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CHEMISTRY AND MATERIALS DIVISION HIGHLIGHTS

T. A. Eastwood

Solid State Studies

Computer calculations have emphasized the importance of axial symmetry
in measurements of ion stopping power by the time-of-flight method. Recent
measurements which meet this condition and include other refinements give
preliminary results which confirm earlier measurements of stopping powers.
These had shown a thickness dependence in the stopping powers of thin films of
carbon and gold for neon and argon ions. We believe this dependence may be
used to show explicitly the contribution of nuclear inelastic events to total
stopping processes.

Previously it was shown that the number of ions scattered through 180°
from an ion beam impinging on a target with heavy atoms implanted in a lower
atomic weight host material or with a surface oxide film was as much as twice
that calculated for simple elastic collisions. It has now been shown, for
the first time, that enhancement of ion scattering at 180° can also develop
strongly even when the scattering occurs in the first two or three atomic
layers of a single crystal of gold. Results are consistent with the
predictions of a two atom model.

In order to familiarize staff with the Scanning Auger Microprobe (SAM)
instrument recently installed by the Systems Materials Branch the depth
profile of nitrogen atoms implanted in aluminum foil was measured. By
alternatively sputtering and analyzing for Al, N and 0 with the SAM both the
implanted nitrogen and surface oxide layers were clearly discerned. Energy
measurements showed that both the N and 0 atoms are chemically combined with
Al. To obtain a depth profile in accord with that expected from the
implantation parameters it was apparently necessary to include a more careful
treatment of the Auger satellite intensities than is allowed for by the
manufacturer's software.

To understand the details of heavy ion channeling in crystals and apply
the process in solid state research it is necessary to know the rate at which
ions are scattered out of the channels (i.e. dechanneled) as they penetrate to
greater depths in the crystal. Encouraging agreement has now been obtained
between experimental and calculated rates for dechanneling of protons in gold
crystals. Taken with earlier results for Si and Ge, crystals which differ
considerably from gold in solid state properties, this agreement builds
confidence in our description of dechanneling.
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Radiation Chemistry

In the analysis of hypothetical reactor accidents hypoiodous acid,
HOI, often plays a key role in predictions of the amount of fission product
iodine released to the environment. The properties of HOI are not known
very well because it is a very unstable and reactive compound but radiation
chemistry techniques are proving to be useful for investigating some of its
important properties. Using its optical absorption spectrum for
identification and concentration measurements, it has been possible to
determine the rate of decomposition of HOI in aqueous solutions.

Dithiothreitol is being used as a model compound in studies of the
effects of irradiation on biochemically active compounds containing
sulphydryl (-SH) groups. Formation of Hg arising from the attack of
hydroxyl radicals on the carbon chain of dithiothreitol has been observed and
indicates that oxidation can occur at two sites in this model compound.

Isotope Separation

(a) Laser Photochemistry

Studies of the multiphoton decomposition (MPD) processes show that MPD
is more easily achieved in 2,2,2-trifluoroethanol (THE) than in methanol at
comparable pressures and HF laser fluences. This is in accord with earlier
observations of multiphoton absorption and is attributed to the greater
density of vibrational energy levels available for laser excitation in TFE.

Significant progress was made during the first year of a research
contract at McMaster University. The objective of the work is to devise and
characterize an organo-zirconium molecule suitable for research on
laser-induced zirconium isotope separation. A molecule is required with
adequate volatility for gas phase photolysis at room temperature or lower and
which absorbs COg laser radiation in a Zr-ligand vibrational mode. A
number of candidate molecules have received preliminary consideration.

Analytical Chemistry

A method for the preparation of oxygen gas samples for the
determination of oxygen isotope ratios in light and heavy water has been
successfully tested. To avoid isotope fractionation during the preparation,
essentially all the oxygen in the sample has to be converted to oxygen gas.
Gaseous oxygen yields in the range of 93% to 100% were achieved by reacting
water with bromine trifluoride and purifying the resultant gas mixture. The
procedure was tested on a sample of heavy water standard that was 99.96%
DgO. It was found that 0-18 was enriched by a factor of 2 to 3 relative to
its abundance in natural water.



(iii)

Studies on the application of high-performance liquid chromatography
and trace enrichment to the determination and speciation of metals in ground
waters, within and external to a waste-management site at CRNL, have been
completed and the work has been prepared for publication. The results show
that this approach can be used to monitor the variations in metal
concentrations in ground waters in the pg.aiL"! to ng*mL~l range
with reproducibilities of 2 to 10%. Total metal-ion concentrations were
determined after exposure of the samples to Y-irradiation and a comparison
with neutron-activation results for Co showed excellent agreement. The
results obtained after equilibration of the samples with nitr ic acid or
citrate suggested that this approach should be useful for monitoring the
speciation of several trace elements in ground waters; however, a more
extensive study is required to fully assess the usefulness of this approach.

Materials Science

Sputtered coatings of ferr i t ic stainless steel on the surface of
Zircaloy fuel cladding result in large reductions in the oxidation rate in
high-temperature, high-pressure steam. In high-temperature water the
coating has l i t t l e or no effect on the oxidation rate. If the protective
capacity of the coating in steam persists after long exposures in high
temperature water then the coatings could be valuable for minimizing the
oxidation rate of Zircaloy cladding during small-break loss-of-coolant
situations (e.g. Three Mile Island) where extensive high temperature
oxidation of the cladding occurred.

A theoretically based design equation for irradiation growth has been
derived which predicts the growth rate and flux exponent of the growth
component of the irradiation induced dimensional changes in Pickering Unit-1
pressure tubes.

Bauschinger effect studies on annealed thin-walled Zircaloy-2 tubing
have shown that <1% compressive pre-strain is sufficient to reduce the 0.2%
yield stress by a factor of two. Thus, even very small amounts of
compressive deformation must be avoided i f the tensile yield strength of
calandria tubes is to be preserved.
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1.2 ION PENETRATION

1.2.1 Stopping Powers for \ i Ions
- D.C. Santry and R.D. Werner

Analyses have been completed on our measured stopping powers for
?Li + ions in some commonly used target materials.

A comparison was made of our measured ?Li values (errors ±4%)
with those published by Mertens and Krist (1) (errors + 5%) over the
common energy region,viz. 200 to 280 keV. The agreement was within 5%
for C, A l , Ag, but was 12-16% for Au.

A recent publication of semiempirical stopping powers for Li ions
by Ziegler (2) only covers energies above 1400 keV. At this energy,
Ziegler's values di f fer from ours by -28% for C, -6% for A l , +2% for Si ,
-10% for Ni, -9% for Ag and -7% for Au.

Our results showed no thickness dependence of stopping powers for
7Li ions down to thicknesses of 28 (C), 50 (A l ) , 50 (Ag) and
50 (Au) yg-cnr2.

At a constant ion velocity, the stopping power of Li ions should
be related to the stopping power of H ions by

•m
where Z|_-j* and Z^ are the effective charges for the ions moving through
solids. At energies above 10 MeV (2), both Li and H ions are fully
stripped of orbital electrons and hence S[_-j = 9 S^. Since the
effective charge ratio cannot be calculated at lower energies, Ziegler
(2) constructed a curve of effective charge ratio vs. ion velocity by
examining existing stopping power data for Li and H ions. The curve was
thought to be independent of the stopping medium and was used by Ziegler
to predict stopping values for Li ions, for which there were few
measurements, based on the more abundant measurements for *H ions.

We examined the ratio of ?Li to ̂ H ion stopping power values in
our measurements and the results are given in Table 1.2.1.1. Our data
indicate that the effective charge ratio is both ion velocity and medium
dependent, an effect we had previously observed also for the ratio of
4He to 2H stopping power (PR-CMa-56, section 1.2.1; AECL-7332).

It is evident that a serious restriction on accurate scaling of
stopping powers from one ion type to another is the lack of information
or. affective charges as ions slow down in the stopping material. Fur-
ther information on the systematics of these effective charge ratios may
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Energy
(keV/amu)

100
120
140
160
180
200
220
240
260

C

4.12
4.62
5.06
5.43
5.78
6.10
6.38
6.60
6.82

Al

4.03
4.39
4.70
4.96
5.19
5.42
5.61
5.83
6.07

Table 1.2.1.

/ 2H Stopping

Si

4.26
4.61
4.92
5.17
5.40
5.64
5.85
6.06
6.25

Ni

4.11
4.43
4.67
4.90
5.10
5.30
5.49
5.67
5.84

1

Ratio*

Ag

3.80
4.10
4.44
4.74
5.07
5.40
5.68
6.07
6.38

Au

3.77
4.10
4.38
4.62
4.88
5.13
5.34
5.60
5.89

Ref. (2)**

. 3.62
3.88
4.13
4.38
4.62
4.86
5.09
5.31
5.53

* Effective charge ratio is defined as (stopping ratio) ' .

** Values generated from the effective charges listed in Reference 2.

Note that the * 20% difference between our values and Ziegler's (2) at
200 keV/amu in Si arises almost entirely from the difference between
Ziegler's value for S^ and ours for SQ. S^ value in the same
target is ^ 20% larger than our SQ value. The stopping power of H and
D at the same ion velocity should be identical.

be obtained from our current stopping power measurements, of other
projectiles, i.e., C, N, 0 and F.

(1) P. Mertens and Th. Krist, Nucl. Instr. Meth JL68 (1980) 33.
(2) J.F. Ziegler, Handbook of stopping cross sections for energetic

ions in all elements (Pergamon Press, New York, 1980).

1.2.2 Stopping Powers of Oxide Films
- D.C. Santry and R.O. Werner

Stopping powers of AlgOs and SiOg have been measured for
4He ions (PR-CMa-56, section 1.2.3.; AECL-7332) in the energy region
200 to 2000 keV. Analysis of the data indicated a scatter of + 7% at
most energies studied which is larger than that observed for other tar-
get materials (± 4%). The self-supported oxide films have been reanaly-
zed for composition and impurities by Rutherford backscattering analysis
and used for additional stopping power measurements. The data are now
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being analyzed to establish effective stopping power values for oxygen
in oxides.

1.2.3 Effect of Geometry on Average Flight Distances in Time-Of-Fiight (TOF)
Spectrometer
- D. Ward (Nuclear Physics Branch) and M. Freeman

A computer study was c r r i e d out to examine the- effects of various
geometrical arrangements ot scattering, sample and timing fo i l s in the
TOF spectrometer used to measure stopping powers at the High Voltage
Mass Separator (1). Specif ical ly, the 45° t i l t of the timing fo i l s vio-
lates cyl indrical symmetry, and could potentially introduce systematic
effects in the measurements through variation of f l i gh t distance, d, the
distance between intercepts on the timing f o i l s .

The computer program integrated over a l l contributing trajectories
from the scattering fo i l and evaluated the average f l i gh t distance
3 for a given geometry, for both sample-in and sample-out condi-
t ions. Multiple scattering effects at the sample and the f i r s t timing
f o i l were taken into account exp l i c i t l y .

Systematic effects were found. Tha most significant ones are
associated with shifts in 3 between sample-in and sample-out conditions,
introducing errors direct ly into the measured energy loss. These
effects are caused by non-cylindrically symmetric conditions such as ( i )
the angle-dependent intensity of il lumination across the sample due to
Rutherford scattering from the upstream scattering f o i l , and ( i i ) possi-
ble misalignments of the sample f o i l on the axis joining the centres of
the timing f o i l s . Quantitatively, an ^ IQ% systematic error in stopping
power would result from a 1 mm off-center displacement at the target
f o i l plane. Our calculations show that an axiai ly symmetric timing f o i l
configuration does not exhibit this sensi t iv i ty . In consequence, we
have adopted the new configuration for future measurements (see this
Progress Report, Section 1.2.4.).

(1) D. Ward, H.R. Andrews, I.V. Mitchel l , W.N. Lennard, R.B. Walker and
N. Rud, Can. J . Phys. 57 (1978) 645.

1.2.4 Time-Of-Flight Measurements
- W.N. Lennard, D. Ph i l l ips , D.A.S. Walker and M. Freeman in collabora-

t ion with H.R. Andrews and D. Ward (Nuclear Physics Branch)

In order to avoid a possible systematic error in energy-loss mea-
surements using our earl ier geometry (1) (see PR-CMa-42, section
1.2.4; AECL-5971), we have chosen to mount the detectors in a geometry
that has cylindrical symmetry with respect to project i le trajector ies.
Such a modification requires the use of an annular "start" detector
through which particles may pass.
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Two annular channel electron multiplier detectors have been mounted
in a chevron configuration. System feasibility studies of this modified
experimental arrangement are in progress.

Preliminary measurements with this arrangement confirm the target
thickness dependence we had found in the heavy ion stopping powers of
thin films (see PR-CMa-54, Section 1.2.1; AECL-7156) appearing through
the reduction of stopping power for very thin foils. Since nuclear
elastic losses are small and, conventionally, the electronic energy
losses are associated with undeflected ion trajectories through the
foil, we believe that the thickness dependence may arise from inelastic,
small angle scattering contributions. The proposal that pre-equiiibrium
charge states may be responsible for some part of our observed effect is
difficult to^sustain: we interpose our AE foils into charge state dis-
tributions, q* =<$«,, equilibrated after passage through a gold foil. It
is generally accepted that the post-foil cf,*, value is higher than the
in-foil, i.e., in a direction opposite to that required to explain our
observed effect.

(1) D. Ward, H.R. Andrews, I.V. Mitchell, W.N. Lennard, R.B. Walker and
N. Rud, Can. J. Phys. 57 (1978) 645.

1.3 SURFACE PHENOMENA

1.3.1 Studies of the (110) Surface of Monocrystaliine Pt
- T.E. Jacknan, J.A. Davies, C.W. Sitter, D.P. Jackson in collaboration
with W. Unertl (University of Maine)

Our previous investigations of the interaction of the clean (110)
reconstructed surface of Pt with CO has been extended to include two
other adsorbed gases, NO and D2. The adsorption of NO at 160 K on the
clean reconstructed (110) Pt surface causes a similar surface phase
transition (characterized by a c(8x4) LEED pattern and significant dis-
placement of about one monolayer of Pt atoms) as was observed for the
adsorption of CO. This phase is stable up to ^300 K where significant
desorption of NO takes place. The saturation coverage of NO at 200 K is
one monolayer (0.95 ± 0.05 x 10*5 N0/cm2). The adsorption of D%
at 160 K (saturation coverage of 1.07 ± 0.05 x 10 1 5 D/cm2) is
slightly larger than one monolayer. However, deuterium adsorption does
not create this new surface phase, nor are there significant lateral
displacements of Pt atoms.
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1.3.2 Preparation of a (111) Pt Single Crystal
I.A. Davies, C.W. Sitter- T.E. Jackman, J.A. Davies, CM. Sitter and D.P. Jackson in collabora-

tion with W. Unertl (University of Maine)

A new (111) Pt single crystal has been cut, mechanically polished
and the initial cleaning has commenced. We plan to measure angular
scans about the <111> direction as a function of temperature and beam
energy. These data, together with previous measurements on the (100)
and (110) surfaces (see Section 1.3.1 in PR-CMa-53; AECL-7094 and
PR-CMa-56; ACCL-7332, respectively) should enable us to establish opti-
mum value(s) for the surface Debye temperature for each of the low-index
Pt surfaces. It should also provide experimental evidence for testing
theoretical estimates of the effect of correlated vibrations between
neighbouring atoms. A preliminary analysis of the (110) data was
reported in Section 1.5.1, PR-CMa-54; AECL-7156.

1.3.3 An Investigation of the Enhanced Rutherford Backscattering Yield at 180c

from Aligned Au Crystals
- J.A. Moore (Brock University), J.A. Davies and T.E. Jackmart

The intensity of the surface peak seen in the energy spectra of MeV
He ions backscattered from (110) Au, aligned for channeling along either
the <110> or <112> directions, has been measured at 150° and 180° as a
function of beam energy and target temperature (PR-CMa-55, section
1.3.1; AECL-7242). By comparing the 150° and 180° yields, one can
observe the enhancement in the yield of ions backscattered at 180° from
those Au atoms which are located just below the surface and which are
partially shadowed by the first atom in each row. This yield enhance-
ment is expected as a consequence of the correlated small angle
collision(s) with previous aton(s) in the row, experienced by the 180°
backscattered particle on its ingoing and outgoing trajectory.

