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Fukushima Daiichi Reactor Accident

 Radioactive material release, resulting in
contamination of a large area of soils

* Remediation efforts to cleanup seawater,
groundwater, and cesium-contaminated

* Disposal of radioactive wastes and
decommission of reactors

http://enformable.com/2012/07/photo-of-the-week-fukushima-daiichi-reactor-4-
building-debris-removal/
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VAL a3

TVA' <4

lear Security A a

All adsorption experiments are repeated seven times for different desorption tests.
* All adsorption experiments are performed for 7 days and pH was adjusted to 6 at 1, 3. 5, and 7
days. Final pH values range between 5.91 and 6.34.

AdSOl‘pthIl: Clay suspensions with Cs were equilibrated for 3 days and then
centrifuged for 15 min at 3000RPM. Supernatant of 6mL from each vial was filtered
using 0.2 um nylon filter, acidified with ultrapure nitric acid, and kept at 4 °C until
analysis by ICP-MS. The rest of supernatant was discarded. The mass of the vials with
the pellet formed at the bottom after centrifuge was measured to estimate the mass of
clay and water, so initial Cs mass for desorption can be calculated. .

Desorptlon: a sequential extraction scheme is performed to evaluate the Cs
desorption using NaCl solution, NH4Cl solution, and Acetic acid solution. Each
fraction of desorbed Cs corresponds to the weak exchangeable fraction, stron
exchangeable fraction, and carbonate fraction, respectively. Detailed description of the
sequential desorption can be found in Fan et al. (2014). For Cs desorption, low and
high 1nitial adsorbed Cs concentration are chosen depending on Cs adsorption results.

STRUCTURE OF ILLITE/MICA

a | @)
MODIFIED FROM GRIM (1962)

STRUCTURE OF
MONTMORILLONITE

EXCHANGEABLE CATIONS
n H,0

MODIFIED FR01 GRIM (1962)

STRUCTURE OF

XZ PLANE PROJECTION

® 0,0, :

O Ol

© Mg

e Si, Al
Mg, Fe, Al

MODIFIED FROM MATHIESON (1958)

http://pubs.usgs.gov/of/2001/0f01-04 1/htmldocs/clay.htm

Sandia National Laboratories is a multimission laboratory managed and operated by National
Technology &Engineering Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell
International Inc., for the U.S. Department of Energy’s National Nuclear Security Administration

under contract DE-NAOO03525.
SAND No.

This paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed
In the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government. |

