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1. Introduction 

Neutron induced alpha autoradiography with Solid 
State Track Detectors has been established as a very 
important technique for the determination of boron distri
bution in microstructures of metals and alloys (1-4). 

The application of this method is based upon detec
tion of radiation damage tracks produced in plastic de
tectors by the passage of alpha particles and Li ions, 
emitted from the jB(n, a )'Li reaction during the irradi
ation of a specimen by neutrons. These latent tracks are 
made visible by chemically etching the detector in a 
suitable alkali solution (5)» 

In an autoradiograph of a metallurgical specimen, 
structural details in size down to a few microns and con
taining boron at the concentration level of a few ppm 
should be clearly resolved (6-12). The parameters which 
essentially have to be considered in neutron induced auto
radiography are the sensitivity and the spatial resolution 
of the relevant technique. 

The sensitivity, which is defined as the minimum de
tectable concentration of boron, depends on the track 
density required for evaluation of the autoradiograph, the 
response of the detector material to the alpha particles 
and Li ions, and the response of the detector to the back
ground radiation. The main contributions to the background 
are recoil nuclei H,C,N, and 0, and some (n,a ) reaction 
products in the SSTD-s' (I5)»ln addiation, submicrogram 
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amounts of fissionable elements and lithium present in 
the specimen (14,15) also contribute to the background. 

The spatial resolution of an autoradiographic system 
is normally quoted as the unsharpness of the image of a 
point or line source (16). The unsharpness of an autora
diographic image consists of two contributions: the in
trinsic unsharpness of the SSTD-s determined mainly by 
the size of the etched tracks, and the unsharpness caused 
by the divergence and finite range of reaction products. 
The latter contribution is largely influenced by the de
tector-specimen geometry. 

Among about 20 commercially available detector mate
rials suitable for autoradiographic studies in metallurgy, 
LR 115 detector (supplied by Kodak Pathé) has been found 
very convenient. This detector consists of a thin (10 urn) 
sensitive layer of red dyed Cellulose Nitrate, (C-ipHgO, gîO 
backed on 100 urn thick insensitive colorless polyester. 
The tracks etched through the thin sensitive layer produce 
an excellent white-red contrast in an autoradiograph (17). 

The present work is concerned with the measurement 
of some parameters which influence the sensitivity and 
spatial resolution of the autoradiographic technique using 
LR 115 detector, i.e. track registration efficiency as a 
function of etching time, required track density for the 
autoradiographic image and the size of the etehed tracks. 
Special attention has been paid to the influence of pre-
etching procedure of LR 115 detector on the improvement 
of the intrinsic unsharpness of the autoradiograph, as 
well as how pre-etching influences the track density requi
red for the visible image. 

5-2 



2. Experimental procedure and results 

2.1. Experimental arrangements 

The metallurgical specimens polished under a standard 
metallographic procedure, were placed in an aluminium 
cassette together with the detector foil. Specimen and 
detector foil were pressed against each other to achieve 
uniform and tight contact which is essential for good image 
quality. 

All irradiations were performed in the exposure room 
of the TRIGA Mark II reactor in Ljubljana (18). The thermal 
neutron flux was 2.7 x 10 cm s , with a Cd ratio of 
145, measured with Au-foil. 

Irradiated detector foils were etched in a 2.5 N KOH 
solution, at a constant temperature of 60 - 0.1 °C in a 
temperature controlled oven. The detector foils were rinsed, 
dried, mounted and viewed using an optical microscope. 
Tracks were counted at a total magnification of 375 X. 
Track sizes were measured at a total magnification of 1500 X. 
Only well defined tracks, which were etched completely 
through the red sensitive layer of the LS 115 were taken 
into account. Viewed with transmitted light using a green 
filter, the tracks appeared as green circles to the dark 
background. 