Table 1.3.3.1 gives the preliminary results, and represents the
average values for several independent measurements. ¥150° an(* ^i80°
are the "surface peak" yields measured at 150° and 180°, respectively,
expressed as the effective number »f scattering atoms per aligned row.
Thus defined, enhancement effects will appear through the difference
^180° " yi50°)* However* since backscattering from the surface plane
of atoms cannot contribute any enhancement, it is evident that the
increase in(YioQo - Yi5o°) at elevated temperature is caused entirely by

the enhancement of the contribution of ion scattering from sub-surface
atoms. We may therefore define an effective enhancement factor (e)
for these sub-surface atoms as follows:

_ Y180° " Y150°
£ ~ v - iT150° l
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Table 1.3.3.1

Temperature Dependence of the 180° Yield Enhancement
of 4He + Backscattered from Au

Axis

<110>

<110>

<110>

<112>

E

(MeV)

1.0

1.0

1.0

0.5

T

(K)

40

170

300

40

Y150°
(atoms/row)

±555

1.30

2.01

2.52

1.05

Y180°
(atoms/row)

+ 15%

1.33

2.47

4.13

1.17

0.

0.

1.

2.

1

5

1

4

e

± 1.2

± 0.6

± 0.6

± 2.5

Discounting the 40 K results, where the sub-surface contribution is
almost zero (and hence cannot be accurately evaluated) the values of e
fall between 0.5 and 1.1, i.e. they are comparable in magnitude to those
observed at greater depths in amorphous and polycrystalline targets
(PR-CMa- 54, section 1.3.2; AECL- 7156). Further measurements are
planned, using a well-characterized Pt (111) surface, and theoretical
calculations of e for aligned crystals will be attempted using the
2-atom scattering model of O.S. Oen (1).

(1) O.S. Oen, ORNL, 1981, in press.

1.4 RADIATION DAMAGE

1.4.1 Collision Cascades in Ge
- L.M. Howe and M.H. Rainville

Electron microscope observations have been made on the damaged
regions which were produced in Ge single crystals during implantation
with monatomic and diatomic ions of As, Sb, Te and Bi at energies rang-
ing from 15 to 120 keV. The average deposited energy density ev in the
collision cascades ranged from 0.3 to 3*7 eV/atom. Detailed measure-
ments of the average diameter and the number density of the cascades are
presently underway. A more extensive investigation of the details of
the sub-cascade structure formed in lower energy density cascades (see
PR-CMa-55, section 1.4.2; AECL-7242) is also underway; this entails
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obtaining stereo pairs of electron micrographs. (A similar study is
also being performed for sub-cascades in Si).

1.4.2 The Depth and Angular Dependence of the Mid-Channel Flux of He Ions in
Al Crystals

M.L. Swan son, T.E. Jackman, L.M. Howe and A.F. Quenneville

Results of measurements of the mid-channel flux of He ions in the
<100> channel of an Al-0.02 at.% In crystal were reported in PR-CMa-55,
section 1.4.5; AECL-7242.

The observed depths of the first maximum in flux were 26±2, 35 ±3
and 46 ±6 nm for 0.5, 1.0 and 2.0 MeV, respectively, following the
expected E*/2 dependence (see equations [1] and[2] below). It has
been shown by Van Vliet (1) that the harmonic bowl approximation for the
continuum potential leads to a simple expression for the depth x/4 of
the first maximum in ion flux at the center of an axial channel:

[( Ca ^ f [lj

where n is the number of atomic strings bordering this channel,
P c n is the distance from a string to the center of a channel, C is
a constant taken as 3^/2, a is the screening distance and \i>i
is the Lindhard characteristic angle,

• j = (2 Zt Z2 e
2 / E d ) 1 / 2 L2]

Here l\ and Z2 are the atomic numbers of the projectile and target
atoms,respectively, e is the charge of an electron, E is the incident
ion energy and d is the atomic spacing along a string bordering the
channel. Equation [1] gives A/4 = 44.5 nm for 1 MeV He ions in a <100>
channel of Al, as compared with the observed value of 35 nm in the pre-
sent experiments. As shown by Morgan and Van Vlict (2), however, Monte
Carlo calculations of A./4 are about 15% lower than the values from
equation [1] for the case of ^He ions in a <100> channel of Cu, large-
ly because of the effect of inelastic multiple scattering. In addition,
a degradation in the beam collimation will reduce A/4. (Both of these
effects also reduce the magnitude of the flux peak.) Thus the present
results are in approximate agreement with theory, but a quantitative
comparison requires computer simulations which match our experimental
conditions.

From the angular dependence of the In and Al yields about a <100>
axis, information on the energy dependence of the angular widths
i/V2 was obtained for both the host atoms (Al) and the solute atoms
(In). As expected from equation [2], ^1/2^^ varied as E" 1/ 2

within experimental error. Simple analytical considerations (1,3) indi-
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cate that the angular width of the mid-channel f lux should also be pro-
portional to E-l/2. The observed In angular width * i / 2 I n (the fu l l
width of the peak at a value of * i n half-way between the minimum
and maximum; see Figure 1.4.2.1) had this energy dependence, within
experimental error, i f the In yields were measured for identical depth
intervals (40-120 nm). (Note that * i / 2 I n values given previously
in PR-CMa-55, section 1.4.5; AECL-7242, Table 1.4.5.2 were not actually
being compared for identical depth intervals at the various incident ion
energies). The magnitudes of .'f'i/2 were also in agreement with theory
(1-4), i .e . about 1/5 of * i / 2 A 1 . As shown for the case of 1 MeV 4He
in Figure 1.4.2.1, * w 2 l n was larger for greater depths. This effect
is due to the fact that the transverse energy of the channeled ions
increases with increasing depth, largely because of inelastic
scattering.

The maximum Xi n
< 1 0 0 > observed was 1.39 ± 0.02 for a l l In energies.

The peak to valley rat io of x I n was 2.1 ± 0.2 for the three energies.
Taking into account that 20% of the In atoms were on random si tes, the
above ratio gives a mid-channel flux equal to Fmax = 2.9 ±0 .4 , which

X

1.4

1.2

1.0

0.8

0.6

0.4

0.2 -

» Al
» In 150-270nm
* In 40-150 nm

AI-0.02 at.%In
I MeV He*

<IOO>

I

-I 0 I
ANGLE FROM <IOO> DIRECTION (DEGREES)

Figure 1.4.2.1 - Angular dependence of the normalized backscattering
yields x of 4He ions (incident energy 1 MeV) from Al
and In atoms near a <100> direction for an Al-0.02 at.%
In crystal at 35 K. The crystal had been irradiated at
35 K with 1 MeV 4He ions in a random crystallographic
direction to a fluence of 2 x 1016 cm"2 and subsequently
annealed 600 s at 220 K. The yields from In atoms were
measured at the indicated depth intervals.
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agrees with the value 2.5 calculated for 1 MeV *He ions in Al, using a
beam divergence of 0.024°, a multi-string continuum potential, and
averaging the flux over a depth interval of 50-150 nm (4). This work
has been submitted for publication.

(1) D. Van Vliet, Rad. Eff. 10 (1971) 137.
D.V. Morgan and D. Van VTTet, Rad. Eff. \Z_ (1972) 203.
J.U. Andersen, 0. Andreasen, J.A. Davies and E. Uggerh0j, Rad.
Eff. I (1971) 25.

(4) N. Matsunami, M.L. Swanson and L.M. Howe, Can. J. Phys. 5(5 (1978)
1057.

1.4.3 Channeling Measurements of Interstitial Trapping by Ag Atoms in an
Tng

at%Al-0.05 at% Ag Crystal
- M.L. Swanson, L.M. Howe, T.E. Jackman and A.F. Quenneville

It has been shown by channeling measurements that Ag solute atoms
in Al crystals are displaced from lattice sites by the trapping of
self-interstitial Al atoms during irradiation at 70 K (1,2). From
detailed channeling analysis of the position of the displaced Ag atoms
in the lattice, it was concluded that the dominant trapping configura-
tion was the <100> mixed dumbbell.

We have now made further measurements of the apparent displaced
fractions fdAg^mn> °f Ag atoms in <110>, <100> and <111> axial
channels for an Al-0.05 at.% Ag crystal as a function of irradiation
fluence of 1 MeV 4He + ions at 70 K, as shown in Figure 1.4.3.1.
(See also PR-CMa-56, section 1.4.3; AECL-7332). The values of
fdAcpmn> contain information concerning trapping configurations.
If a fraction C-j of Ag atoms is present in each of several different

then

f <lmn>
fdAg

<lmn> .- <lmn>

where g i
< 1 m n > F i

< l m n > is the effective ion flux at each of these sites.

Here gi
<lmn> is a geometric factor equal to the fraction of sites

which project into the given <lmn> channel, and Fj<''inn> is the
normalized ion flux for that site, calculated with respect to only the

average channeled flux. If the ratio frfA
 <1mn> /f

dAg
<lmn>/ for differ-

ent channels <lmn> and <lmn>' is constant with increasing irradiation
fluence, then according to equation [1], only one trapping configuration

occurs, and it remains unaltered. The observed ratios f .. /
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f d V " " and fdAg^ X"' / fdAg < 1 0 0 > in F i 9 u r e i-4-3*1 are found to
remain constant within experimental error. This is shown by the two
dashed curves which represent constant ratios relative to the smooth
(solid) curve through the <110> channel data.

It can be concluded from these results for AI-0.05 at.% Ag that the
<100> mixed dumbbell is the dominant trapping configuration, and that it

remains unchanged up to irradiation fluences of 2.8 x 10 1 5 cm"2 i .e .
i f more complex configurations are produced, as has been suggested to
account for results of internal friction measurements, they do not
affect the solute atom lat t ice sites significantly.

(1) M.L. Swanson and F. Haury, Can. J . Phys. 53 (1975) 1117.
(2) M.L. Swanson, L.H. Howe and A.F. QuenneviTTe, J. Nucl. Mat. 69,70

(1978) 372. "

f
<!mn>

dAg
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Figure 1.4.3.1 - The apparent displaced fractions fdAg<1mn> of
Ag atoms into <110>, <100> and <111> axial channels for
an Al-0.05 at.% Aq crystal as a function of irradiation
fluence of 1 MeV 4He + ions at 70 K. The measure-
ments were taken at 70 K (the analyzing beam was also
1 MeV 4He). The irradiations were in a random crys-
tal lographic direction and the effective fluences from
the analyzing beam were included.
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1.5 ION BEAM MODIFICATION OF MATERIALS

1.5.1 Ion Beam Modification of Metals
- D.C. Santry, H.H. Plattner and O.M. Westcott

Further attempts were made to detect improvements in resistance to
wear of steel samples which had been ion implanted with nitrogen ions
(see PR-CMa-56, section 1.5.1; AECL-7332).

two specimens of 704 stainless steel, each 1 cm in diameter, were
ion implanted over a segment covering half the area of each disk to a
dose of 4 x 10*' atoms of " N per cm' (range 20 nm). The
implanted area of one disk and the unimplanted area cf the other disk
was also implanted with radiotracer 85>Kr i o n s (range 10 nm).

A vibratory polishing technique (1) was used to simulate lubricated
wear. Knoop microhardness indenting was used to measure changes in
hardness as well as to monitor the amount of surface removed by polish-
ing. The diagonal indent length was measured with a microscope and
could then be related to the remaining depth of the indent (2). In
addition, the removal of ^ K r activity by polishing was also mea-
sured.

The initial retention of 20 keV ^U in stainless steel was mea-
sured by the ^N(p,a) reaction and was found to be ~65%.

No observable change in hardness was detected between implanted and
unimplanted regions of samples. The two disks were vibratory polished
simultaneously for the same time periods and then examined for the
amount of surface removed. Difficulty was experienced in obtaining re-
producible depth results with the indenting technique. The unimplanted
regions appeared to suffer less wear than the implanted regions.
However, this was not confirmed by weight loss measurements or by the
removal of ^ K r activity, which was identical for implanted and
unimplanted areas.

After the removal of 20 nm, the 15N content had fallen to 14%
of the initial amount and, after removing 80 nm, it was undetectable.

Profile comparisons of implanted and unimplanted surfaces after
wear studies showed no differences. As yet we have seen no improvements
in wear resistance of steel samples after implanting with 20 keV nitro-
gen ions to a dose of 4 x 10*7 per cm^.

We have abandoned the vibratory polishing-indenting technique for
wear studies and are using a conventional pin-on-disk wear device.
Implants will be performed over 1 cm? areas on the disk over which the
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pin travels. The wear track of implanted and unimplanted regions wi l l
be examined and compared.

(1) J.L. Whitton, J. Appl. Phys. 3£ (1965) 3917.
(2) J.L. Whitton, H.H. Plattner and A.F. Quenneville, unpublished.

1.5.2 Determination of Composition vs. Depth Profiles of N2 implanted in A l ,

Using the Scanning Auger Microprobe (SAMj
- I . Aitchison and R.L. Tapping (System Materials Branch) in collabora-

tion with I.V. Mitchell

The SAM (Physical Electronics, Model 595) has the capability of
analyzing a surface layer ^ 1 nm thick, and -\-100 nm diameter for any
element except H and He. Composition vs. depth profiles can be obtained
by alternately sputtering and analyzing for elements of interest.

The technique has been used to show the qualitative distribution
of implanted N2+ ions below a surface (Figure 1.5.2.1). Work
reported here has shown that:

i ) Auger peak shape changes need to be taken into account.
i i ) The shape changes in sputtering through the oxide reflect changes

in plasmon-loss peaks below the main KLL Al peak,
i i i ) The plasmon-loss peaks should be included, i f integrated peak area

is used to estimate peak intensity,
iv) Implanted nitrogen does not remain in solution but forms a

ni t r ide.

Figure 1.5.2.1 shows a plot of Auger peak intensity vs. sputter
time, a measure of depth below the surface. The subsurface N layer is
evident, also the decreasing oxygen level and increasing Al concentra-
tion (LMM) peak. The Al KLL peak intensity shows anomalous changes,
however, because the peak undergoes significant shape changes as oxygen
and nitrogen are removed (Figure 1.5.2.2.). (The computer program for
estimating intensity differentiates the spectrum and monitors the dif-
ference between the maximum positive and negative excursions - peak to
peak height - which is sensitive to peak shape.)

Seme of the changes in Figure 1.5.2.2 can be understood by examin-
ing the plasmon-loss satellite peaks just below the elastic peak (Figure
1.5.2.3). There is initially (lowest curve in Figure 1.5.2.3) a single-
loss peak located -̂  25 eV below the elastic peak, in good agreement with
the predicted value for AI2O3. As sputtering continues, this peak
displacement decreases to <v22 eV, in good agreement with the estimated
value for A1N, and remains there while the N2+ implanted layer is
sputtered away, showing that the peak is associated with that layer.
With still further sputtering,, the displacement decreases further and
the spectrum evolves into the train of satellites spaced at 15 eV inter-
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SPUTTER TIME , MIN

Figure 1.5.2.1 - Qualitative composition vs. depth profile for Al
implanted with 40 keV N2+ ions to % 5 x 10*' i
showing a decreasing concentration of 0 with depth, a
peak in the N concentration and conflicting estimates
of the Al distribution.

ions cm"2,

1320 1340 1360 I3S0

KINETIC ENERGY, eV

Figure 1.5.2.2 - Evolution of the Al KLL peak structure during sput-
tering through the surface oxide and the nitrogen-
implanted layer. The spectrometer output is propor-
tional to Auger electron energy, E, multiplied by in-
tensity N(E), so conventionally spectra are displayed
as E.N(E) vs. E. The ordinate units are arbitrary.
The early spectra in the series were displaced on the
energy scale because of electrostatic charging of the
specimen, and have been realigned. The changes in the
region marked "d" manifest the moving plasmon-loss
peak.
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Figure 1.5.2.3 - Evolution of plasnton-loss sate l l i te peaks below the
2 keV elastic peak while sputtering the specimen
represented in Figure 1.5.2.1 and 1.5.2.2.

vals characteristic of elemental A l . The results show that N and 0 are
chemically combined with Al and not merely in solid solution.

Since peak-to-peak heights on the differentiated spectra gave
unreliable estimates of intensi ty, peak area was also measured beneath
the peak but above a tangent between integration l im i t s . Figure 1.5.2.4
shows that integration over the main peak alone gives an anomalous
maximum in A l , but inclusion of the satel l i tes A' and A" (Figure
1.5.2.2) in the integration gives the expected monotonic increase in Al
with depth below the surface. Inclusion of the satel l i tes seems
reasonable, since they in effect "borrow" intensity from the primary
peak.

