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THE USE OF TITANATES IN DECOWTAMIHATJON 

OF DEJ-ENSE WA3TE 

I. Introduction 

T.-.e greater part of the cnrrpnt. inventory cf stored i*Jiu-

active waste In the United States was generated in the production of 

nuclear materials for military applications. Millions of gallons of 

acidic, hig.i level waste have been accumulated at the Hanford Site in 

the State of Washington as a by-product of the Rarex process, a solvent 

extraction process used to recover fissionable material from spent reactor 

fuel. Neutralization of the acidic waste accommodated underground stor**-"; 

in ir.ild steel tanks and reduced the potential motility of the bulk of the 

radionuclides which were converted to solids by hydrolysis and subsequent 

precipi ation. Liquid losses due to tank failure resulted in an effort 

to further reduce the nuclide migration potential by additional solidifica

tion. ' The liquid wastes were evaporated to form slurries, which in 

turn were transferred back into the storage tanks and upon cooling, formed 

a semi-solid referred to as salt cake and a small quantity of highly caustic 

supernatant liquid known as residual liquor. An inventory of about 50 

million gallons of salt cake and 2-3 million gallons of residual liquor is 

projected for the early 1930's when the evaporation process has been 
(2.3) completed. 

The salt cake, which is primarily sodium nitrate (60-80%) and NaOH (2-

20$), contains significant quantities of Cs and ^Sr along with other 
(2) fission products and some actinites, and must be stored as a radioactive 

waste. Since it is highly soluble in water, further processing is desirable 
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to insure containment over the long period of time in which the nuclides re

main biologically hazardous. Among the means being considered is the removal 

of radionuclides from redissolved salt cake by aqueous separation techniques 

to the extent that the large volumes of salts could be Btored as nonradioactive 

chemical waste. 

Ion exchange is attractive in this application; it is a continuous process 

and can be scaled to give the large throughput volumes which would be required. 

However, few ion exchange materials exhibit stability in caustic and radiation 

environments and the high selectivity which allows removal of trace concentra

tions of radionuclides from nearly saturated sodium salt solutions. One 

material Is sodium titanate. an inorganic ion exchange material developed in 

these laboratories< This report describes the preparation of the titanate 

material and its properties in a dissolved salt caV.e matrix and summarizes the 

work which has been done in applying the material to a. process for Sr decon

tamination. The results of a parallel investigation of methods for converting 

sodium titanate powder into a more easily manageable form by agglomeration or 

incorporation in another substrate are included. 

II. Ion Exchange Material 

A. Background 

The sodium titanate (ST) material was one of a group of materials which 

included sodium niobate, sodium zirconate, and sodium tantalate * hich were 
(h) 

developed for use in the solidification of high level liquid wastev ' such 

as that expected from a commercial fuel reprocessing plant. The high level 

waste solution was passed through a column of ST which resulted in the quanti

tative sorption of cation fission products and aetinides. Subsequent pressure 

sintering of the loaded column material produced a dense ceramic waste form 

which was resistant to leaching and suitable for long term storage. 
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ItiRh decontamination factora (- 10 y) observed in the high level waote 

studies prompted an investigation of the applicability of these materials to 

the decontamination of other liquid wastes such as tank-stored Defense Waste. 

The salt cake mentioned previously represents one such waste. The composition 

given in Table 1 is that of the simulant used in this work and is typical 

of adit, cuke dissolved in a minimum quantity of water. The high sodium con

centration precludes the use of the materials for cesium removal as distribution 

coefficients (Kd's) of 12.5, 0.U8, 0.1, and 0.01 were observed for sodium 

•liobate, sodium tantalate, sodium tltanate and sodium zirconate, respectively. 

Strontium, however, was very efficiently sorbed by the titonate material, and 
U Kd's were typically greater than 10 . 

Hydrous ferric oxide along with strontium and calcium phosphates have 

been evaluated as strontium scavengers and the results are compared with 

those of similar experiments using ST in Table 2. The process used was a 

co-precipitation or batch process, and with the exception of the ST, t iese 

materials 1o not lend themselves to a column flow process. 

Materials which were evaluated for use in a column ion exchange process 

included 3uclite ASC-3t>9, a phenol-based resin made by the Diamond Shamrock 

Co., and Chelex-100, a divinylbenzene copolymer containing imminodiac-etate 

functional groups supplied by Bio-Rad Laboratories. The reported results of 

survey experiments using these resins ' are compared with those of similar 

experiments using ST in Figures 1 and 2. The use of 5Sr rather then ^sr 

tracer allowed the use of gamma spectroscopy in associated analyses, These 

favorable results prompted further investigation into the application of ST 

to ZT decontamination and this study is summarized in the following discussion. 
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B, Material Preparation 

The preparation of the sodium titanate used in this work has been 

described in detail elsewhere/ ^ In brief, tetraisopropyl titanate (duPont 

de Nemours & Co., Wilmington, Del.) Is reacted with sodium hydroxide in 

methanol followed by hydrolysis in on acetone-water mixture. The reactants 

were chosen to yield a mole ratio of sodium to titanium of 0.5 and 100£ re

covery is achieved in the preparation. After vacuum or air drying at ambient 

temperature, the product is a friable powder consisting of agglomerates of 

50-100 J particles. Heating the material to U00°C results in a weight Iocs 

of approximately 20^, the volatiles consisting primarily of water along with 

some methanol, isopropanol, and acetone. 

The method used in drying the material is important in determining its 

ion exchange properties. Damp or vacuum dried material absorbs CO- from the 

atmosphere, which produces a measurable effect on strontium distribution 

coefficients. Drying at elevated temperatures results In significant de

creases in ion exchange capacity. Both of these effects are discussed in 

detail in subsequent sections of this report. 

C. Interaction with Strontium 

In prior work with waste solutions containing cations in neutral or 

slightly acidic solution, ST showed an ion exchange capacity approximating 

that expected from complete exchange of sodium in a material with an empirical 

formula of NaTi„0,-H. Capacities of h meq. per gram of vacuum dried material 

or 5 meq. per gram of titanate after calcining were typically observed for 

both di-and trivalent species. In alkaline media, the exchange capacity for 

Sr was approximately doubled as indicated in the data in Figure 3, which 

are results obtained by measuring the Sr uptake of 0.5 g of ST in 100 ml of 

a solution containing O.08N Sr(N0-) ?, 6.ON NaNO-, and 0.6N NaOH. The -Uo 
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to +1U0 meoh range material sorted ?,9 meq. of ;lr per gram in the first 30 

seconds of contact time and this increased to ').l meq. after ?U hours. Samples 

of the -'tOO mesh ST from the same batch had a factor absorption rate during 

the firGt hour of contact, but had the same total capacity after 2h hours. 

No further absorption was observed during longer contact times. 

The rate determining step ir. the reaction of excess Zr * with ."T appears 

to be intergranular or particle diffusion as suggested by the inverse re

lationship between particle size and reaction rate. Mathematical treatment 

of lata gives the best fit using a particle diffusion model. ; In both 

size ranges, significant sorption, 6 meq. Sr/eran is observed after contact 

times of ten minutes which are readily achievable in ion exchange column 

processes. 

The rate of sorption of tracf quantities of Sr from a salt cadte simu

lant solution is shown in Figure h. One-tenth gram samples of ST were con-
85 tacted with 10 ml of simulant containing 1 ̂ Ci/ml of Sr which represents a 

ta*„al strontium concentration including stable isotopes in the range of C.3 

tc 0.03 ppm. The ratio of Sr activity in solution a:*ter one hour tc the 

initial activity (C./Co) was 2.9 x 10 . T^is decreased to 1.3 x 1C -^ after 

two hours and remained approximately the siir.e for the following seven days 

when the final measurement was made. 
85 The method used in drying the SI has a measurable effect on the Sr 

distribution coefficients observed in batch contacting experiments. Iried 

in vacuum at ambient temperature and subsequently stored in a closed vessel 

contains about 0.25$ C0~. Material which is dried in air, or vacuum dried 

ST which is allowed to stand in air, absorbs C0„ until an equilibrium value 

of about 5 w/o C0~ is reached. The change in Kd's resulting from increasing 

the COZ in the ST is shown in Table 3 and is positive. The reason for the 



effect iB not known since the carbonate in the JJT dissolves immediately upon 

contact with the simulant solution and the relatively larsc concentration 

of carbonate in the simulant tends to negate the possibility of strontium 

carbonate precipitation causing the difference in the observed Kd's. 

D. Effect of Complexants and Other Cations on Sr Decontamination 

The caustic nature of salt cake serves not only to immobilize the 

great majority of multivalent fission products and actinides, but also 

limits the concentration of stable multivalent elements which could inter

fere with the ion exchange process for Sr removal. A salt cake solution was 

analyzed for common contaminants and suspected impurities including IIi» Fe, 

Mi, Mg, Ca and Ba. None of these species were detected at the estimated 

detection limits shown in Table U, These concentrations were taken as 

nominal upper limits and a simulated sort cake solution was doped at these 

levels. Precipitation if some or all of the species was observed and after 

filtration, the concentrations remaining were determined by atomic absorption 

spectroscopy and are listed in Table k. 

Both the cation-doped simulant and a control or undoped simulant were 

spiked with 1 uCi/ml of Sr and 25 ml aliquots of each were used in batch 

equilibrations with 0.0005 g, 0.001 g, 0.002 g, 0.1 g and 0,5 g of sodium 

titanate. Analytical samples were taken after 2U, 18 and lUU hour equili

bration periods. Decontamination factors and Kd's are listed in Table 5. 

The presence of the added cations in the simulant has a small effect 

on Kd's—less than a factor of two in the samples containing 2 mg or less 

of ST. This illustrates the Sr specificity of the material since combined 

equivalents of Fe, Ni and Ca are 6.6 x 10* , based on the analysis of the 
—T -fl 

simulant, as compared to 2 x 10 to 2 x 10 equivalents of Sr in the 25 ml 
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siuupU-; the- capacity of tne :>T is on the order of 9 x 10 ' enulralents per 

milligram. In the samples containing 0.1 and 0.5 g of ST, which represent 

a large excess of exchange capacity, nc trendG in the Kd*s are observed. 

