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CHEMISTRY AND MATERIALS DIVISION HIGHLIGHTS

T. A. Eastwood

Solid State Studies

A marked asymmetry has been observed in the intensity of ions scattered
from manganese atoms in a Mn-Al al loy as a function of incidence angle, under
near-axial channeling conditions. We have shown that the effect arises when,
for example, the <110> axis is offset by a small angle orthogonal to the
t i l t i n g d i rect ion. This pernits the ion scattering to be influenced by
dissimilar planes on either side of the axis. I f confirmed in detail by
calculat ions, the effect may improve our ab i l i t y to identi fy the la t t i ce
symmetries of impurity-defect complexes.

Proton dechanneling has been used to discriminate between simple and
cluster defects created by He-ion i r radiat ion of an Al-Ag al loy c rys ta l . Few
and simple defects are known to be produced at shallow depth but an abundance
of defect clusters and dislocation loops is generated towards the end of the
helium ion range. A comparison of proton dechanneling rates in as-irradiated
and annealed specimens reveals th is d ist r ibut ion of defect type and number.
From the results of a variation of proton energy, we may conclude further that
the dislocation loops do not contribute s ign i f icant ly to the proton
scatter ing.

Radiation Chemistry

An automated Langmuir surface balance has been constructed for study of
the radiation chemistry of polyunsaturated compounds organized in molecular
f i lms. Such films show simi lar i t ies to unsaturated acids present in the
l i p id bilayers of cel lular membranes. The films can be irradiated by 115-keV
B-rays from three proinethium-147 sources or by UV l i gh t . Currently the
s tab i l i t y of octadecanoic acid films to both types of radiation is being
studied.

In the course of studying the radiation chenistry of aerated gadolinium
nitrate solutions, in connection with a study of the effects of neutron
poisons on the radiolysis of reactor moderators, new information about
reactions of n i t r i c oxide (NO) has been obtained. I t suggests that the well-
known reaction of NO with Og in the gas phase is also an important reaction
in the radiation chemistry of oxygenated ni trate and n i t r i t e solutions.



Analytical Chemistry

The development work on an ion-selective electrode for the
determination of boron, especially in heavy water where boron is used for
reactor shutdown through additions to the moderator c i rcu i ts , has been
completed. The electrode gives good response at high concentrations (> 50
tng/L) but has poor sensit iv i ty and poor select iv i ty .

Recent studies have resulted in improvements to the mass spectrometric
determination of thorium, uranium and plutoniun. Samples are now
concentrated on ion-exchange paper, and th i s , combined with carbunat ion of
the ionization filament and optimization of the source and collector
geometries, has resulted in a measurement efficiency of 1 x 10"5 for Th
and 5 x 10"4 for U. Plutonium may be expected to be up to ten times
better than U. The uranium studies showed that there is negligible isotopic
fractionation and that 10 to 15 ng deposits are adequate for about 50
isotopic determinations before signal deterioration. I t appears that the
ion-exchange paper loading technique is quite satisfactory for U
determinations in (Th, U)02 fuels.

An example of how even the most basic of analytical techniques,
weighing, has been improved by modern microelectronic c i rcu i t ry is provided
by an analytical balance with remote controls just installed in the Bldg. 250
Hot Cell in place of a conventional single pan balance. The new balance has
a bu i l t - i n integration function which minimizes the effects of vibrations and
draf ts , a s tab i l i t y detector and function check to improve r e l i a b i l i t y , and
an integral calibration system which greatly simplif ies hot-cell weighings.
The result is accurate weighing to within 100 ug and up to 160 g in less than
2 minutes, compared with 15 to 25 minutes with the previous balance.

Good agreement between the results of the determinations of atom
percent f ission by a stable isotope di lut ion Nd-148 method and a uranium
isotope rat io method was observed with samples from two outer ring elements
of a (Th, U)02 fuel bundle irradiated for two years in NRU, and
subsequently cooled for 2.5 years. Atom percent fission results by the
former method were 2.41% and 2.43%; by the la t ter 2.44% and 2.44%
respectively. I f the uranium isotope ratio method proves to be acceptable in
future tests, a substantial saving in analysis time would be realized.

Materials Science

Examination of a large number of iodine-induced crack initiation
sites, formed under conditions where the hydrides are in solution, has shown
no evidence for the involvement of any second phase particles, or any local
segregation of impurities or alloying elements. Sites down to about the
average grain size have been observed and are all either transgranular, or
indeterminate (i.e. neither clearly trans- nor inter-granular). It is thought
that local enhancement of the applied stress by residual stresses, or
anisotropic thermal expansion stresses, causes these initiation sites to
crack.



The most recent electrotransport experiment has shown that a zirconium
rod with an original residual resistivity ratio of about 100 can be purified
until the majority of the rod (except for a contaminated length which sagged
into contact with a heat shield) has a residual resistivity ratio greater
than 300. The results of this and the previous experiment show that
reproducible improvement in the purity of zirconium can be achieved by the
electrotransport method.

Use of spatial filter and an optical reconstruction technique was
able to improve the contrast and suppress the noise in high resolution
electron micrographs of lattice fringe images.

Doppler broadening studies of positron annihilation in electron
irradiated Zr and Ti, to complement the earlier lifetime measurements, have
been completed. They show that vacancy defects are definitely being trapped
in these metals so that they are immobile to higher temperatures than
expected. However, the data are insufficient for a complete description of
the trapping impurities or the trap strength. To improve on these results
it will be essential to perform low temperature electron Irradiations. It
is hoped that these can be accomplished within the next year, in
collaboration with Accelerator Physics Branch, CRNL.
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1.2 ION PENETRATION

1.2.1 Dependence of Heavy Ion Energy Loss on Foil Thickness

- W.N. Lennard, D. Phi l l ips and I.V. Mitchell in collaboration with
H.R. Andrews and D. Ward (Nuclear Physics Branch)

An earl ier report (PR-CMa-58, Section 1.2.3; AECL-7517) presented pre-
liminary results for the target thickness dependence of the stopping power of
low velocity 2®tie ions transmitted at 0° through carbon targets. All the
Ne-C data have now been analyzed, and f inal values are shown in Figure 1.2.1.1.
The smooth curves are two-parameter f i t s to the theory of Meyer et a l . ( i ) ,
which effect ively determine the separate contributions of electronic stopping
and stopping due to atomic coll isions with deflection. Only those data for
target thicknesses <35 yg-cm-2 have been used in the f i t . We conclude
that the observed thickness dependence is too large to *>e explained by elast ic
(nuclear) energy loss alone. The inelastic contribution to the energy loss is
^ 3-4 times larger than the elastic contribution for the Ne-C system.

Further measurements are in progress to determine the f o i l thicknesses
using the energy loss of *H projecti les instead of 4He project i les. Hopefully
such measurements w i l l resolve a disagreement in the interpretation of our
results in view of recent observations by Mertens and Kr i . (2).

(1) L. Meyer,.M. Klein and R. Wedell, Phys. Stat. Sol. (b) 83 (1977) 451.
(2) P. Mertens and Th. KHst, Nucl. Inst r . Meth. (1981) in press.

"̂1

... 1

TAR6ET THICKNESS

Figure 1.2.1.1 - Results for the thickness dependence of stopping power for
Nc -*• C at four veloci t ies, 0.75 <. v/v0 <. 1.05, where Vo is the Bohr
velocity. The (solid) l ines are 2-parameter f i t s to the MKW theory ( r e f . l ) .
The dashed parts of the curves are extrapolations only, and data points for
thicknesses > 35 vig>cm"2 have not been used in the f i t t i n g procedure.
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1,3 SURFACE PHENOMENA

1.3.1 Determination of the Isosteric Heat of Adsorption of Deuterium or,
Pt(lll) from Absolute Coverage Measurements

- J.A. Davies, T.E. Jackman and C.W. Sitter in collaboration with
P.R. Norton (Physical Chemistry Branch)

The heat of adsorption of )\£ on Pt(lll) at very low coverages (G Z
0.1) obtained by Christnann et al., 44 kj-mol"1 (1), is in conflict with
other measurements (^75 kJ-nol"*) made using themal desorption sp^ctro-
scopy. This value of 44 kJ-nol"* is not only much smaller than other pub-
lished values but is anomalously low compared to those for N'(lll) and Pd(111)
surfaces (2,3). Using the D(^He,p)^He reaction, we have measured the ab-
solute coverage of D-atoms en Pt(lll) as a function of temperature (160 to 420
K) and D2 pressure (5.5 x 10"6 to 5.5 x 10~2 Pa) in order to deter-
mine the isosteric heat of adsorption. We obtained a value of 67^ "* kJ*
mol~l for 6 £ 0.33 monolay?rs. At higher e the heat of adsorption decreas-
ed continuously to a value of 33 +4 kJ-mol"^ at 0 = 0.7 monolayers, the
highest coverage investigated. The value of 67 kJ-nol"^ is in agreement
with the thermal desorption measurements and leads to a partition function of
adsorbed D which is characteristic of a fully mobile adsorbate, as expected
for D.

(1) K. Christmann, G. Ertl and T. Pignet, Surf. Sci. 54 (1976) 365.
(2) K. Christmann, G. Schober, G. Ertl and M. Neumann, J. Chem. Phys. 6£

(1974) 4528.
(3) H. Conrad, 6. Ertl and I.E. Latta, Surf. Sci. 41 (1974) 435.

1-3.2 Absolute Coverage Determinations of CO and 0 on Pt(lll)

- T.E. Jackman, J.A. Davies, C. Sitter in collaboration with P.R. Norton
(Physical Chemistry Branch)

From the observed LEED pattern for Pt(lll) with adsorbed oxygen, it is
not possible to determine the unit cell of the adsorbed overlayer {or there-
fore, the ideal coverage). This LEED pattern could be produced either by an
adsorbed layer with a p(2x2) structure (ideally a coverage of 0.25 monolayers)
or by three domains of p(2xl) structure rotated by 120° to each other (ideally
a coverage of 0.50 monolayers). In order to distinguish between these possi-
bilities, we have used the 166(d,p)17o reaction to measure the absolute
O2 coverage corresponding to this LEED pattern (which is produced by satura-
tion of the Pt(lll) surface with 0? at 300 K followed by annealing to 425 K
and cooling in O2). The resulting'value was 0.26+0.03 monolayers, indicat-
ing that the p(2x2) overlayer structure is the correct interpretation.

Recently, Hollins and Pritchard (1) have demonstrated that the LEEO pat-
tern of th?. Cu(lll)-C0 system, previously identified as c(4x2) (ideally a CO
coverage of 0.5 monolayers) is really a (4vT x 4*f)R ±19.1° structure (ideally
a coverage of 0.44 nonolayers). Pritchard (2) suggests the same misinterpreta-
tion may have occurred in the Pt(lll)-CO system where a c(4x2) structure has
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also been reported (3). To investigate this possibility, we have produced the
LEED pattern by saturating a clean Pt(lll) surface at 300 K with CO and have
measured the CO coverage to be 0.49 + 0.02 nonolayers, using the 160(d,p)170
and ^C(d,p)^C nuclear reactions. We have also measured the coverage
to be 0.47 + 0.02 and 0.42 ±0.02 monolayers after brief anneals to ^ 320 K and
^330 K in vacuum, respectively. The LEED pattern was recorded photographical-
ly after the first anneal (since this gave a much sharper pattern than the
first exposure) and then a careful examination of the angles between the vec-
tors of the LEED pattern was made. The angles were found to be characteristic
of the c(4x2) pattern, but the nuclear nicroanalysis results unfortunately
are consistent with either possibility.

(1) P. Hollins and J. Pritchard, Surf. Sci. 99 (1980) L389.
(2) J.R. Pritchard, private communication (1981).
(3) G. Ertl, M. Newnann and K.M. Streit, Surf. Sci. 64 (1977) 393.

1.3.3 Surface Preparation of a (110) Au Single Crystal and Preliminary
Measurements

- T.E. Jackman, J.A. Davies, C.W. Sitter, and D.P. Jackson in collabora-
tion with P.R. Norton (Physical Chemistry Branch)

A new (110) Au single crystal has been mounted in the UHV chamber in
order to initiate studies similar to Pt(llO) investigations (PR-CMa-56, Section
1.3.1; AECL-7332). The Au(llO) single crystal has been cleaned by prolonged Ar
sputtering and high tenperature (̂  900 K) annealing. The level of all impuri-
ties has been reduced below the detectability limit of the 4 grid LEED/Auger
system (^0.05 monolayers).

The clean Au(llO) exhibited an extremely sharp (1x2) LEED pattern char-
acteristic of a reconstructed surface and was identical to the pattern observed
for the (110) surfaces of Pt and Ir. The clean (110) Au surface undergoes a
(1x2) to (lxl) phase transition at W O O K unlike the (110) surface of Pt, but
unfortunately it is not possible to induce the (1x2)^(1x1) transition through
adsorption of CQ or NO. Therefore, detailed information regarding the struc-
tural model of the reconstructed surface of Au will require a comparison of the
temperature dependence of surface peak data from Rutherford backscattering mea-
surements with Monte Carlo simulations, since differential measurements of the
clean (1x2) and adsorbate stabilized (lxl) surfaces at various temperatures are
not possible.

Preliminary measurements of the surface peak yield as a function of tem-
perature and incident angle have been completed for a ^He+ beam energy of
2.0 MeV. Future measurements will be done at lower energies in order to
increase the radius of the shadow cone to compensate for the low Debye tempera-
ture (large vibration amplitude) for Au.
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1.3.4 An Upgraded UHV Chamber for LEED/Auger/RBS/NMA Studies

- J.A. Davies, T.E. Jackman, D.P. Jackson and C.W. Sitter in collabora-
tion with P.R. Norton (Physical Chenistry Branch)

A new two-level chamber design compatible with the existing vacuum pump
bench has been designed and ordered. This chamber w i l l permit the instal lat ion
of a cyl indrical mirror analyzer (CMA) for spectroscopy of Auger electrons ex-
cited either by the internal CMA electron gun or a high-energy ion beam. Con-
bined with the ion channeling technique, ion-induced Auger methods w i l ' enable
us to carry out atom location studies at interfaces.

An improved low temperature sample manipulator/goniometer, compatible
with the above two-level chamber, is also being designed and should extend our
low-temperature capability down to at least 80 K. This wi l l greatly improve
the scope of our surface Cebye temperature studies, including correlation
effects, and w i l l extend the range of observable surface phase transi t ions.

1.4 RADIATION DAMAGE

1.4.1 Channeling Measurements of the Irradiat ion-Induced Displacement of Au
Atoms in an Fe-0.16 at.% Au Crystal

- L.M. Howe, M.L. Swanson and A.F. Quenneville

Further to the preliminary results reported in Progress Report
PR-CMa-41, Section 1.4.2; AECL-5851, a more detailed investigation has now
been carried out of the interaction between irradiation-produced defects and Au
solute atoms in an Fe(Au) crysta l . Shown in Figure 1.4.1.1 are the results of
post-irradiation annealing studies. In the f i r s t anneal series (open symbols)
the crystal was irradiated at 35 K and subsequently annealed up to 410 K with
the crystal mounted in the low temperature holder. In the second anneal series
(closed symbols) the crystal was irradiated further at 35 K and 120 K and then
annealed in the high temperature holder. Shown plotted are the apparent dis-
placed fractions ffl™n> of Au atoms into <lmn> channels as well as the frac-
tional change F<lnin> in the irradiation-induced dechanneling rate in the host
crysta l . (This rate is a measure of the overall defect concentration.)

The apparent displaced fraction of Au atoms increased relat ively l i t t l e
up to -v 120 K, increased steadily from 150 K to 525 K and then decreased to
v i r tual ly the i n i t i a l unirradiated level by 790 K. The ^ftJj"^ values were sim-
i l a r for the <110>, <100> and <111> channels, except possibly in the 400-500 K
range where f ^ y ^ was greater than f^ft®* o r *avlu ^he c h a n 9 e F< l rnn> in de-
channeling rate showed two recovery stages which corresponded to the changes in
*dAa >> *^u s a^ow^n?) a correlation to be made between solute atom displace-
merrts and point defect migration. I t was also found (not shown in the figure)
that specimens which had been given an i n i t i a l post-irradiation anneal at
225-410 K and then subsequently irradiated at either 35 or 120 K showed a pro-
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gressive decrease in fdft'u
mn> during tba low tempera Litre irradiations. These

observations indicate the following:
1) sel f - interst i t ia ls are not strongly trapped at Au solute atoms ( i .e . do
not form nixsd dumbbells)
2) vacancy-solute complexes are formed during annealing above ^150 K. (To
date the configurations of the complexes have not been determined.)
3) The vacancy-solute complexes are stable up to 525 K and can be gradually
decreased in size and/or number by trapping in te rs t i t i a l s during irradiation at
120 K and below.

The present results are consistent with the recent interpretation of
positron annihilation results (1) in neutron irradiated iron which show (a) a
decrease of the vacancy concentration in stage I (125 K) due to recombination
by mobile i n te r s t i t i a l s , and (b) a vacancy migration stage centered at 220 and
180 K in electron and neutron irradiated Fe, respectively.