Auger depth composition profi les for implanted N2"1" w i l l be
compared with profi les determined by nuclear analysis.
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Figure 1.5.2.4 - Effect of integration range on the area under the
curves of Figure 1.5.2.2. Areas are plotted relat ive
to those for pure A l . Integration over the main peak
alone gives anomalous results.

1.6 INTERDISCIPLINARY RESEARCH

1.6.1 A Study of the Rutherford Cross Section Using 0.5-2.0 MeV He Ions
Scattered From Low Z2 Targets r

- J.A. Davies and T.E. Jackman in collaboration with L.C. Feldman (Bell
Laboratories) and J.R. MacDonald (University of tiuelph)

Ziegler et a l . (1) have measured the rat io of 4He backscattering
yields between a particular thin low-Z target and several thin high-Z
targets (Au, Ta and W) as a function of incident energy over the range
1.0-2.5 MeV. In each case, the yield ratios showed negligible energy
dependence. They assumed that the high-Z targets would obey the Ruther-
ford scattering law and hence concluded that, in this energy region, the
scattering cross section for the low-Z elements (N,O,A1 and Si) must
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also be within ± 1-2% of the Rutherford values. However, later studies
of high-Z targets (2,3) have shown that a significant screening correc-
t ion exists, and that this correction increases with increasing Z2 and
with decreasing energy (for example, there is a 3.6% correction for
1.0 MeV 4He+ on Bi atoms). This suggests that the low-Z/high-Z
ratios observed by Ziegler should have exhibited a significant energy
dependence unless some other factor ( in the low-Z targets) is f o r t u i -
tously causing a deviation from the Rutherford law that exactly cancels
the screening correction in the high-Z target.

We plan to measure the ratio of backscattered yields from Bi and Al
atoms implanted into polycrystalline Be as a function of incident He ion
energy. A preliminary experiment was thwarted by significant s l i t scat-
tering (0.5%) of the beam from the beam-defining collimators. This
sl i t -scattered beam was suff icient to create background problems in the
extraction of the Al peak area to the required precision of ± 1%. How-
ever, i t is expected that this problem can be resolved and the required
precision obtained.

We also plan to compare the measured backscattering yield from
oxygen atoms in a thin SiOg sample on monocrystalline Si as a function
of incident He energy and to compare this with the known 0 content as
determined by the nuclear reaction 016(d,p)017 . The preliminary
experiment in this case indicated that the oxide thickness (7.36 x
10*7 oxygen atoms cm"2) was too th ick, resulting in a high
dechanneling rate in the underlying Si and hence a large background
subtraction. This reduced the accuracy with which the oxygen peak could
be extracted. Several thinner SiOg samples are being prepared at
Bell Laboratories.

J.F. Ziegler and J.E.E. Baglin, J . Appl. Phys. 45 (1974) 1888.
J . L'Ecuyer, J.A. Davies and N. Matsunami, Rad.~Eff. 4£ (1980) 229
and Nucl. Instr . Meth. U50 (1979) 337.

(3) H.H. Andersen, F. Besenbacher, P. Loftager and W. Moller, Phys.
Rev. A 21_ (1980) 1891.

1.6.2 Analysis of Soil Particles on Ground-Water Fi l ters
- W.N. Lennard, D. Phi l l ips , H.H. Plattner and J. Roy (Materials Science

Branch)

Fifteen samples of ground-water soi l particles on f i l t e r paper were
analyzed for elemental composition by observing yields of ion-induced K
X-rays when the samples were bombarded with a 1 MeV *H+ beam.

From the observed absolute X-ray yields i t was possible to deduce
the areal thickness for elements 12 <. I ± 26, with the assumptions that
the total quantity of material is small and that matrix self-absorption
effects are negligible.
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By bombarding one sample with a 2-MeV *H+ beam and obtaining
the backscattered proton y ie ld , i t was possible to determine the effec-
t ive target thickness, yielding a mean particle size (for Al and Si par-
t ic les) of ^ 750 nm. This measurement was confirmed by subsequent
electron microscope analysis. The yield of Al and Si determined from
the RBS spectrum was ~ 5 times larger than that obtained from the X-ray
analysis, which suggests that matrix self-absorption effects cannot be
neglected.

We thus concluded that the ion-induced X-ray measurements were only
accurate within a factor of ^ 5 , although the relat ive error from sample
to sample is considerably smaller.

1.6.3 (p,n) Neutron Source Experiments
- M.A. Lone (Neutron & Solid State Physics Branch), R.T. Jones,

A. Okazaki, B.M. Townes (Reactor Physics Branch), J.K.P. Lee,
R.B. Moore, J .M. Robson and V. Rant (McGill University) in
collaboration with D.C. Santry

See Progress Report PR-P-130, section 3.19; AECL-7408.

1.6.4 K X-Rays from Tl in Coincidence with Fission Fragments from 0
Bombardment of TeT
- J.S. Forster (Nuclear Physics Branch) and I.V. Mitchell

See Progress Report PR-P-130,section 2.15; AECL-7408.

?8
1.6.5 The Transient Magnetic Field for Si Recoiling at High Velocity in

Magnetized Fe
- J.S. Forster, T.K. Alexander, G.C. Bal l , W.G» Davies (Nuclear Physics

Branch), K. Dybdal (SUNY, Stony Brook), J.R. Leslie (Queen's
University) and I.V. Mitchell

See Progress Report PR-P-130, section 2.4; AECL-7408.
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1.7 COMPUTATIONS

1.7.1 Round Robin Comparison of Low Energy Ion Scattering from Gold by
Electrostatic Analyzer, Time-of-Flight, Stripping Techniques and
Computer Simulation
- D.P. Jackson in collaboration with T.M. Buck and G.H. Wheatley (Bell

Laboratories), A.L. Boers, S. Luitjens, E. van Loenen and A.J. Algra
(University of Groningen) and W. Eckstein and H. Verbeek (Max-Plank-
Institut fUr Plasmaphysik)

This project (introduced in PR-CMa-56, section 1.7.2; AECL-7332)
has been completed; all the experimental data points have been digi-
tized, replotted and compared with the computer simulations. The
results of the comparison show that there are marked discrepancies
between the stripping and the time-of-flight experimental data for He
and particularly H total backscattering. Some of the differences
observed may be due to such effects as the relative degrees of polycrys-
tallinity and variations in detector systems used. However, it appears
unlikely that all of the deviations can be attributed to such experi-
mental characteristics. Significant disagreements - up to a factor 2 -
were also observed in the charged fraction results obtained by the dif-
ferent groups. The computer simulations were in good agreement with the
general features of the total scattering but the variations between the
sets of experimental data prevented refinement of the calculations for
specific cases. This round robin has been very useful in showing the
current state of both the experimental and theoretical techniques used
to investigate keV ion scattering, a topic of great importance to the
first wall problem in fusion devices. It is hoped that the present work
will encourage improvements in both theory and experiment. A paper has
been submitted for inclusion in the Proceedings of the Atomic Collisions
in Solids Conference (Lyon, 1981 July 6-10).

1.7.2 Axial Dechanneling of MeV Protons in Gold
- L.M. Howe, J.A. Moore (Brock University) and N. Matsunami (Nagoya
University)

Previously, analytical expressions were derived by Matsunami and
Howe (1) for the diffusion functions which describe the increase in the
transverse energy of channeled ions due to electronic and nuclear
scattering, and also for various other functions which are required for
a diffusion model of dechanneling. The electron density p 0 around
the center of a channel was also taken into account in the theoretical
treatment. Quite good agreement was obtained between the theoretical
results and experimental dechanneling data for protons and deuterons in
Si and Ge. In order to test further the general applicability of this
dechanneling model, a comparison of theoretical results with experiment-
al data has now been completed for MeV protons incident along the 110
axis in Au. Au has a relatively low Debye temperature (170 K) and a
relatively high electron density p 0 around the center of a channel.
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Consequently, the rate of change in the transverse energy distribution
(and hence the dechanneling) due to nuclear and electron scattering will
be quite different in Au to that in Si or Ge. For example, the dechan-
neling rate in Au should be much more strongly temperature dependent in
the low temperature range, 35 K to 300 K, than is the case for Si and
Ge.

Considerable care was taken in the preparation of the Au crystal
slices used in this investigation. The measured values of channeling
parameters such as minimum aligned yield xm-jn> the half-angle
if) 1/2 of the angular dip and the surface peak area confirmed that
crystals exhibiting a high degree of perfection had been obtained.

Special consideration was also given to the determination of the
random beam fraction x(z) from the aligned and random backscattered
spectra. This resulted in the development of a self-consistent numeri-
cal analysis which systematically takes into account the difference in
stopping power between channeled and random trajectories, the variation
of stopping power and scattering cross section with energy and a signi-
ficant deviation of backscattered spectra from single scattering theory
which is observed in the case of MeV protons in Au. The details of this
numerical analysis are given in a recent publication (2). Figure
1.7.2.1 shows a comparison between (i) x(z) calculated using the
detailed numerical analysis and (ii) x(z) obtained from the ratio of
the aligned to random spectrum (as normally used). The two analyses
give identical results at shallow depths but diverge to a difference of
^ 25% at a depth z of 2.5 urn. A striking feature of dechanneling in Au
is the observed strong dependence of x and dx/dz on the temperature.
As the temperature increases from 35 to 275 K, x(z) increases by
approximately a factor of 7.

In the diffusion model of Matsunami and Howe (1), two of the main
parameters are the correction factor Cn for the nuclear scattering and
the electron density P 0 around the center of the channel. In the
present analysis Cn and P 0 were treated as variable parameters in
establishing the best theoretical fit to the random fraction x(z)
determined by the detailed numerical oanalysis of the experimental data.
Using values of P 0 — 0.8 electrons A"

J and Cn - 0.40 result-
ed in good agreement between theory and experiment for both x(z) and
the dechanneling rate dx(z)/dz for the entire set of observed data,
i.e. for incident ion energies from 0.5 to 2.0 MeV and for crystal tem-
peratures from 35 to 275 K. Figure 1.7.2.2, for example, shows the
theoretically predicted and experimentally observed dechanneling of
1.0 MeV protons in Au. Based upon the harmonic0aDproximation to the
continuum potential, a value of 0.56 electrons A was calculated
for the electron density near the center of the channel. In view of the

* 1 K = 0.1 nm
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Figure 1.7.2.1 - Experimental dachanneling data for 1.0 MeV protons
incident along the <110> axis in Aii at various
temperatures. Shown is the comparison between x{z)
calculated using the detailed numerical analysis (solid
points) and x(z) obtained from the ratio of aligned to
random spectrum (open points).

Figure 1.7.2.2 - A comparison between the theoretical calculations (dot-
ted curves) and the experimental data (solid points and
curves) for dechanneling of 1.0 MeV protons incident
along the <110> axis in Au at various temperatures.
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uncertainties involved in that calculation; the value of P 0 = 0.8
electrons A~3 used in the dechanneling calculation is reasonable.

(1) N. Matsunami and L.M. Howe, Rad. Eff. 51 (1980) 111.
(2) J.A. Moore, Nucl. Instr . Meth. 174 (1980) 577.

1.8 ACCELERATOR OPERATION

1.8.1 2.5 MV Van de Graaff
- G. Kyle

The accelerator ran well during the second quarter of 1981, with
two days down-time for regular maintenance.

Low intensity beams of 84|<r+ and ̂ A r + were obtained
using a simple modification of the external gas-feed l ine procedure.
Small amounts of gas (krypton or argon at 35-70 kPa), back f i l l e d with
helium in the external feed l ine to the required pressure (3 MPa)
provide adequate beam currents for several hours, thus allowing many
experiments to be performed using small quantities of the working gases.
This gas mixture also permits rapid switching between heavy-ion bombard-
ment and analyzing (4He+) beam without any changes in ion source
operation.

The beam time (in hours) was allocated as follows:

V V V V 40Ar+ 8 V Total

Apri l 48
May 32
June 27
Total 107

•1.8.2 High Voltage Mass Separator
- G.A. Sims and D.A.S. Walker

We are continuing operations with the old (original) accelerator
tube in place. This l imi ts the f a c i l i t y to a maximum terminal potential
of ^ 1 MV.

The new tube, referred to in PR-CMa-56, section 1.8.2; AECL-7332,
has been returned to the manufacturer for testing and re-conditioning.

116
87
139
336

-

4
4

-
_
17
17

163
119
187
469
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Two of the four damaged support posts returned to NEC (PR-CMa-55a,
section 1 . 7 . 1 ; AECL-7242) are repairable and wil l be returned to us as
spares sometime this summer.

Design and development work on the vacuum and gas handling systems
is continuing.

The "beam-on" time during the past three months was 181 hours.

1.9 PUBLICATIONS, REPORTS AND LECTURES

1.9.1 Publications

The Lifetime of the 1.04 MeV State in 1 8 F , Measured Through The
Inverse Reaction 3He(160,p)18F
by J . Keinonen, H.B. Mak, T.K. Alexander, G.C. Ba l l , W.G. Davies,
J.S. Forster and I.V. Mitchel l , Phys. Rev. C 23 (1981) 2073; AECL-7175.

Charge State Dependence of Characteristic K X-ray Emission in Near-
Symmetric and Asymmetric Collisions
by W.N. Leonard, I.V. Mi tchel l , G.C. Ball and P.H. Mokler, Phys. Rev.
A 23 (1981) 2260; AECL-7196.

Features of Collision Cascades in Silicon as Determined by Transmis-
sion Electron Microscopy
by L.M. Howe and M.H. Rainvi i le , Nucl. Instr . Meth. 182/183 (1981) 143.

Effect of Ion Implantation on the Oxygen Overpotential of Ni Anodes
by U. Akano, J.A. Davies, W.M. Smeltzer, I .S . Tashlykov and
D.A. Thompson, Nucl. Instr . Meth. 182/183 (1981) 985.

A Channeling Study of Defect-Boron Complexes in Si
by M.L. Swanson, L.M. Howe, F.W. Saris and A.F. Quenneviile, in Defects
in Semiconductors (North-Holland, Hew York (1981)) p.71.

1.9.2 Lectures

A Rutherford Backscattering Study of Pt(llO) Phase Transitions
by T.E. Jackman, J.A. Davies, O.P. Jackson, C. Sitter, P.R. Norton and
W. Unertl
Presented at the 41st Physical Electronics Conference, Bozeman, Montana,
1981 June 28-July 1.
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Rutherford Backscattering, Nuclear Reaction and Channeling Studies of
Nitrogen Implanted Single Crystal Stainless Steel
by J.L. Whitton, M.M. Ferguson, G.T. Ewan, l.V. Mitchell and
H.H. Plattner
Presented at the Conference on "Modification of the Surface Properties
of Metals by Ion Implantation", Manchester, England, 1981 June 23-26.

Channeling Studies of Vacancy-Solute Complexes
by L.M. Howe, M.L. Swanson and A.F. Quenneville
Presented at the Canadian Metal Physics Conference, Kingston, 1981
June 3-5.

The Difference Between Barrier and Porous Anodic Oxides on Aluminum
by J.P.S. Pringle
Presented at the 1981 Spring Meeting of the Electrochemical Society,
1981 May 10-15.

MeV Ion Channeling and Its Applications in Bulk and Surface Studies
by J.A. Davies
Presented at the Argonne National Labs., Materials Science Division,
1981 May 12. -

The Study of Lattice Defects by Channeling
by M.L. Swanson
Presented at the University of North Carolina, 1981 April 16

The following two lectures were presented at the Canadian Association
of Physicists Annual Congress, Halifax, Nova Scotia, 1981 June 16-18:

a) Atomic Excitation Effects in Slow Ion-Solid Collisions (Invited
Lecture)
by W.N. Lennard

b) Stopping Powers of C, Al, Si, Ni, Ag and Au for ?Li Ions
by D.C. Santry and R.D. Werner

The following two lectures were presented at the American Physical
Society Meeting, Baltimore, Maryland, 1981 April 20-23:

a) Crystal Blocking Lifetime Measurements for Compound Nuclei
Preceding Fission Resulting from ^ F Bombardment of a Thin Ta
Crystal
by J.S. Forster, I.V. Mitchell, J.U. Andersen, A.S. Jensen,
E. Laegsgaard, K. Reichelt and W.M. Gibson

b) Lifetime Measurements of Levels in 30$
by T.K. Alexander, 6.C. Ball, J.S. Forster, W.G. Davies,
I.V. Mitchell and H.-B. Mak
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2.2. ANALYTICAL CHEMISTRY

2.2.1 Emission Spectrography

- G. Jarbo, P. Faught, J.P. Mislan

2.2.1.1 PuQ2/Th02 Fuel Impurity Analysis

- in cooperation with F. Miller and B. Hildebrandt

Because of high neutron cross sections, the rare earth elements
europium, gadolinium, samarium, and dysprosium in PuO2/ThO2 fuel must
not exceed a specification limit of 0.1 yg-g"1. Spectrography with
arc excitation and carrier distillation has been used by other
workers for determination of rare earth elements in U, Pu and Th
matrices. Me do not favor the carrier distillation method because
of the irreproducibility of arc excitation and the hazard associated
with arc excitation of Pu and Th, even in appropriate containment
facilities. We prefer the spark excitation/dried residue technique
after removal of Pu and Th by appropriate means. Fuel analysis per-
sonnel are cooperating by dissolving Pu02/Th02 fuel pellets, and
removing the Pu and Th matrix by a combination of solvent extraction
and column chromatography. This work is described in greater detail
in section 2.6.4.3.

