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:i/ Radioactive waste repository
Northwest
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Pacific Bentonite backfill to contain contaminants
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» Bentonite Properties: :H
* Montmorillonite (smectite) A v

» Surface area @

« Permeability @ o+

» Cost '

« Cation exchange capacity
 Cation affinity




‘?{ Problematic fission products

Pacific

Northwest

NATIONAL LABORATORY

= Elements that exist as cations in
the environment;:

=  Sr-90

= 7r-93

=  Pd-107

= Sn-126

= (Cs-127

= Sm-151

= Elements that exist as anions in
the environment:
=  Se-79 (t;, =3.27 x 10°y)
= Tc-99 (t,,,=2.13x10°y)

= |-129(t;, = 15.7 x 100 y) 10° F———rrrr——rr
v 10° 10t 10 10° 10% 10° 10°

Time (years)

ENDF/B-VII.O US Evaluated Nuclear Data Library, NNDC
Knolls Atomic Power Lab: Nuclides and Isotopes Chart of the Nuclides. 17" Ed., 2010, Bechtel Marine Propulsion Corp.
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Technetium-99 chemistry
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Pearce et al. ACS Earth Space Chem. 2018, 2, 6, 532-547
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TcV'0,~is mobile in the subsurface
environment

TcV'0, can be reduced to produce
relatively immobile and sparingly soluble
Tc"V species.

Tc"V solubility on the order of 10° M in
water under near-neutral pH conditions.

But complexing organic ligands can
increase Tc"V solubility.
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lodine-129 chemistry
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Conditions: 10°M | in water

* |”and 105~ are dominant
species in environment

* 105 reduction to I can
occur in sediments,

e |~ oxidation can occur
abiotically under acidic
conditions.

Fuge R (2013) Soils and lodine Deficiency. In: Selinus O (ed) Essentials of Medical Geology: Revised Edition. Springer Netherlands, Dordrecht, pp 417-432.



~ Clay buffer functionalization to enhance
B fic sequestration of anionic radionuclides that have
Northwest an increased risk of leaching out of a radioactive

_ waste disposal facility

Waste package Functionalized Geosphere
clay barrier




\?{ Inspiration from U.S. Department of Energy’s
Pacific Hanford Site in southeastern Washington State
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i 'wnsuauorAl ] Hanford Site
& (586 Square Miles) porh Slope
 State Highway 24
~1SRM Barrier..
.
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Geographic location and principal
facilities at the Hanford Site.




\ﬁ/ Redox transition zone sediments at Hanford site
Pacific dominated by Fe-rich smectite
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Mineralogic Characteristics:

Clay-sized fraction more than
84% FEe-rich montmorillonite
(~1.3 mmol/g Fe)

535-545

Exchangeable (interlayer)
cations: Ca?*(67%), Mg?*(21%),

Oxidation Na+(7%)’ K+(5%)

C4999-14A

Oxidized: 4.6% Fer,, = Fe(ll)

S
E.

} " ¥ ’ .
£1.
.a '
)
©
s
S :

C4A%99

Reducti
i Reduced: 12.6% Fer,, = Fe(ll)

Minor kaolinite, albite, quartz,
anorthoclase, cristobalite, pyrite

Qafoku et al. Environ Sci Technol. 2017 Aug 15;51(16):9042-9052.



‘??/ Fe(l)o.: reduces Cr(VI) at edges, resupplied with
electrons from Fe(ll) in clay particle interiors
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Qafoku et al. Environ Sci Technol. 2017 Aug 15;51(16):9042-9052.
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Journal of Environmental Radioactivity
Volume 136, October 2014, Pages 56-63

Inspiration from

Pacific U.S. Department of

Northwest Ene rgy’s Aqueous 22 Tc, 1291 and 37 Cs removal from
contaminated groundwater and sediments

Savannah River using highly effective low-cost sorbents

n
S I t e Dien Li 8 &, Daniell. Kaplan, Anna 5. Knox, Kimberly P. Crapse, David P. Diprete

Savannah River National Laboratory, Aiken, SC 29808, United States

Received 27 January 2014, Revised 13 May 2014, Accepted 14 May 2014, Available online 4 June
2014.

‘l) Check for updates

Show less

+ Addto Mendeley =2 Share 99 Cite

https://doi.org/10.101&/j.jenvrad.2014.05.010 A Get rights and content A

Highlights
= Two organoclays are effective sorbents for TcO4, 17, and Cs™.