Alsc of interest is the order of magnitude increase in JOi's in both, simulant 

solutions over the three orders of magnitude range of ST concentrations. 

The smallest quantity of titanate used was based on an approximation of 

relative material consumption for a column versus a batch process. Using 

two 6' diameter by 6' high sodium titanate beds charged with fresh ST after 

each ?00C bed volumes of throughput tc represent a column process, a flow 

rate of 1 column volume per hour would have to be .maintained continuously 

for two years to achieve decontamination of k^t x 10 gallons. This is 

equivalent to a concentration of about 0.0005 6 titanate per 25 rcla of wast a 

solution. On the other hand, the resultG in Table 5 show that the use of 

a bate!) equilibration process to achieve Sr decontamination factors of more 

than ]0C would require quantities of titanate several hunired times that 

estimated for a column process. 

The presence of chelating agents in the salt cake waste is likely. The 

most probable are ethylenediaminetetraacetic acid (E2TA) or derivatives there

of at a wide range of concentrations. A series of experiments was done to 

determine what effect EDTA would have on the Sr-ST reaction. 

In addition to ST, other cation forms of the titanate material were 

evaluated in an attempt to Identify any exchangeable cation which forms a 

more stable EDTA complex than strontium to minimize the effect of high EDTA 

concentrations according to the reaction 

SrY~2 + M + n(Ti 20 5H) n 2 3r(Tig05H)? + \^~ + (n-x) Ti^H*" 1 

where Y = anion of EDTA and x = 1 when n = 1 and x = 2 in all 
other cases. 
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Stability constants for Em/V-metal complexes in strongly "basic, high 

ionic strength solutions were not found in the literature. Cu(Il), Ce(ll), 
(9) Ki(ll), and Fe(lll) titanates were chosen based on stability constants in 

NHYOH - NnYCl buffer solutions at ionic strengths of 0.1. The titrates were 

prepared by soaking ST in solutions containing a threefold or greater exces.-

of the metal salt of interest. The sodium-metal ion exchange was stoichio

metric as the product typically contained less than 0.1^ of residual sodium. 

Kd measurements were made for both the metal titanates and ZT in 6.*j TJal'O., -

0.6K NaOH solution containing 0.002N Sr + - 0.002N EDTA and in salt cake 

simulant containing 1 pCi/ml of Sr witn EDTA to Sr molar ratios ranging 

from 8 x 10 to 2560. The range reflects the uncertainty of the total Sr 
85 concentration in the Sr isotope solution. In all cases, one gram of the 

exchange material was equilibrated with 50 ml of solution for one hour. The 

results are shown in Table 6. 

The addition of EDTA at concentrations which approximate or are lower 

than the Sr concentrations in the simulant has a small effect on the Kd 

values for any given material. There is no definitive trend, as the EDTA 

causes decreases in the Kd on some materials and slight increases on others. 

At 90 ppm Sr concentrations, which are high compared to those expected in 

the waste, strontium removal is enhanced by the use of the Cu(ll) and Ca(ll) 

titanate materials. At process or tracer level strontium concentrations, 

no advantage in using the other tii.anate materials is apparent. 

In the solutions containing excess EDTA, decreases in Kd's of approxi

mately an order of magnitude are observed for all the titanate materials. In 

all tracer experiments summarized in Table 6, sodium titanate is superior to 

the other titanates in removing Sr from solution. The information obtained 

in these experiments has been applied to regeneration or stripping of ST 
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columns and this subject is addressed in subsequent sections. 

The performance of the Ca(ll), Cu(ll) and Fe(lll) titanates ij interesting 

from the standpoint of the effect of cation impurities in the salt cake waste. 

In the solutions which did not contain EDTA, each of these materials had a 

strontium Kd greater than 2.5 x 10 which is only a factor of three less than 

the ST material. If these results are extrapolated to column operations, a 

ST bed which has been partially or completely exchanged with other cations 

from the waste should still function as a strontium sorbent. 

III. Actiniae Removal From Salt Cake 

Previous work with high level waste solutions has shown that ST has an 
(k) extremely high affinity for the actinide elements. Decontamination 

o 
factors > 10 for gross alpha activity in high level waste were observed on 

ST columns with effluents containing about 6 dpm/ml total alpha activity. A 

single experiment has been done with an actinide, Pu, in salt cake simulant, 

and the results indicate that ST performs in the same manner in this matrix. 

Sixty milliliters of salt cake simulant solution were spiked with 20 
2^8 milligrams of Pu contained in a nitric acid solution. The bulk of the Pu 

hydrolyzed and precipitated and a final solution activity of 2.4 x 10 dpm/ml, 

which corresponds to about 0.05 ppm of Pu was measured. The solution was 

passed through a column of ST in which the 60 ml volume represented slightly 

more than three bed volumes. No activity above *>°ckground was detected in 

the column effluent by liquid scintillation counting. 

TV. Strontium Sorption in Residual Liquor 

Residual liquor is the supernatant liquid j equilibrium with crystallized 

salt cake in storage tanks. The total volume of residual liquor is small 

C~ 5$) in comparison with the salt cake; however, the Sr content may be one 
to two orders of magnitude higher in the residual liquor, which has a nominal 
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composition aa shown In Table 7. Distribution coefficients Tor '\".r on ?.1 in 

simulated residual liquor and various dilutions thereof a w also listed in 

Table 7. Comparison of the values for undiluted liquor with those det^rmine^ 

in salt cake simulant (Table 5) shows a decrease of two tc three orders of 

magnitude. Dilution of the residual liquor with water results in increasing 

Kd values; however, after fivefold dilution, the Kd is still less than that 

observed in the salt cake simulant. 

The aluminate ion has been shown to have no interaction with ST and th's 

is also true for the nitrite ion. In the fivefold dilution of the residual 

liquor simulant, the Na , .WO ~ and CO" concentrations are the same or lower 

than in the salt cake simulant. This1 indicates that che hifther hydroxide 

concentrations contribute to the decreased affinity for Sr in residual liquor 

solutions. 

V. Sodium Titanate Column Experiments 

Column experiments *.ere necessary to determine whether the titanate in 

the powder form was amenable for use in this application which requires both 

large volume throughput and high decontamination factors. The column was 1 

cm in diameter and contained a 3 cm bed of *U0 to -lto mesh, ait*-dried sodium 

titanate. The feed solution was a dissolved salt cake simulant (Table 1} 

doped with 1 [iCi/ml of 'Sr. The column flow rate was controlled by the use 

of a variable speed peristaltic pump and was varied during the experiment to 

determine the dependence of decontamination factor on flow rate. In Figure 5, 

the flow rate profile an i the ratio cf ''Sr in the effluent to the feed con

centration C/C are plotted versus throughput in,bed volar.es. 

Column breakt::i-.4/!; is considered to hive occurred when a decontamination 

factor of less tnan 500 (C/C ~> 20 x 10"") is observei in the effluent. In 

this e-veriment, breakthrough occurred at about 35CC column volumes which 
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which corresponds to 0.1 In 1$ liaUn«$ of the t o t i l c"3latin capacity based on 

tin* imoi.ii- o." "r p'.J; th.-jufh t:.e column. A leper ienc* ol C'/C n •")•, f*i ii/ nV; 

'̂•L.-; nu::.rv«!, but I'low rate does not appear t-i h\ i ~\e:'.'"IM-I*. f'ic\ jr in 

iftojfT.iniriK the breakthrou^'i 7uLun.'. t :-r J I ' . I fo.- / . ' . ;•'*:£ ^r'rat^r than ftlOC 

ray !..• i.'ias?i n *.ivi*; i.'.v col-inn 1 rit/ ' .-rtently went "iry a l t e r ^3^^ eulatin 

V'..1iii--..'j. Fcrs?: ./-t.-. alii.M •, i the COIUTLI and the bed was s t i r r ^ i vith i ^l-vs 

ro\ ~,o .'?::.-)•/••? •.'Strapped a i r prior to f-sur.ing flow Vi-ai^h the •j.ilj.vi 

A second column of the same configuration was run with n. dissolved 

SILIX caKe simulant containing th~ cation impurities as l is ted in Table It 

alone with 1 iiCi'ml of '?5r. The ent i re elution .. -rve an-1 flow rate 

profile for the experiment is shown in Figure ( . The i n i t i a l portion 

cf the i.ita is uhowr in more detai l in Kifure 7. No dependence of C/CQ 

on flow r i te was di cerriihle prior to '•reak through at approximately 

?'.'0C cciurr volu:::en. A significant lecrea^t in C'CC was observed when 

the flow rate was iropp*: tc c column volumes near the end of the run. 

The flution curves for soth columns are shown in Figure 3. 

The cations adiel to the slrvjlant v/e.-e obviously a factor i'-

leter.T.iniri^ the i akthrou t\h voiur.e of tiie ccla-nn as prelicted Ly oaten 

data {7able ?; . A visual comparison of the columns showed that the ST 

Lea used with the sa l t ca^e simulant remained white while the top two 

t r . i r is cf the bed used with the catior. dope; fc-ed were light browr. and 

the bottom third appeared to be l i j h t r,r*en, which are the colors of 

ferric t i tanate and nickel t i t ana te , respectively. 

VT. Commercial Supply of Sodium ritanate Bawder 

Turing the course of this study, a paral le l effort was -r.ade to identify 

and develop a commercial source of sodium t i tanate powder. Although a l l re-

actar.ts are commercially available in larpe quantities *\ni the material 



preparation is s traight forward, the development of t com.Ti?reii! s . j rce is -in 

unequivocal means T" eliminating any s t i g m of "labor-itory curiosi ty" fro:., -t 

material. 

Included below are the material preparation method. -.*•••.•iil accent ii\c*--

criteria, and the analytical methods suggested tc ^^rify these criteria whicr, 

vrere ?ent to potential suppliers. 