We are attempting to prepare calibration plates for all four
rare earth elements for concentrations expected at and below the
specification limit. Three of the four elements (theexception being
europium) can now be detected at a concentration equivalent to the
specification limit in mixed-oxide fuel.

2.2.2 Inductively Coupled Argon Plasma/Optical Emission Spectrometry
(ICAP-OES)

- J.P. Mislan, G. Jarbo, M.T. Hurteau, P. Robinson, K. Wright,
J.F. Atherley (Chemical Engineering Branch)

2.2.2.1 Automation of Sequential ICAP-OES Spectrometer

The modular instrument computer chosen for automation of the
sequential ICAP-OES was delivered and tested with manufacturer's
software. ICAP-OES automation software acquired from Knolls Atomic
Power Laboratory is being tested and evaluated. An order has been
placed for a parallel I/O module to permit interfacing of the
minicomputer to the grating-drive stepping motor and current-to-
frequency transducer.
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2.2.2.2 Software Development For ICAP-OES

A simple algorithm for peak-height determination has been used
for preparing a BASIC program for the determination of emission-line
peak intensity with an integrating A/D converter and a Commodore PET
microcomputer (32K). The plasma-emission spectrometer has been
operated in a semi-automatic mode with this algorithm and found to
give satisfactory results even when used for analyzing complex
matrices (e.g. impurities in zirconium).

2.2.2.3 Determination of Hafnium in Zirconium

A round-robin analysis program was organized by Metallurgical
Engineering and General Chemistry Branches to test the reliability
of different laboratories for the determination of hafnium in
zirconium at the specification level of 50 vg'g"1. The determination
of hafnium in zirconium was particularly challenging because of the
sensitivity requirement (detection capability to 10 yg-g"1). lack
of certified standards, and the unavailability of hafnium-free
zirconium for blank determinations.

Neutron activation analysis and ICAP-OES were evaluated for
the determination of hafnium in the round-robin samples. A
preliminary report of round-robin analysis results has shown the
high reliability of neutron activation, while ICAP-OES results were
found to be higher by 6 to 25%. A detailed report of round-robin
analysis results is being prepared.

The recent release of standard reference materials (SRM's) of
hafnium in zirconium (SRM 1234, 1235, 1236) and hafnium in
Zircaloy-4 (SRM 1237, 1238, 1239) by the National Bureau of Standards,
has eliminated one of the obstacles to accurate determination of low
levels of hafnium (30 to 180 ug'g"1) in a zirconium matrix by ICAP-
OES. However, two problems remain; the very complex zirconium
matrix, which limits the choice of interference-free hafnium lines
(sensitivity problem) and the unavailability of hafnium-free
zirconium to permit determination of a blank correction. We believe
that high performance liquid chromatography instrumentation can be
coupled to a plasma emission spectrometer to enhance sensitivity
for hafnium detection and eliminate the need for a background
correction. Preliminary cation-exchange chromatography results,
based on elution conditions adapted from a classical study of
hafnium and zirconium separation conditions (1), appear promising.
Hafnium can be isolated from zirconium on a cation exchange column
using 2M isobutyric acid. Hafnium can then be eluted with 4M HN03
with on-line ICAP-OES detection (Hafnium 246.14 mm used for initial

(1) M. Qureshi and K. Huscun, Anal. Chem., 43 (447-449) 1971.
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studies). Work is in progress to test the sensi t iv i ty and r e l i a b i l i t y
of the method, and to test the feas ib i l i t y of using a similar approach
for detecting small amounts of zirconium in hafnium.

2.2.3 Graphite-Furnace Atomic-Absorption Spectrometry

- J.P. Mislan, J.S. Hulland (in cooperation with H. Schmeing, Neutron
and Solid State Physics Branch)

Ultra-trace analysis of Cd, Te and CdTe samples for Cu, Ag, Cr,
Fe and Mn using the Hitachi Model 170 Polarized Zeeman Atomic Absorption
Spectrometer have been resumed. Some discrepancies in results obtained
by analysts representing the two branches have indicated the need for
additional analytical studies. High purity (99.9999%) Cd and Te have
been acquired from Spex Industries for reference purposes against which
the quality of samples provided by a commercial supplier can be compared.

Erratic results for iron determination suggested that iron contam-
ination in the form of airborne par t i cu la rs was being attracted to the
graphite-tube furnace by the strong magnetic f i e ld of the permanent
magnet. Residue from the magnet has since been analyzed by arc-source
emission spectrography and found to contain detectable amounts of Cu,
Mn and Cr in addition to the Fe. This problem w i l l have to be resolved
before rel iable results are possible. Adjustments to the air flow in
the f i l te red air hood may alleviate the problem.

2.2.4 Determination of H and D in Metals

- J.P. Mislan, H. Herrir.gton, K. Wright, L. Junop

2.2.4.2 Automatic H and D in Metal Analyzer

Analyzer assembly is complete. Testing of instrument operation
under computer control is in progress. The performance of the analyzer
w i l l be tested using NBS hydrogen-in-titanium, zirconium and Zircaloy
standards and samples of zirconium alloys deuterated at CRNL.

2.2.5 Determination of Oxygen-Isotope Abundances

- J.P. Mislan, H. Herrington, W. Lockhart, T. Longhurst

There is a considerable interest by engineers and chemists in
oxygen-isotope enrichment associated with reactor chemistry, deuterium
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exchange (Girdler-Sulfide Process), and electrolytic H/D separation.
This interest has led to a co-operative project with electrochemistry
personnel involving quantitative conversion of oxygen in H2O to
oxygen gas (section 2.5.5.1) and subsequent direct measurement of
relative isotopic abundances of the 02. Most previous work in this
area has involved conversion of 02 to C02 for isotopic abundance
measurements.

We are evaluating the Extranuclear Laboratories Model 275-5
quadrupole mass spectrometer for precision isotope abundance measure-
ments. To facilitate data collection a Commodore PET microcomputer
and an 8 channel voltmeter have been interfaced to the demultiplexer
of the digital ion monitor. Oxygen abundances are determined simul-
taneously and converted automatically to 0-18, 0-17, 0-16 volume %
values. We are currently evaluating the influence of instrumental
tuning parameters and sample inlet pressure on the precision of
isotope abundance measurements for natural abundance oxygen gas.

2.2.6 Chromatography

- S. Elchuk, R.M. Cassidy

2.2.6.1 Determination of Metal Ions in Ground Water

Studies on the application of high-performance liquid chromato-
graphy and trace enrichment to the determination and speciation of
metals in ground waters, within and external to a waste-management
site, have been completed and a first draft of this work has been
prepared for publication. The results show that this approach can
be used to monitor the variations in metal concentrations in ground
waters in the pg-mL"1 to ng-mL"1 range with reproducibilitres of
2 to 10%. Total metal-ion concentrations were determined after
exposure of the samples to-y-irradiation and a comparison with
neutron-activation results for Co showed excellent agreement. The
results obtained after equilibration of the samples with nitric
acid or citrate suggested that this approach should be useful for
monitoring the speciation of several trace elements in ground
waters; however, a more extensive study is required to fully
assess the usefulness of this approach.

2.2.6.2 Column Development
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2.2.7 Anion Determinations

- L.W. Green, J.R. Moods

Two new columns, one packed with superficially porous polystyrene
particles and the other with pellicular silica particles, have been
obtained and improvements in efficiency have been observed. The column
packed with the polystyrene particles is ^ 5 times more efficient than
previous columns of this type (see PR-CMa-54 and 55) and the column
packed with the silica particles is ^ 2 times more efficient than
previous silica particle columns. The ion chromatography apparatus
is being applied to service analyses when requested.



2.2.8 Analysis Requests

Received From

Chemi cal
Operations

Physical
Chemistry

N.P.D.

Fuel
Materials

Chemical
Engineering

Type of Sample

X-2 Loop Water
Incinerator
Burn Solutions
Molybdenum Solutions
N0 x gas
Xe Recovery

Scrubbing Solutions
Glass Bulb Deposit
Catalyst Bed Deposit
D 2 Gas
Fiberglass and Cotton

Strips
Pd/Ag Alloy Tube

NPD D20
D 20

ThO2 Powders
(Th, U)02 Powders
Fission Gas
U-Si-Al Alloy

Water from Trailer

H2 Distributor Deposit
Catalyst Leachings
Catalyst Sludge and Wash
CECE Stack Gas
Effluent from #2 Recombiner

No. of
Samples

1

6
650

3
5

2
1
1
7

4
2

1
4

2
5

42
2

72
72
1
2
3
3
1

No. of
Determinations

1

6
1017

21
34

2
7
16
36

4
2

2
56

2
5

306
4

72
200
12
24
84
14
3

Technique*

FAA

ISE
FAA
MS
MS

ISE
ES
ES
MS

FAA
FAA

S.ISE
ES

ISE
ISE
MS
FAA

S
I CAP
ES
ES
ES
MS
FAA

Elements Determined or
Type of Analysis

Mg

F
Mo, Al, Hg, Ba
Composition
Composition

F
Qualitative
Qualitative
Composition ,

Fe *
Pd, Ag

Cl, F
Quantitative

NO 3
N0 3
Composition
Si, Al

UV25*
Fe, Al
Qualitative
Qualitative
Quantitative
Composition
Fe, Ni, Cr
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Received From

System
Materials

Civil and
Mechanical
Design

Medical

Type of Sample

Decontamination
Solutions

Water from Beaver Lodge
Mine Refinery

Discharge Sludge
Lake Water
Glass Marble
High Level M o " Liquid

waste
Zi real oy
Zr & Nb
Samples from Boiler

Chemistry Loop
Decontamination Solutions

Incinerator Ash
Incinerator Gas

Potassium Iodide Tablets
Urine

Metallurgical
Engineering

Titanium
Zr & Nb
Titanium Alloy
Excel Alloy

No. of
Sample

8

3

1
2
1
1

24
96
10

11

1
4

12
4
2

8
45
1
3

No. of
Determinations

8

21

26
36
11
28

24
96
20

11

3
32

12
16
2

8
45
14
36

Technique*

FAA

FAA, S,
GCA
ES
ES
ES
ES

MS
MS
FAA

FAA

GCA
MS

GCA
I CAP
FAA S
Vapor

Generation

MS
MS
I CAP
I CAP

Elements Determined or
Type of Analysis

K

Fe, Ca, Mg, Sr, Ba,
SO*,. HCO3
Quantitative
Qualitative
Qualitative
Quantitative

Hi D
H, D
Na, Mg

CO

cs :

wt% lose on ignition
Composition

vt% I
Hg
Hg

H, D
H
Quantitative
Quantitative
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Received From

Materials Science

Radiochemical
Company

General
Chemistry

Radiation and
Industrial Safety

Workshops,
Estimating and
Planning

Environmental
Research

Radiochemical
Company

Type of Sample

H2 Cracking Cover Gas

Xe-133
Copper Solution

T1 in Steel
H2 & D2 Gas
Plutonium/Thorium Oxide
F i l l e r Deposit on ion

Exchange Column
Beaver Lodge Ore Sample
Groundwater
Neody îum Solutions
Well Water
Boron Solutions

Beryllium Swipes

Alloy

Stream Sediments
Stream Sediments

Zinc Shot
Mo Powder

No. of
Sample

3

C
O

 C
M

2
8

19
1

2
1
4
1
6

22

1

6
6

C
M

 
•—

No. o f
Determination

13

17
52

2
35

183
17

14
16
28

2
6

22

12

90
6

14
7

Technique*

MS

MS
I CAP &
ES

MS
MS
ES
ES

I CAP
ES
ES
FAA
FAA

ES

I CAP

ES
FAA

I CAP
I CAP

Elements Determined or
Type of Analysis

Composition

Composition
Quantitative

H
Composition
Quantitative
Quantitative '

CO

Quantitative Th, U ,
Qualitative
Quantitative, Nd
Ca, Mg,
B

Quantitative, Beryl!iu

Type Identification

Quantitative
K

Quantitative
Quantitative
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Received From

Solid State
Science

Biomedical
Research

Mechanical
Equi pment
Development

Type of Sample

Li Metal
Li Metal

Analytical Fractions
Column Effluents

Water Samples

TOTAL

PREVIOUS (PR-CMa-56)

No. of
Samples

1
1

10
11

22

1266

1157

No. of
Determinations

17
3

140
33

75

3181

2870

Technique*

ES
FAA

ICAP
FAA

FAA

Elements Determined or
Type of Analysis

Quantitative
Ca, Na, K

Quantitative
Ca, Na, K

Mg, Cr, Fe g

*FAA - Flame Atomic Absorption, ISE - Ion Selective Electrode, MS - Mass Spectrometry (Gas),

ES - Emission Spectrography, S - Spectrophotometry (UV/VIS), ICAP - Inductively Coupled Argon Plasma,

GCA - Gravimetric Chemical Analysis
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2.3 RADIOACTIVITY MEASUREMENTS

2.3.1 Gamma Spectrometry Laboratory

- V. Corriveau

A total of 151 samples were analyzed during the period.

Nal spectra - 12
GeLi spectra = 352

The distribution of samples was as follows:

Loop X-l X-2 X-3 X-4 X-6 U-2 U-5 NRX NRU NPD

Y's 11 12 7 2 3 5 1 1 97 27

MET (Bldg. 375) Xenon Recovery Special Analyses

8 12 178

2.3.2 Analysis of 230Th in Canadian U-Th Ores

- W.J. Edwards

A method for the analysis of 230Th in domestic U-Th ores and
mine-tailings waste, ponds is being developed. The procedure is
intended to provide a technique for measuring very low 23OTh:Z32Th
ratios of about 10"5:l. This work is in support of the project
to develop a domestic thorium supply, under the Advanced Fuel
Cycle Program.

The method chosen employs high resolution liquid scintillation
a-spectrometry. This method offers high sensitivity (and thus a
reasonable measurement period) and adequate a-resolution. The
spectrometer design is based on earlier work, largely by McDowell (1).
At present the necessary design work is complete and acquisition of
the equipment is taking place.

(1) W.J. McDowell, IEEE Transactions on Nuclear Science, Vol. NS-22, 649
(1975).
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2.4 DEUTERIUM ANALYSIS

2.4.1 Deuterium Analysis

- W.M. Thurston, M.W.D. James

The following is a summary of deuterium analyses for the
period 1981 March 25 - June 17.

No. of Analyses Branch Program

50

14

12,350

64

34

65

General Chemistry-
Physical Chemistry

General Chemistry-
Canatom-Wolsung

Physical Chemistry

Heavy Water Plants

University of Miami
Tritium Laboratory

H20-H2 Standards Calibration

D,0 Standards Calibration

H2-H2O Exchange, on-line
H2 Analysis

Metex Corporation H20 Analysis (contract)

H20 Analysis, interlab
comparisons

D2O Analysis (contract)

12,577

2.4.2 Heavy Water Analysis

- W.M. Thurston, M.W.D. James
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2.5 ELECTROCHEMISTRY

2.5.1 Laboratory Demonstration of the CECE-HWP Super-Upgrader

- M. Hanmerli, A.S. Denovan

2.5.2 D20 Analyses on the Noranda CECE-HWP Pilot Rig

- M. Hammerli, A.S. Denovan

2.5.3 Performance of the G.E. Solid Polymer Electrolyte (SPE) Cells

- M. Hammerli, A.S. Denovan

2.5.4 Electrolytic Oxygen-Isotope-Effects

- M. Hammerli, W.J. Olmstead

2.5.4.1 Oxidation of Water to Oxygen With BrF3

We require a method for the preparation of oxygen-isotope gas
standards from natural water, heavy water, and mixed water standards
before we attempt to measure small electrolytic oxygen isotope
effects (see PR-CMa-54). Erratic yields of oxygen from the oxidation
of a few vl of water with BrF3 observed in the previous quarter (see
PR-CMa-56) were ultimately traced to gas leakage resulting from
chemical attack of the valve seats in the apparatus. These Monel
valves were modified to accept Teflon seats and following this
modification, ten successive oxidations showed no appreciable dete-
rioration of the Teflon seats.

