/M-54 (a b_ztatliklzttinc) wa:_diluted with 20 ml t)l'cycloh_zxltntz,

;lt'tcl' which 2(_,14()g o1'Allll_¢l',_ol'l'lTM 5(_3 l't(ll'tltlS¢lirhon t_i:lids,(ll'ltliincd I'roln Rllhln & l ililis Cil,,
Phillidelphila, PA, WiiS lidth:d io ab_ol'bIhe Iiqliid, 'l'hl: cychlhl:xlinc ¢vilp(iriiled lil yield .t4,fi g ill"
the loadedAnll_er._oi'bTMI_eatt,_,.,'

Zirconitllll i,_wl:_ikl7 ,_()l'l'll_tlrrolil llcidi¢ ,_olulioll, Pr(lln hlisi¢ ,,ioluli(lll, Ih¢ s(ii'pliiin o1'iilncri-
Citllll i,_Sigllifi_.'liillly grelill:r lhilil llliil (ll' lliillhilnides, which di:lilililsli'illeS li pllll:lllilil I'lir aii
¢lTil.'ienl iriwih:nl _iclinidc/lanlhanide [_l'Otlp,_i:piil'alion,[.ll'tailiunl,iron, nlangiinl:si:, i'lluliinitlnl,
and lt_chnt:liUill lal'¢wc_ikly io nlodei'tilt:l7 ._orbcdI'ronl I'lli,_ic',_l)ltiiiiin,

II II I I i 7 Tilt I IIIII......... II[IH I II II I I I ...............................

')Tlible Ill.B,6,h, Distribution ot" 14 l_lenlents into LIXi_t-54 t'ron_Two Slniulllnl St ltiti()ll._
Itil' ltanl'ord ltI.W 'l.ink I02-SY

i ,i ill ,, , ,, ,,,, J l r i H _1_1. ...... _ . _ .,,,,,_, _1 N_ ,. ........

Medium Absorber 30.rain Kd 2-h Kd 6,11Kd
- 1,,u _ ,,,,, _ _ ,_ _H_ , ,, _ i _r _ _,, _ _.,, _ -- _ .... --

Acid-Dissolved Sludge Ce 0,7 0.8 0,8
Cs 0.5 0.5 0.3
Sr 0.5 0,3 0,2
Tc 0,5 0,5 0,5
Y 0.7 0,6 0,6
Cr 0.8 1,0 0,8
Co 0,9 0,4 0,5
Fe 0,7 0,3 0.4
Mn 0,3 0,2 0,2
Zn 0.5 0,3 0,2
Zr 1.4 1,7 3.4
U <0,1 (),1 O,1
Pu 0,5 0,1 O.I
Am 0,3 0,2 (),1

Alkaline Supernate Ce <0,1 0,4 0.4
Cs <0,1 0,3 0.1
Sr 0,8 0,3 0,6
Tc 1.4 2.8 4.1
Y 0.4 0,1 0.3
Cr 0,5 0.3 0.7
Co 0.5 !,0 0.9
Fe 2.9 3.4 4,7
Mn 2.4 2,1 2,6
Zn 0.4 0.3 0.6
Zr O.1 0.3 0.4
U 11 12 12
Pu 2.2 2,8 3.0
Am 34 32 30

I I I I I --
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c. I,IX'r_'t-84. 'l'_n ml of I+IX_M-,84(a ketoxime)was diluted with 20 ml ol'cyclohexane, tll'lcr
which 26, 13g of' Anfl'_ersot'bTM563 pot'otmcarhorlbea(.Is,obtained t'rom Rol'lm& i laus ('_,,
l_hiladelphia,PA, was added to absorb the liquid, 'l'l'mcyclol'lexaneevaporatedtt_yield 34,8 g uf
the loaded Arnbersot'bTM beads,

Noneof' the 14¢letll_llls Witssignil]cttntly st)t'betll'rotliacidic or ba,,,icsoltlti_)11,

...... III II IIIII i ................ I lllll -- II ...............

'llhble IlI.B,6,c. Distribution of 14Elements into LIxTM-84 t'ronl Two SimtalanlSolu-
lions tbr I-lanli)rd ttLW Tank 102-SY
iii iii i iii ...... LI ....................... i i ii i iii i -- ii iiiiiiii ...........................

Medium AI)sorl)er 30-rain Kd 2.h K(I 6.h Kd
i_ _............ , i i i ii ii ii " i [11111 ..... .,.i 11 1 i ii ii ii i llflll[l i .........

Acid-Dissolved Sludge Ce 0,7 0,7 0,9
Cs 0,4 0, I 0,4
Sr <0,1 0.3 0,1
Tc 0,7 1,2 1,7
Y 0,7 0,6 0,8
Cr 0,4 0,7 0,8
Co 0,6 1,0 0,7
Fe 1,0 0,5 0,8
Mn 0,9 0,3 0,5
Zn 0,6 0.2 0.3
Zr 0,8 1,4 1,8
U <O,! 0.3 0,5
Pu 0,6 0,4 (),3
Am 0,7 0,2 0,2

Alkaline Supernate Ce 0,9 0.4 0,5
Cs <0. l 0.4 0,2
Sr 0,5 0.4 0,6
Tc 0.2 0.7 0.7
Y 0.2 0.4 0.4
Cr i,0 1,3 1,3
Co 0,8 0.8 I, I
Fe 0,3 0.6 0,5
Mn 0.9 0,9 (),6
Zn 0,6 0,4 0,2
Zr <0. I <0.1 0,4
U 0.8 0.8 0,7
Pu 0,7 0,5 0,4
Am <0, I <0,I <0, l

II I I IIlllll III I I I Illll
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d. l,IXr'+_-26, Ten ml oi' L.IX'U+20(8-hycirt)xyqt,inolinc)was tliltilctl will+21)ml ()r
cyclc}hcxanc, after which 26.90 t.tt)l'Anlbcrst)rb TM563pr}rt)tl,,,+ctli'bt)nbcttds, t)btaillcd l'rt)l+|l,tt)htn
& l-ltutsCo., Philadelphia, PA, was added It)abstu'b tile liquid. The cyclohcxane CVal+OralcdIt)
yield 37, I g oi' the loaded Anihel'St_l'bTM beads,

Pltltot_jttmis t+mdcratcly sorhcd, whereas tlrtlnitlt]1arid tcchrlctitltn tit'+wcttkly sorbcd l'rolll
acidic solution, Tcchnctiutu, ccriut11,muericitlrn, arid ttrtlrlittt|l sorb tit uscl'ul levels I't'Otllbasic
.4Oltltion,

• IIII]II lit - I] ............................ llll ..... I +--iiii 111-11 ..... I 1111111 " i [

Table iil.B.6,d. Distribution oI' 14 Elomonts into LIX'+":-26l'mrn Two Situtilant Solu-
tlt_11,'+for Hanford IILW 'rank I02.SY
.................... _ ill i iiii i i FI Ill iii 111I ........................ +[i I ii ii II

Medium Absorber 30-rain Kd 2.h Kd 6.1_Kd
+ u llltll ill l ...... m,,,l+,r ........... 27+_+ _ ................. __ + _ .........