* Organoclays

= The binding of TcO,4, I, and Cs* onto the two organoclays were largely
irreversible.

= 0.5wt% organoclays removed TcO4 leached from a contaminated sediment.

= Other sorbents were identified having Tc K values under oxidizing
conditions.




:cﬁ/ Goal of this research
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» Synthesize and functionalize clays
* Metal intercalation
« Organic intercalation
* Metal intercalation of organoclays

» Characterize functionalized clays

« XRD
« Zetapotential and carbon content

* Investigate Tc and | retention by functionalized clay

sooLre



| ~7~  Clay Synthesis and Functionalization
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e Metal Intercalation

Na-SWy- Fe-SWy-
Montmorillonite Montmorillonite
0.1 mol FeCl, AT R
—— — ,.
Acetone; N, Atmospheric =
conditions

« Clays have been synthesized with chlorides of Fe, Ag, Bi, Cu, and Zr
* FeCl, absorbs water and is multivalent
* AgCI does not enter interlayer
* BICI; forms BiClO,
* CuCl, Is multivalent
» ZrOCI, polymerizes

Maulden et al. Applied Clay Science (2023) 233, 106828
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Organic Intercalation 1
Na-SWy- 3 mmol @
Montmorillonite CHs oo

H3C(H2C)15—N*-CHs

CHg

—

150 mL DIW;

2 g clay

60 °C; 24 h

Maulden et al. Applied Clay Science (2023) 233, 106828

8x 1 -
_.\j/—f
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12 x1
‘\_\1 J_/_/ . A S T S
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8 * 4 x

16 X 1-SWy-
EtOH/H,O I\/Iontm_orillonite

Atmospheric
conditions
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Metal Intercalation of organoclays 16 x 1
16 x 1- 16 x 1-Fe-
Montmorillonite Montmorillonite

g 0.1 mol FeCl, AT R
— —p
Acetone; N, Atmospheric
conditions

Maulden et al. Applied Clay Science (2023) 233, 106828
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Pacific Functionalized Clay Characterization
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Potential arrangement of 16 x 1 quaternary amine in clay
Interlayer

I"'"'IIII' OAIOFe‘Mg/k\OOOASiAI.C‘HON

“\{‘%‘S‘%‘%‘%
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@ ® o @ ® 9 ) J @ ®
Dilayer BB L. DD

pseudotrilayer paraffin
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Pacific Functionalized Clay Characterization
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X-ray Diffraction

P 1 x4
8 x | g o Swy 1.45
/\/\’f\’“’%"r\/\/\/\ /_/ RN
f_ S

/_/_/_/ e L 8x4
8x3

.8 x1 3
o "“"wz{,:;:"g}, eSS al 1x4

e lR-8-8-8-§ 2 6(degrees)

Maulden et al. Applied Clay Science (2023) 233, 106828
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Functionalized Clay Characterization
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Zeta Potential and carbon content

A ' 1 e organoclay
Z (mV) % C Z (mV) % C 35] = Fe-organoclay . %
307 -
SWy -25.0+ 0.8 0.38%£0.05 26 + 2 1.8+0.2 : *
257
-25.1+0.7 3.78x0.02 222+0.7 45+0.1 O ] )
o 20 o .
35409 11604 sl 103502 O .
J [ )
-29+1 9.0+0.2 37.9+0.4 7.6+0.1 10 -
- b L4
-12.6 £ 0.3 13.0+£ 0.5 44 +1 11.7+ 0.1 5- o m
T -
21 277:06 433 14esor ol "
-40 -30 -20 -10 10 20 30 40 50 60 70
29207 18402002 40:1  157:01 |
Zeta Potential (mV)
29.9+0.4 22 +1 41 +1 20.3+0.2
5811 3314 53+1 29.5+ 0.7

Maulden et al. Applied Clay Science (2023) 233, 106828




\*’f/ Tc and | Retention by Functionalized Clay
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0.1 M NaCl 0.1 gclay

Liquid Scintillation
Counting




‘ \?{ Tc Retention
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_ o Alkyl-Bi
10- A Zr
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Maulden et al. Applied Clay Science (2023) 233, 106828

E
E
E

3

0.001 M NacCl;

N = 3; 95% confidence
interval;

solution : solid = 200;
10 nm cutoff;

