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Abstract

The sputtering yield of gold bombarded with fission neutrons was studied

in the CP-5 reactor. The experiment was designed to investigate sputtering

patterns in addition to the sputtering yield. The investigation was carried

out on bulk single crystals and near liquid helium temperature. Overall sput-
—3 —3

tering yields ranged from 1 x 10 to 6 x 10 sputtered gold atoms per inci-

dent neutron for doses ranging from 2.1 x 10 to 5.5 x 10 (nvt > 0.1 MeV).

These results are roughly an order of magnitude larger than many previously

reported sputtering yields. Sputtering patterns have not been pursued yet,

due to sufficiently high background radiation.
Introduction

Our original motivation in studying the fission neutron sputtering of gold

was to search for sputtering spot patterns similar to those produced by ion

bombardment of single crystal metals. In this way we hoped to show evidence

for long range <110> replacement collision sequences in single crystalline

gold under fission neutron bombardment. However, only a rather crude attempt

to do this was made by autoradiography, and background radiation was sufficient

to obscure any evidence of spot patterns. Instead of refining this technique

or the use of new ones, our emphasis shifted to obtaining the overall sput-

tering yield. This emphasis was motivated by several reasons including the

lack of agreement of sputtering yield between the rather few previous experi-

ments and the recent need for better estimates of wall erosion and plasma

.contamination in a controlled thermonuclear reactor (CTR). While the radia-

tion flux to be experienced by the first wall of a CTR consists, in part, of

14-MeV neutrons, it is felt there is a need to better establish the sputtering

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



yield due to fission neutron bombardment (with an average energy of 0.7 MeV).

This would at least serve as a valid beginning point for comparison to the

also conflicting results for 14-MeV neutron sputtering. The need for better

data for all energy ranges(1) is especially felt by theorists in neutron

sputtering. By investigating gold initially, we exclude problems due

to oxide layers and minimize the effects on sputtering of gas adsorption due

to mass differences.

Experimental Procedure

The irradiation capsule used in these experiments is shown in Fig. 1. The

capsule is approximately three inches long and one inch in diameter and is con-

structed entirely of commercial high purity aluminum. All joints were formed

by electron beam welding. High purity aluminum collector foils were placed

around the inner circumference of the capsule. A gold single crystal was sup-

ported mechanically at the center of the capsule. The crystal was n cylinder

1/4 inch in diameter and 1/4 inch long. The crystal surface exposed for sput-

tering was the as grown surface (grown in a graphite crucible). This surface was

heavily electropolished and the crystal was annealed at 600°C in air for two

hours.

Prior to irradiations, the capsules were pumped down to a pressure of

10 Torr, carefully leak checked and sealed. The capsules were inserted into

the CP-5 cryogenic irradiation facility which has a neutron spectrum similar
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to that of pure fission and a flux of 1 x 10 neutrons per cm per sec with E >

0.1 MeV. The capsules were slowly cooled from a temperature of above 100K to

liquid helium temperature with the reactor operating. The procedure allowed

for effective cryopumping to the interior walls of the capsule rather than the

gold crystal. The mechanical connection between crystal and capsule served as

a desired weak heat link and the temperature of the crystal remained about

50K above the capsule walls due to Y heating. Thus the irradiation temperature

of the gold crystal was about 50K as recently measured by a new capsule design

not discussed here.

After irradiation the collector foils were removed from the capsule and

wrapped in identical high purity aluminum foil for irradiation by thermal neutrons

to activate a fraction of the collected gold atoms. The amount of gold was
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determined by counting of the 412 and 676 keV decay gammas from Au 198 with

a lithium drifted germanium solid state detector. Gold calibration foils

were also activated and counted. Approximately two half lives were followed

to insure the accuracy of this determinations. The sensitivity of gold
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detection was 10 gold atoms per cm with a counting error of about 20%.

Results and Discussion

The results of three experiments, along with results from previous

experiments are shown in Table I.

TABLE I

NEUTRON SPUTTERING OF GOLD

Author

Blewitt, Kirk,
et al. (1973)

Norcross, Fairand
and Anno(1965)(2)

Fairand (1969)(3)

Garber, et al. (1968)
(USSR 14-MeV)(4)

While we are not yet satisfied with the consistency of our own results, they do

appear to differ from most previous results by about an order of magnitude.

In this regard it may be important to point out two experimental differences

between our work and others. The first is our use of bulk single crystal

specimens as opposed to thin films. For most purposes, it is simply not nec-

essary "to 'tse thin films for neutron sputtering experiments. A second dif-

ference is the irradiation temperature; ours being the only low temperature

experiment. While these differences could be important if a substantial

fraction of the sputtering is due to long range events (i.e. focussed replace-
o

ment collision sequences with length exceeding 1000 A ) , our investigation is

still too preliminary to suggest this.

Sputtering Ratio

6xlO"3

3xlO"3

ixlO"3

lxlO"4

1.5xlO"4

0.8-0.9xl0"4

3xlO~3

Dose
(nvt >0.1 MeV)

5.5xlOX7

2.4xlO17

2.1xl017

4.4xlO17

2.3xlO13

Specimen Thickness
(inches)

C.25

0.25

0.25

lO"3

5xlO'4

4xl0"6(1000A)

10"5(2500A)



Currently we are seeking to determine a more reproducable sputtering ratio

for our experimental conditions and then to investigate the importance of the

above mentioned long range events to the overall sputtering yield.
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Fig. 1. Schematic of irradiation capsule.
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