Acid-Dissolved Sludge Cc 0,4 (1,5 (1,4
Cs 0.4 0.5 0,2
Sr 0,7 0,4 (1,5
"Pc I,I 1,4 1,4
Y 0.5 0,6 0,4
Cr 0,5 0,6 0.5
Co O,4 O,4 1),5
Fe 0.3 ,,.6 (1,5
Mn <0,1 <0, I <0. !
Zn 0,5 0,4 0,3
Zr 0,6 0,6 0,7
U 2,0 2,7 3.4
Pu 3.9 7.9 15
Am 0,4 0,5 0,4

Alkaline Supernatc Cc 32 40 42
Cs <0, I <0, I <(), I
Sr 0,6 0,7 0.6
'Pc 54 112 190
Y 4,1 4,7 4.9
Cr <0.1 0.2 0,3
Co 1,3 1.1 1.1
Fc 0,3 0,3 0.3
Mn <0, I <0, I O, I
Zn 0,3 0,2 O.I
Zr 0,8 ().9 (),7
U 12 21 24
Pu 0,2 O,1 0.2
Am 24 33 30
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e, CYANI,]X"I 923, 'l'_n mI ol' Cyancx'" 023 (trialkyiphc_sphinc oxide) was diluted with

2() ml of' cyclohexarlc, al'tcr which 26.83 g of' Aml_cr_orb TM 5{'_._,l_Ol'OUscarbon I'_cads,_btaincd
I'rom Rol'm_ & Haas Co,, Philadclpttia, PA, was added to absorb tl'lc liquid, 'rIle cyclollcxanc

cvapot'aled to yield .16.8 g of Illc loaded Atllhcrsorb TM beads,
F:ron_acidic solulion, plutorliurrl, zircoriium, ur,artiurn, and Ic¢llncliunl sorb n'toderalcly will1

slow sorpliorl kinctit, s. Tcchnctit|nl, lanth:mides, a111¢ricitttn,arid ttratlitlm sol'i_ strongly li'oln
b,'tsic soJtltiOtl, Thi.s eXtl'aClatltdctllOtl,stratcs an Ol.ll,standJngability to t'¢¢_wcrnlany targeted

uJ_tllCllt._l'ro111aJkalitl¢ Sklpel'nllle,_olLllioll,

I I II I II I I I I IIIIIIIII I J --- I I ..... [11 IIUI IIIIIII _ i l[ IIIIIll I I I IIII [llll I II11 - "

'lhble III,B.6.e, Distrihtltion o1' 14 Elelllents into CYANEX TM923 l'ronl Two Sit|ll.liant

Solutions for Hanford HLW Tank 102-SY
............................. : .......... ,, ,r, , , , ........... r, , r _ . ..... ,,.m ,, _ i - , , ,

Medium Ahsorher 30-rain Kd 2-h Kd 6.h Kd

Acid-Dissolved Sludge Ce 0.5 0.2 ().5
Cs (1,5 0,3 0.4
Sr (),8 0,5 ().5
Tc 1,8 2.6 4,3
Y 0,7 0.4 (),7
Cr (1,8 0,6 (),9
Co 0,5 0.2 (),3
Fe <0, i 0.4 (),6
Mtl <0, I <0. I <(). I
Zn 0,2 0. I (),2
Zr 2,0 3, I 7,6
U <0,I 1,0 1,9
U" 2,7 6,5 14
Pu 3,0 7,6 21
Pu" 21 I00 199
Am (),3 0,3 0,3
Am" 0,4 0,4 0.4

Alkaline Supcrnate Cc 744 987 1596
Cs 0.8 ().5 0.4
Sr (),8 ().5 ().6
Tc 3()0 551 582
Y 1078 2()14 2981
Cr <(),I <0,I ().3
Co 0,6 0,7 0.7
Fc <(),I <0,I <(),l
Mn 0,4 0.9 (),7
Zn 2,9 4,4 4,3
Zr 0,9 (),4 0.8
U 122 233 356
Pu 1,4 1.9 2,()
Am 538 751 802

"These solutions contained 60 mg Pu/L; all others contained 3 g Pu/L,
[ I II I I _J I III III I I I I IIII li
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I'.CYANEX TM 272. 'l_n ml o1'Cyanex TM 272 (trinlethylpentyll_h{ml_horic acid) was dilutetl
with 20 Illl of' cyciohexane, after which 26,49 g of'Aml_ersorhTM 563 l_Omu,,, ca|'honi_¢mls,
obtained from Rohm & HaasCo,, Philadelphia, PA, was atlded I(} abs(_rbthe liquid, The cyclo-
hexaneevaporated to yield 37. I g of the loadedAml'mrsorhTM beads,

Zirconium is strongly andselectively sorbed ['rOlllacidic solution, althoul,,htheSOrl)li{m
kinetics are slow, Uranium is seleclively sorbedat a usel'u] level l'rom basic solulion

| I I _ I rll I II IIIII I ..... 1[I ..................... III .......

Table lll.B,6,f. Distribution of 14 Elemcnt_ into CYANEX TM272 t'rom Two Sinlulant
Solutl( ns for Hant'ord HLW Tank 102-SY

Medium Absorber 30.rain Kd 2.1i Kd 6-h Kd
I I I I Ill 11111I I I II I II ,,rllfll i I lll rflBrl I I, J_ , .... : : I_ I ' ' ...................

Acid-Dissolved Sludge Ce 0,4 0,2 (),5
Cs 0,3 0,2 (),3
St' 05 0,2 0,4
Tc 0,4 06 0,7
Y O,8 O,7 O,7
Cr 0.5 0,6 0.8
Co 0,5 (.),4 0,4
Fe <0, i 0,3 0.3
Mn <0, I <0, I <(),1
Zn O,1 0,3 0,2
Zr 8,0 32 199
U 0,3 1,4 1,4
Pu 0.9 1,3 2,8
Am <0, I 0,2 0.1

Alkaline Supernate Ce 0.1 0,5 0,2
Cs 0,4 0,1 O I
Sr 0.9 0,6 0,9
Tc 0,5 0,3 0,5
Y 0.8 1,0 I,i
Cr <0, I O,7 ().7
Co 0.8 0,7 ().7

Fe 0.5 0.6 0,6
Mn <().1 <().I <0.I
Zn 1.1 1,3 1,6
Zr 0.5 0.7 ().6
U 23 41 58
Pu 0,2 () I ()3
Arn 12 II i,.1

I IIIIIIl l I ._ " ............ iiiii l
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J , bd

g. DHDECME Ten ml of DHDECMP (dihexyl-N,N-diethylcarbamoylnlethyl-
phosphonate), obtained from Occidental Chemical Corporation, Specialty Products Division,
Niagara Falls, NY, was diluted with 20 ml of cyclohexane, after which 27.99 g of Ambersorb TM

563 porous carbon beads, obtained from Rohm & Haas Co., Philadelphia, PA, was add,. to
absorb the liquid. The cyclohexane evaporated to yield 39.5 g of the loaded Ambersorb TM beads.