2.2. Track registration efficiency 

In order to estimate the variation of the track re
gistration efficiency with the etching time for \B (n, « ) 
reaction products and the background, two irradiations 
were performed. In the first one the detector foil was 
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placed in contact with an Al-0.04 B alloy made of pure 
(99-99 %) aluminium and irradiated, while in the second 
experiment only a bare detector foil was irradiated. Neutron 
fluence was adjusted to give approximately the same track 

4- -2\ density in both cases (̂  5.10 cm ) and was in the first 
case about 100 times smaller. Therefore in this case the 
background was negligible. After irradiation, the detector 
foils were etched simultaneously and the etching time was 
varied from 20 to 60 minutes. Results given in Fig. 1 
show that the etching rate of the background tracks is 
greater than that of alpha particles and lithium ions. 
Both curves show a sharp rise in the early stages of the 
etching process^and a plateau for longer etching. It is 
evident that the highest ratio of ^(n,a) reaction pro
ducts versus background track registration efficiency is 
achieved at long etching times where both curves show satu
ration. Thus the optimal etching time was found to be 
50 minutes because etching longer than 55 minutes is not 
advisable due to an increase of revealed imperfections 
in the sensitive layer. On etching the detector foils for 
70 minutes, the sensitive layer is completely removed. 

In order to estimate the track registration efficiency 
the track densities, measured at different neutron fluences 
were compared with the number of alpha particpes and lithium 
ions hitting the detector. In this experiment a perfectly 
polished steel specimen made of NBS standard (No 443) 
containing 12 ppm of boron was used. The density of reaction 
products hitting the detector was calculated theoreticaly (19) 

-4- -4-
taking 2.4 x 10 cm and 1.2 x 10 cm the range of alpha 
particles and lithium ions (4-) and is represented by curve 
a in Pig. 2. while the measured track density is represented 
by curve b in the same figure. Comparing both curves,the 
track registration efficiency was found to be approximately 
0.65. 
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The variation of the background track density with 
the neutron fluence was also investigated. Results for 
bare detector foil and pure aluminium specimen containing 
0.2 ppm of boron and less than 1 ppm of lithium are shown 
in Fig. 2, curve d and c respectively. It was found that 

—ft the response of bare detector is 2.4- x 10" tracks/neutron 
while the response of the pure aluminium is appreciably 
higher. 

2.3. Improvement of intrinsic unsharpness by pre-etching 
the detector foil 

The intrinsic unsharpness of the LR 115 detector is 
primarily determined by the size of the etched tracks. The 
diameters of tracks induced by 1 0 B (n,a) reaction products 
are in the range between 2 and 10 urn and an average value 
of about 6.5 urn was found. The diameter of the background 
tracks is on average somewhat greater. life about 8 um. By 
reducing the thickness of the sensitive layer by means of 
pre-etching the detector foils before irradiation, it is 
possible to reduce significantly the average track diameter 
and hence to improve the intrinsic unsharpness. The time 
of pre-etching was varied from 5 to 55 minutes. It was 
found that the etching time required to obtain the auto-
radiograph of optimal quality depends on the time of pre-
-etching. The etching time was determined experimentaly 
on the base of subjective evaluation of autoradiographic image, 
e.g. observation and recognition of characteristic 
microstructares. In Pig. 3 the total etching time defined 
as the sum of the pre-etching time and the etching time 
is plotted versus the pre-etching time. It can be observed, 
that the total etching time is independent of the pre-etching 
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time up to a certain limit equal approximately 30 minutes. 
For longer pre-etching times the total etching time incre
ases. This behaviour can be explained by a simple geometri
cal model of etching which predicts that the increase 
begins at the moment when the thickness of the sensitive 
layer becomes approximately equal to the effective range 
of the reaction products in the detector. In Fig. 4- the 
average track diameter of a (n,a) reaction products as 
a function of pre-etching time is represented. In this 
case the etching time was selected according to the curve 
in Fig. 3» The track diameter shows a linear decrease with 
the time of pre-etching. However, the slope of this 
decrease sharply changes at the same value of pre-etching 
time when the total etching time begins to rise. 

