Synthetic clay excels in®°Sr removal
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Tests with actual ground water from Hanford site, and fundamental studies of

2Na" - Sr** exchange equilibria revealed that a synthetic clay is extremely selective
for °°Sr with a high capacity for uptake. Comparative studies with existing Sr
selective ion exchangers clearly revealed that the present synthetic clay exhibited
the best performance féPSr removal from actual ground water collected from

three different locations at Hanford. This novel Sr ion sieve is expected to be

useful for the decontamination of the environment after accidental release and
contamination witH*°Sr.

Naturally occurring cation exchangers such as claypowder was then mixed with an equal weight of
and zeolites have been used to decontaminate and dis325 mesh NaF crystalline powder in a platinum crucible
pose of the radioactive specit$.There has been a great and sintered for 18 h at 890 °C in a programmed furnace.
deal of effort to develop high performance synthetic cat-These sintering conditions were found to be ideal for
ion exchangers for the uptake of Sr ancdPC8and their  synthesis of this type of fluorinated clay as had been
immobilization. A need exists for high performance cat-reported previously.After cooling the crucible to room
ion exchangers to separate Sr, Cs, and other species fraemperature, the reaction products were repeatedly
high-level alkaline tank wastes and remediation of procwashed with de-ionized water to remove all the soluble
ess and ground water at the Hanford nuclear site, theomponents including NaF. The reaction products were
latter to prevent contamination of the Columbia River. then washed with saturated boric acid to remove any
Here we report the discovery of a new synthetic claympurities of water insoluble fluorides. Finally, the
Na,SicAl ,MgsO,oF, - XH,O (nominal composition), sample was washed with NaCl solution to completely
which excels ir’°Sr removal from contaminated ground saturate all the exchange sites with Na, and washed with

waters. This phase will also be useful¥8r immobili-  deionized water to remove excess Na before gently dry-
zation in the interlayers by modest heating after the Sing to obtain a dry powder.
ion uptake. This powder was characterized by x-ray diffraction

The starting precursor for the synthesis method wa$XRD) that revealed a phase pure swelling mica (figure not
derived by a sol-gel process and is briefly described hereshown) with an analyzed composition close to the expected
A single phase or monophasic gel was prepared by digdeal composition of NsSigAl,MgsO,F, - XH,O.
solving Mg(NG,), - 6H,O and AI(NG;); - 9H,O sepa- This phase is hereafter referred to as Na-2-mica because
rately in absolute ethanol and then combining and mixingt contains two Na ions per unit cell. The Na-2-mica was
the two solutions by stirring for 1 h before adding tetra-further characterized by scanning electron microscopy
ethoxysilane, Si(OgH:),. The stoichiometric composi- (SEM) that revealed flakes of about 2. ?“Al and
tion of the three components on an oxide basis wa$®Si magic angle spinning nuclear magnetic resonance
6MgO-Al,0,—6Si0,. The above mixed sol of the three (MASNMR) spectroscopy was used to determine the co-
components was stirred for three hours to achieve homardination and nearest neighbor environments of Al and
geneity. The container was then covered with a plastiSi. The? Al results revealed that almost all Al was pres-
film and placed in an oven at 60 °C to form a gel throughent in the tetrahedral coordination, as expected.*fBe
hydrolysis, condensation, and polymerization reactionASNMR revealed Q resonances of Si (3Al) at
for three days. This monophasic gel was then dried in ar78.8 ppm, Si (2Al) at -82.7 ppm, Si (1Al) at
oven at 100 °C, calcined at 475 °C for 12 h, and ground-86.7 ppm, and Si (0Al) at —93.6 ppm, and these indicate
to a powder to pass through a —325 mesh screen. This g#iat the negative charge is distributed nonuniformly
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on the layer. The approximate intensities of Si (3Al), The dotted line indicates that the corrected selectivity
Si (2Al), Si (1Al), and Si (0Al) are 21%, 30%, 32%, and coefficient is equal to unity. Any points that fall above
17%, respectively, which is what is expected based othis line indicate selectivity for St uptake. Only one
the chemical composition. point at high Sr concentration falls on the dotted line
The Na-2-mica (hydrated form) was used in all theindicating little or no preference. From the equilibrium
following SPP* exchange experiments. A®&rexchange study using 0.00468N (Fig. 2), total Brexchange ca-
isotherm was determined using 25 mg (anhydrous basigacity was determined to be 231 meqg/100 g, which is
of the Na-2-mica, and equilibrating while shaking with
25 cnt of mixed solutions having different mol ratios of
Na'/SP* at 25 °C for 4 weeks. Two different total nor-
malities (Sr + Na) of 0.00247 and 0.00468 were used in .
the equilibria experiments. After equilibration, the solid | < 08
and solution phases were separated by centrifugation ancg’