A. Preparation of Sodium Titanate 
Materials -

Titanium Isopropoxide - Ti fOC3K_)i( 16.87 ̂  .2 wt% Ti 

NaOH, C.P. 

Acetone, Tech. Grade 

Methanol, Tech. Grade 

Preparation of Materials 

NaOH - To be used as methanol solution containing 

from 10$ to 15$ by weight of NaOH. Follow*n£ liscolu-

tion of NaOH in methanol, the solution is to be clari

fied via filtration to remove insolubies ani the NaOH 

content determined to _+ 0.1$ of the amount present, 

i.e., 15 ± 0.1%. 

Preparation of Sodium Titanate 

Step 1 - Reaction of titanium isopropoxide with KaOH-

methanol solution. (Note 1) 

Step 2 - ;iydrolysis of reaction rr.ixture from £!tep 1 ir 

water-acetone mixture. (Note 2 ' 

Step 3 - Filtration of Step 2 reaction ^roiuct. (Note 3) 

Step '+ - Drying of Step 2 reaction product. (Note It) 

Step 5 - Sizing of dried soliiun titanate. (Note 5) 
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Note 1. Titanium isopropoxide and NaOH are reacted in a mnlar ratio 

of 2:1, respectively. The titanium isopropixide is added 

to the NaOH-methanol solution with stirring, "he overall 

reaction is exothermic and If the rate of addition is too 

rapid, boiling and resultant framing occur. Hydrolysis can 

iiQ done immediately after the reaction. 

Note ?.. Hydrolysis is don* by pouring the titanium isopropoxide-NaOH 

mixture Into an acetone-water mixture containing 8.5% water 

by volume. One liter of the acetone-water mixture is re

quired for each mole of titanium hydroly2ed. 

Note 3- Filtration can be done immediately after hydrolysis. The 

hydrolyzej material is coarse and can be easily and rapidly 

filtered through a coarse (50u) frit with the aid of vacuum. 

Sodium, hydroxide, or titanium Ions ars not. detected in the 

filtrate. 

Note K. Material Is dried at ambient temperature under vacuum. Mate

rial is conci ierei to be "dry" when firing at 700*C results 

in less than 30* weight loss from the material. 

Note 5. The lesired size ran^c for the material is 106y, to U2Cu or 

that material which passes £ No. UO 'J.S. Standard sieve and 

is retained en a No. l^C U.S. Standard sieve. All coarse 

material should be forced through the **0 mesh sieve. The 

sizing operation typically results in 20 to 50%, "fines," 

i.e., material which passes to No. 1*.C sieve. This material 

can be recycled by addition to the titanium icopropoxide-NaOH 

reaction mixture prior to hydrolysis in amounts up to 30$ by 

weight of the sodi\jn t: tanate in the reaction mixture. 
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Typical Lab Scale Solium Titanate Prep 

1, Two molee of tetraicopropyl titanato (*>70.;s r) are a*Mei to ?'&.'$ C 

of 13.5 wti NaOH in methanol. 

2, The reaction mixture from 1. is aided to two liters of 8,5 vt% HgO-

93.5 wt^ acetone mixture. 

3.. Solid sodium titanate is filtered on a coarse (50 ;i) glass frit and 

dried tinder vacuum at room temperature until weight loss from 

material at 700°C is less than 30$ by weight. 

l*. Material is screened and -U0 mesh to *lUo mesh is retained and kept 

in a cloned container. 

5. Retain "fines" for inclusion in subsequent preps, i e.» up to 75 £ 

of "fines" can be added to rescticn mixture from step 1 above 

prior to hydrolysis, 

a. Material Acceptance Criteria 

The following criteria are important for sodium titanate material in

tended for use as an ion exchange material. Characteristics 1-3 are the 

natural result of following the foregoing method of preparation, while the 

fourth is easily met by limiting contact of the material with air. 

1. The molar ratio of sodium to titanium in the final product should be 

in the range of 0.1*8 to 0,52^. 

i. Weight loss as a result of calcining at 700"C for 2 hours should be 

less than 30% fcy weight. This is dependent on drying time and/or 

efficiency. 

3- After vacuum drying at ambient temperature. V.e capacity of the mate

rial for Sr should be equal to or greater thar. 3-5 mec per gram of 

material. The capacity is determined by contacting 1 gran o€ mate

rial with ICQ ml of water containing 17.5 meq of Sr , added as 
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3r(N0.}„, for twenty-four hours, (Typical capacity for material 
which loses 25 vt.tf at 700°C is U.2 meq Sr /gram. ) 
?!•.£ material should contain less than 5^ 'ty weight of carbonate 

with atmospheric carbon dioxide. 
Results of experiments dene in our laboratory to determine C0 ? pick-up are 
as foir.ows: 

Sample Drying Conditions Wt^_CO~ 
A-l Minimum air exposure - Sample A 0.25̂ 6 

was transferred from filter to 
vacuum drying chamber immediately 
after filtration 

A-2 Sample A after vacuum drying plue *". 58£ 
72 hour3 in static air. 

A-3 Sample A after vacuum drying Dlus **.71$ 
JI08 hours in static air. 

H-l Sample B remained iti filter in 3.50% 
flowing air for 75 minutes prior 
to vacuum drying. 

B-l- Sample B after vacuum drying plus ^.65% 
72 hours in static air, 

C-l Sar.ple C remained in filter in 5.^5^ 
flowing air for 19 hours. 

C-2 Sample C after 528 hours in filter *.93^ 
in flowing air. 

Samples A, B, and 0 were equal amounts of a single batch of sodium 
titanate subjected to the drying conditions as listed. 

b. Shipping Requirements 
1. Material to be packaged in plastic bags to minimize moisture and 

carbon dioxide absorption from air and shipped in metal or cardboard 
containers. 
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2. Containers will have to bo palletized to prevent "lines" formation 

which could result from accidental container damage. Formation of 

"fir.eE" in vibration tests has been nef-.lî ibLc, however, drop te:;tc 
'10) have resulted in considerable particle iê -ra iation. 

B. Analytical Methods 

Ha 

Sodiuin is determined via atomic absorption spectroscopy. The sar.ple 

is dissolved in 6 to 12 M HC1 and diluted to give a Ha concentration of 1-iO 

Pg per milliliter prior to analysis. 

Ti 

Titanium is determined as Ti0„ after precipitation as the cupferronate 

and subsequent drying. Sufficient sample to give 0.3 to 0.5 g of Ti is dis

solved in 6 to 12 M IIC1 and diluted to give 200 ml containing — 12$ concentrated 

HC1. The solution is cooled to ~ 5°C and the Ti is precipitated by addition 

of ~ 50 ml of a cold, 6 w/o solution of cupferron in water while stirring. The 

precipitate is kept at 5°C for one hour and then filtered through a Whatman 

#1+2 filter paper or equivalent. Transfer and washing are done with a cold '5°-

10° C) 1$ HC1 solution containing 5 ml of the 6 w/o c -.pferron solution per 

250 ml. The filter paper and precipitate are put into a Pt crucible and then 

into a muffle furnace at ambient temperature. Conversion to Ti0„ is done by 

raising the temperature to 'X°C and holding at temperature for one hour. 

Two grair.s of sodium titanate are weighed into a plastic beaker. Two 

hundred ml of H_0 are aiaed, and the beaker is covered with a tight fitting 

cap and put on a wrist shaker for 2C-2U hours, r&rt of the supernatant is 

centrifuged (12-114,000 rpm) and/or filtered to give a clear or just slightly 

cloudy solution. Twenty-five to fifty ml aliquots of the clarified supernate 
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represents the HCC, i n i t i a l l y in solution and that formed froir 

are t i t r a t e d with 0.01 N HC1 uaing a pit raeter. One-tenth ml ad-ltions are 

used in the vicini ty of the endpointa, pH ?- 8.0 to 8.3 and pH H^ .2 - k.h, 

which are then determined by standard graphical techniques. i 

The f i rs t endpoint represents the t i t e r for CO" and OH-, tJiich 

occurs due to hydrolysis. The t i t e r between the 1st and 2nd e*dpoints 

' the 

aci i-carbanate reaction and is used to calculate the weight percent CG~ 

in the saicple. 

(2nd X,?, vol - 1st E.P. vol) x r\<y* x .OfiQg x 100 x ,, g 0 f r 
wt * c-y - * aliquot vo* 

w.r Capacity 

Approximately 1,5 g samples of sodium titanate are accurately weighed 

into plastic beakers, 25 ml of 0.90 H Sr(H0.)2 are added followed by 125 =u. 

of deionized H^O. The beaker is tightly capped and put on a wrist shaker f.r 

16-2C hours. The supernatant is then centrifuged and/or filtered to gi J a 

clear or slightly cloudy solution. 

Twenty-:*ive milliliter aliquots of the clarified supernatant arc- added 

tc 60 cl of 0.1 H NaOH and titrated with 0.09&* K ZJLA using rwthylthymol blue 

indicator. The color change at the endpoint is blue to gray or blue to color

less depending on the amount of indicator used. 

The difference -etveea lue initial and final Sr concentrations is used 

to calculate the amount of Sr per gram of the solid. 

Two venders, G. F. Smith and Co., Columbus, Ohio, and Cerac, Inc., 

Milwaukee, Wisconsin, prepared 200 g samples of sodium titanate for evalu

ation. Both materials were found to be satisfactory in tests in our laboratory. 

Cerac, Inc., subsequently supplied a 200 kg batch of the material which was 

also found to meet the above specifications. 



VII. Column Regeneration 

The ability to regenerate an ion exchange column is of interest for 

economic reasons, particularly in a process which requires remote handling 

and minimal generation of additional waste streams. The feasibility of 

using EDTA for regeneration was suggested by our assessment of its effect as 

a constituent of the Bait cake waste (Table h). At the time this work was in 

progress, sodium niobate (SN) was also being considered for this application 

and some data on SN are included as a matter of interest. 