SAND2018- 3415C

|| i | | |
esium adsorption and desorption in Clay Minerals: Es | H
: ects of Natural Organic Matter and p
by Hongkyu Yoon, Anastasia llgen, Melissa M. Mills, Moo Y. Lee, Sandia National Laboratories, Albuquerque, NM, USA
Adsorption results in 5 g/L of clay to solution ratio with 0 -
low (top) and high (bottom) initial Cs aqueous Cs removal (%) from clay minerals under Resu ItS
concentration. I1I60HA400, for example, represents pH=8 (top) and 10 (bottom) with 0.2M
illite sample with initial Cs aqueous concentration of 60 NaCl trati . . . : a a ‘
mg/L and 400 mg/L of humic acid. aCl concentration. Cesium adsorption is affected by selective adsorption sites of
Adsorption Low Concentration Samples Desorption of Low Cs Adsorbed Samples, pH8 & 0.2M Nacl C I a m i n e ra I S
5.00 80 y
o " " £70 i ® 11160 pH8 0.2M NaCl ) . . .
A ® |1 60 HA100 > 11160 HA100 pH8 0.2M Nacl ® Th f h d h d ff C
. R | § 60 : e presence or numic aci as a difterent unpact on LS
F 3.00 A Il 60 HA400 g 50 * 11 60 HA400 pH8 0.2MNaCl
"3
Eﬂ . Mont 60 E 40 3 E Mont 60 pH8 0.2M NaCl ° ° °
< Mort 0400 g0 N adsorption for different clay minerals
é 1.00 = Mont 60 HA400 E ig N ® Mont 60 HA400 pH8 0.2M NacCl
w Fy ; ° ° ° ° °
e — S 4 Verm 20 pH8 0.2MNacl ° H h N h h H C d
000  10.00 2000 30.00 40.00  50.00 0 2 4 6 8 T
£5, mrimeiD) A Verm 20 HA400 Uptake, mg Cs/g clay S i g n ifi Ca nt I y
Adsorption High Concentration Samples - Desorption of Low Cs Adsorbed Samples, pH10 & 0.2M NaCl . . .
. * For both adsorp d desorption TEM and EXAFS analy
e | | 2™ P or both adsorption and desorption an analysis
2 30.00 A {1l 250 HAAG0 % 60 » ® 11l 60 HA100 pH10 0.2M NaCl . . . .
S 25.00 -
- A . £ s 160 o 1002 will be performed to account for Cs behavior in different clay
w 20.00 = 40 Mont 60 pH10 0.2M NaCl
£ o SERTRENIRER S 30 ¢ x ® Mont 60 HA100 pH10 0.2M Nacl
: S——— mi | der diff H and soluti hemi
® Mont250 HA400
= 1000 o | § 20 ® Mont 60 HA400 pH10 0.2MNaCl Inerails unaer | erent p dain SO UtIOn cne |Stry
=) 5 00 & Nermilhd g 10 Ay 4 Verm 20 pH10 0.2MNaCl
U'DD 4 Verm160 HA100 i : , . ) . Lo *Verm20HA100 pH10 0.2MNaC
. Vermiculite Sequential Desorption (Low Cs Concentration, Series #4-7) . .
000 3000 60.00 90.00 120.00 15000 180.00 A Verm160HA4Q0 Uptake, mg Cs/g clay A Verm 20 HA400 pH10 0.2MNaCl . Vermiculite 160-4 (pH8 0.01M NaCl)
Cs,eq(mg/L) 353.50
;é».: i _ B = _ _ .| = NaClIDesorption Step
2.50 — O
£ [ —
a & - — 1M NH4Cl Desorption
S D :
1.50 : : g
equential Desorption E-
Montmorillonite Sequential Desorption (Low Cs Concentration , Series #4-7) 3 0.50 Remainingin Clay
S oo N L o A > L o A 5 5 b A& bl
oo Q Q Q Q & Q Q Q 1 & & Q' 5=pH100.01M NaCl
# 0.2M NaCl Desorption Step 00 T \\z«“@ f y & @‘“\m Q@Q 0\2\‘?\9 Qx\‘?@ 0\*@ QY\V@ Qx\‘?@ QQ‘V@ Qx\@p 5o
lllite Desorption (Series #1-3) o <goo LB BN BN = NaCl Desorption Step S S S -
Remainingin Clay & E B = ¥ @ ¢ ¢ ¢ ¢ ¢ ¢
9.00 "8 6.00 = = 1M NH4Cl Desorption Step
8.00 % A8 M Acetic Acid Desorption Step Vermiculite Sequential Desorption (High Cs Concentration, Series #4-7)
25 7.00 @ Remaining in Clay 25.00
b =
£ 6.00 2" % "
