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ABSTRACT

The microscopic distribution of oxygen and carbon has been observed
3by bombardment of metallographically polished samples with He ions and 

autoradiography of the activated areas. Positrons from the activation 
products cause the exposure on nuclear track plates, and the positron 
annihilation radiation is used to determine both the proper exposure and 
the composite decay curve. Correlation of the unfolded decay curve with 
the autoradiograph indicates the isotope causing the exposure. Positional 
resolution of 0.0005 inch has been obtained in samples having bulk carbon 
concentrations of about 250 ppm.
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INTRODUCTION

The interstitial elements carbon and oxygen are known to have signif­
icant effects on the behavior of body-centered cubic metals. Mechanical 
properties, recrystallization behavior, strain-aging characteristics, and 
diffusion are affected by the amount and distribution of the interstitial 
elements. The standard methods of chemical analysis are not suited to the 
measurement of the microscopic distribution of oxygen or carbon in metals. 
More sophisticated tools such as the electron-beam microprobe cannot 
resolve small variations in composition in materials containing concen­
trations of a few ppm of these elements. This paper describes a technique 
for obtaining data on the actual distribution of oxygen and carbon in 
metals, especially in the region of grain boundaries.

The method consists of activation of the carbon and oxygen by ener- 
3getic He ions and subsequent autoradiography of the metallographically 

polished sample. Adequate autoradiographs of specimens having an average 
bulk concentration of about 250 ppm of the interstitial element have been 
obtained, and it should be possible to obtain useful information from 
samples with concentrations of about 25 ppm. Outlines of grains 0.0005 
inch in diameter have been observed, and, therefore, film density varia­
tions separated by 0.0001 inch could be measured.

(1) 3Markowitz and Mahony have shown that He activation is an
extremely sensitive method for measuring oxygen and carbon in metals of
high atomic number, but is subject to certain restrictions because of the

3short range of the incident ions. The short range of the He beam and the 
strong energy dependence of the cross sections make this method particularly
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suitable for measuring surface phenomena. The activity is highest at the 
surface, and it decreases very rapidly with depth for 6-MeV ions. This 
fact makes the method ideally suited to high resolution autoradiography.

Table I lists the reactions employed and other pertinent information. 
As seen in the table, the half-lives are short enough to give good auto­
radiographs after a 30-minute irradiation, and the reaction products are 
all positron emitters. The positrons cause the emulsion exposure, and 
the associated annihilation radiation is detected with two Nal detectors 
connected in coincidence. Portions of the decay curve are obtained 
during the film exposures, and this curve is used to determine which 
isotopes caused the emulsion exposure.

TABLE I

Pertinent Information on the Reactions

Reaction Half-Life B+ Energy

016(He3,He4)015 124 sec 1.7 MeV
016(He3,p)F18 110 min 0.65 "
C12(He3,He4)C1;L 20.4 min 0.97 "

METHOD

A flat, metallographically polished sample is irradiated in a uniform 
intensity He beam for about thirty minutes. A beta-sensitive nuclear 
track plate with a 10-micron-thick emulsion is then placed on the sample 
and is left on long enough to produce a predetermined number of counts 
on a scaler which serves as an exposure meter. After development of the 
plate, an enlarged print is made on high contrast paper.
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Since separation of the emulsion and the beta-emitting atoms governs 
the spatial resolution of the autoradiograph, it is necessary to use 
samples with flat and highly polished surfaces for irradiation. They must 
be mounted so that oxygen or carbon will not be introduced from the mount­
ing material, in a position which will be struck by the beam. Significant 
extraneous oxygen or carbon in the area irradiated creates an error in the 
exposure meter reading, making the decay curve meaningless.

The principal restrictions in selecting the irradiation conditions 
are the heat effects on the sample and the necessity of obtaining uniform 
irradiation over the area of interest. Although no measurements have been 
made to determine the effects of heat on the samples, an arbitrary figure 
of 2 watts has been chosen as the maximum energy deposition rate. The 
maximum surface activity for a given wattage occurs approximately where 
the slope of the cross section vs energy curve is unity. Since this value 
is about 6.5 MeV, a current of about 0.3 microamp is the maximum which

3should be used. In these experiments, singly-ionized He was used.
Uniform beam intensity was obtained with the aid of a quartz disk 

placed in the path of the beam. The beam was focused to a 0.090-inch- 
diameter fluorescent spot on the quartz while the quartz was viewed 
through a glass window in the sample holder, shown in Fig. 1. The nuclear 
reactions do not present a hazard to the viewer during focusing. The 
quartz disk is removed from the beam path prior to sample irradiation.

Eastman NTB-10 nuclear track plates with 10-micron-thick emulsion 
were used for the autoradiographs. Since it is important that the sample 
be in intimate contact with the emulsion and yet not deform it, a simple 
holder has been designed to handle the nuclear track plate. The plate 
is placed on its holder and lowered onto the sample without lateral move­
ment, thereby minimizing emulsion scratching; the weight of the plate 
gives proper contact with the sample. The plate holder is then further 
lowered below the plate to minimize absorption and scattering of the 
annihilation radiation by the holder. Figure 2 shows the plate holder 
lowered and the plate on the sample between the two scintillation detec­
tors. The shielding and light-tight bag have been removed. After proper
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IMPROVEMENTS IN TECHNIQUE

The experiments described above do not represent the optimum condi­
tions for sensitivity or resolution. Sensitivity can be improved by 
exposing the emulsion to weak light or by using NTB-2 or -3 plates. 
Optimizing irradiation conditions will also improve sensitivity. The 
resolution can be improved by using thinner emulsions and stripping
techniques. Removal of surface after irradiation would reduce the surface

(4)contamination. Controlled etching as practiced by Albert is the prefer­
red method, but polishing would also reduce surface contamination.

More uniform beam intensity could be attained over a preselected 
area by a beam scanner to deflect the beam in the pattern required for 
the activation. For instance, the distributions of oxygen and carbon 
in germanium ingots could be obtained by irradiating a narrow region 
across the axis of the ingots.

CONCLUSIONS

Although the technique has not been optimized, the applicability 
of the method for measuring the microscopic distribution of oxygen and 
carbon in metal samples has been demonstrated. Resolution of 0.0005 inch 
has been attained on samples with bulk concentrations of 250 ppm. Reason­
able extrapolations of the method should allow measurement on samples with 
bulk concentrations of about 25 ppm. Application of the technique will 
allow the determination of interstitial gradients in metals in a relatively 
simple manner. New experiments can be designed around this tool, and a 
better understanding of the role of oxygen and carbon in the properties 
of metals can be obtained.
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