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Abstract

Preliminary experiments have been conducted to evaluate the use
of the nuclear reactions Lif(n,q)H3 and 016(H3,n)F1S to determine the thick-
ness of oxide films on metals. Sheets of thin paper and of aluminum, im-

., bedded in powdered -LiF, were irradiated with pile neutrons at a flux of

6 x 1011 n/cm? /sec” and counted with an end-window proportional counter. A

~ saturation activity of 1.87 hr F10 of 150 dis/min per microgram of oxygeg

was observed in the paper, but radicactivity due to impurities masked Fl
in the aluminum. Tt is concluded that a 1 A (0.01. pgm/cm ) oxide fﬁlm
thickness may be measured. by a neutron irradiation at a flux of 101

n/cm /sec but chemical separation of induced’ radioactivity from the bulk

-metal is essential..
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Introduction

The possibility of determining the thickness of oxide films on
metals by neutron activation analysis has been studied. It is of some
_ interest in corrosion research to know the thickness of thiﬂ oxide films
fbrmed on electrodes during electrolytic oxidation. ‘Existing ﬁethods of
measurement, based on interference colors and on weight determined by a
micrdbélance, are not sensitive to films much thinner than 100 A (~ 1 micro-
gram/cm?). On the basis of the experiment described below, sensitivity
by néutron activation analysis may be great enough to measure oxide film

thicknesses as small as 1 A (~ O.OlAmicrogram/cm?).

Experimental

Osmond and Smales(l) and Leddicotte and Bate(z) have demonstrated
that small amounts of oxygen may he determined by neutron activation by
means of the nuclear reactions Li6(n,a)H3 énd 016(H3,n)F;8, Neutron cap-
ture by Li6 produces energetic tritons which'induée 1.87 hr F18 radioactivity
proportional to the oxygen content of the sample,*

The following experiments were carried out to test the feasibility
of inducing 1.87 hr F'° radiédctivity by a triton reaction with oxide films

o metals. The sample'ié?iﬁﬁé@ded‘in dry péﬁd§?§¢“lithium fluoride, “and

af%éfiﬁéutron irradiatiéﬁ;ﬁ%ﬁé&induced radidaétivity is measured. The

*The possibility has also been considered to detergine oxy%en by triton
‘activation directly using ‘the nuclear reaction Ol (H3 n)F and & van de
Graaf generator. Although experimentally feasible, this activation
analysis method was considered impractical because the machine could be con-
taminated by tritium and thus meke it virtually impossible to carry out

any other existing experimental projects at the same time. However,
irradiations with other particles, €.g. deuterons or protgns, are possible
with an accelerator. In addition to measuring induced Fl radioact1v1ty,
the possibility of y-ray counting during irradiation- should be considered.
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" amount of induced radioactivity should vafy directly with the oxide film
thickness. ‘ |

Four pieces of lens baper (1.% mg/cm?) and three pieces of
aluminum sheet (61 mg/cm?), each piece about 1 cm? in area, were imbedded
in powdered anhydrous lithium fluoride and irradiated for two hours in the
ORNL Graphite Reactor at a neutron_fluX»df 6 x lOll‘n/cm.a/sec° Decay curves
of the B radioaétivity were obtained with an end-window preporﬁional flow
counter during the period 2 to 9 hours after irradiation and ¥ spectra
were obtained about 3.5 houré after irradiation by means of a y scintilla-
tion sbectrometer. Both the irradiated papef ahd the aluminum displayed:
prominent y-ray peaks at 0.51 Mev and 1.38 Mev suggesting the presence of
15 hr Nazh in addition to 1.87 hr F18° .The 0.51 Mev-peakAwas more prominent
in the péper than the aluminum. Decay curves were resolved into an assuméed
15 hr half-life component (Naau) and a shorter lived component of half-life
1.7 to 1;9 hours~f6r the paper and 2.0 to 2.5 hours for the aluminum. The
shorter.lived component in the ﬁaper is attributed to 1.87 hr F18 but in
the aluﬁinum it is attributed to impurities.* Figure 1 is the decay curve
obtained for one of the irradiated paper samples.

From the observed counting rates of four paper samples, the radio-
'activitieg for a neutron irradiation to saturation (i.e. an irradiation

for at least 10 half-lives of 1.87 hr F18) are 35, 31, 31 and 32 counts

10 ppm Mn in the aluminum would be sufflcient to give rise to all the observed
“shorter lived radiocactivity (as 2.58 h Mn36).. )
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b
per minute per microgran of oxygen in the paper* or approximstely 150 dis-
integrations per minute per microgram of oxygen. The emount of radio-
activity msy be increased 2000-fold by irradiation in the intense neutron
flux of the new Oak Ridge reactor (ORR), 1 x lOlu n/cmz/sec, and by using
LiF of enriched in Li6° Radioactivity induced under these conditions,
3 x lO5 dis/min per microgram of oxygen, permits detection of 0.001 micro-

gram, i.e. the oxygen contalned in a 1 cm? area 0,1 A thick. Measurements

‘ , . *%
of oxide films of the order of 1 A to a precision of 10% should be feasible. )

Conclusions

If the neutron activation analysis method for oxide film thick-
neséimeasurement is.pnrsuedifurther, we may}%é&;tnat;_on the basis of these'
preliminary=measurenent§f theé theoretical sensitivity is great enough to
measnreZOXygen in films as thin as 1 A, i.e. films of the order of one
monolayer of ~ oxide. However, experimental problems which must be con-
sidered in the application of the method to high sensitivity determinations
include the following: | .

(1) Chemical separation of the radioactivity induced in the film

must be made to separate it .from large amounts of radioactivity induced

in ‘the ‘bulk metal. It is mbst advisable to ‘Femove the oxide coating after.

*Assuming papér is céllulése,f(C6H1005)x, 49.8% oxygen by weight.

**These calculations are made assuming that neutron self-shielding by the
IiF was negligible in these experiments and that all oxygen in the paper,
interior as well as that on the surface, was equally subject to nuclear
reaction with the tritons produced in the ILiF. ' Since neither assumption
is strictly valid, the ultimate sensitivity of the method will be some-
what better than that calculated.
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irradidtion without dissolving any of fhe bulk ﬁetal, although this is not

mandatory. ngion pyrolysis‘3’h) mey be ﬁsed to remove fluoride from oxide.

Also, liquid sodium may be a suitable solvent for some metal oxide films(5).
(2) Interference by impurities of oxygen either in the bulk metal

or in the LiF may be considerable in determining the smallest amounts of

oxygen end must be eliminated.
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