(1) P. HautojaYvi and A. Vshanen, Rad. Eft". Lett. 58 (1981) 77.
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1.4.2 Channeling Measurements of In ters t i t ia l Trapping in Al Crystals After
Heavy Ion Bombardment

- M.L. Swanson, L.M. Howe, J.A. Moore (Brock University) and
A.F. Quenneville

The trapping of se l f - in te rs t i t i a l atoms by Ag solute atoms in Kr+-
irradiated Al-0.1 at.% Ag crystals has been studied by the channeling techni-
que. Figure 1.4.2.1 shows the apparent displaced fractions Wn i n > of Ag atoms
into <110> and <100> channels as a function of 1 MeV Kr+ ion fluence at 70 K.
The rat io fy^U^> /^^y^> was equal to a constant value of 4.0 up to a fluence of
1.2 x iol2 i o n s Cnr2 , indicating that the o f f - la t t i ce Ag atoms remained in a
unique la t t i ce s i t e , consistent with a displacement of 0.138 +0.003 nm along
<100> directions from normal host atom positions (1). This displacement agreed
well with the value 0.139 ± 0.003 nn which was observed for He+-irradiated
crystals, and which corresponds to the <100> mixed dumbbell configuration (2).
For higher fluences, a gradual reduction of this rat io to 3.6 was observed,
indicating that the configuration may have been altered by multiple t apping of
se l f - i n te rs t i t i a l atoms. These results wi l l be analyzed to determine the
production rate of se l f - in te rs t i t i a i s and their spontaneous recombination
with vacancies in col l is ion cascades.

(1) L.M. Howe and M.L. Swanson, Yamada Conference V, Kyoto, Japan, 1981.
(2) M.L. Swanson and L.M. Howe, Yamada Conference V, Kyoto, Japan, 1981.
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1.4.3 Asymmetric Angular Scans for Irradiated AT-0.09 at.% Mn Crystals

- M.L. Swanson, L.H. Howe, I.E. Jackman and A.F. Quennevilie

The angular dependence of the backscattering yield from Mn atoms in an
irradiated Al-0.09 at.% Mn crystal showed a marked asymmetry (Figure 1.4.3.1)
when the crystal was misaligned by ^0.2°. This result can be explained
by the strong dependence upon channeling plane of the yield of Mn atoms dis-
placed in <100> mixed dumbbells. The {100} planar yield for <100> displace-
ments is much smaller than the {111} planar yield, and therefore a misaligned
scan, which passes through (100) and {111} planes on opposite sides of the
<110> axis, will produce the observed asymmetry. This result provides addi-
tional strong evidence for <100> displacements of Mn atoms in the mixed dumb-
bell trapping configuration.

1.4.4 Lattice Location of Xe in Ni

- M.L. Swanson, H.-J. Matzke (Euratom, Karlsruhe), L.M. Howe and
A.F. Quenneville

In 'order to understand the transport mechanisms of inert gases in metals
and oxides, it is necessary to specify the interaction of the gas atoms with
vacancies and vacancy clusters. In the present experiment, Xe was implanted
into a Ni single crystal to a fluence of 5 x 1 0 ^ cm"2, and channeling
measurements were made to determine the lattice position of the Xe atoms.
After implantation, the apparent displaced fraction of Xe atoms f{jxe was
approximately 0.25. After an irradiation of 1 MeV He+ to a fluence of
1.5 x 10l& cm"2, followed by a 600 s anneal at 473K, fcf)(

I
e
l0> had

increased to 0.4, probably because of vacancy trapping. These experiments will
be continued to study vacancy--Xe atom trapping configurations.

1.4.5 'ollision Cascades in Ge

- L.M. Howe and M.H. Rainville

Electron microscope studies are continuing on the annealing out of the
damaged regions produced in Ge single crystals following implantation at 40 K
with monatomic and diatomic ions of As, Sb and Bi at energies ranging from 15
to 50 keV (see Progress Report PR-CMa-58, Section 1.4.5: AECL-7517). To date,
anneals have been performed from 360-420 K, and in this temperature range the
damaged regions were observed to (xadually decrease in number density and in
size. The electron microscope results are thus quite consistent with our pre-
vious channeling measurements which indicated that the highly damaged core
regions products by all of the above implants anneal out gradually over the
temperature range 310-510 K. Detailed measurements of the number density and
size of the damaged regions observed in the electron microscope will now be
undertaken in order to make a detailed quantitative comparison with the chan-
neling results.
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1.4.6 Dechanneling in He -irradiated Al-0.1 at.% Ag

- M.L. Swanson, L.M. Howe and A.F. Quenneville

The <11O> axial dechanneling of H+ ions in an Al-0.1 at.% Ag crystal
whicn was damaged by 0.5 HeV ^He+ irradiation at 35 K has been studied.
Two distinct dechanneling effects were observed.

(1) in the near-surface region (< 1 pn), where the dominant, type of damage is
point defects,the irradiation-induced increase A(dx/dx) in the dechannelrng
rate (dx/dx) was constant as a function of depth, and annealed out completely
at 293 K.

(2) Near the depth corresponding to the mean range of the ^He+ ions
(̂  1.5 um), where more complicated defect structures such as small defect
clusters and dislocation loops are present, A(dx/dx) increased rapidly with in-
creasing depth and annealed out only partially at 293 K.

The energy dependence both for that part of A(dX/dx) which annealed out at
293 K and for the part which remained after annealing was E"^*^ - 0*1.,
indicating that the type of defect scattering was similar in both cases. That
is, the influence of dislocation loops (which would give an E 0* 5 depend-
ence) was not important.

1.5 ION BEAM MODIFICATION OF MATERIALS

1.5.1 Chamber Modification for Ion Beam Mixing Experiments

- H.H. Jorch, R.O. Werner, J.A. Davies and M.L. Swanson

Stable or netastable alloys can be produced in the near-surface region
by ion-beam nixing of atoms of a surface film with those of the
substrate (1). Of particular interest are the studies of ion beam mixing of Al
substrates with Sb or Ag overlayers (2). A 400 keV Xe+ beam was used for
mixing and a 1.5 MeV ^He+ beam was used for backscattering analysis. The
results showed that mixing rates were similar at 85 K and 300 K. A clearer
differentiation between col 1isional (athermal) and diffusional contributions
can only be made by studying the mixing over a wider temperature range, how-
ever.

Samples have been obtained from S.T. Picraux and preparations have begun
for extending these measurements to both lower and higher temperatures.

The cryo->hield and cryo-cooling apparatus of the HVMS-laboratory target
chamber have been modified to provide temperatures below 30 K on an X-Y motion
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sample stage. Construction of a high-temperature stage for the sane manipula-
tor is also planned.

(1) J.W. Mayer, B.Y. Tsaur, S.S. Lau and L-S. Hung, Nucl. Instr. Meth.
182/183 (1981) 1.

(2) J. Delafond, S.T. Picraux and J.A. Knapp, Appl. Phys. Lett. ^8 (1981)
237; S.T. Picraux, D.M. Follstaedt and J. Delafond, M.R.S. Meeting, Nov.
1981, Boston, Ma.

1.5.2 Quantitative Scanning Auger Microprobe (SAM) Analysis of Sputtered
Binary Alloys

- I . Aitchison (System Materials Branch) and I.V. Mitchell

Sputtering is commonly I'sed in surface analysis, both to remove surface
contaminants and in the generation of composition versus depth prof i les, by
sequential sputtering and reanalysis. The constituents of non-elemental speci-
mens rarely sputter at the same rate, so that there is a change in the near
surface composition (over a range assumed to be K 1 rim) from that of the bulk,
the change depending on sputtering parameters but approaching some equilibrium
value with t i ne . Hall et a l . (1) have shown that for many binary alloys there
are simple empirical relationships between the measured surface composition
after sputtering and that of the bulk, which, with the help of standards, per-
mit correction of the data. We have made scanning Auger microprobe (SAM)
analyses of the changes caused by preferential sputtering in the surface con-
centrations of each of a series of Au-Ag and Au-Cu alloy standards obtained
from the (U.S.) National Bureau of Standards (N.B.S.), and compared the behav-
iour with that observed by Hall et a l . (1).

Figure 1.5.2.1 shows a plot of the intensity, PA of the 69 eV Au peak
versus that of the 356 eV Ag peak, using a 3 keV incident electron beam, after
sputtering with 4 keV Ar ions. The values have been normalized by dividing by
° Aand PA

y
the peak intensit ies observed after sputtering Au and Ag, re-

spectively, so that the intercepts on the axes are unity. For the data repre-
senting points obtained from peak-to-peak height (PPH) on the differentiated
spectrum, the deviation of (PAS

U/PAOU
 + fyqV%q ) T rom * i s < 2%' F o r d a t d r e P r e "

senting points derived from peak areas, The tleviation is < 3.5%.

A,B is:
Hall et al.(l) showed that the expected behaviour for a binary system

rA rB :
+ — = 1 + (a + b) SCS

where Cjj and C§ refer, respectively, to the measured concentrations of compo-
nents A and B in the sputtered surface. They found l inear i ty , similar to that
shown in Figure 1.5.2.1, and point out that this implies a = -b, i .e. the
matrix effects cancel out, or else both a and b are negligible.
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Figure 1.5.2.2 shows the ratio of the normalized intensity of Au to that
of Ag versus the ratio of atomic concentrations as given by N.B.S. The shift
from the dotted line indicates the change in surface concentration due to sput-
tering. The excellent linearity (on a log-log plot) over the range studied
indicates that the true (bulk) composition of an unknown Au-Ag alloy could be
determined accurately from the analysis of the sputtered surface.

Similar results have been obtained on Au-Cu alloys using a 10 keV elec-
tron beam to excite the 2024 eV Au peak (the low energy Au and Cu peaks over-
lap).

Experience showed that precautions were necessary to obtain consistent
results. The alloy surfaces had to be coplanar so that the beam/analyzer geo-
metry was the same for all specimens. The alloys had to be sputtered until a
steady state composition was reached; peak intensities obtained were reproduc-
ible at steady state, indicting that electron bean current ?nd topography were
not changing significantly. The automatic setting of the electron multiplier
voltage by the computer had to be overridden to ensure constant amplification.

The work will be extended to oxides (of zirconium, stainless steels,
etc.) which often show marked preferential sputtering. This should permit
analysis of gradients in composition for oxidized fuel sheath, etc. Peak areas
may have to be used for work on oxides since PPH also reflects changes in peak
shape.

1.6 INTERDISCIPLINARY RESEARCH

1.6.1 Preparation of Single Crystal Specimens

- M.H. Rainville and A.F. Quenneville

Considerable time and effort has been spent to prepare the following
single crystal specimens.

1) Al(In), Al(Sn) and Cu(In) slices were obtained using sparkcutting, mech-
anical polishing and electropolishing operations. These crystal slices will be
used for electron microscope studies of vacancy-solute interactions and solute
segregation behaviour in the irradiated as well as quenched conditions. This
will be an extension of the channeling studies on the same systems.
2) Sparkcutting, sparkplaning and electropolishing methods were used to
prepare three Zn crystals for J. Jackman and S. Kim (Neutron and Solid State
Physics Branch). These crystals are presently being used to obtain information
on the temperature dependence of positron annihilation and the angular depend-
ence of the momentum distribution of electrons (see Progress Report PR-P-132,
Section 3.9; AECL-7605).
3) Slices of [(0001)] and <1012> orientations were cut from a Zr single crys-
tal using an Isoraet low speed cutting machine equipped with a diamond-tipped
blade. The slices were then mechanically polished, chemically polished and



X-raj^d. These specimens form part of the contract to supply Bettis Corpora-
tion rfith single crystal Ir slices for corrosion studies.
4) Single crystal slices from the low nelting point metals In, Pb and Sn
are presently being prepared using sparkcutting, sparkplaning and electro-
polishing techniques. These crystal slices will be used in channeling studies
on the behaviour of netals near the melting point.
5) An Al-0.1 at.% Cu-O.O2 s.t.% In crystal was grown for combined studies of
self-interstitial trapping (at Cu atoms) and vacancy trapping (at In atoms).

421.6.2 Measurements of the Lifetimes of Levels of Ti

- T.K. Alexander, G.C. Ball, J.S. Forster, D. Horn (Nuclear Physics
Branch), M.A. Lone (Neutron & Solid State Physics Branch) and
I.V. Mitchell

See Progress Report PR-P-132, Section 2.6 ; AECL-76O5.

1.7 COMPUTATIONS

1.7.1 Target Thickness Dependence of Energy Loss: A Calculation

- W.N. Lennard and D.P. Jackson

Recent observations have been ciade of a target thickness dependence in
the stopping power, dE/dx, of heavy ions at low velocities (see this report,
Section 1.2.1; AECL-7607), Ue have attempted to account for this effect using
Firsov's expression (1) for the energy loss as a function of impact parameter,
where we restrict attention to those particles which suffer deflections
9 < o0, where 80 is the laboratory multiple scattering angle (2). This
procedure is reasonable since the detector is positioned at 0° (+ 0.4°), and
subtenas an opening angle less than the multiple scattering angle for the Ne-C
system at velocities v - v0.

The effect of introducing an upper limit to the single collision scat-
tering angle is to restrict the impact parameter, p, to values p > p 0. Using
the relation

4£ = 2TV f pT(p) dp
Podx

[1]

where T(p) is the inelastic energy transfer as a function of impact parameter,
we obtain dE/dx values as a function of target thickness by the choice of an
appropriate potential to evaluate p 0 from the scattering integral.

Preliminary calculations indicate that the ratio of stopping powers,
dE/dx(80):dE/dx(3), where the argument is the carbon target thickness in yg
cm-2, exceeds unity by ^ 3 % , independent of the choice of potential and
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independent of velocity. Our experimental data show a clear velocity depend-
ence, and the magnitude of the ratio is -v 1.14 at v/v0 = 0.75, in disagree-
ment with the calculations. Further study of this effect is in progress.

(1) O.B. Firsov, Sov. Phys. JETP 9 (1959) 1076.
(2) L. Meyer, Phys. Stat. Sol. (bj 44 (1971) 253.

1.8 ACCELERATOR OPERATION

1.8.1 2.5 MeV Van de Graaff

- G. Kyle

The accelerator ran normally during the final quarter of 1981, wi';h
7 days' down time for regular maintenance. A high voltage limitation nad been
caused by cracked insulators between two equipotential plates. This was cor-
rected during regular maintenance by the insertion of a shortinr; clip.

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

3He+ 4He + Total

October
November
December

36
21
35

19
7
_

20 50
102
89

125
130
124

Total 92 26 20 241 379

1.8.2 High Voltage Mass Separator

- 6.A. Sims and D.A.S. Walker

Low voltage (^1.2 MV) experiments were conducted throughout October.
During this time, the time-of-flight beam line was altered in order that pre-
liminary tests could be carried out to assist in the design of a new target
chamber. The results look promising and the structural drawings for the cham-
ber are on the drawing board.

November was scheduled for installation of a replacement accelerator
tube. This was deferred to permit the conditioning and subsequent testing of
the original acceleration tube. See details in section 1.8.3.



On two separate occasions, the Freon cooling lines were punctured by
high voltage sparking and had to be replaced. A different method of suspending
these lines was tried and they are still intact even though several colunn
sparks were experienced.

The continuing ion gauge inconveniences will be eliminated in the near
future as a new ion gauge is on order.

The "beam-on" tine for the last quarter of 1981 was % 100 hours.

1.8.3 Conditioning the Accelerator Tube of the HVMS Pelietron by Means of an
Arc Discharge

- D.A.S. Walker and G.A. Sins

For the past year the HVMS facility has been restricted to a maximum
acceleration potential of about 1.5 MV because of accelerator tube limitations.
At higher potentials the tube vacuum became very unsteady and the X-ray back-
ground in the accelerator area increased markedly. Both the above problems are
an indication of micro-discharges caused by voltage breakdown within the tube.

At the 1981 Oak Ridge Accelerator Conference, Isoya et al. (1) described
a conditioning technique which they had used on the ceramic tubes of the Kyushu
tanden accelerator and which produced dramatic results in a short tine. The
accelerator terminal voltage, which had been tube-limited to ^ 6 MV, was
conditioned by means of exposure of the tube to a low voltage H2 arc
discharge for several hours, which resulted in a return to full 11 MV
operation. They also claimed a much lower rate of deconditioning in tubes
subjected to this treatment.

Since we were about to replace our tube, we elected to proceed with a
very low power treatment (i.e. 300 W versus Isoya's maximum of 20 kW). H2
was admitted into the source end of our tube, to a pressure of ~ 7 Pa, enabling
us to maintain an ^1/2 A discharge across the tube for two hours. The accel-
erator tank was pressurized 48 hours later. Ten minutes after startup, the
accelerator was operating with ? MV on terminal with no detectable sign of
vacuum breakdown or X-ray production. Two hours later the terminal reached
2.2 MV with identical stability, even though the accelerator structure had been
open to the atmosphere for five days.