Batch equilibration and column experiments were done to determine 

whether the stability of the Sr-EDTA >;-roplex was sufficient in salt cake 

simulant to pn-vide a practical means of regeneration. The batch tests were 

done in 50 ml volumes of 7K NaN0_ containing 73.7 pprr. of stuole strontium and 
-h 10 M NaO'i. After equilibration with ST and SN, five milliliters samples of 

solution wtre removed for analyses and sufficient quantities of a 0.C6 M ETTA-
-h 7M NaNO, - 10 M NaOH solution were added to give the EDTA:Sr ratt'.os shown in 

Table 8. These mixtures were equilibrated for an hour ana analytical samples 

were taken again. The results are given in Table 8 and show that EDTA does 

elute Sr from both ST and SN and that elution is dependent on the EDTA con

centration. They also demonstrate why the ST material is preferred over the 

SN for this application. 

lr. the column experiment, twelve column bed volumes (2^C ml) of dissolves 
Qe 

salt cake simulant containing 0.01 uCi/ml of Sr were passed through a 1 cm 

diameter column of ST. JSr was not detected in the effluent indicating a 

decontamination factor of -* 2 x 10"-\ This was followed by 6 column bed 
-h volumes of 7 M NaNO - 10 K NaOH containing 0.1N EDTA. The elution curve 

is shown in Figure 9 and shows that approximately 60^ of the Sr was stripped 

from the column. To determine the feasibility of column reuse, the EDTA was 



-I* washed from the column ualng two column volumes of 7M NaNO- containing 10 M 
Qc g|-

NaOH. Again, 6.5 bed volumes of the Sr doped simulant were added and Sr 

was not detected in the column effluent* 

Subsequent batch equilibration experiments were done to optimize the pH 

and total sodium ion concentration of the EDTA eluent solution. Sodium con

centrations of one molar or greater are desirable as it has been observed that 

large variations in ionic strength result in a change in column flow properties 

and often in the attrition of extremely fine particulate matter. Strontium 

titanate was used in this work and was prepared by equilibrating ST in a 

6M KaHO- - 0.6 K NaOH solution containing a threefold excess of Sr. The ex

changed material was filtered, washed with H p0 to remove unreacted strontium, 

air dried to a "damp" condition, and analysed to determine the Sr content. 

Approximately 0.3 g samples of the Sr-loaded titanate were added to 50 ml 

aliqvots of 1 if NoNO- - 0.1 H EDT/ solutions with pH ranging from 7 to 13.5. 

After one hour, the solutions were analyzed to determ'r.o the percent of Sr 

eluted from the titanate. The results are given in Table 9 and show that a 

pH in the range of 9 to 10 results in the most efficient elution of Sr. A 

similar experiment was done using a 0.1N EPTA solution at pH = 9, varying 

the NaN0_ concentration between 0.5 and h molar. The results are also in 

Table 9 and show that the degree of Sr elution is independent of NaNO^ con

centration over the range studied. 

In the column stripping experiment only 60% of the 3Sr was recovered; 

however, the column was loaded to less than 3 x 10 $ of total capacity. 

The possibility exists that the small quantity (< 0.3 \ig) which was not re

covered may be the result of adsorption on glass walls of the column or 

physical entrapment and may be constant for a given column size and in

dependent of the total column loading. Subsequent data suggest that near 



quantitative recovery of :',r shouhl UK- possible from n column which is loadf i 

to I"" or inov nf capacity (Tabic l>). Column experiments necessary for veri

fication were i:.ii eo::!plete:i prior to termination oi' this project. 

VIJI. Alternate '-aterial Forms 

The use of relatively fine powders in ion e«ci.ar.f;e processes which requir*-

remote handling poses some potential problems, the most serious of v/hich is 

the possibility of column plugging. This could result from swelling, com

paction, attrition of "fines" which clop; the bed or bed support, or from 

V.x- filtering action of the bt:d which tends to concertrite finely divide i 

or gelatinous material in the feel, thus forming a plu,; at the column inlet. 

Sodium titanate ion exchange beds were thoroughly characterize'! iurln^ 

previous work with a high level waste solidification process. '' i:o serious 

problems were identlfie'i with column flow; however, that application re

quired a total llqui 1 throughput of only three to four oel volumes prior to 

conversion of the bed to ceramic form. 

In this application, long term bed stability is desirable for obvious 

reasons and particularly if column regeneration is feasible. In addition to 

the 1 cm diameter column described previously, flow tests have been conducte: 

with 2.5 cm and 10 cm diameter beds. The fonder was 50.^ cm in height after 

initial compaction and ~ 10CC bed volumes of 6 N *;aII0_ - C.C H IJaOH were 

passed through the bed. A superficial velocity of 1C ft/hr (representing a 

process flow rate) was maintained for 300 bed volumes using a 2.8 to 3*9 psi 

pressure drop across the column; it was increased by a factor of two using 

a 7,3 psi pressure iron for the final £00 bed volumes. There was no ap

preciable change in the flow resistance of the bed during this experiment. 

The bed in the 10 cm diameter column was 32 cm high and was run con

tinuously for three rronths at a superficial velocity of 10 ft/hr. The 



initial pressure drop across the bed was 6 psi and this increased to 10 psi 

by the end of the run. Channeling was observed between the bed and the glass 

column wall, involving approximately one third of the circumference. At the 

end of the run, this channeling extended 23 cm down the bed and, while 

significant in this experiment, would be a minor perturbation to a process-

size:! bed. Hugging due to gelatinous material in the feed would be a 

problem as the particles in a titanate bed in contact with dissolved salt 

cake simulant seem to weld together and attempts to backflush a column result 

in simply lifting or floating the entire bed. 

Although _ur experience to date indicated that the use of sodium titanate 

in powder form in ion exchange columns is possible, consolidation of the 

material into higher density particles of constant geometrical shape would 

simplify sost operations involved in using an ST column. The technology for 

converting an inorganic oxide powder to a dense pellet form certainly exists, 

and typically involves the addition of a binder material, pelletizing or 

spheridizing, and thermal treatment to stabilize the product. The desired 

application of the titanate imposed severe constraints on both the binder 

material and thermal treatment of the product. The binder must be stable for 

extended periods in highly caustic solution, and in the case of organic binders, 

must allow contact of the titanate with aqueous solutions. Heating the mate

rial results in changes in the Sr capacity as shown in Figure 10, where a two

fold or greater reduction occurs at temperatures above 100°C. These constraints 

were important considerations in the three general approaches to sodium titanate 

which included: 

(1) ftiysical inclusion of sodium titanate powder in a porous substrate. 

(2) Consolidation of the powder by pelletization. 

(3) Chemical loading of the titanate in regular or raacroreticular anion 

exchange resin followed by in situ conversion to the sodium form. 
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These are described in more detail in the following section. 

A. Inclusion in a Porous Substrate 

This approach involved soaking a porous substrate in an alcoholic 

solution of tetraisopropyl titanate and sodium hydroxide, washing with methanol, 

and thrn 3oaking in an acetone-water mixture to hydrolyze the material within 

the pores. Two porous support materials evaluated were: Porous glass 

particles in the range of 177 to 2UU microns in diameter with a nominal pore 

size of 1350A and pore volume of > 1.25 cnr/gm, and 8-12 mesh molecular 

sieves with a nominal pore size of hi (Type UA Davlslon Molecular Sieves). 

The titanate-loaded molecular sieves had Kd's on the order of 150-200 

for Sr at the 2 nCi/ml level in salt cake simulant. However, the titanate 

content of the sieves is estimated to be less than 1$ by weight and therefore 

the beads have a low exchange capacity per unit volume. Washing the spheres 

with alcohol prior to hydrolysis was necessary to prevent an external coating 

of titanate powder which produced "fines" during column preparation. 

The glass particles were loeled to approximately 35$ by weight with sodium 

titanate. Scanning and transmis ion electron microscopy shewed that the pores, 

although not completely filled, contained the sodium titanate. The overall 

capacity of the "loaded" glass for strontium per gram of sodium titanate was 

found to be the same as that of sodium titanate powders. Contact with liquid 

and column preparation resulted in attrition of "fines" to approximately the 

same extent as observed in the sized powder material. 

B. Consolidation of Sodium Titanate Powder 

A variety of techniques were used in combination with binder mate

rials to make consolidated forms of the sodium titanate powder. These included 

die and Isoetatic pressing, web agglomeration, and extrusion pelletization. 
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The attempts to use die and/or isostatic pressing with various combina

tions of sodium titanate and binders were unsuccessful. Most samples fell 

apart or crumbled after drying or burnout of the organic binder. Web ag

glomeration Involved the incorporation of approidaately lit by weight of 

Teflon K (Harshaw Co.) in the titanate powder by milling the mixture in a 

heated (100°C) ball mill. The resulting material can be obtained in the 

form of a fibrous mat, or by further working, an agglomerated powder. The 

mat retained its form in water with no apparent attrition of "fines"; however, 

the agglomerated powder showed a loss of integrity and "fines" were produced 

In what appeared to be the same relative quantities as observed for a oiled 

sodium titanate powder. The Sr capacity of the ST was not reduced in the 

mat process, but this physical form la not easily adaptable to this appli

cation. 

Two epoxy binder materials, EFON 328 and EPQN 1001, were evaluated. 

Sodium titanate powder was either soaked or sprayed with a dilute solution 

of the epoxy in toluene calculated to produce about 30J by weight of epoxy 

in the product. The resulting slurry was forced thrrigh a 1/8" mesh screen 

and dried to remove the solvent. The product had excellent physical 

stability, i.e., it was not possible to degrade the pellets by rubbing them 

between fingers. The jjarticles also showed good stability in salt cake 

simulant, but were difficult to wet and showed a low rate of Sr adsorption 

(Table 10). The 1.8 meg/g of strontium adsorption after 2U hours is about 

30/6 of the estimated capacity of the material. 

Samples of extrusion pelletized sodium titanate were prepared both in 

this laboratory and at the Bonnot Co., Kent, Ohio. Water, a water solution 

of FVA, Cerama-Bind 5kZ (a commercial product found to be a solution of 

aluminum phosphate), and bentonite clay were evaluated as binders. The 
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water - IVA binder was discarded as the FVA was slowly leached out of the 

material by the salt eaAe simulant resulting in particle degradation and the 

formation of fon&. 

