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General: asT~

A project coordination meeting of the NDRL personnel and PNNL co-PI took place over the period 10/4-
6/1999 at NDRL.

Task 1. (Investigator: Sirnon M. Pi.mblott, NDRL)

1, Task Status
A literature search of the temperature dependence of radical and molecular product chemistry in the

radiolysis of water and aqueous systems is in progress. There are extensive measurements of the rate
coefficients for the fitst reactions of the water radicals. The yields of the radicals and molecular products
formed by gamma- and fiwt electron radiolysis are fairly well documented. There is little knowledge about
the effects other types of ionizing radiation. Development and testing of track structure simulation and
nonhomogeneous diffision-kinetic modeling codes is underway. Calculations for room temperature agree
with the available experimental data.
2. Issues/ Concerns

None

Task 2. (Investigator:

1. Task Status

Jay A. LaVerne, NDR.L)

Experiments were begun to determine the influence of added molecular hydrogen on the production of
hydrogen peroxide in irradiated water. These experiments will determine if radical yields with various
irradiating particles are sufficiently different that the contributions of the radicals to the chain reactions
responsible for depleting hydrogen peroxide will be observable. Parts for the design and construction of a
high temperature radiolysis cell are being collected.
2. Issues/ Concerns

None

Task 3. (Investigator: Dani Meisel, NDRL)

1. Task Status
A literature search was conducted and revealed that charge transfer from aqueous species to solid iron-

oxide particles has been studied and that a kinetic model has been developed for that system. Zirconia
suspensions of average particle diameter 5-10 nrn are available at 10 O/OWZr02. These mono-disperse
suspensions are acidic (pH 3-4) and thus the particles are positively charged. Synthetic procedures to change
the pH to alkaline were developed and the suspensions were concentrated using the ultra-filtration technique.
Particle sizes increased significantly following this procedure. Pulse radiolysis experiments to study the yield
of hydrated electron and the rate of its transfer to Zr02 particles have been started. Hydrated electrons do
react with zirconia. Methods to enhance the stability of the suspensions are presently being explored.
2. Issues/ Concerns

None

Task 4: (Investigator: Thorn Orlando, PNNL)
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1. Task Status
Continued studies of the water reactions and photochemistry of iron oxides and calculations on

secondary electron interactions with overlayers.
2. Issues/ Concerns

None
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PNNL: Funding provided directly as separate grant to PNNL.
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Status Summarv of NERI Tasks - Phases 1-3:

Phase 1:
Milestone/Task Description Planned Completion Data Actual Completion Date
Task 1.
1, Compilation of information on 8/14/2000 In progress

radiation chemistry of water
and aqueous solutions at
elevated temperatures.

2. Algorithms for TRACKKIN 8/14/2000 In progress
code that include the effects of
temperature on energy loss and
the results of calculations on
hydrogen yields at elevated
temperatures.

Task 2.
1. Results of hydrogen peroxide 8/14/2000 In progress

yields fi-omgamma and high
LET irradiation in the presence
of H2 scavengers at high dose.

2. Schematics for the high 8/14/2000 In progress
temperature cell for gamma
irradiation.

Task 3.
1, Compilation of information on 8/14/2000 In progress

radiation chemistry of water at
interfaces of interest.

2. Tested procedures to 8/14/2000 In progress
synthesize (or concentrate
dilute suspensions of) iron and
zirconium oxide.

3. Results from the irradiation of 8/14/2000 In progress
these oxides.

Task 4.
1. Results fi-omthe irradiation of 8/14/2000

doped zirconia films with
water overlayers.

2. Results from 8/14/2000
adsorption/desorption
following pre-irradiation.

3. Results from radiolytic defect 8/14/2000
production in clean iron oxide.
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Status Summarv of NERI Tasks - Phases 1-3: cent

Phase 2:
Milestone/Task Description Planned Completion Data Actual Completion Date
Task 1.
1. Algorithm and testing of code 8/14/2001

to simulate high-LET heavy-
ion track structure in water.

2. Simulate results of H2 8/14/2001
saturated solutions at ambient
temperature.

Task 2.
1. Tested protocol for Oz 8/14/2001

measurement from gamma
irradiation.

2. Results from the effect of H2 8/14/2001
on 02 yields in gamma
irradiated solutions at high
doses.

Task 3.
1. Schematics of cell for high 8/14/2001

temperature pulse radiolysis at
elevated temperatures.

2. Results from irradiation of 8/14/2001
heavy loaded suspensions at
ambient temperature.

3. Effect of surface potential on 8/14/2001
escape depth from narrow
bandgap oxide materials.

4. Results from feasibility tests of 8/14/2001
EPR and conductivity
techniques to measure the
charge escape of electrons and
holes from these oxides.

Task 4.
1) Electronic band structures of 8/14/2001

doped zirconia.
2) Results from controlled 8/14/2001

irradiation of water covered
with iron oxide.

3) Results from integrity 8/14/2001
measurements on the zirconia
and iron-oxide/water
overlayers.
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-.
l’base 3:
Milestone/Task Description Planned Completion Data Actual Completion Date
Task 1.
1. Results from simulations of 8/14/2002

irradiation at various
temperatures.

2. Comparison between 8/14/2002
simulations and experimental
results of Task 2 and 3.

3. Incorporation of Task 4 into 8/14/2002
the model.

Task 2.
1. Results fi-omthe effect of Hz 8/14/2002

on 02 yields in high LET
irradiated solutions at high
dose.

2. Results from the effect of Hz 8/14/2002
on 02 yields in gamma
irradiated solutions at elevated
temperatures.

3. Measurements of the effect of 8/14/2002
H2 on H202 yields from
gamma irradiation.

Task 3.
1. Results Corn the irradiation of 8/14/2002

suspensions at elevated
temperatures.

2. Flat band potentials of the 8/14/2002
relevant oxides at various
temperatures.

3. Results from the effects of 8/14/2002
core-shell structures on yields
of water radiolysis.

Task 4.
1. Hydrogen yield profiles as a 8/14/2002

fi.mction of depth within doped
zirconia.

2. Quantitative comparison of 8/14/2002
low-energy with high energy
radiolysis.
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