Once it had been established that satisfactory terminal voltages could
be maintained, the source and its base-to-terminal Freon cooling lines were re-
connected. To date, beams of 40/\r+ and ^ N

+ have been run without
incident at 2 MV.

Although a replacement tube was received in October, we intend to con-
tinue operating with the present tube and also to monitor its rate of decondi-
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t ioning at regular in tervals . Details of our investigation are being prepar-
ed for publ icat ion.

(1) A. Isoya, Y. Nakajima, T. Nakashima, N. Kato, K. Kobayashi,
T. Sugimitsu, K. Kiraura, S. Mi tarai , T. Maeda and Y. Miyake, Proceedings
of the Third In t . Conf. on Electrostatic Accelerator Technology (URNL,
Apri l 13-16, 1981) IEEE Cat. No. 81CH1639-4 (1931) 98-102.

1.9 PUBLICATIONS, REPORTS AND LECTURES

1.9.1 Publications

Mean Charge of Ions (5 t 1\ < 25) Emerging From Aluminum Foils
by W.N. Lennard, T.E. Jackman and D. Phi l l ips
Phys. Rev. A24 (1981) 2809; AECL-7372

1.9.2 Reports

"The First Wall Problem"
by D.P. Jackson, Chapter 7, pp. 147-159 of AECL-7259 "A Review of The Prospects
for Fusion Breaking of F iss i le Mater ia l " , J.S. Geiger and G,A. Bartholomew,
eds., 1981 October

1.9.3 Lectures

Scaling of Stopping Powers at Lower Energies
by D.C. Santry and R.D. Werner
Presented at the International Conference on Microanalysis Using Charged
Part ic le Accelerators, Namur, Belgium, 1981 September 7-10

Lifetime Measurements of Levels in ^651 ancj (Mn/Mp)2 Values for
2%
by T.K. Alexander, G.C. Ba l l , J.S. Forster, W.G. Davies, I.V. Mitchell and
H.-B. Mak
Presented at the American Physical Society Meeting, Asilomar, Cal i forn ia, 1981
October 28-30

Surface Phases of Clean, CO and NO covered Pt( l lO)
W.N. Unert l , T.E. Jackman, P.R. Norton, D.P. Jackson and J.A. Davies
Presented at the American Vacuum Society, 28th National Symposium, Anaheim,
Cal i fo rn ia , 1981 November 3-6
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The Search for Nitrogen Lattice Site in Inplanted Stainless Steel
by I.V. Mitchell, H.H. Plattner, G.T. Ewan, M.M. Ferguson and J.L. Whitton
Presented at the Joint Materials Research Society and American Physical Society
Symposium of Metastable Materials Formation by Ion Implantation, Boston,
Massachusetts, 1981 November 16-17

Channeling Studies of Lattice Defects
by M.L. Swanson
Presented at Kyushu University, Fukuoka, Japan, 1981 November 24

Channeling Studies of the Formation of Vacancy-Solute Atom Complexes in
Irradiated Metals
by L.M. Howe
Presented at Nagoya University, Nagoya, Japan, 1981 November 26

Identi f icat ion of In te rs t i t i a l Trapping Configurations By Channeling
by M.L. Swanson
Presented at Nagoya University, Nagoya, Japan, 1981 December 1

The following papers were Presented at the Yamada Conference V on Point Defects
and Defect Interactions in Metals, Kyoto, Japan, 1981 Nov. 16-20

I.) Ion Channeling Investigations of the Interactions Between Irradiation
Produced Defects and Solute Atoms in Metals
by L.M. Howe and M.L. Swanson

1-; Channeling Studies of Defect Trapping Configurations in Aluninun
by M.L. Swanson and L.M. Howe

rii lectures listed above may not be available in print.
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2.2 ANALYTICAL CHEMISTRY

2.2.1 Emission Spectrography - Pu02/Th02 Fuel Impurity Analysis

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

- in cooperation with F.C.. Miller and B.W. Hildebrandt

As a continuation of development work in this area the detection
l imi ts for the neutron-scavenging rare earths, europium, gadolinium, samar-
ium and dysprosium were compared for inductively coupled plasma and arc
emission spectrography. Table 2.2.1.1 shows a comparison of these detection
1imits.

Table 2.2.1.1

Detection Limits (pg.g"1 ThO2)

ES** ICP*

Dysprosium 0.2 0.05
Europiun 0.1 0.05
Gadolinium 0.2 0.1
Samarium 0.4 0.1

** The detection limit for emission spectrography (ES) is defined as the
weight giving a line having a percent transmission of eighty percent
compared to a standard not containing the element where the line position
exhibits 100% transmission.

* The detection limit for the inductively coupled plasma (ICP) is defined
as the weight giving a peak that is twice the noise level compared to a
standard not containing the element in question.

2.2.2 Inductively Coupled Plasma/Atomic Emission Spectrometry(ICP-AES)

- J.P. Mislan, G.J. Jarbo, M.T. Hurteau, P.A. Robinson,
K.D. Wright

£.2.2.1 Instrument Automation

Automation of the sequential plasma emission spectrometer using
a modular instrument computer and software(FORTRAN) provided by the instru-
ment manufacturer has been suspended until completion of the microcomputer
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project described below. Present efforts are directed toward achieving an
adequate level of automation performance with a low cost computer (32 K
Commodore PET, dual floppy disc drive, inpact printer). A successful auto-
nation demonstration could lead to the development of a compact, relatively
low cost ICP spectrometer that would be attractive for special applications
such as the analysis of radioactive samples in the Control Laboratory of the
Operations Division.

The software (machine language and BASIC) for monochromator
drive and data acquisition has been completed but refinements are being made
to enhance the dynamic range for data acquisition and improve flexibility
for wavelength and concentration calibration. The software controls the
following:

1. . Monochromator initialization, wavelength calibration and auto-correction

of wavelength deviations.

2. Quantitation of emission line intensities for quantitative analysis.

3. Calibration of peak intensities for quantitative analysis.
4. Reporting of multi-element analysis results (strip chart recording of

analog data and printout of concentration data).

Performance tests of the automated instrument are in progress.
Initial results indicate emission-line accessing reproducibility of 0.002 nm
(2 steps) which is considered satisfactory for our purposes. The dynamic
range for quantitation is 10 3. Attempts will be made to extend this range
with an alternative current-to-frequency converter.

2.2.2.2 Determination of Hafnium in Zirconium

This experimental program has been suspended until the data
system for the ICP-AES is fully tested and implemented for service work.

2.2.3 Determination of H and D in Metals

- J.P. Mislan, H.D. Herrington, K.D. Wright and L.F. Junop

Program development (Commodore BASIC) has included refinement of
routines for automatic operation of the inlet manifold and the quadrupole
mass spectrometer. The program for final calculation of results for H and D
in zirconium has been completed.

Analysis of NBS standard reference materials (hydrided zirconium
and Zircaloy-4) with the quadrupole mass spectrometer gave unsatisfactory
results. Because the calculations were based on calibration data obtained
with a magnetic sector instrument (CEC-31-620A) a program was started to
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calibrate the Balzers 311 quadrupole and Micronass 601 nass spectroneter
with equilibrated H 2 and D2 mixtures obtained from J. Rolston of the
Physical Chemistry Branch. The calibration results shown in Table 2.2.3.1
show that the two types of instruments do give different HD/(HD+D2) ratios.

Table 2.2.3.1 shows surprisingly good precision for HD/(HD+D2)
ratios obtained with the quadrupole mass spectroneter. Precision data will
also be obtained for the Micronass 601 nass spectrometer for conparison pur-
poses. Other factors that could affect the calculation of gas in netal con-
centrations such as the formation of H 3

+ion (interference with HD) are also
being investigated.

Table 2.2.3.1

Conparison of H S 0 Calibration Data: Magnetic Sector
Instrument vs. Quadrupole

Magnetic (Micromass 601)
HD/(HD+D2)

Quadrupole (Balzers 311)

5
10
20
30
40
50
60
70
80

0.0445
0.0909
0.1688
0.2743
0.3140
0.4341
0.4902
0.5765
0.6507

0.0788
0.1562 RSO*
0.2730
0.3879
0.4803 RSD*
0.5731
0.6420
0.7201 RSD*
0.7794

= 0.13%

= 0.06%

= 0.03%

* RSD measurement from 10 aliquots (400 data points per peak per aliquot)

2.2.4 Determination of Oxygen Isotope Abundances

- J.P. Mislan, H.D. Herrington, W.A. Lockhart, T.H. Longhursi
with W.J. Olmstead

Preliminary results for oxygen isotope abundance measurements
(Section 2.5.4.) appear promising. Better results should be possible if a
dual stage inlet system is used for introduction of gas samples, and if peak
intensity data are acquired automatically with a microcomputer. This con-
clusion is drawn from our experience with the measurement of hydrogen iso-
topes using the Balzers 311 mass spectrometer (Section 2.2.3).
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2.2.5 Mass Spectrometry of Biological Samples

- J.P. Mislan, W.A. Lockhart, H.D. Herrington; in cooperation
with P. Unrau and J. Chi Ids of Radiation Biology Branch

As part of a proposal to label deaminating DNA bases with 1 8 0
using H 2

1 80, we are conducting tests with solid probe sampling for uracil.
We intend to examine the products of deamination of cytosine in H2

180 at a
later date.

Preliminary results are encouraging. A significant parent ion
contribution at M/Z 112 was observed. Further tests are in progress to de-
termine the optinun conditions for detecting the parent ion of uracil.

2.2.6 Mass Spectrometry of Solids

- J.P. Mislan, W.A. Lockart, H.D. Herrington

At the request of the Radiochemical Company we are evaluating a
quadrupole mass spectrometer (Extranuclear Labs 275-5) for the determination
of 1<( C abundance (as 11(C02) in BaC03. Carbon dioxide gas was released by
heating reagent grade BaCO3 (900-1000°C). Table 2.2.6,1 shows abundances of
peaks observed at M/Z 44, M/Z 45 and M/Z 46. Peaks at these mass numbers
result from ioji production from 12 C 1 6 0 2 ,

 12 C 1 7 0 2 and
 12 C 1 80 2, respectively.

These results are sufficiently promising to warrant additional
studies with radioactive BaC03. Samples, analysed previously by a mass
spectrometry group in France, will be forwarded by the Radiochenical Co.,
for this purpose.

Table 2.2.6.1

Mass Spectrometry Abundances for C0 2 Derived from Natural BaCO3

Measured Abundances
M/Z

44
45
46

2.2.7

Calculated Abundances

98.4%
1.2%
0.39%

Chromatography

- S. Elchuk, R.M.

Micromass 601

98.5%
1.1%
0.38%

Cassidy

Extranuclear 275-5

98.5%
1.2%
0.39%
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2.2.7.1 Coiunn Development

Studies have continued on the application of hydrophobic organic
ions to modify reversed-phase supports for the separation of anions and
cations.

Earlier studies (PR-CMa-58) have shown that C 1 8 bonded phases
had a limited lifetime due to deterioration of column efficiency. Two of
these columns were recoated "in situ" with a Cia hydrocarbon but poor colunn
performance persisted. Visual examination showed voids and channels at the
top of one of the columns and consequently the limited colunn lifetime nay
be due to the poor structure of the column packing. Columns from other sup-
pliers may not have this limitation. Large hydrophobic modifiers can also
be used with a styrenedivinylbenzene (SDVB) reversed phase, but small con-
centrations of acetonitrile must be added to the mobile phase to achieve
maximum column efficiency. Column efficiency was essentially the same for
the SDVB phase as for the C 1 8 bonded phase, and has remained stable for four
months. Calibration curves were linear for the anions studied and the
column has been successfully applied to the determinations of NO~2 and N03-
(for the evaluation of processes for the removal of nitrogen oxides fron gas
streams).

Column efficiencies obtained for the separation of metal ions on
a 5 JJi.i bonded phase coated with an anionic modifier were superior to those
reported previously (PR-CMa-58), and comparable to that expected for organ-
ics. Consequently, the rates of the various metal-ion reactions that occur
during the separation do not necessarily limit the column efficiency. How-
ever, under some conditions multiple peaks were obtained for some metal
ions; the exact cause of this behaviour is not known but may be due to in-
proved column efficiency resulting in the separation of different metal
species present in the eluent.

These column development studies have been summarized in a paper
that will be submitted for publication.

2.2.7.2 Anion Chromatography

A high-performance chromatography system has been assembled pri-
marily for anion service analysis. This system will use both the new column
systems developed at CRNL and conventional column suppressor systems.
Initial evaluation of this unit should be completed by the end of the next
quarter.



2.2.3 Analysis Requests

Elements Determined or
Received From

Fuel & Materials

Metallurgical
Engineering

System
Materials

Type of Sample

Fission Gas
Zr-2.5% Nb
Methyl Iodide

Thermolysis
Products

CRNL cast U-Si-Al
Borehole Probe

Deposit

Zr-Z.b% Nb and
Zircaloy-2

Pressure Tube
Specimens

Zr-2.b% Nb
NO2 in a i r matrix
Zirconium Alloy
Xe Recovery Gas
F i l t e rs and

Fi l t ra tes from
Eldorado Tail ings
Contract

Na and K solutions
from Boiler Chen.
Loop

Douqlas Point
Boi ler Cleaning
Solutions

Molybdenum Solutions
Inconel 600 Tube

Samples
Mo-99 Target Material

Sampl es

66
112

2

6
1

16b

18

b2
32
77

2
78

66

132

8
1

1

Determinations

331
112

12

24
26

16b

48

b2
137

77
6

39U

76

184

24
6

10

Technique*

MS
MS
MS

FAA
ES

MS

ICP

MS
MS
MS
MS

FAA

FAA

FAA

FAA
FAA

ICP

Type of Analysis

Gas Conposition
H2, D2
Composition

Si , Al
Qual i tat ive Conposition

H 2

Nb •
CO

o

H2

Gas Composition
He, Dz
Gas Conposition
Ca, Mg, Fe, Ba, Sr

Na, K, Si

Fe, Cu, Si

A l , Hg, Ba, Sr, Cs
Fe, N i , Cr

Fe



2.2.8 Analysis Requests (Page 2)

Received From

System
Materials

Chemical
Operations

Type of Sample

Leach Test
Solutions

Fuel Dissolver
Solutions

Silicon Solutions
Synthetic Waste

Solutions
U-Al, U-235

Enriched Fuel
H2 reactor loop water
NPD and DP Deposits
Combustion Water
Scale and Insulation
Incinerator

Combustion Water
Douglas Point

Cleaning Solutions
Aluminum Alloy

N0x in Process Gas
Mo-99 Process Gas
X-2 Loop Samples
Mo-99 Dissolution

Test Solutions
Defect Test

Solutions (BAPL
SIOR 2A)

Al Solutions
Acid Solutions
Test Solutions
Solutions to Simulate

Fission hVoducts

No. of
Samples

3

6

2
3

14

2
4
3
2
3

31b

4

1
2

14
8

36

2
3

10
6

No. of
Determinations

3

6

2
62

2b

14
28
6
2

72

630

b2

6
13
20 '
16

80

2
9

24
39

Technique*

FAA

FAA

FAA
ICP

FAA, ICP

FAA
FAA, S

GCA
GCA
ICP

ICP

ICP

MS
MS

FAA
FAA

FAA

FAA
FAA
FAA

FAA, ICP

Elements Determined or
Type of Analysis

Cs

Mo

Si
Quant i tat ive

Fe

Fe, N i , Cu, Co, Cr, Mg, Al
Fe, Cu, Zn, Ca, Mg, S i , PU*
C l , SO 4

Cl
Qual i ta t ive Impuri t ies

Fe, CB, S i , PO,,

Qual i ta t ive

Composition
Composition
Fe, N i , Cu, B
Hg, Mo

B, Li

Al
A l , Sr, Ba
Al , Ba, Sr, Cs
Cs, Hq, Zr, La



2.2.8 Analysis Requests (Page 3)

Received From

Chemical
Operations

Material
Science

CPD

General
Chemistry

Mechanical
Equipment
Development

Environmental
Research

Type of Sample

X-2 Loop Water
X-2 Crud
Oil
Waste Treatment Center
Process Oil

H 2 Gas
Zr Alloy

1 3 3Xe and 1 2 7Xe

Xe Standard
Composition Gas
Fuel Pellet Impurities

in Solution
ZrO(N03)2Solutions
Heavy Water
Metal Ribbon

Composition Gas

Composition Gas
Ground and Swamp

Water
Eluent Solutions
Perch Lake Sediments
Pu Column Eluents

No. of
Samples

33
1
4
3
4

3
2

b

3
8
1

2
2
1

26

8
145

6
19
6

No. of
Determinations

96
24
4
6
22

3
24

34

18
19
26

2
b2
10

121

41
876

96
236
12

Technique*

ICP
ES
S

ISE, GCA
ICP

MS
ICP

MS

MS
• MS

ES

ISE
ICP, ES
X-Ray

MS

MS
FAA

ICP
ES

FAA

Elements Determined or
Type of Analysis

B
Composition
Scan from ZOOnm to 800nm
F, SO,
Fe, Pb

Composition
Hf

Composition

Composition
Composition
Quantitative

F
Quantitative Trace Impurities
Qual itative

Composition

Composition
Na, K, Ca, Mg, Fe, Si,
Sr> Mn, Al
Quantitative
Quantitative
Na, K •

CO
ro



2.2.8 Analysis Requests (Page 4)

Received From

Chemical
Engineering

Physical
Cheni st ry

R.ft I .S .

