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ABSTRACT

A method has been developed for the preparation of oxygen comparison.
standards for charged pérticle activafion analysis, particularly for‘the use
“of heligm—B aé'the activating particle, by anodic oxidation of tantalum foil.
The.isotopic composition of the oxide-i§ varied by using isotopically
'énricﬁed water in the electrolyte, which is 0.1 percent potassium chloride.
.The current passing through the cell is held constant at 40O mA while the
volfage is allowed to vary. The thickness of thé oxide film.produced.ié a .
smooth function of time and is reprdducible to within a few-percent.. Oxide
films have been produced which ?ary in thickness from 0.5 mg/cm2 for a 1 min
énodization, to over 35 mg/cﬁg'for an.anodization time of 3 hours. The uni-
formity of the anodized foii and the oxygen content have been verified by
helium-3 activation analysis. Standards for activation analysis may.be made

: H
. By this method which Wiil reprodﬁée any beam degradation in a sample from
negligible energy loss to the complete-stopping of a 10-MeV helium-3 beam.
These standards have been used for iéotopic oxygen analysis of several

19

materials and for measuring excitation functions for the production of 0 and

20 » - : L
F from l‘80 and fo¥ production of l8F, 150, llC, and lTF plus l.O from

160.

o
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INTRODUCTION
In 1967 Amsel and Samuel (1) reported a method for isotopié oxygen
- analysis of surfaces or of small amounts of oxygen containing materiais baséd
upon in-beam detection of hHe—particles émitted during proton and deuteron
“induced reactions. Because the incident beam energy Was'less than about
" 600-keV, £he method is restricted to very thin sprféées.' Amounts on the order
of'lO—lgg of 1805 however, can be detected. Aﬁsolute guantities of the oxygen
isotopes were determined using several isotopic oxygen standards, one of.which
~-gnodic Ta, 0 ——wés described as ideal for the purpose.

275

The relative ease of producing thin Ta films by anodic oxidation;

205
the lack of matrix activation because of the high Coulomb barrier (= 20 MeV)

"of Ta, the ability of Ta to withstand ﬁhe increased temperature due to

205 ‘
power deposited by the beam, and the'availability of isotopiéally enriched
'HQO which can be used in the electrolyte led us to consider'the ?rocessvfdr
_ fabrication of targets of sufficient thickness for use iﬁ charged particle
aétivation techpiques wherein the reaction products, instead of the emitted.
particles are detected. These teéﬁniqﬁes may be used for bulk as well as
for surface'analysis.

Qur pérticular interest has been the preparation of isotopically enfich—
ed targets which could Be used for studying 3H¢ induced reactions of‘the
. oxygen isotopes at 3He énergies below about 30 MeV for the purpose of 3He
éctivation analysis. We describe here, in detail, the method developed forjm
producing the TaEO targets which we have used in étuinng the 3Hé reactions

of oxygen (2) and the thick Ta,.O_ standards used for determining 160/180

2°5

ratios in various materials (3).



o o  UCRL-18979

ANODIZATION PROCESS _
The preparation of anodic oxide films on_variou34metals, including

Ta, has been described in a book by Ybung (L). Ygrmiiyea (5) has described
the effect of surface pretreatment of the Ta foils,'and'Klerer (6) has
examined anodic Ta2057 finding it tq.be;amofphoué With a degsity of_8;0 g/cm3
as opposed to the crystalline densiﬁ& of 8.7 g/cm3} Davies, et al. (7), found
that_the anodization mechanism involves mbbility-of_both tantalum and |
nggen ions through the oxide film. Thompson (8) hésfanalyzed thin Taéos
fiims by proton activation'of naturgl isbtopic»abundance 18O via the
18O(p,n)lsF reaction. |

vAnodization of Ta is_usuall& performed in a dilute electrolyte solution
with salt or acid concentration about;O.l% by weight. The two general methods
'for producing oxide films of controlled thickness are (a) thé‘constant-volﬁage
méthod; in which the applied potential is hgid constant while the current
decreases as the oxide film thickens, and (b) the constant current. method,
in'which the voltage is increased to increase the oxide thickness. In the
éonstant voltage method, production of thick coatings_is impracfical because
the rate_of oxidation is very %6w at low currents. In the constantvcurreht
method, the thickness of the éiide film is said to be prdportionél to the
-applied voltage reached (l6AA/V (9)), limited-by electrical ﬁreakdown.
Young (4) @escribes ﬁhe limiting voltage. as being éhéracterizéd by sparking, 
‘oxygen evolution, vav,nd the formation of & thick discolored film. The thin films,
up to a few thousgnd Angstroms? afé highly colored, the colorﬁhaviﬁg ?een used