The oxygen yields from seven successive reactions were: 95%,
100%, 97%, 93%, 97%, 100% and 97% based on the theoretical amount
calculated from the size of the water sample injected in each case.
Gas collection times of a least 0.5 h were necessary to achieve
these high yields. Occasionally, a low gas yield was obtained
but this was increased by reheating the apparatus, cooling, and
collecting the additional gas produced. In all cases the oxygen
contained less than 2% impurities. Bromates were not detected by
mass spectrometry.
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The most probable reaction is:

4BrF3 + 6H20 ->• 302 + 2Br2 + 12 HF (1)

As equation (1) shows, appreciable quantities of gases are
produced in this reaction and these gases must be removed from the
unreacted BrF3 periodically. This is accomplished by cooling the
BrF3 container to 0°C and opening it to another trap cooled to
-195°C: the vapour pressures of BrF3, Br2 and HF at 0°C are
0.13 kPa, 9.3 kPa, and 53 kPa respectively.

In summary, reaction (1) appears to be a reasonable method for
converting aqueous oxygen isotope standards into gaseous oxygen
isotope standards.

2.5.4.2 Oxygen Isotope Determination in No. 6 Heavy Water Standard

A sample of No. 6 Heavy Water Standard was obtained from
W.M. Thurston, and several aliquots of this water were oxidized by
BrF3 to oxygen gas. This standard is 99.963% D20.

The Spectra-El quadrupole mass spectrometer was reactivated
after a year of down time with the help of T.H. Longhurst,
H.D. Herrington and W.A. Lockhart. Natural oxygen was used to
assess the performance of this mass spectrometer. Although the
precision obtained to date is less than can be expected ultimately,
nevertheless preliminary results obtained with natural oxygen and
oxygen derived from the D20 standard indicate that the 0-18
isotope is enriched by about a factor of 2 to 3 in the latter
relative to natural water. The 0-17 isotope is also enriched, but
the present results are not accurate enough to permit estimation
of the magnitude of the enrichment.

2.5.5 Assessment of Nuclear-Electrolytic Hydrogen in Canada's Energy
Future

- M. Hammerli

2.5.6 Ion-Selective Electrode Determination of Boron

- J. Gulens, P.K. Leeson

We have succeeded in preparing a quaternary ammonium-borate
salt that is free of iodide ion contamination for use as the ion-
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exchanger material in a liquid-exchange membrane. The iodide ions
initially present were exchanged for borate anions on an ion-
exchange resin.

Despite the improved purity of our ion-exchanger, the response
of the borate electrode was only marginally improved. Hydroxide
ions still interfered with the response to borate anions at boron
concentrations <10'3 mol-L"1. As we have been unable to overcome
this problem of hydroxide interference at low boron concentrations,
further development of this approach is not warranted. A report
is being prepared.

2.5.7 Response of the Copper-Selective Electrode

- J. Gulens, L. Seguin

Solid-state copper-selective electrodes are widely used for
the direct and indirect determination of many metal ions by
potentiometric titration with complexing agents. In addition,
copper-selective electrodes are used to speciate copper ions in
surface and ground waters (i.e. to differentiate between complexed
and non-complexed forms of copper ions). Recent publications,
however, have raised questions about their selectivity and response
mechanism (1, 2). We are investigating the response of these
electrodes to copper ions in conditions comparable to natural
waters (water in equilibrium in atmospheric carbon dioxide) to
determine the factors that may account for the reported anomalous
results.

2.5.8 Influence of High Radiation Fields on the Response of Ion-Selective
Electrodes

- J. Gulens

1 - G.J.M. Heijne and W.E. Van der Linden, Anal. Chim. Acta., 96, 13
(1978).

2 - R. Wagemann, J. Phys. Chem., 84, 3433 (1980).
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2.6 MASS SPECTROMETRY AND FUEL ANALYSIS

2.6.1 Thermal Ionization Mass Spectrometry

- L.W. Green, T.H. Longhurst, L.F. Sparkes, J.R. Woods

A study of measurement efficiency (ratio of number of ions
detected to number of atoms placed on the source) is continuing for
U adsorbed onto anion-exchange resin beads. To determine the
quantity of U adsorbed by the beads the distribution coefficient
for L) (VI) in 8M HN03 has been measured. The measurement was per-
formed by ot-counting of 233U and a value of 8.6 was obtained.

The transfer of a selected bead onto a filament often proved
to be very difficult, so a variety of transfer techniques were
tested. Best results were obtained when a number of beads were
first placed on a blotter, and then a selected bead was picked up
with a pointed glass rod under microscopic examination and the
point of the rod was touched onto a filament wetted with cyclo-
hexanone.

Efficiency determinations have yielded a mean value of
5xlO-5 for a flat Re filament and 1x10"" for a V-shaped Re filament.
The efficiencies are slightly better for filaments that have been
preconditioned by heating under vacuum. The values indicate a
10-to-30-fold improvement in efficiency over that obtained for
uranium oxide.

An isotope-dilution mass-spectrometric procedure is being
developed for the determination of lll8Nd, which will be used as a
burnup indicator in advanced fuels. The procedure requires
measurement of the abundances of the isotopes 150Nd and llt2Nd as
well as lll8Nd; 150Nd is used as the spiked isotope and 142Nd is
used as a measure of natural Nd contamination in the fuel. The
procedure has been tested on an enriched U02 fuel sample by
comparing the burnup determined by the llt8Nd method to that
determined by the 2 3 5U depletion method. The results obtained
by the two methods agreed within 0.3%.

Materials analyzed for their isotope composition included:
one irradiated, enriched U02 sample from the Mo-99 production
facility; one unirradiated (Th, U)02 sample, one

 23SU-depleted
U 30 8 powder, two unirradiated U-Al low-enriched fuel samples
from Fuel Materials Branch; and one B plus eight Gd samples
from Point Lepreau Nuclear Generating Station.
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2.6.2 Spark Source Mass Spectrometry

- T.H. Longhurst

Experiments are being performed in the Materials Science Branch
to determine whether Ir rod can be purified by electromigration.

Spark source mass spectrometry is being used to determine the
elemental impurities. One section of Zr rod was analyzed this
quarter.

2.6.3 Fuel Analysis

2.6.3.1 Burn-up Determination

- C.H. Knight, E. Clegg

As part of a recent investigation into the use of llf8Nd as a
burn-up monitor, 150Nd and natural Nd (5-9's pure) standard
solutions were prepared in Nalgene containers and checked by
isotope-dilution mass-spectrometry. The analysis result was
31.84 + 0.04 yg-g"1 for the 150Nd standard which agrees with the
concentration calculated from the weight of 150Nd used to prepare
the standard (31.85 yg-g"1). A number of aliquots of the 150Nd
spike solution have been stored in 1 mL sealed-glass ampoules
and the effects of natural contamination and adsorption on glass
will be studied over the next six months.

The fuel selected for this initial investigation of burn-up
by the llt8Nd-monitor technique was a high burn-up U-Al fuel with
93% enriched U. This fuel was chosen since it would contain a
significant amount of Nd for analysis and because the fuel would
not contain large amounts of Pu which could contribute error to
the calculation of burn-up by the 2 3 5U depletion method.

An aliquot of the fuel solution, which had been analyzed
for U isotopes, was spiked with 1S0Nd, and another aliquot was
spiked with natural U. The Nd and U fractions were then
separated by the two-column anion scheme (PR-CMa-55) and the
fractions were sent to the mass spectrometry laboratories for
isotopic analysis. The burn-up calculation by the llt8Nd method
showed an atom % burn-up of 74.2%. This is in good agreement
with the results from the 2 3 SU depletion method which gave an
atom % burn-up of 74.5%.

These separation techniques are presently being applied
to Th fuels. During these studies^attention is being focused
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on the a-activity present in the fractions being collected for mass
spectrometry. High-performance liquid chromatography is also being
evaluated in an effort to improve decontamination factors and reduce
analysis time.

2.6.3.2 Control led Potential Couiometry

- C.H. Knight

The automated coulometry system continued to work satisfactorily
and was used for quantitative U determinations in six samples.

2.6.4 Analytical Support for (Pu, Th)O2 Pellet Production

2.6.4.1 Routine Analysis

- F.C. Miller, B.W. Hildebrandt, L.G. Shurrock

In support of the BDL-422 campaign to produce (Th, Pu)02 fuel
elements containing 1.54 wt% plutonium in thorium, the following
analyses were performed:

Analysis Number of Analyses

Quantitative Plutonium 4
Hydrogen 14
Metallic Impurities 4
Carbon 2
Fluoride 2
Nitrogen 2

The appearance of a black deposit on the pellet surfaces
(see PR-CMa-56) was eliminated by a complete overhaul of the
vacuum pumping system in the mixed-oxide line; the composition
and mechanism of the formation of the deposit are still unknown.
The residual hydrogen concentration in the (Pu, Th)O2 pellets is
higher by a factor of three than that obtained previously for
(Pu, U)02 pellets; extended degassing times and variations in
degassing temperature have had little effect. However, the
0.9 - 1.2 wrg" 1 levels achieved on the first four batches are



- 48 -

sufficiently below the specification limit of 1.7 yg-g"1 to allow
the fuel to be made into elements.

Three pellets from the first batch of (Pu, Th)O2, with a
nominal Plutonium concentration of 1.54 wt% Pu, were analysed by
controlled potential coulometry and gave a value of 1.54 - 0.02,
in good agreement with the predicted value.

2.6.4.2 Uranium Analyses on (U, Th)O2 Pellets

- L.G. Shurrock

Previous analyses (PR-CMa-56) had shown that the first batch
of (U, Th)02 pellets had a higher than normal pellet-to-pellet
variation in uranium concentration. The powder for the second
batch of pellets was sieved prior to blending to break any UO2
agglomerates. Six pellets, picked at random from the various trays,
were analysed and the average value for five of the pellets was
1.72 - 0.02 wt% U. This result showed that there was a marked
improvement on the pellet-to-pellet variation; however, the sixth
pellet with an analysed value of 1.59 showed that pellet-to-pellet
variation is still a problem.

2.6.4.3 Lanthanides in Thorium Dioxide Powders

- B.W. Hildebrandt, in cooperation with G. Jarbo and P. Faught

The work previously discussed in PR-CMa-55, to improve the
detection limit and the reliability of results on the emission
spectrograph for the lanthanides, gadolinium, samarium, europium,
and dysprosium in thorium dioxide powders, was continued in this
quarter. Four samples of New Brunswick Laboratory standard
thorium dioxide powder, containing specified amounts of metallic
impurities, were spiked with 0.2 to 0.5 yg'g"1 amounts of the
four lanthanides. After being separated as outlined in PR-CMa-55,
the solutions were analysed on the emission spectrograph. The
analysed values for the metallic impurities agreed with the
specified values but poor sensitivity was obtained for the
lanthanides. In a second effort to determine the cause of this
lack of sensitivity, four thorium dioxide samples, each weighing
one gram, were spiked with lanthanides at the same concentration
levels as the previous standards. These samples, along with one
unspiked sample as a blank, were separated from thorium and
analysed on the emission spectrograph. Again poor sensitivity
was observed for the lanthanides. To enable a more detailed
study of this sensitivity problem, 20 g of thorium dioxide
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powder was dissolved, separated from the metallic impurities, and the
solution containing the impurities was transferred to the spectro-
graphic laboratory for more detailed development work.

2.6.4.4 Alpha Spectrometry

- F.C. Miller, B.W. Hildebrandt

Recently there has been an increased demand for a-spectrometry
analysis beyond its occasional use for the identification of a-emitters.
As a result of this demand, and the potential of this technique for
some of the analyses required for burn-up determination, present
instrumentation and techniques are being evaluated and improved.

During the past quarter a number of samples from the mass
spectrometry groups were analysed to determine the percentages of the
a-emitting isotopes present in the following materials: (1) 2 3 8Th
and daughters, (2) 230Th and daughters, (3) 2 3 3U and daughters,
and (4) a Pu standard containing ^ 85 wt% 21*2Pu. Two samples
containing either Pu or Am were also identified for the burn-up
studies, and one sample from the Radiation and Industrial Safety
Branch was analysed for plutonium isotopes. The sources for the
above samples were prepared by pipetting and the resolution was in
the 30 keV Full Width Half Maximum (FWHM) range. In the past we
have used sublimed sources for this type of sample and found
resolutions of i< 16 keV FWHM; however, with sublimation it is not
possible to place a known quantity of material on the counting disc.
Consequently more quantitative techniques were examined. Electro-
deposition was used to prepare discs of both enriched uranium and
americium. The discs were prepared from dimethylsulfoxide at a
constant current of 15 mA-cnr2 for a period of 10 nrin and the
recoveries were 105 * 2 wt%; the positive bias was possibly due to
differences in geometry between the standard and the electro-
deposited sample. Another approach to quantitative a-spectrometry
analysis is the use of a-active isotope dilution and current effort
is being directed towards the development of a method for the
determination of plutonium for use in burn-up determinations.
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2.7 PUBLICATIONS AND REPORTS

2.7.1 Publications

Applications of High Performance Liquid Chromatography to the
Analysis of Nuclear Materials
- R.M. Cassidy and S. Elchuk
J. Liquid Chromatography, 4(3), 379-398 (1981)
AECL-7129

Evidence for Metallic Ag at the Surface of the Ag/Ag2S Electrodes
- J. Gulens and D.W. Shoesmith
J. Electrochemical Soc, 128, 811-815 (1981)
AECL-7200

2.8 LECTURES, MEETINGS AND COURSES

2.8.1 Lectures

CANDU With Hydrogen
- M. Hammerli
Presented at the 6th Annual Science Teachers Seminar at CRNL,
1981 Apri l 04

Environmental Monitoring of H2S-in-Water
- J . Gulens
Presented at International Symposium "Electroanalysis in Cl in ica l ,
Environmental and Pharmaceutical Chemistry", University of Wales
Inst i tute of Science and Technology, 1981 Apri l 13-16

International and National Interest in Hydrogen and Its Isotopes
- M. Hammerli '
Presented to the AECL-Chemical Company, 1981 April 27

CANDU With Hydrogen
- M. Hammerli
Presented at "Hydrogen as an Energy Source" Conference, University
of Western Ontario* London, Ontario, 1981 May 01

Anion Exchange Chromatography With Pellicular Resins
- L.W. Green
Presented at AOAC Workshop, Ottawa, Ontario, 1981 May 11-13

Overview of HPLC of Metal Species
- R.M. Cassidy
Presented at AOAC Workshop, Ottawa, Ontario, 1981 May 11-13
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Trace Metal Ion Determinations by High-Performance Liquid Chromatography
- R.M. Cassidy
Presented at 64th CIC Cdn. Chemical Conference, Halifax, N.S., 1981
May 31 - June 03

Ion Exchange Chromatography of Anions With Pellicular Resins
- L.W. Green
Presented at 64th CIC Cdn. Chemical Conference, Halifax, N.S., 1981
May 31 - June 03

2.8.2 Meetings

M. Hamierli - held discussions at National Research Council and chaired
1st meeting of Scientific Program Committee for 5th World Hydrogen
Energy Conference, Ottawa, 1981 April 06-07

J.P. Mislan - attended Dionex Ion-Chromatography Seminar and held
discussions with Dr. R. Dabeka (Banting Research Centre) regarding
Graphite Furnace AA, Ottawa, 1981 May 07

M. Hammer!i - participated in IEA's Workshop on the Production of
H2 by Electrolysis and toured various laboratories, London, England,
1981 May 24 - June 08

I.H. Crocker - attended 29th Annual Conference on Mass Spectrometry
and Allied Topics, Minneapolis, 1981 May 25-29

J. Gulens, R. Cassidy, L. Green - attended Analytical Sub-Committee
Meeting, Halifax, N.S., 1981 June 03-04

M.W.D. James - assisted with set-up of mass spectrometer, Bruce
Heavy Water Plant, 1981 June 15-19

W.M. Thurston - attended meetings to review D/H analytical tech-
niques and instrumentation and discussed training requirements at
the Heavy Water Plants, Halifax, N.S., 1981 June 22-26

2.8.3 Courses

W.J. Olmstead - "Technical Report Writing I " , Forest Ha l l , Deep River,
1981 April 07, 08 and 10

I .H. Crocker - "The Corrective Interview", Building 508, 1981 April 10

W.J. Edwards, L.W. Green, J . Gulens - "Performance Appraisal
Interviewing", Forest H a l l , Deep River, 1981 May 13-14
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3.2 RADIATION CHEMISTRY AND LASER PHOTOCHEMISTRY

3.2.1 Pulsed Electron Radiation Chemistry

- R.G. Macdonald and O.A. Mi l ler

(a) Low Dose Radioiysis of Ng-Oo Mixtures

The discrepancy between the reported GtNOg) yields for Co-gamma
O i O O l

p y p g g
radiation of N2-O2 mixtures obtained using the Philips NO/NOg analyzer
and a spectrophotometric method for the measurement of NOo concentration
(PR-CMA-55, AECL-7242 and PR-CMa-56, AECL-7332) has led to a complete
overhaul of the analyzer. Several faults that had developed in our
instrument were found and corrected. However, anomalous behaviour was
s t i l l observed in this instrument. This behaviour has been traced to
the production of an unidentif ied substance in our part icular experiments
with the irradiated N2-O2 mixtures which interferes with the proper
response of the analyzer to NO2. Experiments are now underway to remove
this species.