W.E.& P.

Reactor Physics

NPO

Type of Sample

0 2 Gas
Pt Catalyst

Process Solut ions
Heavy Water
G.S.M.P.P. Water

Samples
Process Solutions

Platinum Dispersed
on S i l i c a Mesh

l)MS0/H20 Solutions
Ion Exchange-Resins

Weldinq Operation
Par t icu la te and
F i l t e r Sanples

Brazing Operation
Sample

Transformer Oil

Aluminum Bar
Aluninun Weldinq Rod
Aluminum Rod Stock

White Powder

PHT and Moderator
Water

NPD 020
Water
•iain Stream Liqht

Water Samples

No. of
Samples

1
4

1
bO
50
4

13

1
2

3

1

1

1
1
8

1

1

2
8
2

No. of
Oeterninations

3
32

26
216

bO
4

13

1
4

21

8

1

8
8

26

24

8

4
8
2

Technique*

MS
FAA

ES
ICP

S
ISE

FAA

GCA
X-Ra.y

FAA

ICP

X-Kay

ICP
ICP
ICP

ES

ES

GCA, ISE
FAA
FAA

Elements Determined or
Type o f A n a l y s i s

Composi t ion
P t , A l , Fe, Si

Qual i ta t ive
Fe, Al
UV at 2b4 nn

F

Pt

Cl
Cl

A l , Cu, Fe, Mg, Mn,
Na, Si

Cd

Cl

Composi t ion
Composi t ion
Fe

Composi t ion

Trace Impuri t ies

C l , F
Na
Na

i

U)
to

1



2.2.9 Analysis Requests (Page b)

Received From

Nuclear Physics

Eldorado Nuclear
Ltd.

Accelerator
Physics

Type of Sanple

Powder

Cyclone Separator
Sanples

Lake Water Sanples

Vacuum Chanber
Swipes

TOTAL 1783

PREVIOUS (PR-CMa-b8) Ib46

No. of No. of Elenents Determined or
Sanples Determinations Technique* Type of Analysis

1

26

b4

4

17

60

118

4

ES

ICP

ICP

X-Ray

Qualitative

so,

so.

Detection of Si

bl76

4bb2

I

CO

*FAA - Flane Atomic Absorption, ISE - Ion Selective Electrode, MS - Mass Spectronetry (Gas),

ES - Enission Spectroqraphy, S - Spectrophotonetry (UV/VIS), ICP - Inductively Coupled Plasna,

GCA - Gravimetric Chemical Analysis
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2.3 RADIOACTIVITY MEASUREMENTS

2.3.1 Gamma Spectrometry Laboratory

- V. Corriveau

A total of 118 samples were analyzed during the period.

Nal spectra = 16
GeLi spectra = 327

The distribution of samples was as follows:

Loops X-l_ X-2 ^ 3 X-4_ LU1_ U-5

Y's 6 26 9 4 1 4

NPD NRU BLOG. 250 BLDG. 375 Mo-99

Y's 28 53 8 13 4

TK3 TK4 TK_46 TK234

Y's 5 1 2 14

Special Analyses CPD TRIUMPH

Y's 133 28 4

2.3.2 Determination of 230Th in Canadian U-Th Ores

- P.M. Ryan, W.J. Edwards

According to Kathren et al.(l), 2 3 0 Th can be determined by acti-
vation to 230Th (25.52 h) using epithermal neutrons. The high resonance ad-
sorption cross section (1100b) provided considerable discrimination against

(1) Kathren, R.L.; Desrosiers, A.E.; and Church, L.8.

"Radiation Protection: A Systematic Approach to Safety"

Proceedings to the Congress of the International Radiation Protection
Society
Pac i f i c Northwest Lab., Batel le Mem. I n s t . , Richland UA USA
Vol . 2, 923-6, 1980, Pergamon Press, Oxford, Eng.
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other nucl ides. In our experiments no 2 3 0 Th coul" be detected usinq waste
uraniun-mine 1 quor d i r e c t l y as a ta rge t . Considerable interference was ob-
served in the y-spectrun from bar iun, larttham'un and rare earth ac t iva t ion
products. A thorium p u r i f i c a t i o n nethod using primary and t e r t i a r y amine
extractants is being studied in order to prepare a more in ter ference- f ree
t a r g e t . To date the method has produced target material as oxides contain-
ing 35% natural thorium from mine waste sol ids o r i g i n a l l y having 1.4%
thor ium. This, or i.iore improved target ma te r ia l , w i l l be tested for 2 3 0Th
by epithermal neutron a c t i v a t i o n .

2.3.3 Platinum Loading on Hydrogen Exchange Catalyst

- W.J. Edwards, L.P.V. Corriveau

A new domestically-produced supported p la t inun cata lys t for
'ivdrogen-water exchange has been examined by neutron ac t i va t ion to determine
tne average p la t inun loading on the support, and the u n i f o r n i t y of platinum
'.,'eposition. The Measurements showed a loading of 1.2 ng Pt per gram of sup-
po r t . The standard deviat ion was 0.2 which indicates the uni formi ty of the
impos i t i on . The precision of the analysis was ^3% with an accuracy of 15%.
1. t? deta i led resu l ts have been supplied to Physical Chemistry Branch,
0. Colston.
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2.4 DEUTERIUM ANALYSIS

Deuteriun Analysis

- W.M. Thurston, M.W.L). Janes

The following is a surma ry of deuterium analyses for the

No. of Analyses

18

12

9

37606

2U00

6

Chemical Conpany
BHWP & PHHWP

Metex Corporation

Pickerinq NGS

Physical Chemistry

General Chemistry

General Chemistry

Interlab conparisons and
standardizations

H20 Analysis (contrac-)

D2O Inventory control
(contract)

H20 - H2 Exchange, on-line
H2 analyses

Suoerupgrader H2 & 02, on-
line analyses

D20 standards for the
Argentine

39651

2.4.2 Heavy Water Analysis

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

2.5.1 Laboratory Demonstration of the CECE-HUP Superupgrader

--M. Hanner l i , A.S. Denovan

2.5.2 D20 Analysis on the Noranda CECE-HUP P i l o t Rig

- M. Hanner l i , A.S, Denovan

2.5.3 Performance of the G.E. Solid Polymer E lec t ro ly te (SPE) Cells

- M. Hammerli, A.S. Oenovan

2.5.4. Electrolytic Oxygen Isotope Effects

- M. Hanrnerli, W.J. Olnstead

Sone preliminary electrolyt ic oxyqen isotope separation factors,
S(160/180) (see PR-CMa-58), have been obtained on a 0.5 en2 Pt electrode in
a 30% KOH electrolyte. The oxygen isotopes were analysed on the SpectrEL
(Extranuclear) quadrupole mass spectrometer by W.A. Lockhart(Section 2.2.4).
Preliminary values of S(160/180) are given below as a function of the cur-
rent density:

Current Density
(mA.cm'2) S(160/1B0)

50 1.012
200 1.036
300 1.042
300 1.060

These values are in the right range but more data is required
before the possible errors can be evaluated. Thus, the increase in
S(160/180) as a function of current density may or may not be real.

A comprehensive program is planned to assess the precision of
the mass spectrometer for 1 3 0/180 rat ios.
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2.5.5 Nitrogen Dioxide-Xenon Standards and Analysis Method

- M. Haranerl i , W.J. Olmstead

Invest igat ions of quick and simple analy t ica l methods for deter-
mining small N02 concentrations in xenon have continued (PR-CMa-58).

We have shown that N02 reacts with high concentrations of NH3;
the most probable react ion i s :

2N02 + 2NH3 » HHkW3 + N2 + H202 (1)

In order to determine i f this reaction is also valid at low MU2
concentrations, the following work was done. Forty-five cubic centimetres
of lOOyL.L"1 NO2 in xenon were mixed with aliquots of NH3 ranging froi.i 5 to
90 en3, the residue (presumably NH..NO3) dissolved in water and this solution
was analysed for nitrate and n i t r i t e concentrations by ion chromatography
(see PR-CMa-58) by S. Elchuk. The yields of nitrate plus n i t r i t e were low
and errat ic .

When both H20 and NH3 were added to the N02-Xe mixture, the n i -
trate plus n i t r i t e yields were s t i l l lower than expected from reaction (1)
and somewhat errat ic .

The use of ammonium hydroxide increased the nitrate plus n i t r i t e
y ie ld but the product consisted largely of n i t r i t e . It is desirable to have
the end product as nitrate since i t night then be possible to use a specific
ion electrode as the simplest method of analysis for nitrogen oxides in
xenon. Also, the nitrate plus n i t r i t e yields were s t i l l below the theoret i-
ca1 value.

Next, the N02-Xe mixture was reacted either with an H2O2-NHi,CH
mixture or an H20-H202 mixture. The H202-NHi,0H scrub gave very high nitrate
yields (see Table 2.5.5.1) possibly because NH3 is oxidized to NOJ by the
hydrogen peroxide. The H20-H202 reagent gave nitrate plus n i t r i t e yields
close to the calculated values (see Table 2.5.5.1) and the product is mainly
n i t ra te .

Table 2.5.5.1

Measured and Expected Nitrate Yields from a 100 yL.L"1 N02
in Xe Gas Standard

NOj Yield uL .L ' 1

Reaction Mixture Observed Calculated* ~

1. 45 en3 of 100 uL.L" 1 N02 8.7 1.24
in Xe plus 5 cm3 of 20%
NĤ OH + 20% H202 6.0 1.24

2. 45 cm3 of 100 yL.L'1 N02 1.3 1.24
in Xe plus 5 cm3 of 10%
H 20 2 in Hz0 1.3 1.24

* Based on reaction (1) in text.
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We conclude that a simple analysis method for nitrogen oxides in
xenon could consist of scrubbing this gas mixture with aqueous hydrogen per-
oxide and determining the nitrate concentration with an MOi specific ion-
electrode.

The l imits of detection as well as the reaction parameters for
quantitative nitrate production by the H20-H202 reaqent have yet to be de-
termined over a range of N02 concentrations in Xe. Also, a miniature speci-
f i c ion electrode for HOi must be tested as a possible alternative to the
ion-cbromatograph detector for the present application.

2.5.6 Ion-Selective Electrode Determination of Boron

- J . Gulens, P.K. Leeson

The development work on an ion-selective electrode for determin-
ation of boron, especially in heavy water, has been completed. It gives a
good response at high concentrations (> 5U ng/L) but has poor sensit ivi ty and
poor select iv i ty as reported in PR-CHa-58. Section 2.5.6. A report in the
AECL series is being prepared.

2.5.7 Response of the Copper-Selective Electrode

- J. Gulens, P.K. Leeson

The study of the response of the copper-selective electrode in
air-saturattd solutions of varying pH continued. The identity of the solid
phase formed in solution (PR-CM-58) is being investigated to permit the
modelling of the electrode response.



2.6 MASS SPECTROMETRY AND FUEL ANALYSIS

2.6.1 Thermal Ionization Mass Spectrometry

- L.W. Green, T.H. Longhurst, G.G. Them, J.R. Woods

Studies of the factors governing the measurement efficiency for
U, Th, and Pu are continuing. Optimisation of slit widths, filament posi-
tion and detector orientation improved the measurement efficiency fron
1 x lO'k to 5x10"* for U deposited in the ion-exchange paper form. Heating
the rhenium filament to 1450°C in a benzene atmosphere after deposition of
Th improved the efficiency for Th from 3xl0"6 to lxlO*5. A scanning elec-
tron microscopic examination of the filament surface has shown that the ben-
zene treatment removed surface oxygen and formed a porous carburized rhen-
ium surface.

The adsorption of U(VI) and Th(IV) by anion-exchange paper was
studied as a function of time and nitric acid concentration. Distribution
coefficients increased in the first 10 ninutes of equilibration, remained
constant for 2 h, then gradually decreased. The decrease was believed to be
due to the gradual decomposition of the paper in the nitric acid mediun.
The optimal nitric acid concentration for both U{VI) and Th(IV) adsorption
was 3 mol'L"1 and the corresponding distribution coefficients were 5.5 and
45, respectively. The low values reported previously (PR-CMa-58) were like-
ly due to excessively long equilibration times and in the case of Th, satur-
ation of the exchange sites.

The possibility of isotopic fractionation was investigated for
10 to 15 ng quantities of U deposited in the ion-exchange paper form. At
a filament temperature of 1750°C the isotope ratios were constant throughout
^ 80% of sample consumption, and thus fractionation was not significant.
Approximately 50 isotopic conposition determinations could be made before
the signal deteriorated, and this was more than adequate for quantitative
work. The relative standard deviation of isotope ratio determinations was
0.22 or better. The instrument bias factor was 0.0016 and was reproducible
from one sample to the next. The ion-exchange paper loading form has been
used for U determinations from (Th, U)02 fuels and has proven to be very
satisfactory.

2.6.2 Building 250 Glove Boxes and Hot Cells

- C.H. Knight, B.M. Recoskie

Sixteen irradiated UO2 fuel-pel let samples from the Fuel
Engineering and Fuel Materials Branches were dissolved, and the uranium was
separated and purified for mass spectrometric analyses. The results will be
u*:ed to calculate fuel burn-up by the U-235 depletion method.
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Approximately 14Lof a highly active l iquid waste solution, from
47 fuel pellet dissolver solutions, were consolidated into a volune of
500 nL and sent to retained waste storage. The condensate fron the con-
denser-evaporator systen was monitored for excess act iv i ty prior to dis-
posal.

An electronic analytical balance with renote control Has been
modified and installed in Hot Cell #4 in place of the conventional single
pan balance used previously. The new balance has a readability of U.I ng
and a capacity of 160 g. The balance has a bu i l t - in integration tine which
greatly improves s tab i l i t y under the vibrating and drafty conditions of the
hot ce l ls , and a s tab i l i ty detector and function check device help improve
r e l i a b i l i t y ; a bu i l t - in calibration system also helps simplify weighings in
the hot -ce l l . With this balance the length of tine taken for a single
weighing is now less than 2 min compared to 15-25 minutes per weighing with
the old balance. *

2.6.3 Fuel Analysis

2.6.3.1 (Th, U)02 Fuels

- L.W. Green, C.H. Knight, T.H. Longhurst, B.M. Recoskie

A 36 element bundle (BDL 417) containing 2.73 wt % U0 2 , with
235U enriched to 91 wt %, was irradiated in the U-2 loop of NRU for 2 years
and removed in April, 1979. Experiments are in progress to develop methods
to determine the aton percent fission and to determine the accuracy of math-
ematical models (e.g. LATREP) for prediction of the important reaction
rates.

One of the methods currently being developed for determination
of the atom percent fission is a lhS Nd net hod (similar to that described
elsewhere*) that involves the following steps: 16 to 30 h dissolution of a
<v20 g pellet in 0.05 mol.L"1 HF/13 nol.L"1 HMO3 under reflux conditions,
separation of Nd and U from the fuel matrix by ion-exchange chromatography
(PR-CMa-55), determination of Th by EDTA complexoinetric titration, and
determination of JI*8Md and U by isotope dilution nass spectrometry. Tests
performed so far have shown that the separated fractions were sufficiently
free of contaminants for mass spectrometric determination, the relative
standard deviation for the titrimetric determination of Th was 3% whereas
that for the mass spectrometric determinations of lllBNd and I) was 0.3% or
better.

T.T. Vandergraaf, L.M. Carefoot, and D.G. Boase, AECL-5964, June 1973.
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C a l c u l a t i o n o f the atom percen t f i s s i o n r e q u i r e s an e s t i m a t i o n
o f the e f f e c t i v e f i s s i o n y i e l d (Y) f o r lhe Nd s ince i t s y i e l d f r o n " 3 3 U f i s -
s i o n (Y3) i s d i f f e r e n t from t h a t f r o m 2 3 5 U f i s s i o n ( Y 5 ) . Es t ima t i on o f the
e f f e c t i v e f i s s i o n y i e l d r e q u i r e s e s t i m a t i o n o f the f r a c t i o n of f i s s i o n s
o c c u r r i n g i n 2 3 3 U (F3 ) a n d 2 3 5 U ( F 5 ) and f o r t h i s we have used values of U
i s o t o p i c r a t i o s de termined by mass spec t romet ry as f o l l o w s :

F 5 = NJ ( ( R l / 8 - R5 8) - ( R s / 8 " R°6/e )) (1)

F = N£
3 as

F = F3 + F s (3)

y =
Fs. Y3 + Fs Y5 (4)

where the def ini t ion of the variables follows the convention used in ASTM
E 244. The values for Y3 and Y5 were obtained from the ENDF/B-V compila-
t i on . The U isotope ratios and equations 1-3 can also be used to give an
approximate estimate of the atom percent f iss ion.