The improvement in unsharpness of the autoradiographic 
image due to the pre-etching procedure is demonstrated in 
Fig. 5. In this figure the light areas represent boron 
rich precipitations in chrome-manganese steel (EC-80) which 
contains about 20 ppm of boron. The autoradiograph taken 
with standard LR 115 detector foil (10 urn - thick sensi
tive layer) is shown in Fig. 5(a), while Fig. 5(b) repre
sents an autoradiograph taken with the pre-etched detector 
foil (pre-etching time was 45 minutes). Note that figures 
5(a) and 5(b) do not represent the same area of the speci-11 —? men. The neutron fluence for Fig. 5(a) was 7-5 x 10 cm 
while in the case of Fig. 5(b), it was 2.5 x 10 * cm , 
as determined following the criteria to be described later. 
Comparing Fig. 5(a) and 5(b), one can clearly observe the 
difference in the information supplied by these autoradi-
ographs. Clusters of tracks originating from boron rich 
particles can be clearly resolved in Fig. 5(b)» mainly 
due to the smaller track diameter and the greater track 
density required for the formation of a visible image. On 
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contrary, in Pig. 5(a) it is difficult to determine whether 
the single clusters are being formed by a number of much 
smaller boron rich particles. Because of the possibility 
of attaining much greater track densities with the pre-
-etched detector foils, the range of observable boron con
centration in microstructure is increased. Thus pre-etched 
detector foils possess greater latitude in comparison 
with the standard detector foil. This fact combined with 
the better resolving power of pre-etched detector foils, 
enables us to detect boron rich particles 3 to 5 times 
smaller in size. Another example of an autoradiograph taken 
with a pre-etched detector foil (pre-etching time 45 minutes) 
is illustrated in Pig. 6. The autoradiograph is taken from 
an AlMg, alloy being grain refined by additions of titanium 
and boron. The average chemical concentration of boron in 
the specimen was 2.4 ppm. The two light areas in the autora
diograph correspond to the high local concentrations of 
boron. They probably belong to the grain centers, possibly 
confirming the grain refining effect of boron (9). 

2.4. Required track density for the autoradiographic 
image 

The selection of optimal track density, and hence 
also of an appropriate exposure, is an important question 
in neutron induced autoradiography. If it is too low, the 
definition of the image becomes poor due to the statisti
cal fluctuations in the track density. With increasing 
track density, the tracks slowly begin to overlap until 
beyond a critical density 9 they begin to merge and 
combine into clusters. In practice, it has been found, 
that tracks begin to overlap at a track density of about 
5 x lCr cm" , while a value of about 4 x 10 cm has been 
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obtained for the critical density for standard detector 
foil. It has been found that the ? c r increases inversely 
with square of the average track diameter. The increase 
of neutron fluence beyond the value required for the cri
tical track density only increases the background, impo
verishing the contrast. If the concentration of boron is 
different in different phases of heterogeneous alloys, 
it is desirable to choose a neutron fluence such that 
track densities just below the critical density 9 are 
attained in the areas of highest boron concentration. 

Conclusions 

The main results of the foregoing discussion can 
be summarized as follows. 

1. The response of the bare detector foil to neutrons in 
the chosen irradiation facility has been determined 
to be about 2.4 x 10" tracks per neutron. The response 
of the boron free metallurgical specimen-detector 
system is somewhat greater, depending on the composi
tion and the presence of impurities in the specimen. 
In the case of high purity aluminium, this value amounts 
to about 3*6 x 10" tracks per neutron. 

2. An appreciable improvement in the unsharpness of neutron 
induced autoradiography using LR 115 can be achieved 
by the use of pre-etched detector foils. This improve
ment can be mainly attributed to the reduced size of 
the etched tracks and the thickness of the sensitive 
layer. Using pre-etched detector foils, an average 
track diameter as small as 1 um can be achieved. 
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3. By pre-etching detector foils, greater latitude in 
the autoradiograph is obtained. 

4. For a standard LR 115 detector, optimal definition of 
the autoradiograph is obtained if the track density is 
in the range 5 x ICr to 4 x 10 cm . For pre-etched 
detector foil this value increases approximately inver
sely with the square of the average track diameter. 
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Fig 2. Relationship between the number of 
tracks and the thermal neutron ftuence: 
a) theoretical tracks density for Fe(12ppm B), 

(b) the measured track density forNBS 
standard No 443 (12ppmB).(c) background 
for super pure (99,99%)Al,(d)detector 
background 
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Fig.3. Relationship between the optimal total 
(sum of pre-etching and etching time) etching 
time and pre-etching time 
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^pre—etching [minutes] 

Fig. k. Average track diameter as a function of pre-etching 
time (optimal etching time selected according to Fig.3) 
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Fig.5 Alpha autoradiograph of EC-80 
steel specimen. Standard (a) and 
pre-etched (b) LR115 detector. 
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: * ? * 
Fig.6 Alpha autoradiograph of crystal

lization nuclei in AlMg, alloy 
containing 2,4 ppm of boron. 