A sample of pelletised material containing 2$ by weight of bentonite clay 

was prepared by Bonnot by extruding through 0.093" diameter holes and drying 

at 200°F for two hours. The pellets were found to disintegrate into powder 

almost immediately after contact with 6 N NaN0„ - 0.6N HaOH solution. Heating 

of the pellets increased their physical stability in solution; only slight 

attrition occurred in pellets heated in the 150°-250°C range and none was ob

served in material heated in the 300o-900oC range. In capacity tests, none 

of the materials, some of which were pre-soaked prior to contact with Sr 

solution, exhibited sorption rates or capacities considered to be 

satisfactory in this application. The results are given in Table 11. 

The pellets containing the Cerama-Bind 500 binder appeared to have 

excellent stability in water and in the dissolved salt cake simulant 

during 2h hour tests. Strontium adsorption ranged from 5 to 7 meq/g 

in the simulant after 2h hours on 1/8" diameter pellets prepared using 

2.5 - 20$ by weight of the liquid binder (the binder contained *» 5Q& 

solids). However, after soaking for 5 days or longer in the simulant, 

thr pellets became very soft and disintegrated into powder during 

column preparation or operations such as backflushing. 

Pellets prepared by extruding a water slurry of sodium titanate 

had a reduced Sr capacity (Table 12), but retained their physical 

integrity in the salt cake simulant. The lower capacity probably 

results from the difference in pellet porosity, as these pellets appear 

to have a higher packing density than any of the other materials. 
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Samples of both l/l6" and 1/8" diameter pellets were ground and -U0 to +1U0 

mesh fractions of each were included along with the same size fraction of ST 

powder. The results of Sr sorption experiments are given in Table 12-

The ground pellet material is superior to the powder with respect to 

ease of column preparation and also allows a column to be backwashed as it 

does not tend to stick together as does the powder. The high Sr capacity 

of the pellets as opposed to the ground pellets after 2k hours equilibration 

ia not understood, 

Samples of the pellets which were pre-soaked prior to contact with 

the Sr solution showed higher sorption rates in the first hour of contact 

and higher capacity after 2k hours. An argon atmosphere was u*ed in 

some of the samples to insure that the loss of Sr from solution was the 

result of sorption on the titanate and not from precipitation of 

strontium carbonate due to absorption of atmospheric carbon dioxide. 

A column experiment was done using the l/l6" pelletiaed material 

consolidated with the water binder. Two columns of the material were 

prepared and run in series. The first, a Ik cc bed 1 cm in diameter, con

tained the as-received pellets in lengths ranging from approximately 1/16" 

to l/V, and the second was a 5.5 cc bed, one centimeter in diameter, con

taining the same material which was crushed and sieved to a -kO +1U0 size 

range. The packing efficiency of tht first column was very poor, as the 

column contained large voids (estimated to be — k0% of the bed column) 

which could readily result in channeling. It was included in the test to 

get a qualitative indication of how the pelletized material would perform 

in removing tracer level Sr from a high salt matrix under column conditions. 

The effluent from the firrt column flowed ectly into the second 

column, which was prepared in the same way as ST powder columns. The feed 
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solution was a dissolved salt cake simulant containing ly. Ci/ml Sr and was 

pumped through the columns at a rate of two column volumes per hour based 

on the volume of the second column. Samples (5 ml) of effluent from both 

columns were taken at various intervals and counted along with a "feed" 

sample on a Nal scintillation crystal detector. The "feed" solution blank 

was counted each time so as to eliminate the need for correcting for decay 

of 8 5 S r . 

The experiment was terminated after *• 17 litems or ~ 3000 column 

volumns {based on the volume of the powder column) were run through the 

system. The results are plotted in Figure 11 where C/Co is the activity 

of the sample either from the pellet column or pow.ler column divided by 

the activity of feed solution. The C/Co for the pellet column increased 

sharply after ~ ^00 column volumns and continued to increase slowly to 

the end of the experiment, while the c/Co for the powder column appeared 

to remain fairly constant (1-2 x 10" ) until ~ 2^CJ column volumes 

throughput. The overall decontamination factor and total column 

throughput of the two columns in series is equivalent to or better than 

a single ST powder column. 

C. Sodium Titanate in Macroreticular Ion Ibtchange Resin 

This material is prepared by introducing an anionic titanium spec.es 

into a strong base anion exchange resin. This is done by soaking the resin 

in an aqueous solution of a quaternary ammonium titanate compound to load the 

resin by an ion exchange process. The resin is thoroughly washed with water 

until Ti is not detected by addition of H ?0_ to the filtrate and then put into 

3 M NaN0~ solution for in situ conversion of the sorbed titanium to sodium 

titanate. 

The anionic titanium species is prepared by reaction of an anhydrous 
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solution of tetramethylanmonium hydroxide In methanol with titanium isopropoxide. 

The solid compound is obtained by adding the methanol reaction mixture to ace

tone and slowly adding H-O until the precipitate flocculates or adding the 

mixture directly to an acetone-water solution. The precipitate is a grainy 

solid, easily filterable, which can be dried to a constant weight in vacuum 

at temperatures up to 100°C. The dried compound is highly water soluble and 

remains so indefinitely if it is stored in a closed container. prolonged 

contact with air results in conversion to a water Insoluble material due to 

absorption of CO, resulting in the formation of carbonates. A molar ratio 

f titanium to base of 2 is generally used and results In a compound with an 

empirical stclchiometry of (I^)H TigtuT which is adequate for predicting 

thi chemistry of the material. Alternatively, the aqueous titanium solution 

can be prepared by adding water directly to the methanol reaction mixture 

and boiling to remove the alcohol. Mole ratios of titanium to base of less 

than 2.8 result in complete solubility in water solution. 

The resins used in this work were AG1-X8 (100-200 mesh) and AG MP-1 (20-

50 mesh) from Bio-i&d Laboratories, Richmond, CA. They were converted to 

hydroxide form from the as-received Cl~ form to minimize CI" addition to the 

waste stream. The titanium exchange rate or capacity was not dependent on 

the initial ionic form of the resin. The AG1-X8 resin was included in the 

initial stages of the work and no major differences in the titanium sorption 

characteristics of the two materials was observed. The macroreticular resin 

(AG MP-1) showed a slightly higher Ti capacity and was chosen as a baseline 

for material used in the remainder of the work described in this report. 

In the titanium sorption step, excess titanium is kept in solution as 

the resin will not sorb 100j6 of the titanium. In column experiments, where 

the titanium is loaded onto the resin by flowing a solution of tetramethyl-

smmonium titanate through a resin bed representing a large excess of exchange 
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capacity, as much as 87$ of the titanium was sorbed. In batch loading, it 

appears that about 70^ of the titanium is exchanged (Table 13). The reason 

for this behavior is not understood, but the presence of an equilibrium 

mixture of two or more species of titanium, some of which la not exchange on 

the resin is suggested. Also surprising is that the percentage uptake in

creased with a decreasing ratio of resin capacity to titanium content 

(Table 13). 

The temperature of the titanium solution during the sorption step effects 

the rate of sorption. Increasing the temperature results in on increased 

rate of sorption. However, over a pe;iod of 20 hours, the total titanium 

sorbed by the resin from solutions at 23°c and 90°C did not differ signifi

cantly. 

After the sorption, the titanium is converted to sodium titanite by 

soaking in a solution of 3 H NaNO,. This probably occurs due to replacement 

of the titanate anion by the nitrate ion fo-Uowed by interstitial precipi

tation of sodium titanate. Na^CO- and NaOH were also used in the conversion 

step. The use of Na-CO- resulted in lower sodium uptake and lower ^Sr Kd*s. 

Similar results using NaOH are discussed later. The differences resulting 

from the use of several sodium compounds, all of which were used at the same 

sodium concentration on the same titanium loaded resin, suggest the importance 

of the anion In the conversion process. 

From the results of these initial eirperiraents, a baseline preparation 

technique was established and is given in detail below along with the results 

of Sr capacity and "'Sr distribution coefficients measurements made on the 

product after various drying procedures. 

One hundred and fifty grams of tetraisopropyl titanate were added to 

120 g of tetramethylaramonium hydroxide (20£ solution in methanol) and the 
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mixture stirred and added to 600 ml 1^0. Fifty grams of "damp" AG MB-1 

resin in the 0!' form were added and the solution was boiled to reiaove the 

alcohol. The solution was stirred on a hotplate during this operation to 

prevent bumping, and the liquid volume was kept at 700 ml or greater during 

boiling by addition of deionized water. The resin was allowed to remain in 

the titanate solution for 20 hours at ambient temperature, thoroughly washed 

with water, and added to *i0Q ml of 3 H N&N0,. The temperature of the NaHO, 

solution was increased to 90°0 and then cooled to ambient. After 20 hours, 

the resin was filtered, washed with water, and removed from the filter while 

still damp. Ibrtions of the batch were dried for 20 hre. in flowing air at 

ambient temperature, in vacuum at ambient temperature, and in air at 100°C. 

As it is difficult to determine the water content of the hydroxide form of 

the resin, the point of reference used in determining the ST content is the 

weight percent of residue remaining after 700*C firing of a ST loaded resin 

which has been previously dried at 100° C. The damp resin lost 37.U< by weight 

after drying at 100DC and the dry resin contained U0,6$ (by weight) residue 

after firing at 700°c, Air drying resulted in 28.1$ weight loss and the dry 

: aterial contained 35.*$ residue after firing at 700°c. The vacuum drying 

of the damp resin resulted in 36- 93& weight loss and the dry material con

tained 40.3$ residue after 700° C firing. 

The ash obtained by firing AG KP-1 resin in the OH form at 700°C was 

< 0.1$. The residue obtained from firing the loaded resin contained 86.0 w/o 

Ti0„ and lk w/o Na^C. Standard sodium titanate calcined at 700° C has a 

stoichiometry of NagTi^Oq, containing 83.8$ TiO, and the remainder Ha„0. 