The above estimation of F3 assumes that the quantity of 23 t tU
formed by 233Pa (n,y) equals the quantity o f 2 3 " U lost by 231*U (n,y) . The
assumption may result in a 10% error in the estimation of F3 but the result-
ant error in the effective fission y ie ld , Y, is only 1%, which is acceptable.

Results for two outer ring elements (4 and 14) show atom percent
f ission values of 2.41% and 2.43%, respectively, by the 1It8 Nd method and
2.44% and 2.44%, respectively, from the U isotopic ratios (Equations 1 to
3). The agreement is very good considering the sources of error in the de-
termination of F and the concentration of Th. A substantial reduction of
analysis time wi l l be obtained i f the U isotopic ratio method proves to be
acceptable.

A shortened version of the l l l8Nd method is also being evaluated.
This method involves determination of the concentration of l lteNd in the fuel
pellet and determination of the uranium isotopic rat ios. The weight of the
pel let is assumed not to change during irradiat ion and i ts i n i t i a l heavy
element content is determined from the data for the unirradiated fue l . The
method eliminates the determinations of the concentrations of U and Th.
Atom percent f ission values for elements 4 and 14 are 2.35% and 2.40%,
respectively, for the short l l t 8 Nd method, which is suff icient accuracy for
some purposes.

2.6.4 Analytical Support for (Pu, Th)02 Pellet Production
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2.6.4.1 Koutine Analysis

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

The BDL-422 canpaign to produce (Pu, Th)02 fuel containing 1.54
wt % Pu was completed during this quarter and the following analyses were
performed on this fuel:

Analysis Number of Analyses

Quantitative Plutonium
Quantitative Thoriun
Hydrogen
Moisture
Carbon
Nitrogen
Fluoride
Metallic Impurities

5
9
6
1
1
1
1
1

Pellets of four different compositions were prepared in the
Recycle Fuel-Fabrication Laboratory to be used as standards in the Neutron
Interrogation unit. Representative pellets from each composition were as-
sayed for plutonium.

.Composition (wt % Pu) Assay (wt % Pu)

1.11 1.162 ± 0.003
1.37 1.377 ± 0.008
1.92 1.802 ± 0.001
2.20 2.248± 0.004

2.6.4.2 Thoriun Analyses on ThO2 and (Th, Pu)02 Pellets

The RTS-822 autot i trat ion uni t , which had been conmissioned on
natural thorium solutions in a fume hood, has been modified for glove box
operation and has been installed in a glove box in the analytical section of
the Recycle Fuel Fabrication Laboratory. The analytical procedure developed
for thoriun, based on an EDTA t i t ra t ion as outlined in PR-CMa-52 and modi-
f ied in PR-CMa-53, 54 and 55, was then used to assay three thorium dioxide
pel le ts , fabricated in routine operation of the l ine . The values obtained
(88.1 ± 0.4, 88.0 ± 0.2, 88.0 i 0.2) indicated a slight positive bias in the
assay based on a stoichiometric dioxide of 87.88 wt % thorium; however, a
suf f ic ient ly accurate thorium standard was not available and thus i t was not
possible to determine i f this small bias was real .

When the EDTA t i t r i rnetr ic procedure for the determination of Th
is applied to a mixed (Th, Pu)02 pe l le t , the resultmustbe corrected for the
amount of Pu present because Pu also reacts with EDTA to form a 1:1 complex.
Six dif ferent batches of (Th/Pu)O2 fuel containing 1.54 wt % Pu were assayed
for Th using the above procedure, with the Pu being determined by controlled-
potential coulonetry, and good nass balance was obtained, Table 2.6.4.2.1.
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Table 2 .6 .4 .2 .1

Mass Balance for (Th, Pu)02 Fuel

Sample

P-381-12
P-381-13
P-381-14
P-681-1
P-881-7
P-981-9

* Corrected

Th assay*

(vrt %)

86.47
86.25
86.51
86.34
86.46
86.15

for Pu

ThO2
(wt %)

98.39
98.14
98.44
98.25
98.38
98.03

Pu assay
(wt %)

1.530
1.523
1.564
1.498
1.523
1.544

PuO2
(wt %)

1.735
1.727
1.773
1.698
1.727
1.750

AVERAGE

Mass Balance
(wt %)

100.13
99.87
100.21
99.95
100.11
99.78

100.0 ± 0.2

2.6.4.3 Reduction of U(VI) to U(IV) for Co-Precipitation with Thoriun

In the production of uraniun dioxide powder by the oxalate pre-
c ip i ta t ion route, the uranium must be present as U(IV). The reduction of
U(VI) to U(IV) has been attempted by the use of hydrogen qas and a platinum
catalyst, but this approach has been unreliable and tine consuming. Reduc-
t ion by chemical means using Rongalite (sodium formaldehyde sulfoxylate) has
le f t the oxide powder contaminated with sulfur and led to d i f f i cu l t ies in
achieving acceptable sintered densities. Controlled potential electrolysis
is used to quantitatively determine milligram amounts of U, and the possi-
b i l i t y of using this procedure to reduce U(VI) to U(l\] on a large scale
(300 g quantities) is being studied.
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2.7 PUBLICATIONS AND REPORTS

2.7.1 Publications

Trace Enrichment Methods for the Determination of Metal Ions by
High Performance Liquid Chromatography, Part II

- R.I-1. Cassidy and S. Elchuk
J. Chromatogr. Sci. 1981, 19, 503-507

Ion Chronatographic Determination of Anions in Uastewater
Precipitate

- L.W. Green and J.R. Woods
Anal. Chem. 1981, 53, 2187-2189

2.7.2 Patents

Method for heavy-water recovery from a natural water feed stream
and from a non-e lec t ro ly t i c hydrogen stream using a combined
e lec t r o l ys i s and ca ta l y t i c exchange system.

- R.L. LeRoy, M. Hammerli and J.P. Butler

European Patent No. 0,004,731
1981 October 14

2.8 LECTURES, MEETINGS AND COURSES

2.8.1 Lectures

R.M. Cassidy - presented seminar to Canada Centre for Mineral
and Energy Technology and visited Cannet Laboratories, Ottawa,
1981 November 24

L.W. Green - gave lecture on "Career Opportunities for Chemists",
Chanplain High School, Pembroke, 1981 November 04

J. Gulens - spoke to grade 13 chemistry students in Winghan and
was an invited speaker at Huron County Science Teachers
Professional Development Course in Goderich on October 30
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J. Gjlens - gave seminar at the Technical University of Oennark,
1981 November 11-13

J. Gulens - gave invited lecture at symposium on Ion-Selective
Electrodes, University of Warsaw, Poland, 1981 November 16-22

2.8.2 Meetings

W.M. Thurston - attended Scientif ic Suppliers Exposition to re-
view recent instrumentation pertinent to D/H Analysis, Toronto,
1981 September 22-24

J.P. Mislan, M.T. Hurteau, G.J. Jarbo - attended 28th Canadian
Spectroscopy Symposium, Ottawa, 1981 September 27-30

J.P. Mislan - viewed novel instrumentation systems and had dis-
cussions with spectroscopy personnel at Instruments SA Metuchen,
N.J., 1981 November 05-07

M. Haminerli - held discussions with Dr. J.8. Taylor regarding
the future directions of the Annex IV & V Advanced Electrolysis
Program and participated in a meeting to discuss the possible
extension of the Noranda-Electrolyser "PAIT" project under the
Enterprise Development Program-AECL, Ottawa, 1981 Novenber 05-06

M. Hammerli - attended review meeting of the Working Group for
Annex IV fi V of the IEA's Hydrogen Program, BNL, Long Island,
N.Y., 1981 Octotw 19-22

M. Hannerli - attended proqram review meeting of Noranda's PAIT
project on Electrolyser Development, Pointe Claire, 1981
September 28 and 29

R.M. Cassidy - attended review meeting of Analytical Subcommittee,
St. Jovite, 1981 October 22

I.H. Crocker, J.P. Mislan, J. Gulens, R.M. Cassidy, L.W. Green,
W.M. Thurston, W.J. Edwards, G.G. Them - attended and par t i c i -
pated in a Workshop on Analytical Chemistry Related to Canada's
Nuclear Industry, St. Jovite, 1981 October 18-21. This workshop
was co-sponsored by AfCL, and R.M. Cassidy, L.W. Green, and
J . Gulens were members of the organizing committee. A summary
of this meeting has been published
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3.2 RADIATION CHEMISTRY

3.2.1 Pulsed Electron Radiation Chemistry

- R.G. Macdonald and O.A. Mil ler

(a) Low Dose Radiolysis of NQ-OQ Mixtures

Measurements have been completed on the total concentration of NO and
NO2 formed in the i rradiat ion of N2-O2 mixtures. These measurements were
carried out as described previously (PR-CMa-58; AECL-7517). A steady-state
treatment of the chemical kinetics shows that at low concentrations of NO
and NOg the total NO and NO2 concentration is given by

G(N) x D x Vc x fN

[1] [NO] + [N02] = y-ppjoo 2-

where G(N) is the total y ie ld of N atoms (4S, 2D, 2P) in pure N2, D is the
dose rate in eV-cirr^-s"!, Vc is the radiation cell volume in cm\ Vp is
the pumping speed of the NO/NO2 analyzer, f j ^ is the mole % of N2 in the
N2-O2 mixture and [ ] indicates concentration in molecules-cm-3. In these
experiments the dose was varied by changing the size of the i r radiat ion
cel ls . Thus a plot of [NO] + [NO2] vs.VQ should be a straight l ine of slooe

[2]

G(N) x D x fN

V x 100

and zero interceDt. The results of least squares regression of the
data, based on equation [11. for the slope and intercept, are presented
in Table 3.2.1.1. The volume of the Pyrex i r radiat ion cells ranged from
30.1 cm3 to 640 cm^. As can be seen from the correlation coefficients
given in Table 3.2.1.1 the plots are linear and except for the 48.7% N2
mixture the intercepts are close to zero.

The dose rate in the Gammacell has been measured using N̂O with
1 mol % SFc as a dosimeter (1) for the three largest i r radiat ion cells
(190.1, 318 and 640 cm3). The dose rate was found to be independent of
cel l volume and equal to 2.33 ± 0.056 x TO1*5 eV-g-l-s~l. The dose
absorbed by the N2-O2 mixtures was corrected for the differences in
stopping powers between N20, N2 and O2 (2). The G(N) was calculated
for each N2-02mixture from the slope of the least squares f i t in
Table 3.2.1.1 and equation [2] . These results are presented in
Table 3.2.1.2.
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Table 3.2.1.1

Results of the irradiat ion of N2-O2 mixtures at
300 K and 101 kPa. The sum of the measured con-
centrations of NO and NOg is assumed to be direct ly
proportional to the i r radiat ion cel l volume. The
slope is given by equation [2].

Mole %

°2

90.7

82.6

51.3

31.0

21.1

10.2

4.94

Mole %
N2

9.3

17.4

48.7

69.0

78.9

89.8

95.1

Intercept
x 10-11

molecules-cm-^

9.31

2.52

12.1

-0.78

2.70

2.55

4.36

Slope
x 10-10

molecules

1.37

2.00

4.90

7.39

7.69

8.20

7.70

Correlation
Coefficient

0.9778

0.9985

0.9262

0.9998

0.9996

0.9995

0.9996

Table 3.2.1.2

The y ie ld of N atoms, G(N), from the radiolysis of
N2-02 mixtures at 300 K and 101 kPa. The G(N)
values were calculated from equation [2] .

moT %

90.7

82.6

51.3

31.0

21.1

10.2

4.94

N2

mol %

9.3

17.4

48.7

69.0

78.9

89.8

95.1

Dose
eV-cm-3
x 10-13

3.00

2.98

2.88

2.81

2.77

2.74

2.72

G

7

5

5

5

5

5

4

(N)

.50

.90

.35

.84

.38

.10

.55
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The scatter in the data for G(N) is considerable. Further work is
needed to verify the results at both low and high mol % N2. A small
decrease in G(N) might be anticipated as the mol % N2 increases due to the
loss of N atms by reaction [3] , The average G(N) is 5.7 ± 0.7. This is

[3] N + NO -> N2 + 0

in reasonable agreement with a calculated G(N) = 6.4 ± 1 based on cross-
section measurements of neutral dissociation (3) and ionization yields (4).

(1) A.W. Boyd, O.A. Mi l ler and C. Wi l l i s , Can. J. Chero. 56., 147 (1978).
(2) D.W. Huyton and T.W. Woodward, Radiat. Res. Rev. 2, 205 (1970).
(3) H.F. Winters, J. Chem. Phys. 44, 1472 (1966).
(4) C. Wil l is and A.W. Boyd, In t . J. Radiat. Phys. Chem. 8, 71 (1976).

(b) Vibrational Energy Transfer in NO

Preliminary measurements of the vibrational relaxation rate constants
for N0(V=2) deactivated by NO(V=O) have been made at 294 ± 2 K. This
process is predominantly the V-V exchange reoresented by

[1] N0(V=2) + NO(V=O) v=A=^ 2N0(V=l) - 28 cm"1

The rate constant, ke ' , was measured by following the time dependence of
the UV absorption of NO (V=2) at 246.9 or 247.7 nm after excitation of a
di lute mixture of NO and Ar by an intense electron " ~%m pulse from a
Febetron 705. The method was similar to that described previously
(PR-CMa-56, AECL-7332) for determining the rate constant' i\ vibrational
relaxation of NO (V=l) under similar conditions.

The result of the measurement gives ke' = 1.8 + 0.8 x 10 " ^ cni^-molecule"^
There was no detectable difference in ke' for the two spin-orbit states,
•TT3/2 and Tr-j/2, °^ NO. ^ n e measurement of ke' is an average of 33 experiments
in which the Ar pressure was varied between 50 kPa to 210 kPa and the NO
pressure was varied between 0.1 kPa to 0.87 kPa Effects due to changing
gas composition caused by the intense electron beam were minimized by
changing the gas mixture after several electron beam pulses. A good check
on the gas composition can be obtained by monitoring the relaxation of
NO(V=1). Only at the highest NO part ial pressure (0.87 kPa) was there
a detectable increase in the NO (V=l) relaxation rate as the number of
electron beam pulses into the mixture increased. The N0(V=2) absorption
curves were also corrected for emission from the irradiated gas.

The scatter in the results is large. Part of this scatter is due to
the fact that the absorption vs. time profi les are describee by two
exponential decays which must be resolved. The faster decay is due to
the removal of N0(V=2) by NO(V=O) and the slower decay is twice the decay

of NOfV=lK
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However, this can only account for part of the scatter. In some
cases, under good signal-to-noise conditions, there was evidence for the
presence of a th i rd exponential decay. Further experiments are necessary
to determine whether this is a real physical process or an ar t i fac t of the
experimental method.

There is only one previous measurement of the vibrational energy
transfer involving N0(V=2) (1). Stephenson, using infrared-laser-induced
fluorescence measured ke to be 3.8 ± 0.8 x 10-12 cm^-tnolecule-s-1 at 297 K.
This rate constant is related to ke by detailed balance to give
ke ' = 3.3 ± 0.7 x 10"12 cm3.molecule"l-s"!. This value is nearly a
factor of 2 larger than measured in this laboratory. Further work is
necessary to investigate whether this disagreement is real.

(1) J.C. Stephenson, J. Chem. Phys. 59_, 1523 (1973).

3.2.2 Radiolysis of Liquid Systems

(a) Radiolysis of Aqueous Gadolinium Nitrate Solutions

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

Computer calculations (PR-CMa-57, AECL-7416) indicate that the reaction
of n i t r i c oxide (NO) with oxygen (O2) could be a signi f icant reaction in
the radiation chemistry of oxygenated aqueous ni trate (NO3") and n i t r i t e
(N02~) solutions. The reaction has been observed (1) to be fast ; however,
neither the rate nor the mechanism has been determined in solution. In
other studies of aqueous nitrogen chemistry the reaction is neglected or
assumed (2) to be slow relative to other processes.

In the vapour phase the rate of the overall reaction has been well
established (3); however,the mechanism has not been resolved (4). The
rate control l ing step in the vapour and presumably in aqueous phase can
be represented by the overall reaction [1]

[1] NO + NO + 02 - N204 (2N02)

The following two mechanisms have been suggested (4).

[2] NO + NO ̂  (N0)2

[3] (N0)2 + 02 - N204
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and

[4] NO + O2 5=^ N03

[5] NO3 + NO ->- N2O4

Although other dimers of nitrogen oxides have been observed in solution
the dimer of NO has not. Reaction [5] is known (5) to be fast in the
vapour and may be assumed to be fast in solution. Consequently reaction [4]
should be rate control l ing.

The important reactions of N̂ O- in solution are (6) as follows:

[6] N204 ^ N02 + N02

[7] NO + N02

[8] N203 + H?0 -> 2N02" + 2H+

[9] N204 + H20 •+ N02" + N03" + 2H+

Based on the above equations the observed rate constant (kojjS) for the
disappearance of NO in solutions containing excess oxygen has the following
form

2 1 - 1
Preliminary results indicate k- = 3 x 10 L-mol -s and work is continuing
to better define the mechanism and the rate. Computer simulation using the
above rate constant indicates that the reaction is important in the radiation
chemistry of these solutions.



