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Task 1. LD-FTMS
Research & Development

Task 2. IT-SIMS Research of
Mineral Oxides

Subtask 1a. Spatially
Resolved LD-FTMS

Subtask 2a. Mineral Surface
Characterization Studies

Subtask 2b. Ion-Molecule
Reactivity Studies

Subtask 1b. Enhanced Ion
Manipulation Capability

Scanning
Mechanism

Silicate

Aluminate

Aluminate + H2O

Aluminate + H2S

Silicate + H2O

Silicate + H2S

GF00 0258

Aluminosilicate

Surface Precipitate

Halide

Nitrate

Spatial LD
Testing

Enhanced Ion
Storage

Ion Mass
Remeasurement
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Fe(NO3)3 + e-  FeO3
- + 3 NO2

m/z 104
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AlmSinO2(m+n)H(m-1)
- + xH2O AlmSinO2(m+n)+2H(m+3)

- x = 2

AlmSinO2(m+n)+2H(m+5)
- x =3

AlmSinO2(m+n)+1H(m+1)
- x =1
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30% efficient

m/z 95m/z 77

HO Al

HO

OH

OH

O
H

'�
�
����
���	(����������������
��
�������������������	��������
����0�A
�����������	������

������	���������
��
������������	��
����
��������������	���
�
������	������	�(��	���������	�������
6::P�����
��	���	�����
��
���	����������
(��
���
�	�����0�A


��!.��
���	�H$�

-O   Al
k = 2 x 10-9 cm3mlc-1sec-1

100% efficient
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O
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m/z 77

O   Si   O    +  H
k = 5 x 10-13 cm3mlc-1sec-1

0.03% efficient
Si

HO

O
m/z 60

Reaction 6
O

H O-  +  H

k = 5 x 10-12 cm3mlc-1sec-1

0.3% efficient

m/z 77

Si   O-  +  H

HO

O

Reaction 7
O

H Si   O-

HO
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m/z 93

k = 3.5 x 10-10 cm3mlc-1sec-1

28% efficient
Si   O-  +   H

HS

Om/z 60

Reaction 8O   Si   O    +  H
S

H

m/z 109

k = 0.9 x 10-10 cm3mlc-1sec-1

8% efficient

m/z 93

Reaction 9Si   O-  +  H
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S
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k = 3.6 x 10-10 cm3mlc-1sec-1

29% efficient

m/z 76

Reaction 10Si   O-  +  H
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k = 4.5 x 10-10 cm3mlc-1sec-1

37% efficient
Reaction 11
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m/z 75

O   Al   O-  +  H
k = 7.3 x 10-10 cm3mlc-1sec-1

50% efficient

m/z 59

Reaction 12
S

H S   Al   O-  +  H
O

H

Reaction 13
k = 3.9 x 10-10 cm3mlc-1sec-1

30% efficient

m/z 75

S   Al   O-  +  H
S

H

m/z 91

S   Al   S-  +  H
O

H
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Natural hematite - "red ochre" from Wards

Reagent grade Fe2O3

GC00 0544
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Epifluorescence image

Image when illuminated by 488 nm
Ar+ laser through the fiber
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k(¯ -1)
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UO2(Ac)x
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(UO2)x(Cit)x
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U(VI) only, pH5.5

U(VI), adsorbed

U:Cit = 1:10, pH3.5

U:Cit = 2:1, pH5.5

U:Cit = 1:2, pH5.5

U:Cit = 1:5, pH5.5

U:Cit = 1:10, pH5.5
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Mineral matrix
Fe oxide-coated

quartz

Growth medium:
(N/P)

Enrichment:
SO4

-2

Lab, or Field
culture

Co
contaminant:

TCE

Contaminant
solution:

UO2(NO3)2

e-/C source:
lactate

Measure
[U]

ox. state,
Fe(II),
pH,

[TCE],
carbon
(lactate)
as f(time)
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Sol Reservoir

Metering Valve

Ultrasonic Nozzle

Porous Frit

Unheated Section

Heated Section
(80-100º C)

Silica powder formed using unheated and heated
sections

Silica powder formed using only heated section.

Vacuum Line

0.5 m membrane
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Stream

Simulated INEEL Tank Waste

Organic Solvent

Scrub Feed

Strip Feed

Raffinate

Strip Product

Composition

Refer to Table 2 (undiluted)
3 g/L H2C2O4 added

0.13 M CCD, 3 vol% Slovafol-909
in FS-13

0.1 M HNO3, 3 g/L H2C2O4

3 M methylamine nitrate, 3 M HNO3 

- - -

- - -

Flowrate (mL/min) 

2.1

3.2

0.80

0.45

2.9

0.45

Simulated
Tank

Waste

Scrub
Feed

Strip
Feed

Strip
Product

Aqueous
Raffinate

Organic
Solvent
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GJ00 0186

1820 192326 25 212224 6 517 8 714 1316 15 2 14 310 912 11

Stream

Simulated INEEL Tank Waste

Organic Solvent

Scrub Feed

Strip Feed

Raffinate

Strip Product

Composition

Diluted 20 vol% with water 

0.08 M CCD, 0.6 vol%
PEG-400 in FS-13 

0.3 M HNO3

100 g/L Guanidine Carbonate
20 g/L DTPA

- - -

- - -

Flowrate (mL/min) 

10

15.5

2.5

8.7

12.5

8.7

Simulated
Tank

Waste

Scrub
Feed

Strip
Feed

Strip
Product

Organic
Solvent

Aqueous
Raffinate
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GV00 0314

y

x

Crack 4

Crack 3

Crack 2

Crack 1 

No crack

Substrate Oxide coating

Line of
symmetry

Corner

-1100
-950
-800
-650
-500
-350
-200

-50
100
250

YY 
stress (MPa)
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GV00 0315

Region of 
interest

Alumina
coating

Thermally induced
tensile stresses are
concentrated at corner.

Metal
substrate
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FEFRAC
simulated crack
oriented at 45
degrees

Region of
interest

Metal
substrate

GV00 0316  

FEFRAC
simulated crack
oriented at 45
degrees

Region of
interest

Metal
substrate

GV00 0316
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pp c/t=0.22
c/t=0.29

 c/t=0.34
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a. Quenching contribution

Ceramic coating

Metallic substrate

Constrained

b. Mismatch contribution

Ceramic coating

Metallic substrate
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GJ00 0222

Pressure-limiting
appertures

Electron source and optics

10-5 Torr

10-4 torr

10-5 torr

10-1 torr

20 Torr to HV

Environmental chamber

Water source

XYZ scan tube
Detector

Free
amplitude

Damped
amplitude

Solenoid

Signal

Laser
A B

Differential
pumping
system

Sample
See below

Spring clip
Glass rod

Cantilever
and tip

Sample

AC

(a)

(b)
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(a) (b)

(c) (d)

GJ00 0224
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Excitation pulses
(two beam coupling: 
object and reference
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which can be delayed
with respect to pump)

Induced grating

Nonlinear medium

Diffracted 
probe pulse
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transient grating
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R1 = Magnitude of first peak
R2 = Magnitude of first valley
R3 = Magnitude of second peak
R4 = Magnitude of second valley

T1 = Time to first peak (R1)
T2 = Time to second valley (R4)

G1 = Time for magnitude to fall 50% of R1
G2 = Time for magnitude to fall 150% of R3
G3 = Time for magnitude to rise 50% of R4
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