24 hour equilibration;
[Tc] = 0.8 uCi

Material Tested

7] organoclay
I Fe-Organoclay




\?{ Correlating Tc Retention with Clay Properties
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® amine :
) = amine + Fe : amine
100’ . ? @“W ) e amine + Fe
907 100] % ™ 5
il 907
= 807 ] 80
o 707 D i :
(@] i m > 70:
E 60_ o 60— [ ]
S £ OY
2 507 )
F 407 y 5 o
o AU o = 40 °
> 307 S 30 :
20 e
- 20:
107 ,® . 0] ¢ *.°
0] * i of " T
] T L T T T T T T T T T 1 'P
-40 -30 -20 -10 0 10 20 30 40 50 60 70 0 5 iO i5 2'0 2'5 éo és 210
zeta potential (mV) % C in clay

0.1 g clay, 20 mL 0.001 M NaCl, N = 3, 95% confidence interval, 25°C, particle cutoff = 10 nm




\3/ Functionalization of Clay: Organometallic Clay
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Organoclay Inorganic clay Organometallic clay

= 1x4+Fe

-_1x4 i "= 4x4+Fe
| 3x4 " Cu = 8X1+Fe
: ng 'ET - 8x2+Fe
S = = 8x3+Fe
- 8x1 16x1 = 8X4+Fe
- 9x1 }N(/\/\/\/\/\/\/\/ 8 12% 1+Fe
| 8x2 = 16 X 1+ Fe
= BX3 8x3 = 18 X 2 + Fe
= _Sx4 = 16 X1+ Cu
" 12xd IR N e | B B P = 16 X1+ 7Zr
it o « 16 x 1 + Bi
e e = Cut+lex1

Zr+16 X 1




\?/ Effect of Clay Synthesis Conditions on Tc Retention
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0.1 g clay; 100000 -
20 mL 0.001 M -
NaCl: 90000 -
N = 3; Error = 95% 80000 T
Cl; 70000 - J
24 hours; —~ 50000 ]
o) . (@] -
25°C; | ~ -
[Tc] = 0.8 uCi; 3 50“““'_
Particle Cutoff = 10 40000 -
nm 30000 -
20000 -
10000 4
.

I ' I
Zr+ 16 x 1 16 x 1+ 2r
Clay




~~ TcO, Uptake 16 x 1 [T corhen

e / 8
Pacific }N\/\/\/\/\/\/\/\/ K, =
Northwest 4 ITc]
ortnwes aqueous
NATIONAL LABORATORY
mL
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' i
90 -
| 10’
80 - N
J 106
70 -
U .
() 105
E 5 S
o- J \Ef —F—
(&) o
= 40 - <X
o\o _ Il 10°
30 A I T
_ II 102 =: T
20 -
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10° L
10 -
- E
O | | | 1 | | | | 100 L | I | | | ] I ] | ] | 1 |
ol I L - T A I o) B X N N G QS o AL Ao
7+ +7 +7 +7 _+7 + { S S
Il SCARSIE SR S ot e e g VAT
< < © Lo /o

Conditions: 0.001 M NacCl; solution : solid ratio = 200; ~10 nm cutoff; 24-hour shaking; [Tc] = 0.8uCi; N = 3; 95% confidence interval
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[I]aqueous

mlL

100 - 600 -

90 - 550 H

80 —

H

70 H

60

50 H

% | Removed

40 -

30

i

20

10 -

Conditions: 0.001 M NaCl; solution : solid ratio = 200; ~10 nm cutoff; 24-hour shaking; [I] = 0.9nCi; N = 3; 95% confidence interval
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3
2 60- @ 1073 I
o 0 E
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30 - = =
20 - _ 10" 3
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o R A o AR
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Conditions: 0.001 M NaCl; solution : solid ratio = 200; ~10 nm cutoff; 24-hour shaking; [I] = 0.9nCi; N = 3; 95% confidence interval




' ~7~ Comparison of I, 105" and TcO4 Retention
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Northwest  Conclusions

= Tc and | radioisotopes of concern for nuclear waste management
= Synthesize functionalized clay: intercalation of metal and alkylammonium

= Functionalized clay characterization:
« XRD -2 increased basal spacing
- Surface area decrease with % C
- Zeta potential increase with % C

= Qrientation - MD and DFT calculations
= Tc retention improves with inclusion of large alkylammonium and Fe
= QOrder of addition alkylammonium/metal is important

= Best sorption: TcO, on 8x3 organoclay, I- on 18x2 organoclay, 105" on
8x3 organoclay
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