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Why studying the
interaction with
alumina
nanoparticles?

e “MSurface area/volume
e Ubiquitous in environment at
1 concentration
e [nteraction between inorganic colloids
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Will alumina aggregate or
stabilize bentonite
suspensions?

How does bentonite-

What would happen if nanoparticle mixture
bentonite interacts with behave in different

alumina nanoparticles ? chemical conditions?

Under which conditions
migration will be avoided?
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Alumina Nanoparticles:
* Y-AlLQO;

* Nominal size <50 nm

« BET 136 m?/g
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Materials:

Na Bentonite

Physico-chemistry of actinides
and fission products
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FEBEX bentonite

From Cortijo de Archidona,
Almeria, Spain

93% smectite content

Other components: 2% quartz,
3% plagioclase, 2% cristobalite
and trazes of calcite, feldespar
and tridymite

BET 33 m?/g
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Methods:

Size Charge
Hydrodynamic diameter Z potencial

Diffusion Light Scattering techniques Laser Doppler electrophoresis
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Methods:

1. Stability upon pH and | changes 2.

v" Hydrodynamic diameter
v' I potencial

O 100% bentonite

O 100% alumina

O Two mixture proportions

3. Kinetics 4.

v Size and charge changes on time
L Fast aggregation kinetics in 60 min
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“Titration” effect of sample proportion
v" Hydrodynamic diameter
O Addition of well known volumes
0 From 100% to 0% mixture
proportion
O Fixed pH
d 5-10“M

Characterization

v Infrared spectra

v' Atomic Force Microscopy

v' Scanning Electron Microscopy
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e{-potential using Zetamaster Malvern
. . eHydrodynamic diameter using Malvern
Stablhty studies 4700C and Malvern Nano ZS

oA pH (3->11)

eA | using NaClO, (5-:10%4->0.1) M

* |Independent
100% Al,O,
100% NaBentonite

* Mixtures Al,O,/NaBentonite weight proportions:
50Al,0,/50NaBentonite
90Al,0,/10NaBentonite

» Total concentration 10 mg/L
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100% Al,O4

90% Al504 10% Febex
50% Al50 4 50% Febex
100% Febexha

«4 p» = =B

2. Results: stability

Size (nm)
8
8
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NaClO, 5-10“4M
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Hydrodynamic diameter
with changing % of
mixture

Fast titrations

Fixed pH

| =5-10*M

Adding 500 mg/L aliquots

Areas:

 Areal- pH<pH 7
Alumina 6+, bentonite 6-
* Area ll- pH=pH zpc
Aluminad0, bentonite 6-
* Area lll- pH>9
Aluminad-, bentonite o-
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2. Results: “titrations”

Size 100% Bentonite 100% Alumina
measurements 500 mg/L 500 mg/L

pH and conductivity controlled during the
experiment in both beakers
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Bentonite upon alumina addition

Alumina upon bentonite addition

10000—_|'|'|'|'|'|'|'|'|'|'|—_ 10000—_|'|'|'|'|'|' T
] ~mpH3O2 | Area | He- pﬂ 223
~@® pH6.40" {#®—pH 6.
@\ A pH9.05 <] ﬁrea ”I 1A pH9.13
‘J‘ /-\ " vopHos2 rea ~v pH9.52 o
E 1000 & 'i“n\ .\'\ ] E 10004 -f"'.'. A |
= .. ./ ‘“‘. N ] = P A/A.AfA N ]
= 2 dogtm 5 P2 M
WYY YV Vyv v v v 2 revy i v VV-y_
Alumina addition ¢ Addition of bentonite
100 T T T T T T T T T T T T T T T T T T T T T N 100 T T T T T T T T T T T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
% wt Bentonite % wt alumina
'« tHeteroaggregation 1%Alumina H |D D
A end THeteroaggregation IpH 592 4805 51f3 PH | Do Dy
reas 1+ =50% alumina destabilization complete ' 3.82 | 390 492
« Maximum at a fixed mixture proportion 6.40 | 332 716 6.48 | 492 370
Area |l i * TAlumina content does not 952 | 425 484
destabilize mixtures size *400nm 982 [326 430
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Bentonite upon alumina addition Alumina upon bentonite addition