Plutonium is moderately sorbed, whereas uranium and technetium are weakly sorbed from
acidic solution. From basic solution, technetium, cerium, americium, and uranium are well

sorbed, whereas yttrium is weakly sorbed.

II

Table III.B.6.g. Distribution of 14 Elements into DHDECMP fi'om Two Simulant Solu-
tions for Hanford HLW Tank 102-SY

Medium Absorber 30-rain Kd 2-h Kd 6-h Kd

Acid-Dis,_olved Sludge Ce 0.2 0.3 0.4
Cs 0.4 0.3 0.4
Sr 0.3 0.4 0.4
Tc 0.7 1.0 1.6
Y 0.5 1.0 0.6
Cr 0.8 0.8 0.7
Co 0.5 0.4 0.2
Fe 0.2 0.3 0.3
Mn <0.1 <0.1 <0. I
Zn 0.2 0.3 0.2
Zr 0.9 0.6 0.9
U 1.3 2.2 3.2
Pu 4.4 8.2 15
Am 0.4 0.6 0.4

Alkaline Supernate Ce 26 45 51
Cs <0.1 <0.1 <0.1
Sr 0.5 0.6 0.7
Tc 43 112 222
Y 3.4 5.1 5.8
Cr 0.3 0.2 0.6
Co 0.8 0.9 l.l
Fe <0.1 <0. i <0. !
Mn 0.6 0.5 0.4
Zn 0.7 0.4 0.5
Zr <0.1 0.5 0.8
U 22 31 33
Pu 0.4 0.3 0.4
Am 25 34 35

II I I I I II I I I II II I
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h. DHDECMP-DIPB. Ten ml of DHDECMP was diluted with 10 ml of DIPB

(diisopropylbenzene) and 30 ml of cyclohexane, after which 48.45 g of Ambersorb TM 563 porous
carbon beads, obtained from Rohm & Haas Co., Philadelphia, PA, was added to absorb the
liquid. The cyclohexane evaporated to yield 65.3 g of the loaded Ambersorb TM beads.

Plutonium is moderately sorbed from acidic solution. From basic solution, technetium,
cerium, americium, and uranium are sorbed at useful levels, whereas yttrium is weakly sorbed.

Table IlI.B.6.h. Distribution of 14 Elements into DHDECMP-DIPB fi'om Two Simulant
Solutions for Hanford HLW Tank 102-SY

Medium Absorber 30-min Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge Ce <0.1 0.4 0.6
Cs 0.I <0.1 0.2
Sr 0.2 0.1 0.4
Tc 0.6 1.1 1.5
Y 0.3 0.4 0.6
Cr 0.5 0.7 0.9
Co 0.1 0.4 0.5
Fe 0.3 0.5 0.3
Mn <0.1 <0.1 <0.1
Zn 0.3 0.5 0.2
Zr 0.4 0.8 1.0
U 1.2 2.3 2.7
Pu 2.9 5.5 10
Am 0.4 0.6 0.3

Alkaline Supernate Ce 18 28 28
Cs 0.1 <0.1 0.2
Sr 0.5 0.7 0.4
Tc 27 49 62
Y 2.9 3.3 3.1
Cr 0.6 0.5 0.5
Co 0.6 0.9 0.6
Fe 0.1 0.3 0.4
Mn <0. I 0.3 0.2
Zn 0.2 0.3 0.1
Zr 0.4 0.5 0.5
U 9.3 16 18
Pu 0.7 0.6 0.4
Am 14 21 19
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i. CMPO-DIPB. Ten ml of CMPO (octylphenyl-N,N-diisobutylcarbanaoyl-nlethylphosphine
oxide), obtained l'rom M&T Chemicals, Inc., Rahway, NJ, was diluted with 10 ml ot"DIPB
(diisopropylbenzene) and 30 ml of cyclohexane, after which 46.83 g of Ambersorb TM 563 porous
carbon beads, obtained from Rohm & Haas Co., Philadelphia, PA, was added to absorb the
liquid. The cyclohexane evaporated to yield 64.1 g of the loaded Ambersorb TM beads.

None of the 14 elements sorbed at useful levels fl'om acidic solution. Technetium, cerium,
americium, uranium, and yttrium are well sorbed from basic solution, although the sorption
kinetics are slow.

III

Table III.B.6.i. Distribution of 14 Elements into CMPO-DIPB fi'om Two Simuhmt Solu-
tions for Hanford HLW Tank 102-SY

Medium Absorber 30-min Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge Ce 0.3 0.3 0.6
Cs 0.5 0.2 0.3
Sr 0.5 0.4 0.3
Tc 0.6 1.1 2.2
Y 0.5 0.6 0.5
Cr 0.7 0.8 0.9
Co 0.2 0.1 0.1
Fe 0.6 0.6 0.5
Mn <0.1 <0.1 <0.1
Zn 0.4 0.3 0.3
Zr 0.8 0.8 1.4
U 0.4 0.8 1.4
Pu 0.4 0.4 0.7
Am 0.4 0.5 0.5

Alkaline Supernate Ce 78 370 499
Cs 0.8 0,3 0.3
Sr <0,1 0.2 0.3
Tc 41 111 196
Y 15 45 89
Cr 0,8 0.7 0.5
Co 0,1 1,0 0,8
Fe <0.1 <0.1 0.2
Mn 1.6 1.6 2.1
Zn 1.0 0.4 0.5
Zr 1.1 0.8 0.8
U 49 183 291
Pu 0.8 0.5 1.0
Am 49 355 472
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j. Aliquat TM 336. Five grams of Aliquat TM 336, (tricaprylmethylanmaoniun_ chloride)
obtained fi'om Aldrich Chemical Co., was diluted with 10 ml ot"hexane, after which 17.32 g of
Ambersorb TM 563 porous carbon beads, obtained l'rom Rohm & Haas Co., Philadelphia, PA, was
added to absorb the liquid. The cyclohexane evaporated to yield 26.2 g of the loaded
Ambersorb TM beads.

Plutonium is moderately sorbed fl'om acidic solution. In basic solution, technetiun3 is
strongly sorbed with high selectivity and only uranium is cosorbed to a significant extent. This
extractant demonstrates an outstanding ability to selectively recover technetium from alkaline
supernate solution.