- 56 -

(1) W.A. Seddon, "The Radiation Chemistry of Aqueous Solutions of
Ni t r ic Oxide", Ph.D. Thesis, University of Edinburgh, 1962.

(2) A. Treinin and E. Hayon, J. Am. Chem. Soc. 92_, 5821 (1970).
(3) D.H. Stedman and H. N ik i , J. Phys. Chem. 77., 2604 (1973).
(4) M.B. Colket, M.F. Zabielski, L.J. Chiappetta, L.G. Dodge, R.N. Guile

and D.J. Seery, Ni t r ic Oxide Measurement Study, Report #R79-994150-2
(1979).

(5) (a) R.F. Hampson, "Chemical Kinetics and Photochemical Data Sheets",
Report #FAA-EE-8O-17 (1980).
(b) D. Baulch, R.A. Cox, R.F. Hampson, J.A. Kerr, J. Troe and
R.T. Watson, J. Phys, Chem. Ref. Data 9_, 351 (1980).

(6) M. Grätzel, S. Taniguchi, and A. Henglein, Ber. Bunsenges Phys. Chem.
74, 488 (1970).

(b) Two Phase Water Radioiysis

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

( i ) Thermal decomposition of hydrogen peroxide

Since the last report (PR-CMa-48, AECL-6538), the study of the
thermal decomposition of degassed ^ 1.9 x 10~4 mol-L~ï hydrogen peroxide
solutions was extended to 118OC. The results are given in Table 3.2.2.1.
The fourth column in Table 3.2.2.1 shows that relationship [1]

[1] [H2O2] + 2[02] = constant

is reasonably well obeyed for times up to 60 minutes, indicating that
reaction [2] s t i l l describes the decomposition.

[2] H202 -* H20 + l/202

The ha l f - l i f e of the decomposition is 45-60 minutes at 118°C. Thus
at this temperature the thermal decomposition of H2O2 does not contribute
to the oxygen y ie ld in the steady state radiolysis of water. In addition
the thermal decomposition w i l l not affect the determination of H2O2
formed when aqueous solutions are irradiated at 118°C for less than a
minute and cooled immediately. This result validates the hydrogen peroxide
analysis described below.

( i i ) Determination of i n i t i a l 6-values for Ho0 irradiated at 118°C

Scavenger studies have been in i t ia ted to determine the i n i t i a l G-values
of the solvated electron, hydroxyl radical, hydrogen atom, molecular hydrogen
and hydrogen peroxide for water irradiated at 118°C.
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Table 3.2.2.1

Thermal Decomposition of Hydrogen Peroxide at 118°C

Time 105[H909] 105[0,] 105([H905] + 2[09])
(rain) 2 \ Z , 2 2 2

irol-L"1 mol-L"1 irol-L"'

0

0

23

30

45

60

60

180

18.1

19.7

17.5

16.1

13.1

.4.5

7.3

0.6

0.3

0.2

1.2

2.0

3.0

6.3

5.4

7.8

18.7

20.1

19.9

20.1

19.1

17.1

18.1

16.2

To date, degassed solutions containing both sodium ni t rate and sodium
formate have been studied. In these solutions the expected reactions are:

[ 3 ] H 9 0 '•••• •••::••->• e ~ , H , O H , H ? , H ? 0 ?

^ 6 0 - a q

Co y-

[4]

[5]

[6]

[7]

[8]

N03"

N03"

HCOO

HCOO

N02

+ eaq

4- U

' + OH -

" + u

+ COg1 -

H+

-2—>NO

,c2

—>NO2

2 +

OH"

+

+ H

0H-

H20

2

co2
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The n i t r i t e , hydrogen peroxide and hydrogen y ie lds have been
determined and are l i s t e d in Table 3.2.2.2. These experiments have
been car r ied out at room temperature and 118°C. Also shown i n t h i s table
are resu l ts f o r GfNOg") from the l i t e r a t u r e f o r room temperature i r r a d i a t i o n s .
Our room temperature resul ts agree wel l w i th these.

When the i r rad iat ions were performed at 118°C G(NOo~) increased by
^ 25% over the room temperature y i e l d whereas no s i g n i f i c a n t changes occurred
f o r 6(H202) and 6(H2). I n te rp re ta t i on of these resul ts requires more data.

Table 3.2.2.2

G(Products) from I r rad ia ted Aqueous Solutions Containing

Sodium N i t ra te and Sodium Formate

[NaNO2]

r o l - L " 1

2.9xlO"4

2.9x lO ' 4

2.5xlO"2

2.5xlO"2

2.5xlO"4

2.5x 10" 2

[HCOONa]

nol-L'1

5.0xl0"2

5.0xl0"2

5.0xl0"2

5.0xl0"2

5.0xl0"2

5.0xl0"2

2

3

3

3

.40±0.

.05±0.

.15±O.

.95±0.

2.60

3.19

10

10

10

10

G(H2O

0.43±0

0.43+0

0.65±0

0.60±0

.05

.10

.05

.05

S(H2)

1.15.tO.

1.28±0.

0.75±0.

0.92+0.

27

23

16

17

Temp.

°C

23±2

118±3

23±2

118±3

25(1)

25(1)

(1) Z.D. Draganic and I.G. Draganic, J . Phys. Chem. 77, 76^, 1973
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(c) Kinetic Studies Involving a Langmuir Surface Balance

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

Cellular membranes are composed of organized l i p id bilayers. In
carrying out the i r biological functions, these membranes have to possess
a certain degree of f l u i d i t y and this is achieved, in part, by having
poly-unsaturated acid moieties in their l i p i d structure. These acids are
prone to chain oxidation processes which al ter the membrane structure.
In ce l l s , under normal conditions, antioxidants and enzymes are present
which prevent or repair these oxidations. However, under certain conditions
these la t ter processes can be overwhelmed by oxidations in i t ia ted by
radiation. To model these reactions many studies have been reported in the
l i terature on the radiation chemistry of aqueous solutions containing
poly-unsaturated fat ty acids or l ip ids under conditions when the solute
is homogeneously dispersed or aggregated in organized micelles.

As the peroxidation of these poly-unsaturated compounds is greatest
when the molecules are aligned para l le l , these reactions should be con-
veniently studied when the compounds are spread as mono!ayers at the air-water
interface and subjected to radiation. This project is an evaluation of
this proposal.

An automated Langmuir surface balance has been constructed. The
general principles of a surface balance are described in reference (1).
The surface area of the monolayer is varied by sl id ing a Teflon barrier
along a Teflon trough. The barrier is driven by a worm gear coupled to
a stepping motor and the change in surface tension of the monolayered
surface is monitored by a mica Wilhelmy plate attached to a strain gauge.
The position of the barrier and the output of the strain gauge are displayed
on an X-Y recorder. From th i s , the surface pressure and the area per
molecule can be computed. For kinetic runs, the apparatus can be operated
at constant surface pressure and the change in apparent area per molecule
followed with time.

The time response of this kinetic apparatus has been checked by
following the oxidation of 9-trans octadecenoic acid monolayers by KMnCty
in the water phase. In these experiments, at constant surface pressure
the apparent area per molecule increases to a maximum due to the formation
of a polar bifunctional intermediate followed by cleaving of the molecule
into two water soluble fragments.

The monolayers can be irradiated by ul t ravio let (UV) l ight or by
225 keV 3-rays. The UV l igh t sources are two high pressure mercury street
lamps with the Pyrex cover replaced by water cooled quartz envelopes for
maximum UV, but low heat, transmission.

The B-ray source consists of three 200 mi l l icur ie promethium-147 fo i l
sources. These are positioned in a holder such that an approximately
uniform dose is obtained at the monolayer surface. The dose received at
the surface is calculated from data supplied by W.G. Cross of the Health
Physics Branch for the attenuation of Pm-H7 B-rays in a i r .



- 60 -

Currently the s tab i l i t y of octadecanoic acid monolayers under UV and
3-radiation is being studied.

(1) G.L. Gaines, "Insoluble Monolayers at Liquid-Gas Interfaces",
Interscience Publishers, 1966.

3.3 LASER PHOTOCHEMISTRY

3.3.1 Photochemical Isotope Separation

- R.D. McAlpine, D.K. Evanss H.M. Adams and J.W. Goodale

(a) Laser Absorption Spectroscopy

A data acquisition system was installed this quarter to allow more
rapid analysis of photoacoustic measurements. A computer program to read
and analyze these data has also been written. The system is shown in
block form in Figure 3.3.1.1.

The short .pulse CO2 laser has been used to study multiphoton
absorption by a variety of molecules. Transmission experiments to
calibrate the photoacoustic absorption results have been completed. The
molecules studied and representative parameter values are summarized in
Table 3.3.1.1.

Complementary decomposition or fluorescence information is required
for these molecules. Cyclobutanone has been selected as a molecule which
may provide an insight into the fluence or intensity dependence of the
ratios of several decomposition channels. Osmium tetraoxide has been found
to fluoresce in the visible region of the spectrum when excited by a CO2
laser. Until now we have only been able to measure the average excitation
of the molecules in the beam. However by combining careful absorption
measurements with fluorescence information, we hope to learn more about
the distribution of the excitation about this average.

(b) HF Laser Induced Multiphoton Decomposition (MPD) of Methanol

Previously (1) we studied the depletion kinetics of the HF laser
induced MPD of methanoi. Reactant depletions were calculated from
measured H2 and ..0 product concentrations which were converted to the
number of reactant molecules consumed using the stoichiometric ratios
(ri-j = number of product molecules i produced z number of reactant
molecules consumed). These ratios had been measured independently at
a higher pressure (10.67 kPa) than that employed for the majority of the
MPD studies. Infrared spectrophotometry was used to measure methanol
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Table 3.3.1.1

Parameter Ranges Studied in Multiphoton Absorption Experiments

MOLECULE C02 LASER

LINE

PULSE
WIDTH

ns

FLUENCE
RANGE.

PRESSURE
RANGE
kPa

CH30H

CDF3

Cyclobutanone

W
°s°4

9P18

9P20

9P34

10R26

9P20

10P20

10P16

10P14

10

10

10

60

10

40

10

40

10

40

10
40

.02-60

.03-35

.01-20

.01-20

.01-30

.01-30

.01-30

.01-30

.01-30

.01-30

.01-30

.01-30

0.27-1.33

0.27-1.33

0.07-1.33

0.22-1.33

0.33-1.33

0.33-1.33

0.07-0.20

0.07-0.20

0.07-0.20

0.07-0.20

0.07-0.20

0.07-0.20

depletion anc* gas volumetric techniques were used to measure the H£ and CO
produced. The only other product measured was CH4. The val id i ty of
using these ratios for calculating depletion kinetics at low pressures
depends on the assumption that the stoichiometric ratios for H2 and CO
are independent of pressure.

Recently we have studied the kinetics of the HF laser-induced MPD
of 2,2,2-trif luoroethanol (TFE) us inn gas chromatography to measure
direct ly the TFE depletion. This study demonstrated that the stoichiometric
ratios for several of the products of TFE MPD were pressure dependent.

In order to both test the val id i ty of our ear l ier results (1) and to
obtain information on the products C2H2, C2H4 and Ĉ Hg (of interest for
mechanistic consideration),we are currently attempting to use gas
chromatography to measure both the depletion of the methanol and the
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build-up of the products not previously studied by us. The scatter in
the resul ts, obtained to date, is too large to report accurate depletion
kinetics at this time.

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

3.3.2 Laser Magnetic Resonance

- D.R. Smith, J.S. Geiger and C. Brown

Dr. J . Brown, Dept. of Chemistry, University of Southampton, is
performing an evaluation of the molecular parameters of the radical OD.
To improve the precision of his calculations, we have supplemented our
ear l ie r data (1) on OD (X^rt, v = 0) with data at two additional wavelengths
133.1196 and 145.66171 pm. Our new data are shown in tables 3.3.2.1 and
3.3.2.2. The assignments are tentat ive.

(1) J.S. Geiger, D.R. Smith and J.D. Bonnett, Chem. Phys. Lett . 70 (3) ,
600 (1980).

Field
(10-4 T)

3933±2
4379+2
4708+2
5362+2
5860+3
6913+3
7768+3
9745+5

11553+6

5376+2
5987+3
6434±3
7332+3
8016±4
9463±4

10638±5
13372±7

Table 3.3.2.1

Zeeman Spectrum of the OD Radical

Polarization A Component
2n, /9(J=13/2)+2n (J=-

a + -
Tf + -

a + -
TT + -
a + -
TT + -
a + -
TT + -
a + -

a - +
TT - +
a - +
TT +
a - +
7f — +
a +
TT - +

at 133.1196 pm

Zeeman
11/2) Mj(J=13/;

13/2
11/2
11/2
9/2
9/2
7/2
7/2
5/2
5/2

13/2
11/2
11/2
9/2
9/2
7/2
7/2
5/2

Component
0-(Mj=n/2)

11/2
11/2
9/2
9/2
7/2
7/2
5/2
5/2
3/2

11/2
11/2
9/2
9/2
7/2
7/2
5/2
5/2
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Table 3.3.2.2

Zeeman Spectrum of the OD Radical at 145.66171 pm

Field
(10-4

151 ±

164 ±

175 ±

195 ±

211 ±

238 ±

262 ±

307 ±

346 ±

429 ±

511 ±

711 ±

971 ±

2111 ±

4193 +

4587 ±

4888 ±

6647 +

7304 ±

8585 ±

9718 ±

12152 ±

T)

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

3

3

4

4

6

Polar izat ion

0

TT

a

IT

a

ir

a

IT

a

IT

a

IT

a

TT

a

IT

a

TT

a

7T

a

IT

A Component
)2

Zeeman Component
M J ( J = 1 5 / 2 ) - M J ( J = 1 3 / 2 )

15/2

13/2

13/2

11/2
11/2
9/2

9/2

7/2

7/2

5/2

5/2

3/2

3/2

1/2

15/2
13/2
13/2
11/2
n/2
9/2

9/2

7/2

13/2

13/2

n/2
11/2

9/2

9/2

7/2

7/2

5/2

5/2

3/2

3/2

1/2

1/2

13/2

13/2

11/2

11/2

9/2

9/2

7/2

7/2

3.3.3 Volatile Molecules of Heavy Elements: Approaches to Laser Separation of
Zirconium Isotopes

- Contract research by M.J. McGlinchey, Department of Chemistry,
McMaster University
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3.4 HYDROGEN WATER EXCHANGE

3.4.1 K inet ic Studies o f the Isotope Exchange Between Hydrogen and Water

- J.P. Bu t le r , J . den Hartog, F.W.R. Molson, J.H. Rolston,
L.M. Paterson and K.L. Gale

3.4.2 X-Ray and UV Photoelectron Spectroscopy

- P.R. Norton and P.E. Bindner

Considerable time has been spent making repairs to the ESCA-3
spectrometer and associated computer equipment. New sample-mounting
methods are being developed which w i l l permit the use o f a temperature
programmer f o r maintaining and c o n t r o l l i n g sample temperatures in the
range 900 < T < 1400 K.

A pre l iminary design has been drawn up fo r an enlarged sample
preparat ion chamber tha t would be compatible w i th IR r e f l e c t i o n spectroscopy.
Approval has been obtained fo r purchase o f a new sample manipulator to
accommodate the requirements of precise sample motion i n the UHV chamber.

A set o f i n d i u m s ing le c rys ta l s l i ces o f (100), (110) and (111)
o r i en ta t i on has been received froii! Munich and work w i l l sho r t l y commence
on c a t a l y t i c studies on these surfaces.

3.4.3 Determination o f the I sos te r i c Heat o f Adsorption o f Deuterium on
P t ( l l i ) from Absolute Coverage Measurements

3.4.4 Absolute Coverage Determinations o f CO and 0 on P t ( l l l )

3.4.5 An Upgraded UHV Chamber f o r LEED/Auger/RBS/NMA Studies

3.4.6 Surface Preparation o f a (110) Au Single Crystal and Prel iminary
Measurements

- P.R. Norton, i n co l labora t ion wi th J.A. Davies, T.E. Jackman,
C.W. S i t t e r and D.P. Jackson (So l id State Science Branch)

See Sol id State Science Branch, sections 1.3.1 to 1.3.4 i nc l us i ve .
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3.5 ISOTOPE CHEMISTRY

3.5.1 Deuterium Exchange Between Fluoroform (CF3H) and Water

- E.A. Symons and J.D. Bonnett

3.5.2 Isotopic Exchange Reactions in Protic Solvents

- J.D. Ha H i day and S. Padamshi

Pi methyl ami ne

The intermolecular exchange reaction between the amino proton of
dimethylamine and the dimethyl amide ion of cesium dimethyl amide, Equation
[1 ] ,

[1] (CH3)2NH + (CH3)2 NCs <-=* (CH3)2 NCs + (CH3)NH

has been studied by H NMR linewidth measurements of both the cethyl and
anvino resonances in (CH3)2NH. Exchange rates covering the temperature
range -50.3°C to +27.4°C and cesium dimethyiamide concentrations from
1.35 x 10"3 to 6.73 x 10"7 mol-(kg solvent)" ' have been obtained. A
complete analysis of the data w i l l be given in the next quarter.