Strontium capacities obtained by one and twenty-four hour soaks in 

6 K NaU0,-0.6 M NaOH-0.075 K Sr + + solution are given in Table lit. These 

results indicate that all the drying techniques used result in a decrease 
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in total capacity. The strontium capacity of AG MP-1 resin in the OH 
form was found to be 0.1 meq per gram of damp resin, which is of the 
same order as the uncertainty in the analytical technique used to 
determine strontium. 

Distribution coefficients for Sr between the various dried forms 
of the resin and a 6.0 M NaNO.-0.6 M NaOH solution containing — 1 uCi/ml 
of ?Sr are given in Table 15. These results Bhow the damp resin to have 
slightly lower Kd's than the other materials. Based on the results of 
both the capacity and distribution coefficient experiment, either air 
drying or vacuum drying appear to be the most satisfactory drying 
techniques. 

To further optimize the preparation of the loaded resin, a group 
of materials was prepared using varying conditions as listed below: 

1. One-hour soak in quaternary ammonium titanate versus 
a 2U-hour soak; 

2. A four-hour soak in NaNO., versus a four-hour soak in 
NaOH for conversion to the sodium titanate form; 

3. Air-drying the resin prior to contact with the sodium 
solution versus using the damp resin directly after the titanate 
loading step; 

h. Omitting the sodium conversion step prior to contact 
with dissolved salt cake simulant and the effect of air drying on 
this material prior to use. 
The methods of preparation for samples labeled #1 - #12 are given 

in Table 16, Table 17 lists the sodium titanate, or in the case of those 
materials not contacted with sodium, the titanium dioxide content of 
samples 1-12. The weight rercents given are based on a sample weight 
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obtained by drying each material in air to constant weight prior to 

analysis. In Table 18, distribution coefficients for 3r in dissolved 
Qc 

salt cake simulant containing 1 uCi/ml of ?Sr are given. The itd's are 

given for both the actual weight of "damp" ->r air-dried material used and 

for the amount of sodium titanate or titanium dioxide actuall; contained 

in the sample. 

A number of conclusions can be drawn from the data in Tables 17 uni 

18; 1) Conversion of the titanate to the sodium form prior to contacting 

thn salt cake simulant results in higher Kd values after uoth l|p minute anJ 

2U hour equilibrations; 2) the material converted with WoNO- appears to b«: 

superior to that converted with NaOH; 3) air drying the titanate forrr. prior 

to sodium conversion results in material with higher Kd values; U) the YA'z 

based on the weight of ST or TiO„ in resin ire higher in all cases for those 

materials which were contacted for only 1 hour with the titanate solution. 

This may be the result of "plugging" of the available pores in the case of 

the higher loaded materials. The final judgment as to the efficiency of 

the higher loaded material versus the lower will have to be based on column 

performance. Air drying prior to sodium form conversion and the use o:- NallO,. 

for the conversion appear to be preferable. 

The completion of the initial characterization of the loaded resin :r.ate-

rial coincided with the end of the funding period for this project. Column 

testing was limited to a single material, prepared in the same manner as #8 

in Table 12. A 1 cm diameter bed with a height of 10 cm was used to de

contaminate dissolved salt cake simulant doped with approximately 1 pCi/ml 
8s of Sr. A flow rate of 1.25 bed volume per hour was used. The effluent was 

sampled after 30, 120 and 180 bed volumes showing decontamination factors 

of 770, 370, 3l6» respectively, which are satisfactory for a column of that 
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size containing 20-50 mesh material. The initial res-ait.! indicate that two 

or more columns of the titanate-loaded resin in series nay be necessary to 

achieve the decontamination and caiman lifetime desired for process use. 

However, the ease of preparation and application of the material may more 

than offset the need for multiple columns-

Another interesting aspect of this material is the fact that the resin 

retains its anion exchange characteristics even after it is loaded with 

titunate. Ion exchange capacities for r" of U.2 meq/dry gram of the chloride 

form of the resin and U,0 neq/dry gram of resin containing 3&.k% by weight 

of sodium titanate were observed. Titanium was not detected by the peroxide 

test in the iodide solution after equilibration which indicates that titanium 

was not displaced from the recin. 

Scanning electron microscope examination of both the external surface 

and cross sectional area of the resins showed no differences in morphology 

as a result of the titanate loading. Elemental dispersion photographs showed 

homogenous distribution of Ti throughout the resin bead at magnifications as 

high as 5000X. 

IX. Summary 

An investigation into the use of an inorganic ion exchanger, 

sodium titanate, for removal of strontium from Defense Waste typified 

by caustic, near-saturated solutions of sodium nitrate has been com

pleted. Comparison of Sr decontamination factors achieved with ST with 

those reported for other co-precipitation processes and ion exchange 

materials indicated that the titanate was superior in all cases. 

Sodium titanate has a Sr capacity of approximately 9 meq/gram of 

dry material and the sorption kinetics are favorable for a column ion 
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exchange process. In simulant solutions containing excess Sr, over 

two-thirds of the total capacity is sorbed during the first ten minutes 
Qc 

of con* j.ct and in solutions containing Sr at the tracer level, decon

tamination factors of 50 are seen after ten minutes and >50Q after one 

hour of contact. Cation impurities added to the simulant had little 

or no effect on Sr distribution coefficients on ST, but were shown to 

reduce the useful lifetime of a ST column by about a factor of two. 

The presence of EDTA In the simulant at concentrations approximating or 

less than the Sr concentration had a negligible effect on distribution 

coefficients, but at concentrations much higher than those of Sr, the 

EDTA solution can be used to elute Sr from the exchanger. 

The sodi-un titanate has also been shown to be extremely efficient 

in sorbing actinides from a dissolved salt cake simulant. A decontamin

ation factor of s 5 x 10 was obtained by passing simulant containing 

2.U x 10 dpm/ml of Pu activity through a ST column, producing an 

effluent in which Ri was not detected above background using liquid 
Or 

scintillation counting techniques. In column experiments with Sr 

doped dissolved salt cake simulant, decontamination factors of > 500 

were observed in the first 2OOO-3500 bed volumes of effluent, depending 

on the presence or absence of other cations in the simulant. The decon

tamination factor was not affected by flow rate in the range of 1 to Ik 

column bed volumes per hour. 

Column experiments and distribution coefficients measurement were 

done in related experiment at the Rockwell Hanford Operations facility 

near Richland, Wash., using salt cake which had been taken from their 

storage tanks. No significant deviations from the results obtained in 
(81 simulant solutions were reported. 
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A potential commercial supply of sodium titanate powder was 

developed as an Integral part of this study. Two vendors prepared small 

quantities of ST using preparation techniques, acceptance criteria, and 

analytical methods supplied by Sandia. Cerac, Inc. of Milwaukee, Wis. 

subsequently supplied a 200 Kg batch of material which met the 

established criteria. 

The baseline material used in this work was a sodium titanate 

powder in the -1*0 to +1U0 mesh range. Although the material performed 

satisfactorily in columns of up to h inches in diameter, there remains 

concern as to how a powder material would perform in larger column and 

in the area of material handling and column preparation. An investiga

tion to identify and produce an alternate form of the titanate with 

more favorable handling characteristics was done in parallel with the 

powder work. This resulted in two materials which appear promising which 

include an agglomerated form produced by extrusion pelletization using 

water as a binder and a rubroreticular organic anion exchange resin 

loaded with 30-hO% by weight of sodium titanate. 

The pelletized material was tested in a column experiment using 

two columns in series; one containing the 1/16" pellets in lengths up 

to 1/1+" and the other containing crushed pellets in the size range 

of -1*0 to +1U0 mesh. An overall decontamination factor for ^Sr in 

salt cake simulant of 3 x 10 was obtained in $~ XI column volumes 

of effluent. Based on initial experiments, similar results are 

expected for the loaded resin material. 
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Table 1 

Composition of Diaaolved Salt Cake 
Simulant Uaed at Sandia 

NaNO 6 . 0 M 

NaOH 0 . 6 M 

NaAlOg O.H M 

NaNOg 0 .11 M 

N . 2 C 0 3 0 . 1 0 M 

N a 3 K ) u 0.026 M 

* 2 S \ 0.0036 M 

NagCiO^ 0 . 0 1 M 

% r ^ ~ 1 uCi/ral 

(1) 3-30 Ci/g Sr - Analytical Sr concentration in the 
range of 3.9 x 10-6 to 3-9 x 10" 7 M. 
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Comparison of Materials Used Tor Sr Decontamination 
in a Batch Process 

85P. 
^Co - Cs J 

C o n c e n t r a t i o n 
of 

Scavenger , M 
F e 2 0 3 x • i 2 o ( 1 ' Sr 3 (K>, ,) (1 ) 

2 C^KU '2 ST 

0.080 ... ... — 235i 

0 .029 139 110 58 850 ' ' ' 

0 .015 91 57 32 3 5 7 < 3 ' 

0 .0075 5>* 36 30 1 7 9 ' 3 ' 

0 .0037 35 16 29 8 7 ; 2 ' 

(i) Data taken from ARHC0 Report #ARH-ST-110C. 

(3) Values calculated from K. obtained for 0.016 M ST equilibration. 

Table 3 

from Dissolved Salt Cake Simulant 

oample CO vt.% 

S a n i i a ST-2A 
Vacuum Dried 

0 .25 

G.F. Smith 
ST-2A Sample 

3-5^ 

Sandia ST-2A 
A i r Dr ied , 528 h r s 

1.93 

(11 K d ^ 

2.7x10"' 1.35x10' 

S.^xlO^ 2.8x10-' 

(1) Determined by 2k hr equilibration of 1 g of ST with 
50 ml of dissolved salt cake simulant doped with 
~ 1 mCi/lite- of " 5 S r . 
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Table U 

Cation Impuritiei Added to Salt Cake 
Simulant Solution! 