II IIII I

Table III.B.6.j. Distribution of 14 Elements into Aliquat TM 336 from Two Simulant
Solutions for Hanford HLW Tank 102-SY

Medium Absorber 30-min Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge Ce 0,4 0.6 0.6
Cs 0.3 0.3 0.2
Sr 0.4 0.3 0.3
Tc 0.7 0.8 1.0
Y 0.3 0.3 0.2
Cr <0.1 <0.1 O.1
Co 0.6 0.3 <0.1
Fe 0.2 0.3 0.5
Mn <0.1 <0.1 <0.1
Zn 0.3 0.1 0. I
Zr 0.8 0.4 0.6
U 0.5 1.I 1.7
Pu 2.3 5.7 14
Am 0.2 0.2 0.2

Alkaline Supernate Ce 1.0 1,6 2.0
Cs 1,8 2.2 2.1
Sr 0,3 0,2 0.3
Tc 295 444 572
Y 0,3 0.4 0,2
Cr 0,1 0,1 0.1
Co 0.2 0.1 <0.1
Fe 0,2 0.3 0.3
Mn 0.3 0.3 0.3
Zn <0.1 <0.1 <0. I
Zr <0. I 0. I O.1
U 3.2 5.5 7.9
Pu 0.1 0.2 0.4
Am 0.4 0,6 0,6

I I IIIIII IIIIIIIII IIIII IIIIII
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k. Czech Cobalt Dicarbollide. A 93.6-mg portion of cobalt dicarbollide prepared in the
Czech Republic was dissolved in 2.323 g of nitrobenzene and 1 ml of ethanol, after which
2.628 g of Ambersorb TM 563 porous carbon beads, obtained fi'om Rohm & Haas Co.,
Philadelphia, PA, was added to absorb the liquid. The ethanol evaporated to yield 4.48 g of the
loaded, dry-appearing Ambersorb TM beads.

Technetium sorbs moderately, with slow sorption kinetics, from acidic and basic solution.

II I IllI I - I

Table llI,B,6,k. Distribution of 14 Elements into Czech Cobalt Dicarbollide fi'om Two
Simulant Solutions for Hanford HLW Tank 102-SY

Medium Absorber 30-min Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge Ce 0.5 0.1 0. l
Cs <0.1 <0.1 0.3
Sr 0,6 0.5 0.9
Tc 0.9 2.9 7,0
Y 0,4 0.4 0.5
Cr 0.2 0.4 0.4
Co 0.2 0.3 0.3
Fe <0.1 <0.1 <0,1
Mn 0.2 0.7 0,6
Zn 0.3 0.3 0.4
Zr 0,5 0.7 0.8
U 1,2 0.9 1,1
Pu <0,1 0,3 0,4
Am 0,2 0.3 0,3

Alkaline Supernate Ce 0,7 1.4 1,2
Cs 0.8 1.0 0.8
Sr <0.1 0.5 0,7
Tc 0,6 3.8 13
Y <0. I <0. I <0,1
Cr 0.5 0.9 1,1
Co 0,4 0.8 0,7
Fe 0,2 <0. I (),2
Mn 0,2 0,3 0,2
Zn 0,5 0.3 0,2
Zr 0,2 0,7 1,0
U 0,9 0.9 0,8
Pu 0, ! <0, I <0, 1
Am 0,2 0, I 0, I

__. I _ i I I I I IIIIII II I IIIIIIUl I IIII I I
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I, INC-Synthesized Cobalt Dicarbollide. A 98. l-rag portion of coball dicarbollide prepared
by the LANL Isotope and Nuclear Chemistry (INC) Division was dissolvcd in 1,816 g of nitroben-
zene and 1 ml of ethanol. Then 2,270 g of Ambersorb TM 563 porous carbon beads, obtained from
Rohm & Haas Co,, Philadelphia, PA, was added to absorb the liquid, The ethanol ewtporated to
yield 3,64 g of the loaded, dry-appearing Ambersorb TM beads.

Moderate sorption of technetiunl and low sorption of cesium occur from acidic and basic
solution, also with slow sorption kinetics,

II II IIIII I II I II I I I II I III I I -

Table III.B.6.1. Distribution of 14 Elements into INC-Synthesized Cobalt Dicarbollide
from Two Simulant Solutions for Hanford HLW Tank 102-SY

Medium Absorber 30.min Kd 2-h Kd 6.h Kd

Acid-Dissolved Sludge Ce <0,1 <0,1 <0,1
Cs 1,5 1,8 1.2
St" 0.6 0,5 0,6
Tc 1.6 3,4 7,7
Y O.6 O.2 0,2
Cr 0,I <0.1 0,1
Co 0,2 0,5 0.2
Fe 0.1 <0,1 <0,1
Mn <0,1 0,2 0,3
Zn 0.2 0.3 0.3
Zr 0,4 0,4 0,7
U 0,7 0,7 0,5
Pu <0,1 <0,1 0,2
Am 0,1 0, i 0,2

Alkaline Supernate Ce 0,9 0,8 0,6
Cs 3,1 2.0 1.2
St' 0,6 0,5 0,2
Tc 1.9 7,2 44
Y <0,1 <0, I <0,1
Cr 0,8 1,2 0,6
Co 0.6 1,0 0,5
Fc 0.2 0,5 (I,4
Mn 0.2 0.1 0. I
Zn <0, I 0, 1 0. I
Zr I.I 0,9 0,8
U 0.5 0.9 0.9
Pu 0,3 0, I (1,2
Am <0,1 0, I (),!

I/I II IIIII [ II IlL_ IIIIIIII I II I
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7. SNL Absorbers. Tl_ematerials designated as SNL/CST are a new class of inorganic ion-
exchangers called crystalline siiico-titanates (CSTs). These materials, jointly invented by SNI,
and Texas A&M University (a patent application has been filed), show significant potential for
removal of cesium fi'om defense wastes that are > 5 M Na+and > 1 M OH. The numerical values

in the absorber designations represent different synthesis procedures. CST materials are very fine
powders composed of cuboidal crystals with particle sizes of several hundred Angstroms.

Screening studies on these materials at SNL have indicated the selectivity for cesium removal
is SNL/CST35 < SNL/CST48 < SNL/CST68 < SNL/CST69 < SNL/CST84 < SNIJCSTI 11.

SNL/CST84 and SNL/CSTI 11 are markedly different from the other absorbers in terms ot'tlaeir
synthesis; they contain a dopant, with the dopant/CST ratio highest for SNL/CST111. SNL
investigations have demonstrated that the presence of the dopant significantly increases the value
of the distribution coefficient, as well as the structural stability of the CST material in highly
alkaline solutions.

As discussed in Section ll.D., the unusually large variation in Kd values obtained with CST
absorbers indicates that submicron CST particles sometimes contaminated the solution taken for
gamma spectrometric assay. The inadvertent introduction of particles into the assay solution
would, however, always cause us to understate the actual Kds tbr removing cesium from solu-
tion. Our reported Kd values ['or cesium sorption from the CST materials may theretbre be
considered as minimum values.