The N quadrupole spin relaxation times, Tq, in dimethylamine as a
function of temperature are required in the analysis of this data. Use
of the spectrum manipulation fac i l i t i es on the Nicolet 1174 Signal Averager
has allowed measurements of Tq, more accurate than those reported in
PR-CMa-52, AECL-6944. to be made at below ambient temperatures. The
previous data in this region have now been refined by using the spectrum
subtraction f ac i l i t i e s of the Nicolet Averager to adequately correct for
overlap of the methyl and amino l ines. An activation energy for rotational
diffusion of 13.8 kJ-mol"' has been calculated from the current data (see
Figure 3.5.2.1).

3.5.3 Separation Factor for Deuterium Exchange Between Hydrogen and
Methanol

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

The previous measurements (PR-CMa-45, AECL-6327) of the deuterium-
protium separation factor a between hydrogen and the hydroxyl group of
CD3OD indicated a was less than that observed with CH3OD. The magnitude
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DIMETHYLAMINE

3.8
1000/T(K)

4.2 4.6 5.0

14,Figure 3.5.2.1 - Dependence of '"'N quadrupole spin relaxation times,
for anhydrous dimethyl amine on absolute temperature,
sol id l ine obtained by least squares regression.

of this secondary equilibrium isotope effect on a has been veri f ied using
deuterated alcohols which have been extensively dried over 5-A molecular-
sieves. The i n i t i a l deuterium atom fraction of the l iquid methanol, Fj_i,
was determined by comparison of the intensity of the deuteron NMR signal
of the hydroxyl group in known water-alcohol standards. A Nicolet 1147
signal averager was used (see section 3.5.2 above) to enhance the signals
and to deconvolute the hydroxyl signal from that of the CD3 group.
Figure 3.5.3.1.compares the data (FL 1 = 0.03199) with that obtained
previously (F|J = 0.04590) using the less rigorously dried alcohols.
The sol id curve showing a as a function of absolute temperature T is
calculated from equation [1] which was obtained by a least squares
regression.

[1] an a - -0.7179 + 655.2 8157

This curve l ies about 5% below that of the protiated alcohol (dotted
curve) in agreement with the ear l ier study.
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Figure 3.5.3.1 - Temperature Etependence of the Deuterium-Protium Separation
Factor.Between CD,*)7) and H2: (0) F,1 = .03199 th is work,
(0) F.1 = .04590 from AECL 6327, dotted curve shows corresponding
curve for CHjOD.



- 69 -

3.6 REPORTS, PUBLICATIONS, PATENTS AND LECTURES

3.6.1 Publications

Temperature Dependence and the Surface Peaks in MeV Ion Backscattering
Spectra
- D.P. Jackson, J.A. Davies, T.E. Jackman, P.R. Norton and W.N. Unertl
Proceedings of 9th Int. Conf. on Atomic Collisions in Solids, Lyon, France,
1981 July 6-10
Nucl. Instr. Meth. (in press) 1981

Surface Phases of Clean, CO and NO Covered Pt(llO)
- W.N. Unertl, T.E. Jackman, P.R. Norton, D.P. Jackson and J.A. Davies
Proceedings of the American Vacuum Society, Anaheim, California,
1981 November 2-6
J. Vac. Science (in press) 1981

The Radiolysis of Aqueous Solutions Containing Dithiothreitol and
Oxidized Dithiothreitol
- A.J. Elliot and F.C. Sopchyshyn
Radiation Physics and Chemistry (in press) 1982

New Surface Phase for CO Covered Pt(llO)
- T.E. Jackman, J.A. Davies, D.P. Jackman, P.R. Norton and W.N. Unertl
J. Phys. C: Solid State (in press) 1982.

Deuterium-Protium Isotopic Fractionation Between Liquid Water and Gaseous
Hydrogen
- J.H. Roliton and K.L. Gale
J. Phys. Chem. (in press) 1982

3.6.2 Lectures

MeV Ion Beams, Surface Physics and Chemistry
- P.R. Norton
Dept. of Physics, Univ. of Maine, Orono, Maine, U.S.A., 1981 October 8

New Hypothesis for Origin of Spontaneous Oscillations in CO Oxidation
- P.R. Norton
Catalysis Discussion Group, Fall Meeting, Royal Military College,
Kingston, Ontario, 1981 December 7

Surface Science and Catalysis
- P.R. Norton
Chemistry and Materials Divisional Seminar, Chalk River, 1981 December 15
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Applications of Isotope Separation in Fusion
- D.R. Smith
Mound Laboratories, LANL, General Atomics (San Diego) and LLNL,
1981 December 14-17

Surface Phases of Clean, CO and NO Covered Pt(llO)
- W.N. Unertl, T.E. Jackman, P.R. Norton, D.P. Jackson and J.A. Davies
Proceedings of the American Vacuum Society, Anaheim, California,
1981 November 2-6

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)

Experiments have continued on Zircaloy-2 throughout the period. Crack
initiation continues to be a very variable phenomenon with Zircaloy-2; however,
most specimens have started cracking in H2 without the necessity of adding
iodine to initiate a SCC crack first. It was thought that this variability in
crack initiation might indicate a more resilient air-formed oxide film. However,
specimens where cracking was stopped by the addition of traces of oxygen to the
systerc have proved to be no more difficult to restart, after pumping out and
replacing the gas with pure H2, than Zr-2.5 wt% Nb. Generally, cracking
restarted more rapidly after such an arrest, than it had done initially on the
•same specimen. The cause of the considerable variability in ease of crack
initiation remains unknown.

Accumulation of data for specimens held continuously at different
pressures, and for specimens on which the hydrogen pressure was changed suggest
that Zircaloy-2. shows a hydrogen pressure dependence of Stage II crack velocity
close to Ph, whereas the earlier results on Zr-2.5 wt% Mb suggested no pressure
dependence. In obtaining these data, a change has been made in the sequence of
experimental operations. It appeared that some of the crack velocity measure-
ments made following a change in the surrounding hydrogen pressure might be in
error because of the long time taken for the specimen to adjust to a crack
velocity typical of the new hydrogen pressure. For all variations in hydrogen
pressure made during this period, therefore, the apparatus has been evacuated
(and crack propagation stopped) before hydrogen at the new pressure was admitted
(and the crack allowed to restart). It is on the basis of these results that a
PH2^"^ dependence of Stage II crack velocity is inferred; earlier results showed
more scatter and, while few in number, could be interpreted in terms of little
or no pressure dependence of crack velocity (see PR-CMa-58 (AECL-7517), Section
4.2.1). It is not thought that these observations alter the earlier conclusion
about the absence of a pressure dependent Stage II crack velocity for Zr-2.5 wt%
Nb (PR-CMa-55 (AECL-7242)).

(b) Stress-Corrosion Cracking by I? Vapour

- B. Cox and R. Haddad

Examination of a large number of crack initiation sites produced in
Zircaloy-2 (MLI-786) in argon+Ig mixtures at 300°C has shown no evidence for
second phase particles being involved in the crack initiation step. By reducing
the stress on the specimen (down to 1/3 the 0.2% yield stress), the size of the
observable initiation sites, after subsequent breaking of the specimen in air,
has been reduced to about the average grain size (< 5 um in many instances).
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However, at these low stresses, no further propagation of these sites would be
observed in times of at least 1000 hours. Since they do not appear in control
experiments from which I2 was omitted, they are considered to be genuine
iodine-induced SCC in i t ia t ion sites. In many instances, these sites are clearly
transgranuiar pseudo-cleavage features; however, a large fraction of then are
neither clearly transgranuiar nor clearly intergranular, but show no readily
ident i f iable fractographic features. (Similar areas had been seen in the larger
incipient cracks produced at higher stresses). Non-dispersive X-ray analyses of
these areas showed only Al in addition to Ir signals. These aluminum signals
were shown to arise from other areas of the microscope specimen-chamber as a
result of the primary electron beam impinging so near to the edge of the
specimen. Thus, there appear to be no local concentrations of impurities or
alloying additions at these sites.

Since these crack in i t ia t ion sites appear at stresses below those giving
ready crack propagation, and do not occur in the absence of iodine, they must
represent sites where iodine induces cracking at very low local applied stresses.
In instances where they are clearly transgranuiar the suspicion is that the local
stress must be enhanced either by residual stresses at the sites in the specimen
surface, or by thermal compatibility stresses resulting from the anisotropic
thermal expansion of adjacent grains. The sites not showing clearly recognizable
features may also be induced by similar local enhancement of the stress. I t
might be possible to answer these questions i f we were able to orient these
surfaces, and the adjacent grains by the selected-area electron channeling tech-
nique. However, we do not have an electron microscope capable of doing th is. I t
may be possible to continue this work in future, i f we acquire an Analytical
Electron Microscope, or possibly by purchasing time on the Ontario Research
Foundation EM400T (the only microscope in Ontario we are aware of with the
required capacity).

In contrast, batch MLI-789 tubing could not be induced to fa i l in argon+12
mixtures at stresses as high as 350 MPa and times up to 240 h, nor were any
small i n i t i a t i on sites observed on subsequent overstressing and breaking. The
only signif icant difference between the two batches seems to be in the transverse
texture coeff icient which was 1.48 for MLI-786 and 0.61 for MLI-789.

4.2.2 Protective Coatings for Zircaloy Fuel Sheaths

- N. Ramasubramanian

In the S-quenched condition, both Zircaloy-2 and Zircaloy-4 resist
accelerated nodular type oxidation in high-temperature, high-pressure steam. A
Zircaloy-2 rod in the 3-quenched condition was used as the cathode in the
sputtering unit and Zircaloy-2 rings cut from the fuel sheath tubing were coated
with a 50 nm thick f i lm sputtered from the 3-quenched Zircaloy-2 rod. Coated and
uncoated rings were oxidized in steam at 773 K and 10.5 MPa for 30 h. The
uncoated rings were greyish-black in color and their surfaces showed nodular
oxide growth. The coated rings were white in color and their surfaces were
smooth and showed no evidence of a nodular type of oxidation. However, the
weight gained by the coated rings was nearly an order of magnitude higher than
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the uncoated rings. Metaliographic examination of the cross sections of the
oxidized coated rings and additional experiments are to be carried out to under-
stand the increased oxidation rate in the absence of a nodular type of attack.

When potential-pH diagrams published in the l i terature are analyzed,
platinum is found to be one metal which does not dissolve in highly alkaline
solutions (pH 10 to 14) at elevated temperatures (473 to 573 K). Zircaloy-4
tubes, 10 cm long, cut from the same piece of fuel sheath tubing were f i r s t
oxidized in pairs in 10"4 M LiOH at 523 K to a weight gain of % 14 mg/dm2. One
tube from each pair was coated with 50 nm thick f i lm of sputtered platinum.
Oxidation experiments were then carried out with the pairs of coated and
uncoated tubes in steam at 773 K and 10.5 MPa for 30 h and in 1 M LiOH
(pressurized at room temperature with hydrogen to 1.4 MPa) at 623 K for a week.

The sputtered platinum fi lm reduced the oxidation rate in steam
considerably - a result similar to that reported previously for sputtered films
of nickel-free stainless steel and Nichrome (PR-CMa-55, Section 4.2.2 (AECL-
7242), and PR-CMa-56, Section 4.2.3 (AECL-733?)). Some areas on the platinum
f i lm had a mottled appearance. Optical examination reyealed the in i t ia t ion of
nodules underneath the platinum f i lm in these areas.

Following oxidation in 1 M LiOH the weight gained by the coated and
uncoated tubes were the same, % 1 mg/dm2 - a result again similar to that obtained
with sputtered films of stainless steels and Nichrome. However, an important
difference was that the platinum fi lm had stayed intact. Unlike the stainless
steel and Michrome films the platinum had neither oxidized nor peeled off.
Metallographic examination of the cross sections of the tubes indicated very
extensive hydriding in both the coated and uncoated samples.

The surfaces of uncoated Zircaloy-2 tubes, following oxidation in steam
at 773 K and 10.5 MPa for 30 h, were examined on the scanning electron
microscope. Sites from rfhich the second phase intermetallics had been etched,
as a result of the i n i t i a l surface preparation procedure of pickl ing, could be
ident i f ied easily. These were al l free of any nodular oxide growth. At the
sites where nodules were located, the central nucleus region of some of the
nodules was deeply cracked, and characteristic X-ray analysis in these regions
revealed the presence of Fe, Cr and Mi. The signals were shown to oe origina-
t ing from a part ic le about 2 pm in size. Many of the nodules were not deeply
cracked, and X-ray analysis for Fe, Cr and Ni at the central region of these
nodules did not reveal their presence.

4.2.3 Oxidation of Low Alloyed Zr

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

Work has begun on the thermal oxidation at 573 K in dried 02 of the
three alloys below:

(1) Zr/Cr: 0 2 , 200 ppm; 0.505 wtt Cr
(2) Zr/Fe: 0 2 , 300 ppm; 0.482 vt% Fe
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(3
(4

) Zr /Mi : 0 2 , 1010 ppm; 0.561 w U Ni
) S ta r t ing Ma te r i a l , Zr: C, 50 ppm; Fe, 110 ppm; O2, 115 ppm; Hf, 65 ppm.

In comparison to pure zirconium (02, 155 ppm; Fe, 110 ppm - CB mater ia l ) and
Zi rca loy-2 (AC-material) - see PR-CMa-56 (AECL-7332), Section 4.2.4 - the al loys
were intermediate in t h e i r corrosion rates. The Zr/Cr and Zr/Fe were very s im i la r
and oxidized at a s l i g h t l y higher rate than the CB and BE ma te r i a l . Z r / N i , on
the other hand, was closer to AC material in i t s behaviour. For instance, at the
end of 30 days accumulated exposure, the approximate oxide f i l m thicknesses were-'

Z i rca loy 2:
Zr /Mi :
Zr/Fe:

Crystal Bar (BE):
Zone Refined (CB):

390
340
252
212
203

nm
nm
nm
nm
nm

The al loys of Ni and Sn (not reported here) are to be refabr icated due to
t h e i r high oxygen content.

4.3 ELECTRON MICROSCOPY

4.3 .1 Displacement Damage Cascades in Group IV B Metals

- O.T. Woo, G.J.C. Carpenter (Physical Metal lurgy Research Laborator ies,
CANMET), and C O . Cann (Mater ials Science Branch, Whiteshell Nuclear
Research Laborator ies)

Electron- t ransparent discs of a-Ti and a-Zr have been i r rad ia ted at room
temperature wi th 20 and 40 keV 3 i 2

+ and 25 keV Bi-3+ ions in the mass separator.
Electron microscope examinations are current ly being car r ied out.

4 .3 .2 Multi-Beam La t t i ce Images

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

As described in PR-CMa-57 i*ECL-7416), l a t t i c e images of the same area
were recorded several times during the growth of defected micrccrysta ls in a
matr ix of amorphous Ge. By comparing l a t t i c e images, changes in the defect
s t ruc tu re of a growing grain can be fo l lowed. This comparison of s t ruc tura l
de ta i l is made d i f f i c u l t by the superimposed noise ar is ing from phase contrast
induced g ranu la r i t y . A b r i e f descr ipt ion fol lows of the opt ica l reconstruct ion
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procedures we have recently developed to suppress this noise and enhance the
contrast of these lattice images.

The general procedure is illustrated in Figure 4.3.2.1a, where a noisy
micrograph M is Fourier transformed by the lens L and multiplied by a spatial
filter F to obtain a reconstructed image I. The spatial filter was a binary
filter of holes concentric with the diffracted and transmitted beams, Figure
4.3.2.1c. For optimum contrast in the reconstructed image the transmitted beam
was attenuated by covering its hole in the filter with a 10 ug/cm2 carbon film.
Since no lens was used after the filtered diffraction pattern a convolution of
the lattice image on the micrograph with the binary filter of holes was avoided.
In this way, a simple Fourier averaging occurred in which the location of each
plane in the reconstructed image was determined by the average position of
2.42 AD/daM lattice planes in the micrograph. In this relation, \ = 632.8 nm, D
is the distance of the micrograph from the lens L whose focal length is f and
f < D < 2f, d is the filter hole diameter, a is the resolved interplanar spacing
and M is the electron optical magnification.

The most difficult part of the reconstruction process, schematically
illustrated in Figure 4.3.2.1a, was the production of the spatial filters. The
holes had to be concentric with the diffracted beams and after drilling, each
filter had to be repositioned with the correct orientation in the back focal
plane of the lens L. This was accomplished in a matter of minutes with Polaroid
P/N film and the double exposure techninue illustrated in Figures 4.3.2.1b-c.
Figure 4.3.2.1b was obtained from intersecting scratches ruled in the emulsion
of the micrograph and from another area of the microgre, •• containing the lattice
image of interest. A printed circuit board drill was used to make 0.07 cm
diameter holes concentric with the diffracted spots, Figure 4.3.2.1c and the
diffraction pattern from the intersecting scratches was used to reposition the
filter.