10000— T T T T T T T T T T T 10000— T T T T T T T T Ii*.ll T
] - ~—m-pH3.92 ] |-m—pH3.82 o ® ]
o] v, ~® pH6.40 | |-®— pH 6.48 = e
/ 9/ . ~A-pH9.05 | |-A—pH9.13 //°-
v v °
oi.\ \- v—pH9.82 | |—v—pH9.52 ‘..-.‘/. a
= o;‘ A ~ = __AA
E 1000{ o "] %a . " ] € 1000+ PV S ]
N—’ . [} -\-\ E ] w \
e . vV Y | il‘ -t vVVY Ve -
WY VYV ydv v ~ ] —
VYV vYveel Y
Aluming addition | | Addition of bentonite
100 T T T T L | T T T T 100 T T T T T T T T T T T
0 10 2D 30 40 5p 60 70 40 90 100 0 10 20 30 40 50 60 70 80 90 100

% wt Bqntonite % wt alumina

*Stability kinetics
\ 4 80%Bentonite 20%Alumina * pH6.5

 / 50%Bentonite 50%Alumina * 1=510*M

20%Bentonite 80%Alumina * t=30days
* Size and { potencial

e Tot. conc. 500 mg/L
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10000—_|'|'|'|'|'|'|'|'|'|'|— 10000_’Illllllllllllllli*.llll_
: - —m—pH 3.92 ]-m—pH3.82 o ®
o] v, — @ pH 6.40 |-®— pH 6.48 = e
/ 9/ \ —A— pH9.05 |-ApH9.13 %
‘“: .\ u ¥ pH9.82 | v pHO52 o/ .
= o M a = ‘.’-.. _AA
E 1000 o "] ®a ] ", . € 1000- e LaA A
N—r 1 - ~ N—r 1 IP -
- [ Wy vV- ““.‘\:\'\ - i/x"’j ;:/v"""\rv\A\
W v v\v‘v v\e.“ v
Alumina addition] | Addition of bentonite
100 T T T T T T T 100 T T T T T T T T T T T
9§ 10 2D 30 40 5p 60 70 80 901 0 10 20 30 40 50 60 70 80 90 100
% wt Bqntonite % wt alumina
100%Bentonite _ o
_ _ *Aggregation kinetics
v 50%Bentonite 50%Alumina 60 minut
. . ° Mminutes
7 20%Bentonite 80%Alumina e |=5.104 M
100%Alumina e ApH
e Tot. conc. 500 mg/L
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T T T T T T T
—A— 7 50b-50a

—@— Z 20b-80a NanoS | |
—wv— Z 80b-20a NanoS
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—®&— 80% Alumina- 20% Bentonite
—A— 50% Alumina- 50% Bentonite » (1200+350) nm
—w— 20% Alumina- 80% Bentonite » (357+69) nm
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10 20
Time (days)

30 40

Mixtures <50% alumina content no
relevant changes on size and charge
with time

Unstable maximum 80% alumina
content: it remains unstable when
passing time, slight increase of zeta
potencial with time
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100% Alu. Kinetic oH 3.30 100% Bent. Kinetics

° pH 6.50 ] T T T T T T T
A pHB8.05
v EH 9.13 = pH3.13
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-Mixtures 4000

3000 ﬁ I
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—@—pH 6.36
—A— pH 8.07

—v—pH9.99 |
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2. Results:

aggregation kinetics

20%Bent. 80%Alu. mixture kinetics

12500 ' —a_pH3s ]
' *fast @ pH6S5 | sd
10000+ ~v pH86 - . . 1 (5—;‘)M
] —A—pH10 | Coagulation efficiency, a a=i;= (%)
g 7500 - 7 ot fast coagulation
Where,
5 1 W is the stability ratio,
a) 5000 - B (%)c . slow (de)coagulation process slope in nm/min
(6(;&) fast (de)coagulation process slope in nm/min
2500 T - fast
0 T T " T ) T
0 20 40 60
time (min)
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20%Bent. 80%Alu. mixture kinetics
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pH 3.30
pH 6.50
pH 8.05
pH 9.13
pH 9.50
pH 10.3
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100% Bent. KineticsS  _a_pn3.13
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—v—pH 10.04
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4000+
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2. Results:

aggregation kinetics

—@— 20% Bent. 80% Alu.
—A— 50% Bent. 50% Alu.
T
—W¥— 100% Bent.
104 e —B— 100% Alu.