In a few other cases, the Kd values for non-cesium elements decrease with increasing contact

time. SNL personnel suggested that this could be caused by a small amount of an amorphous
phase in the crystalline material, which appears to preferenti,'flly sorb certain non-cesium ele-
ments. However, because the amorphous phase slowly dissolves, some of the initially sorbed
element is released, causing the apparent Kd value to decrease with increased contact time.

a. SNL/CST35 Crystalline Silico-Titanate. Cesium is very strongly and quite selectively

sorbed from acidic solution; only zirconium cosorbs to a signilicant extent. Cesium is sorbed
even more strongly fi'om basic solution, and uranium also is sorbed at useful levels from this
medium.
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II II I Illl Illlll I llll - _ I ¸ Illll I I II I I Ill [ I I I I Ill I II

" 3Table IlI.B.7.a. Distribution ot'14 Elements onto SNL/CST. 5 f'ronaTwo Simulant
Solutions for Hanford ItLW Tank 102-SY

Medium Absorber 30-rain Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge Ce 0,6 0,7 0.7
Cs 4485 101 I 3416
Sr <0.1 <0,1 <0.1
Tc 0,9 0,5 0.5
Y 0.3 O,4 0.4
Cr 0.4 0.4 0.4
Co 0.6 0,7 0.5
Fe 0,8 0,5 0.8
Mn <0.1 <0,1 O,1
Zn 0.5 0.3 0,3
Zr 8.3 26 76
U O,9 O.5 O,5
Pu 2.4 2.6 2.4
Am <0.1 0. I <0.1

Alkaline Supernate Ce 2,9 2,1 6,7
Cs 13158 12421 4195
Sr 1.6 1,3 3.3
Tc 1.2 1,7 5.6
Y 2.5 1.7 0.9
Cr 1,1 1,9 9.6
Co 0,7 0,2 0.2
Fe 0,9 2.2 2.5
Mn 0.5 0. I O.I
Zn 1.5 1.1 0,9
Zr 0,5 I,l 3.6
U 25 45 54
Pu 0,8 1,5 1.5
Am 1,3 !, 1 0,7

-- III I - II III IIIII II I III I II I I1| I
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b. SNL/CST48 Crystalline Silico-Titanate. Ccsiunl is very strongly and selectively sorbed
fl'om acidic solution; only zirconiun_ cosorbs to a significant extent, Cesium sorbs even more
strongly fi'om basic solution, although the selectivity is not as high.

_ III II III - III II qlllll Ii illl iiiiiii Iiiiiiiiii i I I I II II

Table III.B.7.b. Distribution of 14 Elementsonto SNL/CST48 fi'om Two Sirnulant
Solutions lbr Hantbrd HLW Tank 102-SY

Medium Absorber 30.rain Kd 2-h Kd 6.h Kd

Acid-Dissolved Sludge Ce 0.6 0.4 0.6
Cs 794 758 I 180
Sr <0.1 <0.1 <0.1
Tc 0,8 0.5 0.6
Y 0.7 0.4 0.5
Cr 0,3 0.3 0,3
Co 0.9 0,4 0,6
Fe 0.7 1.0 !.0
Mn <0,1 <0, 1 <0,1
Zn 0.3 0.2 0,2
Zr 15 49 51
U 1,5 1.1 1.2
Pu 2.6 3.2 4.4
Am <0,1 0.2 0.1

Alkaline Supernate Ce 6,4 8.6 17
Cs 3951 2820 1030
Sr 1,8 1,2 1,2
Tc 1,6 1,5 2,0
Y 6,0 7,0 5,3
Cr 1,3 1.7 6,0
Co 4.5 4.6 2.0
Fe 1.2 1.5 1.8
Mn 2.0 1.7 1.2
Zn 23 32 34
Zr 0.7 0.8 0.8
U 16 30 37
Pu <0.1 <0.1 0. I
Am 9.4 13 15
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c. SNL/CST68 Crystalline Slltco-Titanate. Cesium is very strongly and selectively sorhed
fl'om acidic solution', only zirconium is cosorbed to a significant extent, Cesium is sorbe(I even
more strongly fl'om basic solution, although the selectivity is not its high. The decreasing Kd
values I'orcesium may be real, or they may reflect incomplete filtration o1' the submicron ab-
sorber particles from the assay solutions,

llll I II IIII I I II I I II IIIII IIIIII I I I I -- I ...... _ II

Table III,B.7.e. Distribution of14 Elements onto SNL/CST68 from Two Simulant
Solutions l'or Hanlbrd HLW Tank 102-SY

Medium Absorber 30-min Kd 2-h Kd 6-h Kd

Acid-Dissolved Sludge Ce 0.1 0,4 0,7
Cs 688 2308 1049
Sr <0, I <0.1 <0, 1
Tc 0,6 0,4 0,8
Y O,5 O,2 O,3
Cr 0.1 0,4 0,4
Co 0,5 0.3 0,5
Fe 0,7 0.7 0,9
Mn <0,1 0,3 0.1
Zn 0,2 0,4 0.3
Zr 31 119 103
U 1,1 1,2 1,0
Pu 3,9 4,4 5,3
Am 0,4 0,1 0,1

Alkaline Supernate Ce 8,6 16 38
Cs 4072 2453 722
Sr 1,7 1,6 1.3
Tc 1,5 1.8 1,7
Y 7,4 9,7 7,5
Cr 1,7 2,4 6.6
Co 5,3 5,4 2.3
Fe 0.9 1.7 2,2
Mn 1,9 1,9 1,6
Zn 33 44 43
Zr 1,0 1,2 (},9
U 23 38 45
Pu 0,6 0,5 0,3
Am 15 20 20

IIIIII II I I I I II I I III
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d. SNL/CST69 Crystalline Sillco-Titanate. C_sittm is very strongly and sclcctivcly sorl'_cd
from acidic ,soltttion',only zircortiumcosot'bsto a sig,nit'icarltextent. Ccsittm is s_rhcd even rrtot'c
strorlgiy I't't_nlbasic solutiort, ,,dtt:toughtheselectivity is not _.|shigh,

II IIIIII [ IIIIII l I II IIII II I ........... I IF " I ....... III I Illll .......... I III

" _" 19Table lll.B.7.d, Distribution of 14 Elements onto SNL/CS F_ l]'om Two Simulant
Solutions for Hani'ord HI,W Tank 102-SY

Medium Absorber 30.rain Kd 2-h Kd 6.h Kd

Acid-Dissolved Sludge Ce 0.5 0,6 0.7
Cs 2884 2279 3252
Sr <0, I <0. I <0, I
Tc 1,1 0.8 1,1
Y 0,4 0.4 0.2
Cr 0,6 0,7 0,6
Co 0,4 0,4 0.4
Fe 0.4 0.6 0.7
Mn <0, I <0.1 <0,1
Zn 0,4 0,4 0.4
Zr 91 14" 115
U 0.7 1.1 1,2
Pu 3.4 3.8 4,5
Am 0,6 0,3 0,3

Alkaline Supernate Ce 4.0 4.2 14
Cs 8879 10844 20880
Sr 3,4 2.9 6,6
Tc 4.9 6.7 12
Y 1,8 1.0 1.6
Cr 2,8 3.8 14
Co <0.1 <0.1 <0.1
Fe 2.2 2.0 2.2
Mn 0.4 0.4 0.4
Zn 2.0 2.9 3.7
Zr 1.7 2,5 5.5
U 21 33 43
Pu 0.7 0.7 1,0
Am 2.5 3.0 3.3

"This Kd value obviously is in error and should be ignored,
I I I H I II i iiii I I I I
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e, SNI,/CST84 Crystalline Sillco.Tltanate, Cesium is very strongly and selectively _orhed
I'romacidic solution; only zirconiunl cosorbs to a significant extent. The decreasing Kd values
for zirconium from acidic ,,,;(flution(while cesium Kd values increase)may tel'loot the slow

dissolution ot'an amorpllous pl'tascthat pret'crcntially sorbszirconium, Cesium is sorl_edwell
t'1'0111basic solution, Lllthotlgh the selectivityis not as high,