(b) Vibrational Energy Transfer in NO

No new results are reported this quarter. Attempts have been made
to improve the signal to noise rat io of these measurements and reduce
the electr ical interference from the Febetron pulse.

3.2.2 Radiolysis of Liquid Systems

(a) Radiolysis of Aqueous Gadolinium Nitrate Solutions

- J.W. Fletcher and P.J. Roy

The formation of H2, O2 and H2O2 in the radiolysis of aqueous
gadolinium nitrate solutions has been reported previously: PR-CMa-54,
AECL-7156 and PR-CMa-52, AECL-6966. Preliminary results have now been
obtained for n i t r i t e yields (as N02" and HNO2). The low dose HNO2
yield is about one-tenth that of H2O2 in 1 millimolar gadolinium ni t rate.
The HNO2 steady-state concentration was also much smaller and occurred
at a lower dose than observed for H9O2. This could be due to reaction

m.

H+ + H202 -y NO3" + H20 + 2H+

The rate of this reaction increases with decreasing pH and in a pH 3
solution no HNO? was observed after i r radiat ion. A decrease in the
steady-state H2O2 concentration is also observed in these acidic solutions.
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Reaction [1] prevented analysis of ni t r i te by the calorimetric
method of Wilkinson (1) in the presence of HJL since acidification of
the sample is required. Direct optical measurement of the HNOo at
the 350 nm wavelength band is a satisfactory alternative analytical
method.

Calculations indicate that at Gammacell dose rates the ni t r i te
should be at equilibrium with N2O3, N2O4, NO2 and NO. The volat i l i ty
of NO and its reaction with 0? could affect the radiation chemistry of
aqueous nitrate solutions, when there is a vapour space above the
liquid.

(1) J. Wilkinson, PH.D. Thesis, University of Edinburgh, 1952.

(b) Iodine Chemistry in Aqueous Solutions

- J.W. Fletcher and L.W. Thomson

In aqueous solutions, iodine chloride (IC1) appears to be
completely hydrolyzed to hypoiodous acid (HOI).

[2] I d + H20 + HOI + H+ + Cl'

I f sufficient acid and chloride (Cl") are present the stable iodine
dichloride anion (IC12~) is formed via equilibria [3] and [4].

[3] HOI + H+ + C T ^ I C l + H20

[4] IC1 + C l ~ ^ IC12"

No evidence was observed for the presence of IC1, indicating equilibrium
[3] is to the lef t while equilibrium [4] is shifted to the right.
Similarly, no evidence of hypochlorous acid (H0C1) formed via
equilibrium [5] was noted.

[5] HOI + C1"^HOC1 + I"
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Preliminary data indicate that aqueous HOI has an absorption
spectrum with maxima at about 200 and 290 nm and extinction coefficients
of about 8000 and 150 L-mol"1- cm"1, respectively.

The rate of decay of HOI by reactions [6 - 8] was monitored by
following the loss of absorption at 290 nm.

[6] HOI + H O I — ^ I" + HI02 + H+

[7] HOI + HI02 •*=* I ' + I 0 3 " + 2H+

[8] HOI + I " ^ I 2 + OH"

Since HIO2 is unstable in these solutions, due to its rapid removal by
reaction [7], and equilibrium [8] is rapidly established i t follows
that reaction [6] is rate controlling. Under these circumstances the
rate of decay of HOI was independently monitored by following the
formation of I2. Values of the rate constant of reaction [6] obtained
by the two methods were in good agreement.

The rate of disappearance of HOI can be decreased if a steady-state
concentration of the stable IC12" is formed via equilibria [3] and [4],
The rate constant "k" for HOI decomposition (reaction [6]) can be
obtained from the following rate expression

2

Jin | t% T
b ] ^ - y 14j t

(1 + K)Z

II 4. IIwhere I 2 = I 2 concentration at time "t

I«E = I« equilibrium concentration

I2T = (I2 total)2 /I2E

K = [IC12"]/[HOI]
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Preliminary results indicate that the decay of HOI via reaction [6]
is slower than reported in the l i terature (1) with k < 100 L-mol"'"s"' •

(1) T. Thomas, D. Pence and R. Hasty, J . Inorg. Nucl. Chem. 42, 183
(1980). ~

(c) Radiolysis of Aqueous Dithiothrei tol Solutions

- A.J. E l l i o t and F.C. Sopchyshyn

Previously we reported product yields for ^-saturated solutions
containing 1 x 10"3 moM-1 d i th io thre i to l (DTT or R(SH)2) irradiated
at pH 5.7 ± 0.5 (PR-CMa-56, AECL-7332). This study at a dose rate of

fV-*L"'*'s"^ ' " ' - • - - - • - - --
at pH 5.7 ± 0.5 (PRCMa56, AECL7332). This study at a dose rate of
2.97 x 1019 eVfL-'- 's- ' has been extended to solutions of di f ferent pH
and*to solution* saturated with N2O. These results are shown in
Tabl* 3.2.2.1. When N2O was the saturating gas, most of the solvated
electrons were converted to hydroxyl radicals, according to equation [1],

[1] e" + N20 + H20 •* OH + OH" +

From the table, i t can be calculated that 25% and 40% of the
hydroxyl radicals at pH 5.2 and 8.7, respectively, generate H2S. H2S
has not previously been reported as a product of the hydroxyl radical
reaction with sulphydryl compounds. This implies that reactions [2 ] ,
[3] and [4] describing the formation of H?S have to be added to the
sequence reported in PR-CMa- 56.

[2] HS-CH2-CH0H-CH0H-CH2-SH + OH -• HS-CH2-C0H-CH0H-CH2-SH

0

[3] HS-CH2-C0H-CH0H-CH2-SH -• HS + CH-j-C-CHOH-CHg-SH

[4] HS + R(SH)2 -»• R ' + H2S + H

The difference in the H?S yields at pH 5.2 and pH 8.7 probably
ref lec ts , in part, the part ia l ioni2ation of the sulphydryl groups in
DTT at the higher pH (1) which may redirect the hydroxyl radical
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reaction away from the thiolate am*on. From the UV spectra of
solutions irradiated at pH 8.7, there is evidence of an unidentified
product. This complicates measurements of the yields of d i th iothrei to l
disulphide (DTT-ox) and n i t r i t e ions and hence these are only expressed
as maximum values.

In marked contrast to results at pH 5.2 (PR-CMa-56, AECL-7332),
the presence of ni t rate ions at pH 8.7 did not lower the H£S y ie ld
s igni f icant ly . This can be understood in terms of the l ifetimes of NO,
formed in [5] in basic and acid solutions.

[5] e" + N03" -• NO3

At pH 8.7, the h ^ f - l i f e of reaction [6]

[6] NO3 + H20 -»- N02 + 20K"

is 10-12 us while at pH 5-6, a h a l f - l i f e of 3 ps is observed for
reaction [7] (2).

[7] NO3 + H+ -• HN03
i -• N02 + OH"

At pH 8.7, NO3 reacts with DTT via [8] to form H2$

[8] NO3 + R(SH)2 + H+ -»• H2S + N03" + R-SH

while at pH 5-6, reaction of N02 predominates [9]

[9] N02 + R(SH)2 + R I t N02" + 2H

The radiation chemistry of DTT in acid solutions (^-saturated) is
very dif ferent from that at pH > 510 as DTT-ox is not a major product.
At pH 1 and 2,G(fl) is approximately 3.3. After correcting for a
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molecular hydrogen yield of 0.45 (3), a value of G(H2) *» 2.0 is
obtained which indicates only 60% of the hydrogen atoms reacted by
abstracting a hydrogen atom from DTT. Based on other studies of
thiols in acid solutions (4-6), the remaining hydrogen atoms can
be accounted for by reaction [10].

[10] H + R(SH2) «• RSH + H2S

After allowing for reaction [10], there is an excess G^S) of * 0.5
which can be attributed to reaction of the hydroxyl radicals. The
fate of RSH is uncertain as DTT-ox is not formed in these reactions.

Table 3.2.2.1

G (Products)* for Irradiated 1 x 10"3 mol-L"1 Dithiothreitol Solutions

Saturating pH [N03l G(H,S) G(DTT-ox) G(NO9") G(H,) G(-SH)
Gas _ mo l - i . ' 1 6

N2 1.0 0 1.85 ? - 2.54±0.40 8.7

N2 2.0 0 1.85+0.19 ? - 2.41+0.32 8.40±0.64

N20 5.2 0 1.50+0.20 3.94±0.15 - 9.38±0.50

N2 8.7 0 4.07+0.36 £3.21+0.26 - 11.31il.33

N2 8 .7 6 .6x lO ' 3 3.72±0.17 <3.67±0.36 <5.66±0.44 13.00±0.28

N20 8.7 0 2.54±0.28 £3.98±0.14 - 11.45+0.52

^molecules formed per eV energy absorbed.

(1) E.L. Loechler and T.C. Hollocher, J . Amer. Chem. Soc. 9_7, 3235 (1975).

(2) M. Gratzel, A. Henglein, and S. Taniguchi, Ber. Bunsenges. Physik.
Chem. 74, 292 (1970).
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(3) J.W.T. Spinks and R.J. Woods, "Introduction to Radiation Chemistry",
John Wiley & Sons, 1976.

(4) V.S. Wickening, M. Lai, M. Arends, and D.A. Armstrong, Can. J.
Chem. 1966, 45_, 1209.

(5) G.C. Goyal and D.A. Armstrong, J. Phys. Chem. 1976, 80_, 1848.

(6) T-L. Tung and R.R. Kuntz, Radiat. Res. 1973, 55., 10.

(d) Two-Phase Water Radiolysis

- A.J. Elliot and F.C. Sopchyshyn

As problems were encountered with the original rig for thermostatting
and stirring sealed water samples in the Gammacell (PR-CMa-55, AECL-7242),
an entirely new apparatus has been built utilizing oil as a heat transfer
medium. It has been tested up to ̂ 120°C and, to date, found to be
satisfactory. At present, product data are being collected for water
radiolysis at 75°C.

(e) Pulse Conductivity

- A.J. E l l i o t , J.W. Fletcher, B. Selkirk, and F.C. Sopchyshyn

To complement the existing optical detection of transient species
formed in pulse radiolysis studies, conductivity methods for detecting
the ionic intermediates are being developed. To date, a design suitable
for use in solutions of very low in t r ins ic ionic strengths has been
tested and found to be satisfactory for times within 2 us of the Van de
Graaff pulse. Currently a design for use in solutions which have ion
concentrations of 10"^ mol'L"' is being developed.

3.2.3 Photochemical Isotope Separation

- R.D. McAlpine, D,K. Evans, H.M. Adams, J.W. Goodale and A.L. Creagh

(a) Multiphoton Decomposition (MPD) of 2,2,2-TnTluoroethanol (TFE)
by a Pulsed HF Laser

Studies of HF laser induced multiphoton decomposition (MPD)
of TFE have continued. Detailed kinetic studies have been performed
for TFE pressures between 0.133 kPa and 1.33 kPa, and i t is clearly
established that the MPD is f i r s t order in TFE pressure. This contrasts
to the second order behaviour previously reported for methanol (1) and
demonstrates that col l isions are not important for the MPD of TFE.

The results of an isotopically selective MPD study are shown in
Fig. 3.2.3.1. The CF3CH9OH component of an isotopic mixture

( C F C H 0 H C 0 = 42:58) was selectively irradiated using the
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Figure 3.2.3.1 - Separation factors for selective i r radiat ion of the CF3CH0OH
component of the mixture, CF3CH20H:CF3CHp0D = 42:58. The
separation factor aH(HYD) = (H/D)HyD v (H /D) m i x t u r e .
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HF Pi(7) line. The hydrogen product is isotopically enriched
[aH{HYD) = (H/D) HYD * (H/D)mjxtyre] at low pressures; but this
enrichment is lost as pressure increases. This behaviour, which
was previously observed for other molecules (2-4) shows that, while
collisions do not play an essential role in the MPD decomposition
process, they do transfer the excitation energy between the isotopic
species.

For practical consideration, it is important to develop a
useful mathematical description of MPD probability versus geometry.
We have studied the MPD yield for two different irradiation geometries
and have used three different models to calculate D, the total number
of TFE molecules decomposed by the expression given in equation [1]

[1] D = f ft(E) N(E) dV

The function f^(E) gives the decomposition probability for the i'th
mathematical model, N(E) is the number of TFE molecules "seeing" fluence
E and dV is the volume element. The first model [fi(E) = exp(-90(E)]
was suggested by Fuss (5). The second makes use of an energy grained
Master Equation which has recently been shown to be consistent with
f?(E) being described by a Cumulative Log Normal Distribution Function
(for f versus loge E) (6). The third model was that used by Marling*
Thomas and Herman to describe the MPD of CDF3 (7). All of these models
predict values of D within a factor of 3-4 of those measured, and we
are not currently able to decide which is superior.

(1) D. Anderson, R.D. McAlpine, D.K. Evans and H.M. Adams, Chem. Phys.
Letter 79_, 337 (1981).

(2) D.K. Evans, R.D. McAlpine and F.K. McClusky, Chem. Phys. 32, 81 <, <.

(3) R.D. McAlpine, D.K. Evans and F.K. McClusky, Chem. Phys. 39_, 263 (1979).

(4) D.K. Evans, R.D. McAlpine and F.K. McClusky, Chem. Phys. Letters 65,
226 (1979). ~~

(5) W. Fuss, Chem. Phys. 36, 135 (1979).

(6) A.C. Baldwin and J.R. Barker, J. Chem. Phys. 74, 3813 (1981).

(7) J.B. Marling, I.P. Herman end S.J. Thomas, J. Chem. Phys. 72, 5603
(1980). ~~



(b) Multiphoton Decomposition of Monomethyiamine

Work has continued to determine whether the rnuitiphoton decomposition
of CH3NH2 is intensity or fluence controlled. Very careful control of
the COg short pulse system has allowed us to determine the CH3NH2 pressure
dependence for nominal 10 ns pulses. Dependence on intermolecular
coll isions (pressure) has to be considered when we are varying the pulse
length. The results are summarized in Figure 3.2.3.2. There are two
points to notice from this f igure. F i rs t , even though the number of
hard-sphere col l isions goes only from 0.07 to 0.7 during the laser pulse,
as pressure increases from 0.133 to 1.33 kPa, there is a dependence of
product y ie ld (number of molecules /pulse/kPa) on gas pressure. Thus,
when going to longer pulses, we have to consider the increased number
of col l isions at a f ixed pressure. The second point is that the pressure
dependence is much reduced below about 0.4 kPa. Thus for "col l is ionless"
experiments with a nominal 10 ns pulse, one must work at pressures below
0.4 kPa. Our detection sensi t iv i ty requires us to do experiments in
the "co l l i s iona l " regime and the fluence/intensity study was done at
0.67 kPa.

We have measured the hydrogen y ie ld for both 6 ns and 9 ns (FWHM)
pulses. The data, uncorrected for pressure ef fects, are shown in
Figure 3.2.3.3. Both pulse lengths give essentially the same y ie ld
with the longer pulses tending to s l ight ly lower y ie lds. We have not
yet f u l l y determined the correction for co l l is ions, but preliminary
data indicate that for comparison of 6 ns and 9 ns pulse data, the yields
from the longer pulse experiments should be scaled down two-fold. There
appears to be some intensity dependence of decomposition y i e l d .
Experiments to better determine this are continuing.