Cation Iwmrltie* Womlnal.ppn Pound.ptm 

H i * 3-3 1.6 

**+3 3-5 2.U 

* + 2 2.8 HD 

Ba* 2 7 A ND 

** 0.2 ND 

C a + 2 2.U 1.6 

(1) These concentrations represent estimated 
detection limits for analyses of these 
elements by atomic absorption in dissolved 
salt cake. 

(2) Concentrations found in a simulated salt 
cake solution after doping at the nominal 
concentrations and filtering. 
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Table 5 
Effect of Cation Impurities on 

Distribution Coefficients 
85, Sr 

Weight ST/25 ml Feed 
Contac t 
Time, h r 

21) 
1)8 

11)1) 

Contro] 
DF 

1.6 
1.6 
1.7 

. Feed 
Kd 

Ca t ion 
DF 

1.3 
1.3 
1.5 

Doped Fi.*f-i 
Kd 

0.0005 g 25 ml 

Feed 
Contac t 
Time, h r 

21) 
1)8 

11)1) 

Contro] 
DF 

1.6 
1.6 
1.7 

2.6x10"* 
2.7xlff» 
3.0x10' ' 

Ca t ion 
DF 

1.3 
1.3 
1.5 

1 .5xlo ' ' 
1.5x107 
2.1X101* 

0 .001 g 25 ml 
21) 
1)8 

11)1) 

2 . 3 
2 . 5 
3-1 

3.0X10J4 

3.1*xl07 
l ) . 3 x K r 

1.8 
1.9 
2.1. 

1.9X10J4 

2.1x107 
3.1X10 1 4 

0.002 g 25 ml 
Zl) 
1)8 

11)1) 

3 .6 
1).2 
6.1) 

2 .9xlo{; 
3.5x107 
5 . 8 x l O u 

2 . 6 
3 .7 
5 .6 

1.9x107 
3.0x107 
l ) .8x lO u 

0 .100 g 25 ml 
21) 
1)8 

ll>l> 

No d a t a 
260 
1)10 

6.1X10J1 

9.5X101* 

290 
380 
530 

7.3x107 
9 .1x lO u 

1 . 2 x l 0 5 

0.500 g 25 ml 
2U 
1.8 

11.U 

1220 
2780 
2350 

6.2x10^ 
1.3x10? 
l . l x i o ' 

1620 
1510 
2630 

8.1x101* 
7.3x10" 
l . g x I O 3 

Kd = 
[ s r 

[S r 
s o l i d 

^ l i q u i d 

Vol (ml) 
S o l i d ( g ) 

DF = 
L S r ] „ l i q . i n i t i a l Kd = 

[ s r 

[S r 
s o l i d 

^ l i q u i d 

Vol (ml) 
S o l i d ( g ) 

DF = 
[ S r ? , . l i q . f i n a l 
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Table 6 

Chelate Effects for Sr Sorption on ST and 
Other Titanatei 

Sr Kd Values 

Material 

10" 3M EDTA 
10" 3M S r + + 

10* 3M EDTA 

3 . 9 x l 0 r 6 M 8 5 S r ( 1 ) 

5x10" 1 0 M EDTA 

S . S x l o V ' s r ' 1 ' 3.9xlO" 6M 8 5 S r 

ST 5 . 5 x l 0 3 l x l O 3 7 . 7 x l 0 3 8 . 9 x l 0 3 

Cu(Il)T 1.9X10 1 1 6 . 6 x l 0 2 U.OxlO 3 >».3xlJ 3 

C a ( l l ) T 8 . 0 x l 0 3 2 . 7 x 1 0 s -- 2 . 8 x l 0 3 

F e ( I I l ) T I ( . 3 x l 0 3 3 .9X10 2 5 . 7 x l 0 3 5 . 0 x l 0 3 

(1) The Sr i«otope solution contained 3-30 Ci/g of Sr. 
The analytical Sr concentrations in the doned solution! 
were in the range of 3.9x10-° M to 3.9x10"' M. 
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Table 7 
85 Residual Liquor; Composition and Kd's for Sr 

Synthetic Residual Liquor (RL) 
NaOH 5.0M 
NaAlOg 2.5M 
HaHO 2.0M 
NaHQ 2. OK 
KagCo_ 0.5K 

8 5sr Kd ! l> 
Solution, Volume Ratio 1 hour 2k hours 

Pure RL H x 102 3.7 X 102 

5.7 x 102 1.6 x 103 

1.7 x 10 3 1».8 x 10 3 

2.8 x 10 3 1.9 x lO** 

'1) 0.1 g ST in 25 ml of solution containing — 1 uCi/ml of Sr-

M* 



Table 8 
Sr Elution with EDTA 

Weight 
ST or SN 

Sr Content 
Initial 

73.7 ppm 

of Liquid Phue 
Final 

0.65 ppm 

Sr Content of Liquid Riaie 
After EDTA Addition 

Mole Ratio 
EDTA:Total Sr 

1 g ST 

Sr Content 
Initial 

73.7 ppm 

of Liquid Phue 
Final 

0.65 ppm If 5.2 ppm 1.36 

1 g ST 73.7 ppm 0.6S ppm 51.7 ppo 3-J» 

1 g ST 73.7 ppm 0.68 ppm 61.7 ppm 6.8 
1 g SN 73.7 ppm 10.2 ppo 53. U ppm 1.36 

1 g SN 73-7 ppm 9.9 ppo 65.2 ppm 3.h 
1 g SN 73-7 ppm 7.5 ppm 68.lt ppa 6.8 

*»5 

http://68.lt


Table 9 
Elution of Sr from Sodium Titanate 

pH NaNO,, moles/liter i Sr Eluted' 

7.5 6 98.3 
8.lt 6 98.2 
3.9 0.5 >100 
8.9 1.0 98.5 
8.9 2.0 >10O 
8.9 fc.O 99 
9.0 6.0 >100 

10.2 6.0 99. <• 
U.k 6.0 95.1 
12.0 6.0 *.8 
12. a 6.0 8U.7 
13.U 6.0 77 

(1) The results listed as >100 reflect an average of 
duplicate analyses which exhibited slightly greater 
than IOO56 recovery of the available Sr. 

Sr Capacity of ST Consolidated with Epoxy Binders 

Pinder 

EP0?I 828 

EPON 828 

EPON 828 

ETON 1001 

Method of Resin 
A p p l i c a t i o n 

Soak 

Soak 

Sprayed 

Sprayed 

Pre-treat 
S r + + 

15 mln. 
Capacity; meq/g 
1 hr. 21. Vvs. 

None ... 1.1 1.8 
Pre-soaked k hrs 0.61 1.33 
in 6 N NaN0„-
0.6 N NaOH J 

None 0.22 0.39 0.67 

None 0.30 0.29 0.6U 

(1 ) 1.5 g sample e q u i l i b r a t e d i n ~100 ml of 6 . 0 N NaITCL-0.6 H NaOH-0.0762 N SrfNOjlg 
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Table 11 

Sr Capacity of ST with 2 v/o Clay Binder 

(21 Sr Sorption/ meq/gr&n 
Heat Treatment l ' 1 hr 5 hr ik hr 96 h 

150° C ... 1.11 2.27 . . . 
200°C . . . 0.82 1.63 . . . 
210" 0 In vacuum . . . 0.74 1.52 ... 
250° C — 0.82 1.67 — 
300°c' 3 ^ 0.13 . . . 0.51 0.59 

500°c ' 3 ' 0.12 . . . 0.80 1.U6 

70O°c' 3 ' 0.16 — 0.2U 0.41 

900° C^ 3 ' 0 . . . O.OU 0.1*7 

(1) Samples taken from ambient to given temperature and held one 
hour. 

(2) Samples equilibrated in 6 M HaHO-, 0.6 M NaOH, 0.0783 N Sr(N0,)„ 

(3) Samples pre-soaked 2 hours in hot t M NaN0,-0.6 M NaOH. 
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Sr Sorption on ST Extrusion Pelletized Using Water as a Binder (1) 

"2° 

"2° 
None - Powder 

Pretreatroent 

None 

None 

68 hr Presoak in 
6 M NaNCL (argon) 

68 hr. Presoak in 
6 M KaN0,-0.6 Jj NaOH 
(argon) 

68 hr Preaoak in 
6 M NaN0,-0.6 M HaOH 
(air) 3 

None 

Hone 

None 

(2) Particle Size1 ; 

1/16" 

l/l6" reduced to 
-ItO to +1M0 mesh 

1/16" 

1/16" 

1/16" 

1/8" 

1/8" reduced to 
-1*0 to +1U0 mesh 

-U0 to +11(0 mesh 

Sr Sorption (meq/g) 
1 hour Zh hour 

1.7 U.O 

2 . 2 3 -0 

2 . 8 5-7 

a.7 U.6 

3.8 

1.5 

1.5 

7.8 

5.5 

3.6 

3.0 

8.9 

(1) All material was consolidated by Bonnot Co. 

(2) Diameter of cylindrical pellet. 



Table 13 

Uptake of Titanium on AG MP-1 Re»in 

Tl Concentration^ ' D»«-tn f!i»uHt.w. m»n/ <t 1M Unfair*, rtn R»B*n^} 

In Solution 
Resin Capacity, neq/ 

Total Tl . men! 2' 
* Ti Uptake on Resin 

U6 - 56 62. It 

19 - 23.U 59-3 

l l . l t - lU 61.6 

5.8 - 7 70.0 

3.8 - U.6 71.0 

1.9 - 2-3 71.1 

316 ppr 

757 ppm 

126U pptn 

2528 ppn 

3792 ppm 

758U ppm 

(1) Analytical concentration of Ti in 20 ml of an aqueous solution of 
tetramethylanmonium titanate. 

(2) Ratio of estimated capacity of 2 g of damp AG MP-1, OH form, to the 
total number of meq Ti assuming an empirical anionic species 
represented as (Tl 0 H)~. 

(3) fer cent of total titanium in solution that was absorbed by the resin. 