-- I I II ..... II II ...... I .... I IIIIIIII L I I I II - I Illillliil I[|l[II I -- I .......... I

' 8Table II].B.7.e. Distribution o1"14 Elementsonto SNL/CST 4 fronnTwo Simularlt
Solutions for l-[anl'ordHLW Tank IC)2-SY

Medium Absorber 30.rain Kd 2.h Kd 6.h Kd

Acid-Dissolved Sludge Cc 0.4 0. l 0,5
Cs 1849 8096 11840
Sr <0, 1 <0, I <0,1
Tc 0,8 0.4 0.7
Y <0,1 0. ! 0,2
Cr 0,4 0,6 0,6
Co 0,6 0,3 0,4
Fe 0.4 0.2 0,4
Mn <0,1 O,1 <0, I
Zn 0,4 0,3 0,2
Zr 70 87 19
U O,6 O.9 0,5
Pu 2,0 1.8 1,9
Am 0,1 <0,1 <0.1

Alkaline Supernate Ce 3,5 4.8 14
Cs 5484 3953 3098
Sr 2,2 2,0 4,4
Tc 1,5 1.9 4,6
Y 1,3 1.1 1.1
Cr 1.4 1.7 8.8
Co 0.3 0.2 0,1
Fe 0,6 1.2 1.4
Mn 0,9 0.6 0,5
Zn 1.0 1.4 2.1
Zr 0.9 1.1 3.0
U 13 19 22
Pu 0,1 0.3 0,2
Am 2.9 4.1 5,8
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f, SNIdCSTIII Crystalline Sllico.Titanate, Cesium is very strongly and selectively
sol'bed t'rolll acidic solution; only zjr¢OllJUIll ¢os{.)l'bS It)a signiticant extent, ('csiunl is sorbed
well from basicsolution, although the selectivity is not ashigh, The decreasing Kd wlll.leSfor
cesium from basic solution may be real, or they may reflect incomplete Iillralion ol'thc sul_mi-
¢ron absorber particles fi'om the assaysolutions.

I [ I I I II 11 II [ III I ......... ZLL IIIIIIII 1111_II II II IIllll .......................

Table III.B.?.f, Distribution oi' 14Elements onto SNL/CSTI I I from Two Simulanl
Solutions Ibr Hanlbrd HLW Tank 102-SY

Him i - ii iJ ----- i, _ L

Medium Absorber 30.mln Kd 2.11Kd 6.h Kd

Acid-Dissolved Sludge Ce 1.0 0,9 1,0
Cs 3420 5021 5305
St' 0.6 0,4 0,5
Tc 0,6 0,7 0.7
Y 0,3 0,3 0.3
Cr 1,0 1,1 1,2
Co <0, I <0,1 <0, !
Fe 0,6 0,6 0,7
Mn 0,1 0.3 0,1
Zn O.8 O,6 O,6
Zr 11 14 18
U 0.7 1,3 1,5
Pu 3,1 3,5 3,8
Arn 0,2 0,3 0,3

Alkaline Supernate Ce 17 32 57
Cs 4939 2713 1864
Sr 4.2 4,2 3,5
Tc 1,5 1.8 1.2
Y 4,4 4,7 4,8
Cr 2.1 1,9 1,7
Co 1,0 0,8 0.4
Fe 0,6 1,6 1.9
Mn 1,2 1.6 1,5
Zn 2.3 3.2 5, I
Zr 0,9 1,0 0,6
U 15 21 25
Pu 0,2 0,8 0.4
Am 25 52 107
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g, SNLIHT() Amorphous Hydrous TIOa. As expected, the behavior _t' tllis hydrous tit;l-
nitlnl { xldc is very dil't;._rcntt'mm that of the crystalline silico-titartatcs, Ccritlnl, alncricittnl,

. LtranlLlnland yttritlnl sorb well, whereas chro11|itltll, zinc, ¢¢sitlnl, and zircorliunl sorb m_dcratcly
from basic solution,

I I I lillll IIIII III I III I11 I I Ill[ .... illllllllliTIIITI IIIII IIHI II I I III - I III I[ll III II EL_..

Table lll,B,7,g, Distribution ot" i4 Elementsonto SNL/HTO fi'om SimulatedAlkaline
SLIpO,l'fltlte Solution for Hartford FILWTank 102-SY

............................... , , ...... , ,, ,,,, , i, , ,,, ,,,,,i ,,,, ii t J

Medium Absorber 30-mln Kd 2-h Kd 6.h Kd

Acid-Dissolved Sludge At the recommendation of SNL pct'sonnel, SNL/HTO
was not tested in acid.

Alkaline Supernatc Cc 265 320 511
Cs 10 8.9 8.5
Sr 1.5 1.4 3.6
Tc 1.3 1.7 4.3
Y 53 59 52
Cr 5.9 7.8 21
Co 0.9 0.7 0.4
Fc 2.2 3.1 3.9
Mn 1.2 0.3 0.4
Zn 18 18 19
Zr 1.7 2.7 6.3
U 52 69 90
Pu 1,5 1.8 2.4
Am 229 264 168

_ III IIIII IIIIII I 11 ILl I IIIIII _- --t I llIl III III IIIIII II III " --IIII I

86



IV. ELUTION CONSIDERATIONS

The purpose of this study was to screen a large number of candidate absorbers and identify
those that show promise for specific elements. Although elution was not a part of our sludy, we
recognize that elution of the sorbed species from the selected absorbers is essential if the absorb-
ers are to be reused in a process. We therefore plan to investigate the elution characteristics of
selected _,_sorbers in the next phase of this study.

We can, however, ofl'er some general comments about elution. Elution often can be achieved
by (1) acidity changes, (2) oxidation state changes, (3) complexation, or (4) displacement.
Because our present study reports distribution data fl'om both acidic and basic simulant solutions,

it often indicates whether acidity changes might elute a given species. In cases in which a spe-
cific oxidation state is strongly sorbed on an absorber, another oxidation state of that same
element may not be sorbed, and conversion to this other oxidation state may achieve elution. In
still other cases, the sorbed species may be capable of forming a strong complex with certain
complexants, which can be used as eluting agents. Finally, sorbed species can sometimes be
displaced by loading the absorber to capacity with another ion that is more strongly sorbed.

Because elution operations usually generate additional waste, we plan to emphasize waste
minimization in the elution options we evaluate in the next phase of this study. One option worth
considering is that of not eluting the sorbed species fl'om the absorber. For example, this option is
attractive in the case of the absorbers developed by SNL and Texas A&M because cesium ap-
pears to be irreversibly sorbed with very high Kd values on silico-titanates. Moreover, the silico-
titanates provide an inorganic matrix that can be pressed into dense pellets suitable lk)rlong-term
storage. In this case, elution may be unwise and unnecessary.