0.8+ ]

0.4‘ ./. -

0.2+ _
| ‘\A74/ N
0.04 wm » v\l: __

Respecting the fastest
aggregation :
20%bent.-80%alu pH3
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1.04 100% Alumina
— 100% Bentonite

2 0.8] — 50% alu/50% bent pH 9
a —— 50% alu/50% bent pH 6
Q
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2000

7 days interaction
Total concentration
500 mg/L

| =5.10* M

1750 ~
1500 +
1250 ~
1000 +
750
500 +
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2. Results:

microscopy and infrared

1.04 —— 100% Alumina
1 —— 100% Bentonite

2 .81 —50% alu/50% bent pH 9
& —— 50% alu/50% bent pH 6
S .
)
£ 0.6-
©
S
= 0.4
&
o
Z 0.2 N

O-O ‘ N 1 N 1 N 1 N 1 N 1 N 1 v 1 v 1 v 1

4000 3600 3200 2800 2400 2000 1600 1200 800 400
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) -3.00 900.0 nm Height
350.0 nm Height XY 2.470 um
z 159.301 nm
400
450.0 nm
175.0 nm
| 300 F2.00
0.0 nm 0.0 nm
200
F1.00
. Digital Instruments NanoScope Digita'-\ Instruments NanoScope
100 Scan size 450.0 nm Scan size 3.000 pm
Scan rate 1.001 Hz Scan rate 0.5003 Hz
Number of samples 256 Number of samples 256
Image Data Height Image Data Height
Data scale 350.0 nm Data scale 900.0 nm
T T T T T 0 f T T 0
0 100 200 300 400 0 1.00 2.00 .00
nm pm

Homoaggregates =250 nm
Nanoparticles (40-60) nm

pH 9
| =5.104M
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EHT = 20.00 KV Mag= 3.33K X Date :2 Feb 2015 EHT = 20.00 kV Mag= 333K X Date 2 Feb 2015 EHT = 20.00 kV Mag= 3.33KX Date :2 Feb 2015
WD = 8.5mm Signal A = CZBSD PhotoNo.=5 CIEMAT WD = 2.5mm Signal A = CZBSD Phato No. = 4 CIEMAT | WD = 9.0 mm Signal A = CZ BSD Photo No.=4 CIEMAT

———)\I,Alumlna content

 pHG6.5

« Dried suspension

« OverC

« Total Conc.100 mg/L
« 20kW voltage

EHT = 20.00 kV Mag= 3.33KX Date :2 Feb 2015
WD = 8.5 mm Signal A = CZBSD Photo No. =1 CIEMAT

EHT =20.00 kV Mag= 3.33KX Date :2 Feb 2015
WD = 8.5 mm Signal A = CZBSD Photo No. =2 CIEMAT
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What would happen if we add alumina nanoparticles

10000 —————————1——

to bentonite? 0000 J—A— pH 3.82

1—@®— pH 6.48

|-A—pHO913 " T T °

- Addition of alumina, destabilizes {v—pHos2

bentonite colloids, even at in low
alumina proportions at pH<9

Addition of bentonite

values and higher ionic strengths

W00

__ 66500

R

] cE 4000

« Heteroaggregation is higher at low pH ;3;%
7 2%

1008

10090

il .mwﬁ‘o 0¢-¢i¢i¢-‘?¢-oL\§

8 9 10 11

Bentonite colloids coming from erosion would aggregate with

alumina after which a sedimentation process would occurr.

&

This would affects colloid migration
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