as a measure of the film thickness.
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'Ourlmethodvfor ébtaining thick okide coatings is Bésed upon the
experimental observation that, under our constant current conditions, the
applied voltage does not continue to‘rise substantially after the first
appearance of sparking, nor does it remain for more than a few minutes at
a potential sufficient for sparking. The films produced are not spark-damageéed
encugh to seriously affect their uniformity with respect to a 1/L-inch collimated
ion beam, and the times bf long anodization produce-targets which are of almoéﬁ

'any thickness desired. They appear quite uniform.

APPARATUS USED FOR ANODIZATION
The anodization.cell used for the production of the thick Té,go5
films, shown in Figure 1, consists of an aluminum anode plate into which
i$ fitted the Ta foil, a teflon cell body, and a teflon cap Wﬁich also serves
as a bearing for the revolving platinum cathode. The lowef end of the cathode
is a 5/8-inch diameter platinum disc which just clears the wélls of the.3/h—.
inch bore cell body. The reflux condenser, fitted inté the side‘of the cell

body, minimizes'evaporative losses in the 0.1% KC1l electrolyte which may be:

prepared from isotopically enriched H

2O. The revolving cathode and the Ta

foil anode, positioned 0.5 cm apart, are connected across a 0 - SOO-V—DC_

. power supply with an ammeter and voltmeter in the external circuit.

ANODIZATION PROCEDURE |
High purity ﬁantalum anodes (99.9% Ta) were cut from 0.002-inch thick
foil and degreased with acetone. Surface scratches were removed by-cheﬁicél-'.
_polishing in a soluiioh containing 5 partsvHQSOh, 2 parts HNO3, and 1.5

parts HF by volume of the concentrated acids.
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The assembled anodization cell was placed on an asbestos insulated
hot platé; 4 ml of 0.1% KC1l electrolyte introduced'through_the condenser
bore, and the cathode adjusted to revolve at about 300 rpm. The temperature
of the electrolyte was raised to boiling immediétely before beginning the |
anodization, and then the hot plate was turned off. During anodization the
power deposited in the cell maintained the temperature of the electrolyte at
the boiling point. An air stream directed at the cell base serﬁedlto carry . off
excess power deposit heating.

The anodization process was begun by adjusting the current, as rapidly
as possible, to iﬁs constant vaiue of L0 mA where it was maintained by
'.manually adjusting the potentiél. The behavior of the applied potential
during an anodization period of 160 minutes is shéwn in Figure 2. At about
380 volts,.reached after about 3 minutes of anodization, éparking ig first
 observed. These sparks appear as tiny points of ligﬂt distributed over the
surface . of the oxide film. Within the next‘h'minutes the poteﬁtial passesv
through é maximum Valueiana begins to decrease. S?arking is observed until
vthe'potential has fallen to abéét 380 volts. .Ta foils Whiéh are removed from
the cell at times correspondingéto the sparking potential range-are gray in
'polor withvtiny Vhite spofs distributed randomly over the surface. After

about 15 minutes of‘plating the oxide films are completely white and appear :
uniform to visual inspeqtion. At the end of_the 160 minute anodization thet
volume of the remaining électrolyfe was fouﬁd to be within 0.2 ml of the original
 h—ml volume. (MuéhAof.this loss is due tq incomplete mechanical recovéry of the

“electrolyte from the cell.)
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Eighteen ancdizations were carried out using the above procedure
' [
. |
with plating times of 1 minute to 160 minutes. The mg thickness of the oxide |

films were determined by the increases in weight of the Ta foils. The
~ results are shown in Figure 3. It must be noted that the abscissa of the figure
represents the mg thickness of the oxygen incorporated into the Ta surface.