%D 200 E ¥ 9 000 bn 2 © A © © A v ) © A 4=pH8 0.01M NaCl ?0.00 = - = 5 —_ | = NaClDesorption Ste :::';’.":n | "":::’:W“ HJ:M
o 4.00 79.6%  96.1% 25 @0’ &Q)Q' &t&' \@’ \90"’ ,\90’ ,\90' ,\90' @0’ DQQ' 090' b‘QQ’ 5= pH10 0.01M NaCl ‘2’015 - - = B - B = - P P SEM MAG: 8.00kx  Date{midly): 032318
D e mm ww F & & & F S e o o - m 1M NHA4CI Desorption
S 3.00 . — _ 3@%%5 — 2019 — 35.4% 86.5% — 85.5% 6&0 (,\39 (\&0 &‘«9 6&0 (\&0 (\&0 &&9 7=pH10 0.2M NaCl 2 < P
g 200 3)‘;“802/ 39“;3:%’ - i B . @0 ®0 ®o Qo éo ®° Qo Qo :1000 W Acetic Acid Desorption
A i 8 Step
1.00 Montmorillonite Sequential Desorption (High Cs Concentration, Series #4-7) E N Remaining in Clay
0.00 1 1 1 1 1 1 1 1 1 1 1
25.00 0.00
4=pH8 0.01M NaCl
R 62‘\9 i Qst @3‘\’0 . 62‘% QQ‘\'Q . ng 689 . QQEb Q?‘\’Q . 62‘% y O ® »@y @'6’ s »@ﬁ @» @Qfa '\IQQ,‘O @Q,« & vogfo §° @Q“ ?:EE;%%&“&“
S S N S O O o WO Q © N 0020.00 & &L SR I P I I XX 7= pH10 0.2M NaCl
N QD \g o Xr ?‘b‘ \\Q’ ¥ Na o X ??‘ £ NaCl Desorption Step S A A I \,‘o0 ,\{00 X ,&Q ,@Q ,\,‘oQ S 4
& S 3 Ve NI S 8, ¢ 0o & & & &S S S
S \\b S \\Q) \\\’» \\\ff") \\\'\, \\\ff’o ;’: 1M NH4Cl Desorption N h & - = > * S
S10.00 Step
o M Acetic Acid Desorption
i £ Step N
o Montmorillonite Desorption (Series #1-3) ;gfxm?:glﬁ]eégypmn Step US, >00 | - N . _ m - o Remainingin Clay S‘ _ray ab Sorptlon ﬁne Structure Spectroscopy ( S‘ AF S)
. 0.00 . : 1 : . —— : 1 . =
—_ Fr— pree— T s o ™ be) © A » 52 © A »‘ 2 © A 4i pH8 0.01M NaCl
% 20.00 15.6% — 14.3% — 16.1% — 14.2% — 15,09 — 13.9% | & > & &’&Q &'@0 %‘?\96 Q&\’QQ Q&QQ ~z~‘>00 Q&@Q Q&“QQ Q\??‘QQ Q\VP‘QQ Pl g
£ e [ ¥ & ¢ ’f?o ’\(?0 ,fp ff)Q ,\390 ,‘(?Q ’15”0 ff,q 7=pH10 0.2M NaCl . . . _ b d b
® 1500 RO RO Table 4-2. Outer-sphere (OS) and inner-sphere (IS) cesium complexes on the examined Ver 16000 o |Ver1603-pH10
= quantified using the ratio of coordination numbers from shell-by-shell fitting. L > B
% 10.00 o Illite Sequential Desorption (Low Cs Concentration, Series #4-7) Sabstrate TR T — Sarice Ioadin oS IS E' -"é' ,,,,,
"§ 500 —m/mm———————————————————— _— AM.OO | p ‘ ',UIIDIE‘S m‘l g’ i % (ii :g Ver-160-2-pH8
a 58.5% 605% 64.1% 5%" Sﬁﬂ’ Sﬁﬁ’ %312.00 © | = NaClDesorption Step V g ﬁ Ver-160-H100 ; = 4
e e ; - : - - - - E10.00 - = o
0.00 , — = |
esorption : D - -5-1v1 standar d 3 5 = 7]
R T O T R %” 8.00 [ =ualil gtn:mecm pt Mgﬂtﬂ]ﬂl illonite HC;S M standard ? 04 0 ,S 0 ; %
&(OQQ IS @QQ & @QQ QOQQ\ qioQQ N '&QQ ° @g*? QQQQ‘ 2600 | e £ e RS i Illite I11 250-1 3.99 0.2 0.8 E & | verazn
RO Q@ @‘\v & & & ggx\“ 0\&' S, 2 4.00 e Illite Il 250-2-pHS8 2.56 0.2 0.8
Q Q L emaining in Clay . v ) I B
& & &8 D P 5 2.00 Ilite 111 250-3-pH10 2.50 0.4 0.6 -
K8 ®o N @o Qo @0(\ QF ®o° n _ ) ‘ 2.5 4.5 6.5 0 1 2 3 4 5
b - Vermiculite Ver 160-1 35.14 0.2 0.8 25 ol 65 o0 1 2 3 4 & k(A) Radial distance (A)
# 0.2M NaCl Desorption Step @'“ 99'(9 @'b @:\ QQ& QQ,% QQ'b ng\ QQ»‘ 00'(9 0050 QQ:\ iEH%’&f&i”MNﬁi'q r . . e : k(A™") Radial distance (A)
_— . . ] s N\ NSRRI R R R SR B ok Vermiculite Ver 160-2-pHS8 31.65 0.3 0.7
Vermiculite Desorption (Series #1-3) Remainin ¥R =
gin Clay S & & Q@ 7= pH10 0.2M NaCl . . ’ - &