A double exposure with and without the spaticT filter was :.'sed to record
the filtered image at I. In this way, the fine detail in the bright field image
of the original was retained, the phase contrast induced granularity was
suppressed and the contrast of the lattice image was improved. An example is
shown in Figures 4.3.2.Id and 4.3.2.1e where the visibility of the 0.325 nm and
0.28 nm spacings of (111) and (002) planes in a crystal of Ge is much clearer in
the reconstructed image than in the original.

4.3.3 Computer Program DCIFR

- R.A. Ploc

The interpretation of transmission electron diffraction patterns from
oxides grown on aZr(lOlO) has proved unsatisfactory. A computer program DCIFR
was written and successfully used to isolate and index diffraction patterns from
superimposed oxide crystallites of many different orientations (relative to the
incident electron beam). Preliminary results for the oxidation of the aZr(10T0)
look encouraging.
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M (a)

(b)

(d)

Figure 4.3.2.1 An electron micrograph (d) positioned at M in (a) has its
Fourier transform (b) filtered at F using the binary filter
shown in (c) to obtain the noise suppressed, contrast enhanced
reconstructed image (e) at I in (a).
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4.3.4 Simulation of Forward Scattered Laue Patterns (FSLP)

- R.A. Ploc

The theoretical basis for the computer program FSLP was completely
reworded and modifications itade to the program. Geometrical relationships
between various reflections in the FSLP were worked out, enabling an analytical
solution for unindexed FSLP's to be found.

4.4 METAL PHYSICS

4.4.1 Ion Simulation of In-Reactor Creep

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

Excessive oxide growth on the Ne ion irradiated surface was not s ign i f i -
cantly reduced, contrary to the expectation in PR-CMa-58 (AECL-7517), by using a
positive potential between the specimen at 600 K and the heat shields of the
demountable furnace described in PR-CMa-57 (AECL-7416). Following a suggestion
by J.A. Davies, a 10 cm long beam tube, cooled by the Cryomech refrigerator to
50 K, has been bu i l t and positioned inside the accelerator target chamber with
i ts exi t facing the entrance to the demountable furnace. This is calculated to
reduce the part ial pressure of oxygen at tK*1 specimen to l/25th of i ts value
without the cooled beam tube.

4.4.2 Effect of Low Energy Helium Ion Irradiat ion on Zirconium and Zr-2.5 wt% Nb

- R.H. Zee and J.F. Matters {with O.M. Westcott, Solid State Science
Branch)

Crystal bar zirconium and Zr-2.5 wtt Nb in the annealed condition were
irradiated with 50 keV helium ions at room temperature to a dose of ^ 10*8

ions/cnr. Neither sample showed bl isters or other signs of surface damage.
Earl ier (see PR-CMa-58 (AECL-7517)), we found that zirconium and Zr-2.5 wtt Nb
in both annealed and 40% cold-worked conditions formed bl isters after similar
i r radiat ions, but to a higher dose of 2 x 1018 ions/cmz. Therefore, i t can be
concluded that at room temperature, the c r i t i ca l dose for bl ister ing for both
annealed materials is between 1018 and 2 x 1018 ions/cm2.

The same set of materials (zirconium and Zr-2.5 wt% Nb, in both annealed
and 40% CW conditions) was also irradiated at ^ 70 K with 50 keV helium ions.
The sample holder was direct ly mounted onto a cryoshield at ^ 30 K. The tempera-
ture increased to ^ 70 K when the beam «cts turned on. All four types of specimens
were irradiated to doses of 10*8 and 2 x 1018 ions/cm2 at an average flux of
'W x 1013 2 1
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At a dose of 2 x 10 1 8 ions/cm2, all four types of samples showed
spherical blisters with an average diameter of ̂  3 urn. The cold-worked zirconium
and the two Zr-Nbspecimens have similar blister densities {^lO'/cnr which were
about twice as high as that on the annealed zirconium. A small fraction (
of these blisters had burst showing a skin thickness of ̂ 0.2 urn.

At 70 K, all four samples irradiated to only 10 1 8 ions/cm2 also formed
blisters similar in size to the higher dose samples but with a lower density.
Therefore, tbe critical dose at 70 K is below 10 1 8 ions/cm2 as opposed to over
10 1 8 ions/cm2 at room temperature.

The damage characteristics seem to be independent of material and
microstructure at low temperature. This is probably because the low helium
mobility at low temperature prohibits long range helium migration. This makes
the material microstructure less important.

Further study is being planned for high temperature irradiation to
investigate the thermal effect in more detail.

4.4.3 Mechanical Testing

(a) Instron

- T.P. Trott ier and S.R. MacEwen

High temperature constant strain-rate {constant cross-head speed)
experiments on 3-cycled Zr-4 fuel sheathing material at 873 K in vacuum are
continuing (in collaboration with S. Sagat, Fuel Engineering Branch).

Temperature change, AT, steady-state creep experiments in Zircaloy-2 have
been carried out. In these experiments, the stress was kept constant at ^ 3.2 MPa
while the temperature was varied between 823-913 K in 15 K intervals. Preliminary
results showed that the computerized system could handle this type of experiment.

(b) MTS-a

Bauschinger Effect in Zircaloy-2

- O.T. Woo, J.F. Mecke and S.R. MacEwen

In the continuation of this program, annealed specimens of Zircaloy-2
(923 K for 4 h and furnace-cooled), whose axes are along the longitudinal direc-
t ion of a rol led slab, have been tested in tension followed by compression at a
true strain rate of 1 x 10~4 s"*. Figure 4.4.3.1 shows an example of a specimen
strained in tension to 0.38% plastic strain and then compressed to M.5% plastic
s t ra in . Analysis of the data shows a permanent softening of U MPa. Four
specimens have been tested so far, with pre-tensile strains ranging from 0.05%
to 1.04% plastic strain. Results indicate that the forward plastic strain is
approximately equal to the Bauschinger strain.
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4.4.4 Effect of Tin on the Mechanical Deformation of Zirconium

- R.H. Zee, S.R. MacEwen, J.F. Mecke and J.F. Watters

A plastic deformation study was conducted on a zirconium 5 wt% t in alloy
using the MTS machine. This particular alloy was chosen because at this concen-
t ra t ion , t in may either be soluble or precipitate out as Z^Sn depending on the
exact heat treatment.

The alloy was melted in the MRC arc melter f ive times using crystal bar
zirconium and high purity t i n as start ing materials. Al l the heat treatments
were carried out with the machined MTS specimens sealed in quartz tubes evacua-
ted to < 10"4 Pa.

In this experiment, two different methods were used to determine the
activation areas (Aa) at different stress levels. (b2/Aa vs. a is called the
Kaasen plot where b is the Burgers vector.) The f i r s t was a strain-rate-change
test and the second was a stress relaxation test. Three different heat treat-
ments were chosen. Specimens in the f i r s t two processes were aged for 150 h at
875 K and 975 K, respectively, and those in the third one were quenched from
1145 K to room temperature.

Three specimens {with the above three heat treatments) were tested using
the strain-rate-change method and only one (quenched from 1145 K) was tested by
the stress relaxation method. Preliminary results show that stress relaxation
is the better method and we w i l l therefore concentrate on this technique in the
future.

The Haasen plot obtained from the quenched specimen (solid solution)
indicates that the relat ive rate sensi t iv i ty of the dislocations is unaffected
by the addition of t i n atoms to unalloyed zirconium.

Comparing the y ie ld stresses from the crystal bar zirconium and this
al loy, we found that t i n had the same solute rate sensit iv i ty as oxygen had in
zirconium. Chemical analysis is now being performed to determine the exact
oxygen concentration to see i f this effect is caused by an excess oxygen pickup
during the melting of the al loy.

4.4.5 Preparation of High Purity Zirconium by Electrotransport

- R.H. Zee, F.A. Schmidt* and J.F. Watters

We have completed another electrotransport run of a 16 cm long zirconium
rod at Ames Laboratory (sample number FRS-30-184). The start ing material was

•Energy and Mineral Resources Research Ins i tu te, Ames Laboratory, Iowa State
University
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Marz grade zirconium (from Mater ia ls Research Corporation, Orangeburg, N.Y.)
w i th a residual r e s i s t i v i t y ra t io of ^ 100. This sample was electrot ransport
p u r i f i e d by heating at 1600°C for 1883 h under a vacuum of 1.2 x 10~8 to
2.7 x 10~9 Pa. The material became very sof t at such a high temperature and had
crept considerably (see Figure 4 .4 .5 .1 ) . Towards the end of the run, the middle
sect ion actua l ly touched the stainless steel shield of the t i tan ium sublimation
pump. The central part of the rod (as marked in Figure 4 .4 .5 .1) is probably
contaminated wi th Fe, Cr and N i . This mishap was not detected ea r l i e r because
the s ight glass was coated wi th a zirconium deposit due to the extended heating
per iod.

The pu r i f i ed rod was shipped back to CRNL and residual r e s i s t i v i t y ra t io
(RRR) measurements ^ere made here. The specimen was divided into f i ve segments
and four -po in t resistance values were measured at room temperature at 4.2 K.
(Thanks to Mr. J . Evans of Neutron Physics for supplying us with the l i q u i d
hel ium.) Figure 4.4.5 .2 shows the residual r e s i s t i v i t y ra t i o of the f i ve
segments wi th the anode and cathode ends indicated. The middle section has the
lowest r a t i o (thus lowest pur i t y ) as expected since i t is contaminated. However*
we are s t i l l l e f t wi th a considerable amount of high pur i t y zirconium (with
RRR > 300) from th i s run.

Another zirconium rod is now being mounted for another pur i f y ing run at
Ames. This run w i l l be at 1600°C for 1000 h. I t is hoped that subsequent runs
w i l l be made in our own apparatus.

4.4.6 Positron Ann ih i la t ion Spectroscopy: Doppler-Broadening

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

A. Zirconium-Hydrogen System

(1) E f fec t o f H Concentration

- in co-operation with C.E. Coleman and J . Bryson (Metal lurgical
Engineering Branch)

A batch of crysta l bar Zr samples in an as-received condi t ion has been
hydrided to 0 .5 , 1.0 and 2.0 at% H and subsequently homogenized. The e f fec t of
H is to increase L and decrease W with respect to values for unhydrided
reference samples. The resul ts obtained were as fo l lows:

ample H content (at%) L W AL(%) AM(%)

1 nominally zero 1.0000 1.000
2 0.5 1.0012 0.998 +0.12 -0.2
3 1.0 1.0030 0.979 +0.30 -2.1
4 2.0 1.0039 0.976 +0.39 -2.4



Figure 4.4.5.2 Residual resistivity ratio of the purified rod at 5
different positions.
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A further set of samples from the same starting material, but in a pre-
annealed condition, are being similarly hydrided. The aim is to study the effect
of heat treatment of the Zr, prior to hydriding, on the positron annihilation
characteristics and to compare the results with information already in hand.

2. Temperature Dependence and Quenching Effects

Samples of nominally pure (402)Zr and (402)Zr doped with 1.0 att H have
been quenched from 773 K into water at 293 K - see PR-CMa-58 (AECL-7517),
Section 4.4.5, Sub-section A.2.3. The effects of the quench were to increase L
and decrease W for the H doped sample and to decrease L and increase W for pure
Zr. It has further been determined that the positron annihilation parameters
for the quenched state are themselves temperature dependent. A summary of the
results of these measurements is given below;

(i) Effect of quenching on L and W for pure Zr

Sample Temperature AL(%) £W(%) Reference Data

293 -0.37 +4.6 (a)
78 -0.50 +7.0 (a)

The reference data (a) are for pure well-annealed Zr under the same
measurement condit ions.

( i i ) Effect of quenching on L and W for Zr-1 at% H.

Sample Temperature Al_(%) h\i(%) Reference Data

293 +3.3 - 5.1 (a)
78 +3.7 -10.6 (a)

293 +2.9 - 0.5 (b)
78 +3.3 - 3.6 (b)

Reference data (a) are for nominally pure quenched Zr
Reference data (b) are for nominally pure well-annealed Zr

3. Vacancy Migration and Recovery in Pure Metals

1. Electron Irradiat ion of Zr

- Done at University of Aarhus Physics Department with the co-operation
of Dr. J.R. Btfttiger

Positron annihilation l i fet ime studies of electron irradiat ion induced
vacancy damage in Zr have been made and reports published (1,2). The present
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work is a Doppler broadening study being made to complement the work referred to
above. The aims are:

(/) to characterize the response of various positron annihilation parameters
to vacancy defects in Zr,

(ii) to determine the vacancy recovery characteristics,
(iii) to determine the effects of alloying additions on the features referred

to in (i) and (ii).

The effects of electron irradiation of Zr reported here are for well-
anneaied Marz grade (40E) Zr which had been irradiated to an electron fluence of
1 x 1017/cm2 at an energy of 1.5 MeV and a temperature of f 320 K.

The effects of the irradiation on L and W were to increase the former and
to decrease the latter with respect to corresponding results for the appropriate
well-annealed reference standard. The results are shown below - also shown is
the effect of temperature on the irradiated state parameters in terms of the
parameters 85 anc' ^W' where Bf, for a parameter F, is defined as:

F(T) = Fo (1+3FT)

in which T is the absolute temperature.

Sample Temperature AS(%) AW(%) *Positron Source

293 K +4.9 -8.1 22Na (small)
293 K +4.8 -9.1 22Na (large)

|3S = 36 x 10"
6 (K-l) 22Na (small source)

and % = -368 x Id"6 (K"1) 22Ma (small source)

2. Electron Irradiation of Ti

An investigation similar to the one described above (B.I) is being
carried out on Ti.

The samples here are well-annealed Marz grade Ti and the electron
irradiation was done at T f 320 K to a fluence of 10l7/cm2 at an energy of
1.25 MeV. The results are:

''see section (2), following, for a comment on the positron source
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Sample Temperature &S(%) AW(%)

2<>3 K +4.24 -6.65
293 K +3.22 -5.70

Positron Source

22Ma (small)
22Ma (large)

and
3S = 24.4 x 10"6 (K"1) (22Ma - small source)
0M = 16.7 x 10"6 (K"1) (22Na - small source)

The difference in results for the two sources is associated with tne
larger source being physically larger than the irradiated area of the Ti samples
and so reducing the damage signal. The larger source was fabricated to increase
the count rate of annihilation quanta to a level commensurate with good counting
s ta t is t i cs in a reasonable time interval.

Future work on these samples wi l l include measurements with 68Ge positron
sources. The higher energy positrons from °̂ Ge (1.88 MeV) have a signif icantly
greater penetration depth than the 0.54 MeV positrons from 22Na. Accordingly, they
may sense a lower damage leve l ; i n i t i a l results are in sympathy with th is .

C. The Temperature Dependence of Positron Annihilation Characteristics for
the Defect State"

1. Vacancies

A detailed analysis of positron annihilation data for Al showed that it
was probable that there was a significant temperature dependence of positron
annihilation characteristics associated with the vacancy trapped state (3).
These data were principally from thermal equilibrium measurements.

Since then, there have been a number of investigations performed on
quenched samples (e.g. 4,5) which essentially support the contention above, i.e.
that there is an inherent temperature dependence associated with positron
annihilation at vacancies.

2. Vacancy Complexes

Current work, on nuenched Al-10"2 a t t S i , has shown that not only is
there a signif icant temperature dependence associated with positron annihilation
from the vacancy trapped state, but also that

( i ) the temperature dependence increases drastically as the vacancy popula-
t ion is allowed limited recovery - resulting in the formation of vacancy
complexes, and

( i i ) that the strong temperature dependence associated with the vacancy
complexes is non-linear, weakening considerably as the temperature is
raised.

I t is suggested that these effects may be a result of any or all of the
following:
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(a) an intrinsic temperature dependence of the positron wavefunction at the
defect - possibly a result of thermal expansion effects,

(b) a redistribution of positrons among different traps as a function of
temperature, potentially weaker traps becoming more effective at lower
temperatures, and

(c) a temperature dependence of positron trapping into extended traps.

A manuscript describing this work has been submitted.

(1) G.M. Hood, M. Eldrup and O.E. Mogensen, Radiation Effects, 32̂  10 (1977).
(2) G.M. Hood, M. Eldrup and N.J. Pedersen, Proc. 5th Int. Conf. on Pos. Ann.

(1979) p.751.
(3) G.M. Hood and R.J. Schultz, J. Phys. F. 10 545 (1980).
(4) G.M. Hood and k J. Schultz, Proc. 5th Int. Conf. on Pos. Ann. (1979)

p.191.
(5) G.M. Hood and .-;.J. Schultz, manuscript submitted.
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DISLOCATION LOOPS IN BISMUTH-ION IRRADIATED ALPHA-TITANIUM
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- G.J.C. Carpenter, E.F. Ibrahim and J.F. Watters
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- S.R. MacEwen and F..T.C. Ho
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