:TaQOS is about 18% oxygen so that the thickest oxide coating shown, after .

anodization for 160 minutes, is about 39.1 mg/cm2 Ta Based upon the 8.0

205.
mg/cm3 density, this corresponds to a film thickness of almost 0.005 cm. - \

The reproducibility of the process has been established by the pref;"

paration of about one hundred Ta targets during the course of our work on

3

205
He activation analysis. Under the conditions specified the mg thickness

‘of the oxygen anodized into the Ta foils during given plating times may be -

jdetermined from the film thickness vs. time curve to within about 0.1 mg/cmgj

3He ACTIVATION

FILM UNIFORMITY -

Thaf the targets prepared were sufficiently uniform fervuse as 0xygen
'etandards was demonstrated by 3ﬁe activation analysis. The most convenient
ﬁethod for testing uniformity would be activation analysis of a large
‘number of foils of different thicknesses at the same reaction cross sectione_
and under identical counting conditions. ‘Deviations.from’a linear plot of
activity per upit beam intensity vs. weight of oxygen on the anodiied foilsd
could be interpreted as nonuniformity in the films. Such a procedure is
Complicated because. the reaction cross section is a functioﬁ of beam energy ¥
which is, in turn, a function of the thickness ef target material traversedi

'by the beam. This may be accounted for by calculating the energy degradation

in the incident ion beam from the range energy curve, Figure U4, and then
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determining‘an average reaction cross section over this energy interval from
the reaction excitation function, Figure 5. The ranée-energy curve shown was
. calculated using the computer code of Steward (10); and the excitation function
was taken from Markowifz and Mahony (11).

The results of such a procedure are shown in Figure 6. The anbdized

3

: : ++
foils were individually bombarded for 10 seconds each with 10-MeV “He

ions at the Berkeley heavy ion linear accelerator at a beam current of'about‘
0.2 UA. Recéil losses were prevented by thin gold cover foils. The positrdn
decay of the 110 minute 18F activity induced in each target was followed by

) counting the 511-keV annihilation radiation using a NaI(Tl) detector coupled
to a multichannel analyzer. The l8F activity resulting from activation of
pre—-existing oxides in the high purity Ta and Au foils was accounted for by
irradiating an unanodized target blank. The .dashed line in the figure
represents the maxiﬁum obtainablevactivity which could result from activation

A‘of a target thick compared to the range of the ion beam under the above

bombardment conditions, as calculated.from the average cross section.

CONCLUSION
Anodic oxidation of high purity Ta foil can be used to produce
targets and standards for oxygen analysis by charged particle activation.

1
By using 80 isotopically enriched H

2O in the preparation of the electrolyte,

isotopic oxygen targets can be inexpensively produced. The consumption of -
‘the electrolyte during the process is less than 0.2 ml for the.production of

an oxide film whose thickness is about 39 mg/_cm2 TaQOS'
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Ta205 films may be prepared to‘withip‘b.l mg/cm2 of_thg desiféd
oxygen thickness. With this high degree of reproducibility the degrading
‘power of a sample of any material can be adeqﬁately matched by the oxygen
" standard. Sﬁch a matching of effective thicknesses can reduce the analytical
. calculations to the simple ratio of the activities induced in the sample and
standardw

The thickest oxide films produced in this work are sufficient to
_éompletely stop én incident 10-MeV 3He ion beam; Although we have not
‘continued the anodization beyon@ the times shown in the figures, the data
do nqt indicate the approach to any thickness limitation.

The explanation for the rather interesting shape of the voltage curve

in Figure 2 and the mechanism of the process remain to be explored.

Work performed under the auspices of the U. S. Atomic Energy

Commission
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FIGURE CAPTIONS

Fig. 1. Electrolytic cell for anodization of Ta foils at the‘electrolyte » |
boiling point, = 100°C.

Fig. 2.- Variation in the applied voltage during boiling point-anodization §f
Ta foil. Cufrent = 40 mA, temperature =~ 100°C. |

Fig. 3. Thickness of oxide coating produced by anodization of Ta foils
in 0.1% KC1. Current = 40 mA, temperature & 100°C. | |

.Fig. 4. Ranges of 3He ions in Tagos. The ranges were calculated using thé: 
computer code of Steward (9).

Fig. 5. Excitation function for productionvof lBF from l60 by 3He ion
bombardment, (Ref. 10).

Fig. 6. Activation of 16O in the T3205 films by the l60(3He,p and n)lgF

++
reaction using 10-MeV 3He ions. The dashed line represents the approximate

thick target activity normalized to 10 MeV.
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