3500 NN NN Vermiculite Ver 160-3-pHI10 32.42 0.2 0.8 LeflCa X b t; = ¢ t t data (black
%230.00 ———— : S Illite Sequential Desorption (High Cs Concentration , Series #4-7) Ilite 11l 250-H100-1 4.01 0.4 0.6 ( c ) S -ra}., a Sorp .lon 1ne struc l?re SpECIroscopy da a ( ac .
£25.00 = B — 600 Tlite 11l 250-H100-2-pHS 212 0.2 0.8 lines) for vermiculite with corresponding fits (red dashed lines) with
%: 2% == ||| 3500 Tlite 11 250-H100-3-pH10 2.30 0.2 0.8 high, low, and absent humic acid. (a) plotted as normalized k>-
5 15.00 — mm | £ rption r : . r T QO * 2
2 10.00 || 2 ecipeserptonsier Vermiculite Ver 160-H100-1 35.91 0.2 0.8 weighted y(k); and (b) Fourier transform of the XAFS spectra.
5 500 [109%—92%87% 716 80% 70— | i B3 o Vermiculite Ver 160-H100-2-pHS8 33.78 0.3 0.7

. . . . g2 = BEEE mposecDesorpter N NictmEUIkiE Vit B-EDL 003 1D 33.78 0.2 0.3 (Right)Cs X-ray absorption fine structure spectroscopy data (black
NS SO SO S SO SO 5 1.00 . Remainingin Clay Ilite 111 250-H400-1 3.75 0.2 0.8 . S . : .
I S S S R RS O NS < = = 0 B . i lines) for vermiculite with corresponding fits (red dashed lines)
é@% &@’b Q\@ \8}\9 be‘ \)\v@ 6“\' @\,‘0 \g?’ Q&'}'Q \2\@ Q&@ 0.00 : : * : : ' : ' : . : Vermiculite Ver 160-H400-1 26.43 0.2 0.8 bef d af d . I d
L o S T WS " S S WS " S S B
& 8 o & S & 8 @»@ S FIFSTF ST TS S S S — ST Ver 160-H400-2-pHS 3 30 0.3 0.7 efore and a ger two desorption treatments. (a) plotted as
2 ) g ¥ ] ] . . . -
R R SEIFCOERCIC FFEFEFCEEEE Sz Vermiculite Ver 160-H400-3-pH10 27.14 0.2 0.8 normalized k’-weighted y(k); and (b) Fourier transform of the
=p : a
XAFS spectra.
Supported in part by the Strategic Partnership Project, the KEPCO Nuclear Fuel to develop non-acid based decontamination technology for Sal'ldla
cesium contaminated soils Natlonal
This research used resources of the Advanced Photon Source, a U.S. Department of Energy (DOE) Office of Science User Facility operated for .
the DOE Office of Science by Argonne National Laboratory under Contract No. DE-AC02-06CH11357. laboratﬂl’les