Ammonium molybdophosphate (AMP) offers cesium Kd values fl'om acidic and basic solu-
tion nearly as high as those on silico-titanates. Moreover, cesium can be eluted from AMP with
5 M ammonium chloride. _sA very attractive possibility is eluting cesium with ammonium chlo-
ride, distilling and collecting the water, followed by sublimation of ammonium chloride at 355"C,
but not cesium chloride, whose sublimation temperature is 1290"C. The water and ammonium
chloride could then be combined and recycled to elute the next batch of cesium, which could
provide highly concentrated cesium, while generating zero secondary waste in the elution step.
This is an example of innovative chemistry that can minimize secondary-waste generation.

V. FUTURE STUDIES

Our screening study has met its objective of identifying specific absorbers that seem capable
of partitioning targeted elements from Hanford HLW Tank 102-SY. The best absorbers from this
study and perhaps a few promising new materials should be evaluated with simulant composi-
tions that represent other Hanford tanks, especially those on the safety watch-list. The 14 ele-
ments whose distributions have been measured should be reviewed to determine il"any should be
deleted or if additional elements should be incorporated in future measurements. Finally, radioac-
tive tracers, which provide a rapid, reliable, and inexpensive way to obtain large amounts of
distribution data, should be used in future studies.
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The effect of ionizing radiation is an important factor to consider when selecting materials to
be used in processing radioactive waste solutions. The effect of radiation on the most promising
absorbers fl'om our present and future studies should be determined, if such information is not
already available, '_ before any large-scale recovery flowsheet is selected.

VI. CONCLUSIONS

I. Our screening study of many absorbers from realistic simulants has n'tet our initial objective
of identifying numerous promising absorbers. Many of the separations required for the
remediation of Hanford HLW Tank 102-SY can be achieved using available absorbers and
existing, proven technology.

2. Radioactive tracers, as used in our study, provide a reliable and cost-effective way to rapidly
obtain large amounts of distribution data. Follow-on studies should measure the distribution

of key elements fi'om other Hanford waste tank compositions onto the most promising ab-
sorbers identified by this study.

3. The performance of the 60 absorbers tested with these complex, high-salt media is often
much different from published results for similar absorbers tested in relatively clean systems.

4. Elements for which good-to-excellent sorption has been demonstrated from simulated acid-
dissolved sludge are cerium, cesium, technetium, zirconium, uranium, and plutonium. Ele-
ments that show low sorption fi'om acidic solution are strontium, yttrium, chromium, cobalt,
iron, manganese, zinc, and americium.

5. Elements for which good-to-excellent sorption has been demonstrated fi'om alkaline
supernate simulant solution are cerium, cesium, technetium, yttrium, zinc, uranium, and
americium. Elements that show lower-than-desirable sorption fi'om alkaline solution are
strontium, chromium, cobalt, iron, manganese, zirconium, and plutonium.

6. Low-cost partitioning agents, such as Aliquat TM 336, Cyanex TM 923, and Reillex TM HPQ,
often outperform other materials whose cost is hundreds of times higher.

7. Certain extractants, such as LIX-1010 and LIX-54, exhibit a large preference for americium
over cerium and yttrium from basic solution, which indicates that a lanthanide/triwdent
actinide group separation should be readily attainable. Elimination of lanthanides from the
trivalent actinide fraction has been estimated to reduce the required number of glass logs by
5000, _ which could save approximately $5 billion.

8. Experimental anion exchange resins under development by LANL, referred to as JSK resins
in this report, offer major advantages over the best previously known resins for removing
plutonium from HLW media. An increased priority should be assigned to the development
and commercial production of these resins.

9. Even the best partitioning agents for strontium provide only low-to-moderate Kd values,
which may be inadequate for reliable separations under process conditions. Near-term efforts
should focus on identifying or developing improved absorbers for strontium.

10. Iron, manganese, and chromium show low Kd values on most o1'the 60 absorbers ewduated.
Because these elements are present at significant concentrations in many Hanford waste
tanks, however, even low Kds could result in sufficiently high loadings of some absorbers to
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decrease their capacity for other elements. All Kds that we measurecl and report rcflecl rcalislic
competition from these major matrix elements and therefore reflect what might be obtained
with actual waste solution.

11. Measured Kd values for cobalt tire low on all 60 absorbers from acidic solution and are only
marginal fi'om alkaline solution. If cobalt is to be removed from HLW solutions, other absorb-
ers or extractants must be identified or developed.

12. Although elution was not a part of our study, the fact that we measured distributions l'ronl both
acidic and basic solutions often indicates whether a change in acidity might elute a given
element fi'om a specific absorber.

13. SNL silico-titanate materials show outstanding sorption of cesium from acidic and basic
simulant solutions. Because the sorption of cesium appears to be irreversible on silico-titanates,

this matrix should be considered as a final waste form. Although there is concern that the high
titanium content of these absorbers can easily exceed the assigned 1% limit for titanium in
glass logs, the actual tolerance for titanium in glass (currently being measured) may be higher.
Other waste forms, such as mineral analogues or different glass compositions, also may be
compatible with silico-titanate absorbers. The excellent resistance of silico-titanates to loss of

cesium by leaching may even allow this absorber to be safely incorporated in grout.
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APPENDIX A

Preparation of Acid-Dissolved Sludge Simulant

The composition for Hanford Tank 102-SY sludge was provided by Westinghouse Hartford
Company (WHC) personnel in letter 7K321-92-RAK-02. However, aside fl'om the 0.6 M phos-
phate value in the single tank sample cited by WHC, no other 102-SY sample contained more than
0.11 M phosphate, and the phosphate level of most samples was near 0.05 M. For these reasons,
we adjusted the initial phosphate level fi'oin the WHC-recommended value of 0.6 M to 0.1 M.

We further adjusted the sludge cornposition to reflect partial dissolution during the planned
mixing of HLW Tank 102-SY supernate and solids during retrieval operations.

Ltlmetta and Swanson s estimated that dilute caustic washing would remove 69% of the initial
AI, 17% of the initial Cr, and 10% of the ini'ial Pb. Lumetta also agreed with our decision to
change the initial phosphate level to 0.1 M and estimated that washing the sludge with dilute
caustic sohltion would leach out 90% of the phosphate, 90% of the chloride, 90% of the sulfate,
and 75% of the fluoride.

Using these figures as guidelines, we recalculated the composition of Tank 102-SY sludge, as
it would exist after washing with the alkaline supernate sohition. We then prepared the recalcu-
lated simulant composition in a minimum concentration of nitric acid to represent caustic-washed,
acid-dissolved sludge. Lumetta agreed that this would represent the most realistic simulant of the
teed for a partitioning process.

i II I i

Table A. Composition of Acid-Dissolved Sludge Simulant

Component InitialCone.,M Factor Adjusted Cone., M

AI 1.65 0.31 ().51
Ca O.16 I.() O.16
Cr 0.48 0.83 0.40
Cu 0.02 1.0 0,()2
Fe I).45 I.() 0.45
K 0.08 ().1() 0.008
Mg 0.07 I.() 0.07
Mn 0,165 I.() ().165
Na 6.0 (),I() ().6()
Ni 0.()I 1.0 ().()I
Pb 0.()16 0.9() ().()14
Se 0.()3 1,0 ().()3
Si 0.08 1.0 0.()8
Sr 0,001 1,0 ().0()1
Th 0.03 I.() ().()3
U ().03 I.() ().03
CI O.15 ().I() ().()15
F 0.30 0.25 ().()75

PO,_ O.i0 ().I() ().()I
SO,l O.I0 ().I() ().()I

I i i i i
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To tile composition shown in "FableA, pluloniunl was added as 2_"Puto obtain 3 g Pull.,; in a
few cases 2-_SPuwtis added, inslead, to obttiin 60 ing Pu/[,.