(c) Multiphoton Absorption (MPA) Measurements

Signif icant progress has been made towards automation of the
photoacoustic measurements from which MPA may be deduced. A data
acquisition system was constructed by E.B. Selkirk and is now being
'"'ed, A computer program to analyze the data in the format generated

c acquisition system has been wr i t ten. These developments have
icantly improved the efficiency of collection of MPA results.

3.2:.-* uaser Magnetic Resonance

- D.R. Smith, J.S. Geiger and J.D. Bonnett

The deutero-amino radical , NHD, is of interest , since i t might be
formed by isotopical ly selective infrared laser multiphoton-induced
decomposition of ammonia or amines. Since the laser magnetic resonance
(LMR) spectra of NHD have never been observed, we have embarked on
experiments aimed at a far infrared (FIR) LMR detection and
characterization of NHD.
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NUMBER OF COLLISIONS DURING LASER PULSE

0.5

CH3NH2 PRESSURE (kPa)

Figure 3.2.3.2 - The dependence of hydrogen yield on monomethylamine pressure.
The gas was irradiated using the 9P24 line of a CO? laser
with pulse width 6 ns FWHM. The fluence at the lens focus (29.4 cm
focal length BaF2) was 20 + 0.5 J/cm2.

2 0

LOG LASER FLUEKCE

Figure 3.2.3.3 - The dependence of hydrogen y ie ld on laser peak fluence and
intensity. A CO? laser was used operating on the 9P24 l ine
t°r 6AM l^tes ^X) an^ 9 ns p u l s e s ( A ) mM- The shorter pulses
have 40% higher intensity for a given fluence than the longer
pulses. Al l pulses were focussed into the i r radiat ion cel l
with a 29.4 cm focal length BaF2 lens. No correction has been
made for the effect of the increased number of col l isions for
the longer pulses.
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The spectroscopic data of Ramsay and Wayne (1) have been used to
predict rotational transitions at energies corresponding to FIR
wavelengths between about 50 and 500 um, the practical range of our
FIR LMR spectrometer. Near coincidences (£ 0.5 cm"') between prediction,
and an attainable wavelength, serve to guide our search for NHD
transitions.

An isotopic mixture, with NH?D being the dominant form, was
prepared by Schindewolf's method (2), using water with a 25% deuterium
content.

[1] NaCN + 2HD0(H20, DgO) -* D(H)C02Na

Amino radicals are formed by an intra-cavity e lectr ic discharge
in a helium-deuterated ammonia mixture. To date several spectra,
believed to arise from NHD, have been observed.

(1) D.A. Ramsay and F.D. Wayne, Can. J . Phys. 5_7, 761 (1979).

(2) U. Schindewolf, "Preparation of Deuteroammonia, p. 495 in
"Metal-Ammonia Solutions", proceedings of an international
conference on the nature of metal-ammonia solutions - Colloque
Weyl I I , 1969; Butterworth and Co. L t d . , London, 1970.

3.2.5 Volat i le Molecules of Heavy Elements: Approaches to Laser Separation
of Zirconium Isotopes

- Contract Research'by M.J. McGlinchey, Department of Chemistry,
McMaster University

3.3 HYDROGEN-WATER EXCHANGE

3.3.1 Kinetic Studies of the Isotopic Exchange between Hydrogen and Water

- J.P. Butler, J . den Hartog, F.W.R. Molson, J.H. Rolston, L.M. Dainty
and K.L. Gale



- 67 -

3.3.2 Studies of the (110) Surface of MonocrystaTline Pt

- P.R. Norton, with T.E. Jackman, J.A. Davies, C.W. Sitter, D.P. Jackson
(Solid State Science Branch) and W.N. Unertl (University of Maine)

See Solid State Science Branch report, section 1.3.1.

3.3.3 Preparation of a (111) Pt Single Crystal

- P.R. Norton, with T.E. Jackman, J.A. Davies, C.W. Sitter, D.P. Jackson
(Solid State Science Branch) and W.N. Unertl (University of Maine)

See Solid State Science Branch report, section 1.3.2.

3.4 ISOTOPE CHEMISTRY

3.4.1 Deuterium Exchange Between Fluoroform (CF,H) and Water

- E.A. Symons, L.A. Coderre and J.C.G. Drover

Gas chromatographic measurements on the so lub i l i t y of CF3H in water
have been extended to lower temperatures; the so lub i l i t y rises rapidly
from 2.3 x 10"4 mole fraction at 25°C to 4.5 x 1 (H mole fraction at
5°C. liata obtained for CF3D were identical within experimental error
of ±2%, which indicates that the CF3D/CF3H so lub i l i t y isotope effect is
not abnormally large (probably less that 1.02). New apparatus, based
on the design by Benson, ejt al_. (1) , has been constructed and tested
prior to more accurate determination of this rat io in water.

(1) B.B. Benson, D. Krause, Jr. and M.A. Peterson, J. Solution Chem.
8, 655 (1979).

3.4.2 Isotopic Exchange Reactions in Protic Solvents

- J.D. Halliday, P.E. Bindner and S. Padamshi

Deuterium Redistribution in Pimethyl amine-Nd Catalyzed by Cesium
Pi methyl amide

Work this quarter has involved the development of a UV/Vis
spectrophotometric technique to accurately determine the concentration
of cesium dimethylamide in our dimethylamine NMR exchange samples. An



- 68 -

optical spectra calibration curve for 24 concentrations of cesium
dimethyl amide in dimethylamine over the concentration range 9.70 x 10"'
to 2.23 x 10~4 moles/kg prepared by weight d i lu t ion of concentrated
stock solutions showed that Beer's Law was obeyed. For the NMR
exchange samples, each tube had a 1 mm optical cel l attached and
the spectrum of the solution was taken pr ior to sealing the solution
in the NMR tube. Measurements of the kinetics of the exchange reaction
as a function of catalyst concentration and temperature are underway.

3.4.3 Separation Factor for Deuterium Exchange Between Hydrogen and
Methanol/Water Mixtures

- J.H. Rolston and K.L. Gale

The addition of methanol to l iqu id water produces a very steep
rise in the solution viscosity and maxima in the viscosity-composition
curves, in the range 0.2 to 0.3 mole fract ion alcohol, have been
observed with a l l to ta l l y miscible alcohols (1). Solution viscosity
also increases with isotopic substitution (2) hence i t was of
interest to check the influence of solution viscosity on the
deuterium-protium separation factor, a.

Measurements of a, between hydrogen gas and l iqu id mixtures of
methanol and water have been in i t ia ted at temperatures of 25, 40 and
60°C. Preliminary results indicate that a increases in a roughly
linear fashion with the methanol mole f ract ion. Further data are
required to define the relationship.

Additional H2-HD-D2 standards have been prepared to improve
the calibration of the mass spectrometer for these species in hydrogen
samples containing deuterium atom fract ions. in the range 0.03 to 0.25.

(1) W. Drost-Hanson and L. Korson, Viscosity and Conductivity
Studies, Progress Report No. 349, August 1968, Office of Saline
Water, U.S. Department of the In ter ior , Washington, D.C.

(2) E. Gulari and B. Chu, J. Chem. Phys. 73, 2480 (1980).
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3.5 REPORTS, PUBLICATIONS, PATENTS AND LECTURES

3.5.1 Publications

Neutron Scattering from Spins and Phonons in Uranium Compounds
- W.J.L. Buyers, T.M. Holden, A.F. Murray, J.A. Jackman, P.R. Norton,
P. de V. DuPlessis and 0. Vogt
Proceedings of the International Conference on Valence Fluctuations
in Solids, Santa Barbara, California, 1981 January 27-30,
North-Holland (in press) (1981)

The Pt(700) (5x20) -> (1x1) Phase Transition: A Study by Rutherford
Backscattering, Nuclear Microanalysis, LEED and Thermal Desorption
Spectroscopy
- P.R. Norton, J.A. Davies, D.K. Creber, C.W. Sitter and T.E. Jackman
Surface Science (in press) (1981)

Deuterium Isotope Exchange Between Molecular Hydrogen and Cyclopentylamine
- E.A. Symons and M.J. Clermont
Can. J. Chem. (in press) (1981)

3.5.2 Lectures

Measurement of IR Multiphoton Absorption by Polyatomic Molecules
Using the Photoacoustic Technique
- S.L. Chin, D.K. Evans, R.D. McAlpine and W.N. Selander
Second International Topical Meeting on Photoacoustic Spectroscopy,
U. of Cal i fornia, Berkeley, Cal i fornia, 1981 June 22-25

Aqueous Iodine Chemistry
" J.W. Fletcher
Chemistry & Materials Division Seminar, Chalk River Nuclear Laboratories,
1981 May 5

Laser Isotope Separation and Multiphoton Decomposition of Various
Molecules
- R.D. McAlpine and D.K. Evans
University of Pennsylvania Symposium on Spectroscopy and Dynamics in
Honour of R.M. Hochstrasser, Pittsburgh, Pennsylvania, 1981 April 9-10

A Rutherford Backscattering Study of Pt(l lO) Phase Transitions
- T.E. Jackman, J.A. Davies, D.P. Jackson, C. S i t te r , P.R. Norton
and W.N. Unertl
41st Annual Conference on Physical Electronics, Bozeman, Montana,
1981 June 29-July 1

Neutron Scattering from Spins and Phonons in Uranium Compounds
- W.J.L. Buyers, T.M. Holden, A.F. Murray, J.A. Jackman, P.R. Norton,
P. de V. DuPlessis and 0. Vogt
International Conference on Valence Fluctuations in Solids, Santa Barbara,
Cal i fornia, 1981 January 27-30
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Detection of Transient (Pulsed) Populations of Free Radicals by the
Laser Magnetic Resonance Technique
" J.S. Geiger, D.R. Smith and J.D. Bonnett
15th International Symposium on Free Radicals, Ingonish Beach,
Nova Scotia, 1981 June 2-7

The following papers were presented at the 64th Canadian Chemical
Conference and Exhibition, Halifax, Nova Scotia, 1981 May 31-June 3

Solubility and Kinetic Hydrogen Isotope Effects in the D2/HD/H2
- Cyclopentylamine Exchange System
" E.A. Symons and M.J. Clermont

The Reaction of Trimethyl amine in Liquid Hydrogen Sulphide: An
Electrical Conductance Study
- J.D. Halliday and P.E. Bindner

The lectures listed above may not be available in print.
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4.2 SURFACE CHEMISTRY

4.2.1 Environmentally Induced Cracking

(a) Gaseous Hydrogen Cracking

- B. Cox and V.C. Ling (with C.E. Coleman, Metallurgical
Engineering Branch)

The vacuum system rebuilding has resulted in improved ease of
taking gas samples and a better vacuum now that a l l the small leaks
have been eliminated from the system. Further experiments in arresting
gaseous hydrogen cracking by adding traces of oxygen have confirmed the
amount of oxygen required (see PR-CMa-56, AECL-7332) at ^ 0.1 vo!$.
However, reproducibi l i ty on gas samples taken simultaneously from the
system remains poor. In (ar t icu lar , water vapour levels in the analyzed
gas are higher than expected. I t appears that some of this water
vapour may be being produced in the system i t s e l f by cata lyt ic reduc-
t ion of metal oxides on the walls of the system by the hydrogen added,
possibly with the metal oxides themselves acting auto-cata ly t ica l ly . To
t ry to eliminate this contamination a further l iqu id nitrogen trap has
been added very close to the specimen and gas sampling manifold.

(b) Stress-Corrosion Cracking by I? Vapour

- B. Cox and R. Haddad (with B. Surette, Fuel Engineering
Branch)

The i n i t i a t i o n of iodine induced stress corrosion cracks is
probably the rate l im i t ing step for 'smooth' specimens. I n i t i a t i on at
cracked hydrides was demonstrated to be a possible process (1) , but can
only be effect ive when the specimens are stressed at room temperature
prior to the experiment. Cubicciott i and Jones (2) have claimed that
i n i t i a t i o n takes place at large K 30 jjm) second phase par t i c les ;
however, we have never seen such part icles in our cladding, and the
technique which they used to reveal them (argon ion sputtering) is very
prone to the production of a r t i fac ts . We know that other i n i t i a t i o n
processes must be operative because some batches of cladding (e.g. MLI-
3032,-3034) have no radial hydrides at the inside surface, and yet are
very susceptible to cracking in a sp l i t - r i ng test . We are currently
searching for an al ternat ive i n i t i a t i o n process.

SEM examination of the crack i n i t i a t i o n regions in sp l i * - r ing
and SIMFEX (SIMulated Fuel Expansion test) specimens from batches
MLI-788, -30177 -3034 and -3B04 did not reveal any characterist ic
features suggesting the presence of either large intermetal l ics or"
other special features at the i n i t i a t i on s i tes. I t was found to be
d i f f i c u l t to obtain part ia l cracks in these tests. Even when monitored
by acoustic emission the specimens showed either complete fa i lu re or
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no cracks of any dimension. Since i t was apparently d i f f i cu l t to stop
a sp l i t - r ing type test suff ic ient ly rapidly to arrest the crack in i ts
early stages, an apparatus which compressed rings of fuel cladding by a
motor driven cam-follower was adapted so that the stress could be
removed immediately an acoustic emission signal was heard. Again, i t
was found to be impossible to arrest the process before the sample was
completely broken. This observation led to the suggestion that perhaps
an 'active path* mechanism was occurring with iodine diffusing into the
metal during the in i t i a t ion stage followed by the rapid fracture of the
specimen along the active path. Diffusion of halogen 1n the t r iax ia l l y
stressed region of specimens has been reported previously for chlorine
in T1-8A1-1V-1MO by Kaplan et a l . (3), but the work has been largely
discounted because of doubts concerning the autoradiographic technique
used, and because attempts at CRNL (4) to measure iodine diffusion in
zirconium suggested a very low diffusion coeff icient.

In order to pursue this hypothesis the ring-compression appara-
tus was modified so that, on a given signal, i t would f i r s t overstrain
the specimen and then immediately reduce the stress to zero. For the
f i r s t two experiments of this type, the overstraining was triggered
manually at a time just prior to the anticipated f i r s t acoustic
emission (judged from previous experience). The specimens when opened
subsequently both showed apparent incipient cracks up to 50* of the
wall thickness. The fractogcaphy of these cracks, although clearly
similar to normal transgranular SCC cracks, showed some features which
have not previously been observed. Further studies are proceeding.

(1) B. Cox, ASTM Special Technical Publication, STP-681, p.306
(1979).

(2) D. Cubicciotti and R.L. Jones, Electric Power Research Inst i tu te
Report EPRI-NP-717 (1978).

(3) M.P. Kaplan, D.S. Cowgill, J.S. Fritzen, W.E. Krupp,
S. Krystkowiak and K.E. Weber, Corrosion, 1970, 26, 7.

(4) J.C. Wood, B.A. Surette, I.M. London, and J . Baird, J . Nucl. Mat.,
1975, 57, 155.

4.2.2 Protective Coatings for Zircaloy Fuel Sheaths

- N. Ramasubramanian

Thin films of nickel-free stainless steels, ^ 50 nm thick of Type
446 and % 200 nm thick of Type 410, were sputter-deposited on samples
of Zircaloy-2 fuel sheath tubing. The coated samples were paired with
uncoated samples and oxidized in steam at 10 MPa and 773 K; aqueous 1 M
LiOH solution (pressurized with hydrogen at room temperature to 1.4 MPa)
at 623 K; and dry air at 673 K for periods of one week.
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The results obtained in the steam oxidation were similar to
those reported previously in PR-CMa-56 (AECL-7332), Section 4.2.3; only
interference-coloured thin oxide growth was observed on the sputtered
films and the sputtered deposits reduced the oxidation of the Zircaloy
drast ical ly . In dry a i r , the results obtained were opposite to those
observed in steam; the rate of oxidation of the coated samples was
several times higher than the uncoated samples and the sputtered films
showed interference-coloured thin oxide growth. In aqueous solution,
the coated and uncoated samples were oxidized to the same extent; the
sputtered films had also oxidized completely to a sooty black coloured
oxide.

The coated samples were examined on the optical microscope
following the oxidation in the three media. The surfaces of the samples
oxidized in air and steam were smooth and similar in appearance to that
observed prior to their oxidation, Whereas the sputtered films oxidized
to a black coloured oxide in the aqueous solution showed a grainy
structure and were made up of crystal l i tes % 500 nm in size. This black
oxide also tended to peel off the oxidized Zircaloy-2. In the aqueous
solution, the stainless steel oxidizes, probably by a dissolution and
deposition mechanism, and is not protective.

