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Nanoporous tin(Il/IV) phosphate materials, with spherical morphol- there has been interest in the structural flexibility of tin
ogy, have been synthesized using cetyltrimethylammonium chloride phosphates crystallizing in one-dimensional, three-dimen-
[CH3(CHo)1sN(CHs)sCl] as the surfactant. The structure of the sional, or layered structurés!? Open-framework tin phos-
material is stable at 500 °C; however, partial oxidation of the phates have been prepared by direct precipitétiand by

incorporation of organic amines into the crystal latficg!!1?
Surfactant-templated, open-framework tin phosphates have
been reported using structure-directing amine compounds
including ethylenediamin&?'? 1,6-diaminohexang, 1,2-
diaminopropané, 1,8-diaminooctane,and 1,4-diaminobu-

material occurs with redox conversion of Sn?* to Sn**, resulting in
a mixed Sn"/Sn" material. Preliminary batch contact studies were
conducted to assess the effectiveness of hanoporous tin phosphate,
NP-SnPO, in sequestering redox-sensitive metals and radionu-

clides, technetium(VII), neptunium(V), thorium(1V), and a toxic metal, tane® Only recently, however, has a nanoporous tin(IV)
chromium(V1), from aqueous matrixes. Results indicate that tin(Il) phosphate been reported, and to date, this is the only known
phosphate removed >95% of all contaminants investigated from report of a nanoporous tin phosphé&telhe cationic qua-
solution. ternary ammonium salt GICH,)1sN(CHs)sBr was used as

the surfactant. The use of cetyltrimethylammonium bromide
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as the surfactant resulted in a surface area of 239 end
pore sizes of 3538 A. Although the pore size was reduced
from 39 to 35 A, the structure was stable following
calcination.

The goal of this study was to produce a similarly stable,
mesoporous solid using tin(ll) as the starting material to
produce a material capable of sequestering redox-sensitive
species such as pertechnetate, neptunium, chromium, iodide,
etc. The large pores afforded with quaternary ammonium
surfactants and the high surface area of a nanoporous_ o o

luable features for enhanced mass transfeF'gure 2. (a) Selected-area electror_1 diffraction pattern_lnd|cgt|ng amor-
?’trUCture are _Va ua = ) s Bhous structure. (b) Nanoporous tin(ll) phosphate with uniform pore
in sequestration applications. This Communication sum- distribution narrowly distributed around 2 nm.
marizes efforts to make a nanoporous tin(ll) phosphate phase, - _ _
. . . Table 1. Affinity of NP-SnPO for Technetium(VII), Neptunium(V),
The synthesis method consists of preparing 200 mL of 1,5um@v), and Chromium(viy

6.87 mM cetyltrimethylammonium chloride [GECH,)1sN-

(CHy)sCl] in deionized water. The solution is acidified with sorbate test matrix Ka(mL/g)
0.626 mL of concentrated phosphoric acid. A concentrated L(;((Vvl)l) %‘_%%szue;:g% ii:(l)f( 18;
solution of 15.22 g of stannous chloride was dissolved in  Th(v) deionized HO >2.2x% 10*
100 mL of hydrochloric acid. A total of 2.5 mL of a Snl Cr(V1) 0.002 M NaHCQ >5.6x 10¢

HCI solution was added with stirring at room temperature "™V groundwatert 0.02 M N&SCQ, 44X 10

to the acidified surfactant. The solution was stirred for 30 materials, in addition to being thermally stable (5@), are
min at room temperature and was placed in an oven at 65chemically stable over the entire pH range (pH0—14);
°C for 48-72 h. The synthetic material was collected via therefore, Sn will not leach into water during remediation
vacuum filtration using a 0.4Gm filter, washed with operations.
deionized water, and dried under ambient conditions. Chemi-  Preliminary batch contact studies have been conducted to
cal analysis of the synthetic material indicates that the assess the effectivness of NP-SnPO in sequestering redox-
structure is composed of Sn/P/O with a ratio of 1:1:5. sensitive metals and radionuclides, technetium(VII), nep-
Calcination of the as-synthesized material at 5@ tunium(V), thorium(1V), and a toxic metal, chromium(V1),
produced a material with a surface area of 262gmThe from aqueous matrixes (Table 1). Equilibrium was achieved
X-ray diffraction (XRD) patterns of the surfactant SnPO in less tha 1 h at asolution-to-solids ratio of 100; therefore,
and calcined SnPfare shown in Figure 1. Thé spacing  a batch contact timef@® h was used to ensure that these
of the 100 plane in surfactant SnP@ 5.01 nm, whereas  values represent true equilibrium conditions. Under these
after calcination, it was reduced to 4.62 nm. Subjecting the conditions, the nanoporous, calcined tin(ll) phosphate re-
nanoporous SnPQNP-SnPO) to high temperatures during moved>95% of all contaminants investigated from solution.
calcination has little impact on the pore size. Distribution coefficientsKy, are defined as a mass-weighted
partition coefficient.Kq values were typically>10 000 in
groundwater for the nanoporous tin(ll) phosphate, whereas
Kq values for nonporous tin(ll) phosphate wer&00. At a
solution-to-solids ratio of 100, 4 value of 10 000 indicates
that at equilibrium there was 100 times as much contaminant
in the nanoporous metal phosphate phase as there was
remaining in the supernantant solution.

Figure 1. XRD pattern for surfactant SnR@nd calcined SnPO

Selected-area electron diffraction analysis of a typical tin
phosphate (NP-SnPO1) illustrates a completely amorphous
structure (Figure 2a). Analyses with high-resolution trans-
mission electron microscopy revealed a spherical particle

morphology approximately 150 nm across. with uniform pore Figure 3. EXAFS spectra of NP-SnPO collected after batch sequestration
! tests with technetium(VI1), neptunium(V), and chromium(VI). Data clearly

distribution narr0W|y d|Str|bUt.ed around 2 nm (F'gure Zb)' illustrate the oxidation of NP-SnPO with concurrent reduction of the target
It was also observed that directly precipitated NP-SnPO metal contaminant.
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Data obtained via X-ray absorption near-edge spectra/metals and actinides. The detailed kinetic studies of these
extended X-ray absorption fine structure (XANES/EXAFS) materials will be published in due course.
clearly illustrate that the sequestration of technetium(VIl),
neptunium(V), and chromium(VI) with NP-SnPO occurs
through redox-coupled reactions, with the target metals being  Acknowledgment. This research was supported by the
reduced to their least-soluble valence states, namely, techq; g Department of Energy (DOE), Office of Civilian
netium(IV), n'eptunium(IV), anq chromium(Ilt), with oxid.a- Radioactive Waste. This work was performed at Pacific
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groups.
These nanoporous tin(ll) phosphates exhibited significant
promise as sorbent materials for anionic and redox-sensitivelC051949V

2384 Inorganic Chemistry, Vol. 45, No. 6, 2006