We assumed that till hydroxide would be neutralized and tMt till carbonale would decoinposc

when the sludge is dissolved in acid.

PROCEDURE

The following components were combined:

' SComponent Compound taken Moles (,ram"

Ca Ca(NO3) 2 . 4H,O 0.16 37.8

Cr Cr(NO_)_. 9H20 0.40 160

Cu Cu(NO_) 2 . 2.5H,O 0.02 4.65

Fe Fe(NO_)_. 9H,O 0.45 181.8

K KNO_ 0.008 0.81

Mg Mg(NO_,,/2_ "6H_O, 0.07 17 .9

Mn Mn(NO_)2 0. 165 57 rnl 51% solution

Na NaNO_ 0.44 37.4

Ni Ni(NO._),. 61-I,_O 0.01 2.91

Pb Pb(NO_) 2 0.014 4.63

Sr Sr(NO._) 2 0.001 0.21

Then 0.51 mole of aluminum was added as 230 ml of 2.2 M AI(NO:_)_ solution, swirled to
mix, and allowed to sit overnight. The liquid portion, about 1/3 of the total, was decanted into a

separate container. Then 100 ml of 0.5 M nitric acid was added to the solids and the mixture was

warmed in a hot-water bath. Most of the solids dissolved. The remaining solids dissolved in
another 100-ml portion of 0.5 M nitric acid.

Thorium was added to the solution'

Th Th(NO_) 4 . 5H,O 0.03 17. I

An appropriate portion of UO_ was dissolved in 40 rnl of water and 4 ml of concerltrated
nitric acid, and was added to the solution.

U UO, 0.03 8.1

The other anions were added as portions ot the appropriate acid to 40 ml of water, which then
was added to the stirred solution.

CI HCI 0.015 !.3 Inl cone. acid

PO_ H_PO 4 0.01 0,7 nil cone. acid

SO4 t-12SO4 O.()l 0.6 ml cone. acid
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Sodium silicate was dissolved in 50 3111of ,a,arnl water.

Si NaeSiO_. 9H20 0.08 22.7

To this silicate solution, 2.6 ml (0.075 mole) of concentrated HF wits added.

The silicate-fluoride solution was mixed well and added, with stirring, to the total solution. A
precipitate formed immediately, but seemed to disperse as the solution was stirred and warmed in a
hot-water bath.

Another 50 ml of 0.5 M nitric acid was added and stirred while {he solulion was being warmed.
Finally, 0.03 mole of selenium wits added as 3.87 grams of HeSeO_, which was dissolved di-

rectly in the simulant solution. After cooling to room temperature, sufficient 0.5 M nitric acid wits
added to bring the solution volume to 1.00 liter.

Silica, which precipitated as expected, was removed by filtration after the simulant preparation
was complete. We therefore recommend that future efforts to prepare acid-dissolved sludge
simulants omit the silicate component, as it only creates a messy precipitate that must be removed.
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APPENDIX B

Preparation of Simulated Alkaline Supernate Solution

Tile composition data for the supernate solution of Hanford Tank 102-SY was provided by

Stephen Agnew of Group INC-14 at LANL, who based the composition on tank records and

analytical results. 7The supernate composition was adjusted to what would be expected after the

tank contents were thoroughly mixed, that is, afler thorough washing of the sludge with the

alkaline supernate solution. This is appropriate because we took credit for what would be dis-

solved during sludge washing when we estimated the composition of the caustic-washed, acid-

dissolved sludge simulant.

The highest concentration was used whenever there was a range of uncertainly for a given

component, which resulted in an insoluble fraction that was removed by filtration. The fact that

some portion of the metal ions remained undissolved even after we stirred the mixture continu-

ously for 40 h assured us that the solution was saturated, as the actual supemate solution would

be after sludge washing.

All components calculated to be present at a concentration of 0.01 M or higher are included

in this simulated supernate solution.

We recognize that our best composition estimate does not provide an ionic balance. Our

supernate solution therefore has significantly less sodium, more nitrate, and somewhat more

chloride than the targeted amounts.

II

"FableB. Composition of Simulated Alkaline Supernate Solution

Component Target Cone,, M Aettml Cone,, M

A! 0,42 (/.42
Ca 0.23 I).()23

Cr(III) 0.074 0.074
Cr(VI) 0.0072 0.072
Fc 0.097 0.097
K 0.078 0,078

Mg 0.01 I 0.01 i
Mn 0.038 0.038
Na 2.34 1.39
Si ().019 ().()19

CI 0.024 0.046
F 0.107 0, 1()7

NO( 0.867 1,87
NO, 0.193 ().193
PO__ ().12 0.12
SO_: 0.023 0.023
CO__ ().I 1 0. I 1
OH 0.54 0.54

Density 1,27 1.21
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To the composition shown in Table B, >'_Pu(CO_), was added to obtain 6() mg PulL.

PROCEDURE

The following conlponents were combined:

Component Compound taken Moles (;rams

Ca CaCI2 0.023 2.55
Cr Cr(NO_)_. 9H20 0.074 29.6
Cr(VI) K,Cr,O.z 0.0072 2.12
Fe Fe(NO_)_. 9H:O 0.097 39.2
K KOH 0.078 4.37

Mg Mg(NO._),. 61-1.:O 0.011 2.81
Mn Mn(NO.0: 0,038 13.3 g 51% solution

AI(NO3):, was added as 190 ml of 2.2 M solution and mixed by swirling.

AI AI(NO_)_solution 0.42 190 ml

NaOH was added as 50% solution.

Na NaOH soln. 0.538 43 g of 50% solution.

Most other anions then were added as tim appropriate sodium salts.

CI (added above as CaCI,)
F NaHF, 0.107 3.32

POa NaeHPO 4 . 7H20 0.061 16.4
NO 3 (added above as many salts)
NO, NaNO, 0.193 16.5

SO 4 Na,SO 4 0.023 3.27

CO s NaeCO_. H,,O 0. I 11 13.8

Finally, sodium silicate was added.

Si Na,SiOs. 9H_O 0.08 22.7

The solution was diluted with water to nearly 1 liter and stirred continuously on a magnetic
mixer for 40 h. Because a large anaount of solids remained undissolved, the solution was centri-
fuged to separate most of the solids and then filtered. The settled undissolved solids occupied
approximately 25 cc. After filtration, the solution was diluted to 1.00 liter with water.

The density of 1.21 tbr the filtered solution was somewhat lower than the density of 1.27
calculated by Stephen Agncw, which we attribute to the undissolved (and removed) solids.
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