U9 
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Table Ik 

Strontium Capacity of Tltanate t/»ded AG MP-1 Resin 

1 hour gfr hotire 
Material megSr/g resin megSr/s 3T meqSr/g reatn neqSr/e ST' 

"damp" AC. MP-1 0.7 2.7 1.6 6.2 
Tltanate loaded 

"air-dried" AC MP-1 0.8 2.It 1.7 fc.7 
Tltanate loaded 

"vacuuir.-dried" AG MP-1 1.0 2.7 1.9 5.1 
Tltanate loaded 

"100"C-dried" AG MP-1 0.9 2.2 1.8 U.k 
Titanate loaded 

1. Capacity per gram of the particular form of loaded resin used. 
2. Capacity per gram of ST in the loaded resin used. 
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Table 15 

5Sr Distribution Coefficients on Titanate loaded AG MP-1 Resin 

1 hour SU hours 
1 2 1 2 

Loaded Resin •ST in Hesin Loaded Resin 3T In Realn 

"damp" AO MP-1 8.3 x 10 2 3-2 x 10 3 3.5 x 10 3 1.1 x 101* 
Titanate loaded 

"air-dried" AO MP-1 1.2 x 10 3 3.I4 x 10 3 1».8 x 10 3 l.U x 10 
Titanate loaded 

"vacuum-dried" AG MP-1 1.3 x 10 3 3,7 x 10 3 U.5 x 10 3 1 . 3 x 1 0 
Titanated loaded 

"100°-dried" AO MP-1 1.7 x 10 3 U.l x 10 3 6.3 x 10 3 1.2 x 10 4 

Titanate loaded 

AO MP-1 OH Form (Kd of 0.8 measured after 1 hour; 

1. Kd based on weight of loaded resin. 

2. Kd based on weight of ST in loaded resin. 
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Table 16 

Preparation of Titan&te-Resin Samples 

Sample Titanate Initial Sodium Final 
Nomenclature Contact Time Drying Conversion Drying 

1. 1 d 1 hr damp -- --
2. 1 NO.d 1 hr damp NaKO, damp 

3- 1 OHd 1 hr damp NaOH damp 

h. 1 AU 1 hr air t!ried " --
5- 1 ADNO-d 1 hr air dried NaNO damp 

6. 1 ADOHd 1 hr air dried NaOH damp 

7. 2U d Sk hr damp -- " 
G. 2U NO d 2«* hr damp NaUO, damp 

9. 2)4 OHd 2k hr damp BaOH damp 

10. 2h AD 2U hr air dried -- --
11. Zlt ADNO d 2H hr air dried NaNO damp 

12. 2u ADOHd 2l» hr air dried NaOH damp 
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Table 17 
Titanate Content of Titanate Resin SampleB 

Sample wt.$ ST or TiO„ Nomenclature 2 

2. 1 NO,d 22.9 - ST 
3. 1 OHd 2k.S - ST 
It. 1 AD 
5. 1 ADNO-d 21.9 - ST 
6. 1 ADOHd 23.6 - ST 
7. 2k d 36.7 - TiOg 
8. 2U NO d 37.9 - ST 
9. 2k OHd >»6.2 - ST 
10. 2k AD 36.7 - Ti0 2 

11. 21J ADNO.d 37.6 - ST 
2. £4 ADOHd U3.1 - ST 
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Nomenclature 

85, 
Table 18 

Sr Kd's In Tittnate-Resin Samples 
15 minutes 

Kd(ST) 
2U hours 

3. 1 OHd 
h. 1 AD 
5. 1 ADNO d 
6. 1 ADOHd 
7. 2U d 
8. Sk NO-d 
9- 2U Oh a 

10. 2U AD 
11. 2l4 ADNO d 
12. 2U ADOHd 

1. Kd 
2. Kd 

7.3 X 10 
2 x 102 

7.1 x 101 

1.9 x 102 

3.7 x 102 

1.3 x 102 

8.7 x 101 

2.6 x 102 

9.6 x 101 

1.6 x 102 

U.l x 102 

1.1 x 102 

7.2 x 10 
1.5 X 103 

6.7 x 102 

9.2 x 10 
3.1 x JO3 

U.U x 10' 

3.9 x 10 
5-3 x 102 

1.8 x 103 

5-2 x 102 

3.8 x 10* 

6.9 x 10d 

1.1 x 103 

1.9 x 103 

1.6 x 103 

3.3 x 10' 
1.2 x 10J 

-.0 x 103 

e.u x 10 2 

2.6 x 10 3 

l.U x 10 3 

3.8 x 10-
7.6 x 10 3 

6.5 x 10 3 

5.3 x 10 3 

1.6 x 10*1 

1.5 x 10~ 
1.7 x 10 3 

5.2 x 10 3 

U.l x 10 3 

2.8 x 103 

1.2 x 10l 

60 x 103 

based on total weight of solid phase. 
based on weight of ST in the solid phase. 
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3xl()5 

215 
Chelex 100 

100 

ARC-359 

4 5 
Total Sodium, M 

COMPARISON OF DISTRIBUTION COEFFICIENTS FOR 
STRONTIUM ON SODIUM TITANATE WITH THOSE OBTAINED 
ON SOME COMMERCIAL ORGANIC ION EXCHANGERS AS A 
FUNCTION OF SODIUM ION CONCENTRATION. 
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.1-

.6-

.5-

.4-

.3-

. 2 -

10-

io-' 

ST 
7M Na 
25 CV/hr 

Chelex 100 5.8M N» 
1 cv/hr 

/ To 550 CV 

i J I ,L u_ 10 
rolumn Volumes 

ICWARISO'; C C THE DECONTAMINATION FACTORS EO^ 
STRONTIUM PROM SIMULATED SALT CAKE OR OTHER 
WASTE SOLUTIONS USING ION EXCHANGE COLUMNS 
CONTAININ1 SODIUM TITANATE, CHELEX 100, AND 
ARC - 559, FLOW RA' - -- ~ " 
VOLUMES PES HOUR. iS ARE SIVEN IN COLUMN 
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• -400 mesh 
• -40 to * 140 mesh 

meqSr' 
gm ST 

!0 40 60 80 100 120 •" 
TIME. min. 

FIGURE 3, ABSORPTION OF STRONTIUM ON SODIUM TITANATE 
POWDER IN AN ALKALINE MEDIA AS A FUNCTION 
OF TIME AND PARTICLE SIZE DISTRIBUTION. 

24 hrs. 
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MO • 

120 
o Salt Cake Simulant 

100 • Simulant • Cations 

BO 

: i c 0 x i o 3 

o 

lor 8 5 S r 60 • 

to 
o 

8 Tracer level • 1 pc i 'm l 

20 • 
ft o 

* *° , 10 20 30 40 50 60 
TIME, min. 

FIGURE *). ABSORPTION OF TRACER LEVEL STRONTIUM IN AN 
ALKALINE MEDIA ON SODIUM TITANATE POWDER AS 
A FUNCTION OF TIME. CATION IMPURITIES WERE 
ADDED TO THE SIMULANT SOLUTION TO DETERMINE 
THE'R EFFECT OH THE SORPTION RATE. 
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roi— 

M -

5 0 -
C/C 0 x 10 4 

lor 8 5 S f 40 -

30-

2 0 -

10 — 

Flow Rrte, 

i > 
I \ 
i , I T ' 

A » ^ . _ V 

1000 2000 3000 

Column Volumes 

4000 

STRONTIUM BREAKTHROUGH CURVE FOR A SODIUM 
TITANATF 10H EXCHANGE CCLU*!i. T H E SOLUTION 
USED HAS A DI5SOLVED SALT CAKE SIMULANT 
CONTAINING TRACER LEVEL STRONTIUM. T H E FLOW 
RATE WAS VARIED DURING THE EXPERIMENT TC 
DETERMINE THE EFFECT ON THE DECONTAMINATION 
FACTOR. 

I I 
\ I" 

CV/hr 

5000 

i 2000 3000 4000 

Column Volumes Collected 

STRONTIUM BREAKTHROUGH CUSVE OF A SODIUM 
TITANATE ION EXCHANGE COLUMN. THE SOLUTION 
USEO "AS A DISSOLVED SALT CAKE SIMULANT 
CONTAINING TRACER LEVEL STRONTIUM AND OTHER 
CATION IMPURITIES. IHE FLQ* RATE KAS VARIES 
TO DETERMINE Twf EFFECT ON Tn£ DECONTAMINATION 
FACTORS. 
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FIGURE 8. COMPARISON OF THE STRONTIUM BREAKTHROUGH CURVES 
FOR SODIUM TITANATE COLUMNS USING A DISSOLVED 
SALT CAKE SIMULANT AND THE SAME SIMULANT WHICH 
CONTAINED SOME MULTIVALENT CATION IMPURITIES, 
THE COLUMN BREAKTHROUGH CHARACTERISTICS SHOW A 
DEFINITE DEPENDENCE ON THE PRESENCE OF THESE 
IMPURITIES ALTHOUGH THE OVERALL CAPACITY REMAINS 
SUFFICIENT FOR THE INTENDED APPLICATION. 
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FIGURE 9, LLUTICN PROFILE ON STRONTIUM FROM A SODIUM 
T1TAKATE COLUMN. APPROXIMATELY 900 •-£'. 0= 
SR-85 h'ERE SORBED ON THE COLUMN AND TrtEN 
ELUTED WITH AS EBTA SOLUTION, blXTY = ER CE'.I 
O c THE SR WAS RECOVERED IN THE FIRST SIX AN; 
ONE-HALF COLUMN VCLU1ES OF ELUATE. 
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r^FECT Cf THE THERMAL HISTORY OF -021 OK 
TUHKhTt ON THE STRONTIUM CAPACITY OF THE 
MATERIAL \H ALKALINE MEDIA, THE TEMPERATURES 
MVEr; WERE THOSE USED IH DRYSH6 THg TITAfifcTE 
"IOR T3 COMACT *ETh I«E STRONTIUM SOLUTION, 
*HICH CONTAINE3 T. H3N SR IN A 6tf NANQZ " *-.6* 
•JAOH SOLUTION. J 
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