In another set of experiments, the Zircaloy tubes were sputter-
coated with a duplex layer of stainless steel and zirconia f i lms; the
zirconia, 20 nm thick, was reactively sputtered onto the stainless
steel f i lm. When oxidized in the aqueous solution, the stainless steel
f i lm oxidized completely and was not protective-

Silver is known to resist oxidation in alkaline solutions.
Zircaloy-2 tubes were coated with 320 nm thick sputtered si lver films
and tested in the aqueous solution and dry air . The si lver f i lm had
peeled off following the oxidation in aqueous solution and there was no
difference in the oxidation behaviour of coated and uncoated samples.

During air oxidation the si lver f i lm agglomerated into islands
and the rate of oxidation of the coated samples w&v higher than the
uncoated samples. Thus, during oxidation in dry aiV, the sputtered
films of stainless steel and silver seem to lower the surface
resistance for electron transport and increase the oxidation rate.

4.2.3 Oxidation of Pure Zr

- R.A. Ploc and J.A. Roy

The oxidation of t r ip ly-ref ined Zr (PR-CMa-56 (AECL-7332),
section 4.2.4) and crystal bar Zr samples has ended with a temperature
excursion in the oxidation furnace. After 200 days of accumulated
exposure at 573 K, one of the three furnace temperature controllers
stuck in the 'ON' position causing a temperature rise to 1200 K. New
samples have been prepared and are being exposed for 130 days to check
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consistency with the previous results, then continued oxidation past
our previous exposure of 163 days.

4.3 ELECTRON MICROSCOP\

4.3.1 Crystal!ographic Relationships Between ctZr and ZrO?

- R.A. Pioc and J.A. Roy

(a) (1010)

Further to several previous progress reports, work has continued
on the interpretation of the TEM-SAD patterns taken from thermal (573 K)
oxides grown on the (1010). Briefly, all efforts to find comprehensive
indexing schemes have failed though several reproducible metal/oxide
orientations have been noted.

A computer program called DECIFR was written to identify
indexing schemes for SAD patterns from materials t i l ted through large
angles ( i .e . , a true sectioning of the 3-D reciprocal latt ice). This
program was written to facil i tate the interpretation of the SAD
patterns mentioned above. Even with this program, i t was not possible
to satisfactorily account for the 3-dimensionai distribution of the
oxide reflections.

(b) (0001)

As a final step in readying our data for publication the 0/M
(oxide/metal) orientational relationships on the (0001) were
re-examined. Six relationships were found, namely:

>

( in)mmo]/ / (oooi) [n20]
( i l 2 )110 / / (0001) l l20
( 1 1 1 ) i n [ 1 ] / / ( 0 0 1 ) [ l 2 ]
(lT2)m[nO]//{0001)[112"0]

(in)cnio]//(oooi)ni2o]
(ii2)ctno]//(oooi)[ii2oi

where m and c refer to the cubic and tnonoclinic phases, respectively.
Besides these relationships, a limited amount of texturing exists about
each of the oxide poles. Some oxide orientations are of lesser impor-
tance depending on the manner in which the oxide film nucleates and
grows.
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(c) (1120)

As in Section 4.2.3(b), the thermal oxide grown on the (112*0) is
being re-examined in preparation for publication. This study is not
completed but i n i t i a l results indicate

n i0 ] m / / [ l l 20 ]

Several other minor oxide orientations are suggested but these wi l l be
delineated when confirmed.

4.3.2 Displacement Damage Cascades in Group IVB Metals

- O.T. Woo and 6.O.C. Carpenter

Continuing experimental work in this study has produced the
following new results for titanium, irradiated with Bi+ ions:

(1) The dislocation loop size distributions were measured using fo i l
normals close to the c-axis. The mean size was found to be 2.3 nm,
essentially the same for both 20 keV and 40 keV incident Bi+ ion
energy. The size increased gradually to 2.6 nm at 60 keV, but rather
abruptly to 4.1 nm at 100 keV. In each case, some 350 loops have been
counted, and the standard deviation of the distribution was approxi-
mately a quarter of the mean.

(2) A reversal in the black-white contrast which defined each small
dislocation loop was observed by changing the sign of the deviation
parameter s. This phenomenon has been observed previously and accounted
for theoretically, by Katerbau (1,2). Since the sense of the loops,
vacancy or i n te r s t i t i a l , depends on the direction of the black-to-white
vector relative to the reflecting vector j , care must be taken to image
these defects using only positive values of s for our specimens which
are always positioned with the defect layer at the electron exit
surface (1,2).

(3) Experience in imaging these defects also suggested the use of
longer extinction distance reflections such as 1010 and 2020. This
helps to position most of the defects within the f i r s t layer (approxi-
mately a quarter of the extinction distance from the surface), as the
black-white contrast is also known to oscillate with depth (3). With
this precaution and that noted in (2) above, i t appears that most of
the small loops in Bi+ ion-irradiated titanium are vacancy in nature.

(1) B. Hertel, K.H. Katerbau and R. Bair, Phys. Stat. Sol. (a) 41,
Kl, 1977. ~
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(2) K.H. Katerbau, Phil. Mag. A43, 409, 1981.

(3) See, for example, M. Wilkens, Electron Microscopy in Materials
Science, 3rd Course of the International School of Electron
Microscopy, Part I I , 1975 p.647.

4.3.3 Multi-Beam Lattice Images

- J.R. Parsons and C.W. Hoelke

Now that our pointed filaments have a useful lifetime of 15-20
operating hours, 7-beam lattice images have been used to follow the
growth of defective microcrystals of germanium into their amorphous
matrix. Electron beam heating is used to progressively crystallize the
same area on foils 22.5 nm thick. Lattice images are recorded several
times during the crystallization of each area. Once complete, the whole
process of repeated crystallization and lattice imaging is repeated on
a new area. To date, the generation of a dislocation at a grain
boundary has been recorded on successive images of the same area.

4.3.4 Simulation of Back-Scattered Laue Patterns

- R.A. Ploc and J.A. Roy

The computer program FSLP (see PR-CMa-56 (AECL-7332), Section
4.3.2) has been modified to permit the generation of Back-Scattered
Laue Patterns. Patterns so obtained appear to yield confusing results
when compared to their experimental counterparts. The source of this
confusion appears to be associated with reflection intensities which
are to be studied further.

4.4 METAL PHYSICS

4.4.1 Irradiation Creep and Growth of Zirconium

(a) DIDO Test Programme
- G.J.C. Carpenter, J.F. Matters and R.A. Murgatroyd (United

Kingdom Atomic Energy Authority)

In a second series of growth experiments, several new specimens
are being irradiated in the DIDO reactor at AERE, Harwell. Preliminary
results can be summarized as follows:
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(1) A single crystal containing an Increased density of <a>-type
dislocations, compared to a well-annealed crystal , showed negli-
gible growth at 353 K. I t appears that by providing alternative
sinks for the point defects, the dislocations inhib i t the
formation of small dislocation loops and point defect clusters
that are responsible for growth in annealed crystals.

(2) Specimens that were original ly single crystals but were deformed
to give a high density of dislocations and twins show very high
growth rates at 353 K. Lower growth rates and more complex
behaviour are being observed for similar specimens given stress
rel ieving anneals prior to i r radiat ion.

Poly crystal l ine specimens of simple binary Zr-Sn alloys are also
being irradiated in the annealed condition at 353 K and 553 K in order
to assess the role of Sn in the growth of the Zircaloys. Fluences are
too low at present for meaningful conclusions to be drawn. Currently,
considerable ef for t is being devoted to an attempt to make a single
crystal specimen where the predominant dislocations have c-component
Burgers vectors, in an ef for t to further elucidate the growth mechanism
in deformed zirconium alloys.

(b) LAMPF Programme

- S.R. MacEwen and F. Santone

Failure of a seal which maintains the positive pressure of He in
the specimen chamber terminated the LAMPF irradiation growth experiment
after about 20 days. The LAMPF production run has now ended and the
beam will be off for about 5 weeks, during which time the rig should
cool sufficiently to allow removal from the ISORAD position.

A second experiment has been initiated, in collaboration with
LAMPF personnel. Three aluminium canisters, each containing eight Ti
tensile samples and 12 microscopy discs have been assembled and shipped
to Los Alamos. They are to be irradiated in a second ISORAD position,
to fluences of about 3.5 x 1022, 7 x 1022, 1.1 x 10 2 3 n/m2. The samples
will then be returned to CRNL for testing.

(c) Irradiat ion Growth Equation

- S.R. MacEwen

A theoretically based design equation for irradiation growth has
been derived using a model developed previously (S.R. MacEwen and
G.J.C. Carpenter, J. Nucl. Mater. 90 (1980) 108). The constants K\
cl> C2» Qf» and 0^ in tne equation
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can be evaluated from f i r s t principles from a knowledge of the
microstructure, or can be determined from an optimum f i t of the
equation to a specific set of data. Figure 4.4.1.1 plots the growth
rate, £ g , and the f lux exponent n = dlneg/cty, where <f> is the damage
production rate, as functions of temperature for the microstructure and
damage rate of a Pickering Unit-1 pressure tube.

4.4.2 Ion Simulation of In-Reactor Creep

- J.R. Parsons, C.W. Hoelke and R. Herring

The room temperature portion of this work is now complete and
has been prepared for publication.

A demountable furnace capable of heating two cantilever beam
specimens to 600 K in the mass separator has been bu i l t and is being
tested for i t s dimensional s tab i l i ty following repeated thermal cycles
as would be associated with each incremental ion dose. Deflections of
the cantilever beam specimens w i l l , in this case, be monitored with a
stainless steel mirror spot welded to the free end of each specimen.
To date, no problems have appeared and 100 keV noon ion irradiations of
Zr-2 and Zr-2.5 wt% Nb specimens at 600 K are planned for the near
future.

4.4.3 Mechanical Testing

- S.R. MacEwen, J.F. Mecke and T.P. Trott ier

(a) High Temperature (Instron)

The data from the tests reported in PR-CMa-55 (AECL-7242),
Section 4.4.3(a), have been analyzed to obtain the stress and
temperature dependencies of the steady-state creep rate in Zr-2.5 wt%
Nb for stresses and temperatures in the ranges 5 to 200 MPa and 775 K
to 975 K, respectively. For temperatures at the low end of the range,
specimens machined from pressure tube offcuts exhibit s ignif icant ly
higher creep rates than do specimens cut from swaged rod. For both
types of specimen, the stress exponent, n, increases from 4 to 9 with
increasing stress. The difference in the creep rates at a given stress
for the two types of specimen decreases with increasing temperature, as
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Figure 4.4.1.1 Growth rate and flux exponent as functions of temperature for a
microstructure and damage rate representative of a Pickering
Unit-1 Zircaloy-2 pressure tube.
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does n, until at 975 K the rates are Identical and n-3 Independent of
stress. It Is found that the activation energy for creep, Q, 1s signi-
ficantly higher than the activation energy for self-diffusion, and that
Q decreases with increasing stress. The activation area, found from an
analysis of the transient strain rate which follows an increment in
stress, decreases from about 60 b2 to 25 b2, where b is the Burgers
vector, with increasing stress.

(b) High Temperature (Mand machine)

The Mand creep machine has been refurbished to Include a load
cell in the loading train, and a new LVDT (Linear Variable Differential
Transformer) system to record the elongation of the specimen. These
modifications make the machine more reliable, since the stress on the
specimen is known precisely and no longer requires a calculation
involving the position of the lever arm, and much easier to use, since
the new extensometer system eliminates extension arms attached to the
shoulders of the specimen.

(c) Ambient Temperature (MTS)

The following software has been written for the MTS Alpha System

(1) A programme to transmit experimental test data from the HP-45B
cassette tape, via a MODEM and telephone line, to the CDC main-
frame in the Computation Centre for permanent storage.

( i i ) A subroutine, activated by a key interrupt on the HP-45B, to
impose a specific sequence of testing modes on a sample. The
sequence is constant strain rate for a strain q , stress
relaxation (constant strain) for a time tR, constant strain
rate for a strain ^2, and creep (constant stress) for a time
t c . The sequence is then repeated from the beginning. This
particular sequence is used to obtain the workhardening rate,
strain rate sensitivity, and deceleration parameter, (dlne/de)a,
as functions of the flow stress, using a single specimen.

( i i i ) A data acquisition routine to store the values of stress,
strain, stroke and time whenever a mode change is made on the
MTS system. On completion of the experiment, the array
containing these values Is merged with the main data acquisition
array. Thus, for the purpose of post-test analysis, the point
of each change in mode is known precisely, and need not be
estimated by interpolation.

Preliminary experiments have been done to determine the nature
of the strength differential, SD, and Bauschinger effect in thin-walled
Zircaloy-2 tubing (0.43 mm wall; 12.7 mm OD). In samples annealed 4 h
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at 925 K, the SD was 80 MPa, and prestrains of less than 1% reduced the
0.2% proof stress tn the opposite direction by about 50%. Figure
4.4.3.2 compares the tensile stress-strain curve of an annealed
specimen with jne that had received a compressive, plastic pre-strain
of 0.85%.

Specimens of crystal bar Ir and Zircaloy-2 having aspect ratios
(A = gauge length/diameter) between 4 and 6.25 have been deformed in
compression to determine the maximum strain that can be imposed before
bowing or buckling causes significant deviation from the true,
compressive stress-strain curve. For crystal bar Zr, with a proportion-
al l imit of 25 MPa, the specimens with A ratios of 5.5, 4.8 and 4.0
produced stress-strain curves which differed by no more than the
expected specimen-to-specimen variation in strength for strains up to
about 2%. From 2% to 3% strain, the A = 5.5 specimen deviated slightly,
while the A = 4.8 and A = 4.0 specimens remained indistinguishable up
to 3%. The specimen with the highest A value, however, showed spurious
behaviour shortly following yield. For Zircaloy-2, with a proportional
l imit of 350 MPa, the results are much less conclusive. All specimens
produced similar curves up to about 1%, but thereafter diverged
strongly, with no two curves being coincident even to the extent of
normal scatter.

4.4.4 Positron Annihilation Spectroscopy (PAS)

- G.M. Hood and R.J. Schultz

Systematics of vacancy recovery in pure metals and alloys are
being measured for close-packed structures. Remarkable differences in
the systematics of vacancy recovery are observed not only as a function
of the particular metal under study, but also as a function of
relatively minor alloying additions to a given metal. I t seems probable
- at this stage - that the acquisition of vacancy defect information
via PAS wil l allow the development of useful insight about such
features as the resistance of metals and alloys to void formation and
the relative significance of equilibrium defect parameters outwith the
traditional simple monovacancy description. To date, we have amassed
such information on nominally pure Zr, T i , Al and Au and on some of
their simple alloys.

4.5 PUBLICATIONS, LECTURES AND REPORTS

4.5.1 Papers and Publications

To be published in the written proceedings of the 8th Annual Meeting of
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properties of Zircaloy-2 tubing.



- 85 -

the Microscopical Society of Canada (Montreal, P.Q., 1981 June 13-15)

(1) MAINTAINING THE CAPABILITY OF AN ELECTRON MICROSCOPE
- C.W. Hoelke

(2) THE USE OF AN OPTICAL BENCH FOR MEASURING DISPLACEMENTS > 5 x 1O"6
METRES
- J.R. Parsons

4.5.2. Lectures

A THEORETICAL APPROACH TO DESIGN EQUATIONS
- S.R. MacEwen
Presented at the Seminar on Fuel Channel Technology (AECL)
Toronto, Ontario
1981 June 1-3.

Presented at the Canadian Metal Physics Conference, Kingston, Ontario
1981 June 3-5.

(1) IRRADIATION GROWTH OF ZIRCONIUM SINGLE CRYSTALS
- G.J.C. Carpenter

(2) HEAVY-ION DAMAGE IN ALPHA-TITANIUM
- O.T. Woo and G.J.C. Carpenter

(3) ION SIMULATION OF NEUTRON IRRADIATION GROWTH AND CREEP IN ZR AND
ZR 2.5wt» at 314 K
- J.R. Parsons

Presented at the 8th Annual Meeting of the Microscopical Society of
Canada, Montreal, P.Q.
1981 June 13-15. fi
(1) THE USE OF AN OPTICAL BENCH FOR MEASURING DISPLACEMENTS > 5 x 10"°

METRES
- J.R. Parsons

(2) MAINTAINING THE CAPABILITY OF AN ELECTRON MICROSCOPE
- C.W. Hoelke
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