S

1.0
TN = 0.00468N

TN = 0.00247N

the solutions were analyzed for?Srand N& by atomic E
emission spectroscopy and also inductively coupled g 0.6
plasma spectroscopy for some?Sranalyses. The g
amounts of St"ions exchanged and N#ons released by -%
Na-2-mica were determined from the difference in the g 04

concentration between the equilibrated solution and the 2
starting reference. The theoretical cation exchange ca-
pacity [247 meqg/100 g on anhydrous basis] was used for >
plotting the ion exchange isotherms. Selective strontium 3
uptake in the presence of a large excess concentratioﬁg-
of Na" was also determined by equilibrating 25 mg of
Na-2-mica sample for 24 h in 25.0 énof 0.50N NaCl
solution containing 0.0002N SrClWe also used a . . .
0.50N NacCl solution containing 0.0004N SgCIThese Equivalent Fraction in Solution, X,

two solutions have [N+6]/[Sr2+] equivalent ratios of FIG. 1. Selective ion exchange isotherms for Na-2-mica with two
2500:1 and 1250:1, respectively. The solid and solutiorifferent total normalities of NaCl/Srgolutions.

phases were separated by centrifugation and solutions

were analyzed as described above. The selective uptake 3
of Sr from 0.5N NacCl is expressed as distribution coef-
ficient, Ky which is defined as the ratio of the amount of
strontium sorbed per gram of solid to the amount of
strontium remaining per chrof solution. All of the data
points in the isotherms and, values represent the av-
erage of triplicate measurements. The three measure-
ments for each data point agreed within 5%.

Figure 1 shows the exchange isotherms of sodium/
strontium equilibria with two different total normalities.
From these isotherms, one can see that almost &fl Sr
was taken up from solution until an equivalent fraction in
the solid of 0.6 to 0.7 was reached. These isotherms
clearly show that the Na-2-mica phase is extremely se-
lective for SF* in the presence of Niaat low concentra-
tions of Sr. These isotherms are steeper than those A
reported previously for Na-4-micha different synthetic
clay, suggesting that this Na-2-mica phase is superior to
Na-4-mica in St* uptake. Figure 2 shows the Kielland
plot which is calculated from equilibrium data with 2
0.00468 total normality using standard procedures. 0 0.2 04 0.6 0.8 1.0
This plot is linear within experimental errors and sug-
gests that the strontium exchange proceeds mainly on . . . T
one kind of site in Na-2-mica, i.e., the interlayerNsite. Equwalem Fraction in Solid, XSr

At xg, < 0.9, the Kielland plots fall above the dotted line. FIG. 2. Kielland plot for 2N& — Sr** exchange on Na-2-mica.
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TABLE I. Strontium removal data from groundwater sample 199-N-10@#gh strontium-90 concentration).

Total Sr
lon-exchange Liquid-solid Kyq loading 905y |oading
material ratio (ml/g) (mmol/g) (mmol/g) DF

IONSIV IE- 4000 1.62x 16 6.56 x 102 9.91 x 101 4.68

911, UOP
Sr-Treat, 4000 1.13x £0 5.83 x 102 8.80 x 101° 3.63

Selion, Inc.
PSU Na-2-Mica 4000 7.32x 10 7.62 x10° 1.15 x 10° 1.89 x 16

aThe composition of 199-N-106A ground water is as follows: Li, 3; Be, <0.5; Na, 6350; Mg, 6800; K, 1960; Ca, 39400; Cr, 2.76; Mn, <0.5; Rb, 1.28; Sr,
183; Cs, <0.5; Ba, 23.2, aritiSr., 3.92. All the values are in ng/ml exce¥sr, which is in units of pCi/ml.
PDF = Decontamination factor is the ratio of the init@lSr activity in solution to that of the final activity in solution.

higher than that reported previously for Na-4-micehe  the above results clearly show that a highly selecti@s
extremely high preference for strontium over sodium wason-sieve with a very high capacity has been developed,
also indicated by th&,; measurements, which showed which is expected to find applications in the decontami-
distribution coefficients of 6484 + 458 (ml/g) and nation of the environment after accidental releases.
2020 + 134 (ml/g) with 0.0002N and 0.0004N SyCbn-
centrations, respectiyely, in ‘Fhe presence of\DNhC_I. ACKNOWLEDGMENT
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