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Abstract 1.1 Investigation of Be-foils by accelerator

_ _ _ based analytical methods
The article presents an analytical techniques in

current use on electrostatic tandem UKP [1] at Almaty,
INP. PIXE, RBS, and NRA techniques have been used for
thickness measurements of Be-foils prepared by vacu .
deposition technique and for analysis of impurities in it. Ima_trthNPhglr(wce 1996. f thin Be-foils (I

As an illustration of proton microprobe application the e thickness measurements of thin Be-foils (less

measurement of Fe, U and Pu element distribution mag?n 5um) was Eerformgd by Nuclear Reaction Analysis.
of soil particulates from Semipalatinsk Nuclear Test SitNuclear reactioriBe(py) B with resonance energy 1084
are presented. keV [2] was used in this case. Figure 1 gives gamma

yield of resonance reaction as a function of proton energy
1 INTRODUCTION . fo_r typlcal Be sample. As it indicated in the picture, Be
foil thickness corresponds to 8 keV proton energy loss at

) L . 1 MeV and averag€sl40 nm (these calculations were
The Institute of Nuclear Physics in Almaty is the

only Kazakstan Institution with a significant activity at the
national level in the field of physics with accelerators, it:
application and associated technology. In INP
accelerators have been used primarly for basic researct
nuclear and atomic physics. However, there has beer
significant increase in application in materials research t
broad variety of different advanced techniques using ic
beam analysis. This was especially fruitful aftel
comissioning in 1988 in INP of heavy ion electrostatic
accelerator. A rather broad program is in progress aroul oo
this facility. Presently the Tandem is being upgraded i 515 520 525 530 535 540

the frame of a program, aimed at improving beam ener Accelerating Voltage (KV)

stability and decreasing beam energy spread al

improving its reliability. This article gives a brief

summary of just a few examples of using electrostatifzig_ 1 Yield curve of nuclear reacti8Be(py)'°B, energy
tandem in INP especially in connection with powerful of resonance 1084 keV

techniques of ion beam analysis.

The possibilities for Be-foils preparation by
gnetron deposition in vacuum have been studied in
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carried out using TRIM software). The quality of

2 NUCLEAR ANALYTICAL produced Be foils are strongly depends of amounts of
TECHNIQUES IN PRESENT USE ON impurities in deposited layers. PIXE techniques was used
TANDEM . for impurity measurements in Be foils. It can be seen in

Figure 2 that at least such elements as Ti, Cr and Fe are
gresented in Be foil.

Proton Rutherford backscattering technique was
ed to measure concentration depth profile of light
lements O, N, C in berillium samples. Fig. 3 shows RBS

Accelerator based analytical techniques PIXE, RB
and NRA were developed in the INP for surface analysj
of structure and element composition of wide spectrum Q
samples. As well the proton microprobe techniques W

develoned for measurement of elements distribution ma ectrum of protons at the incident energy 840 keV for Be
velop asure Istributl P rget with distinct peaks of oxigen and carbon. Presence
and thickness uniformity measurements of foils along a

sample gf accompanying nuclear reactioBe(p)°®Li and

' Be(p,dfBe [2] gives rise to high energy part of spectrum
induced bya-particles and deutrons ( the rise is marked
off by ‘?’ sign on spectrum).
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Fig.2 Characteristic PIXE spectrum resulting from FgAChZﬁgﬁEEﬁ;gﬁ lgeRf'grzpae:(terfftzrr 2?:;:;};261“0” of Ni
irradiation of Be foil by protons with energy 680 keV. 9

This circumstance deteriorates sensitivity of the
method for quantitative analysis of light elements. 3 NUCLEAR MICROPROBE

ANALYSIS OF RADIOACTIVE SOIL
PARTICULATES.

1000 1 Ep=840 keV

E . Institute of Nuclear Physics in collaboration with
aou0 \ other scientific organizations of Kazakstan and Russia is
conducting investigations on artificial radionuclides
2000 pollutant distribution at Semipalatinsk Nuclear Test Site
] °, with the aim to study the influence of radioactive
[ pollutants on environment and human health. At the time
. being the systematic data on distribution and form of
........ existence of transuranium elements in the region are
200 300G 400 500 BOG 700 . .

Channels absent. The aim of the reported work is to measure
elemental composition of radioactive polluted soil
particulates from Semipalatinsk for understanding of
nature of these particulates , their origin and behaviour in
environment during long period of time. The main
features of microbeam facility such as high sensitivity,
non destructive analysis of matter make it an ideal
instrument for conducting research and give an unique
opportunity to investigate the separate "hot" radioactive
particulates . It consists of collimator system, movable
At the time being work on different radioisotopesFaraday cup , vacuum pumping station, subsidiary slits,
production at the isochronous cyclotron of INP is irdoublet of electrostatic quadrupole lenses, electrostatic
progress. For preparing reliable cyclotron isotope targetieflector and target chamber. Total length of the system is
different procedures are used. As an example Ni targabout 6 m. Fig.5. shows the layout of the UKP microbeam
used for production of °'Co is considered. Nickel is line. The computer model of the channel was made with
electroplated on copper backing, and the target ibe help of the MULE program. The measurement of the
annealed in vacuum. Arisen diffusion layer betweemicroprobe sizes was executed on quartz glass. Optical
nickel and copper determines in main part mechanicahicroscope with 100-times amplification was focused
rigidity of the target. In this connection the electrostaticlirectly on frontal surface of the quartz glass, where a
tandem is used for investigation of Ni diffusion depth antieam was entered. By adjustment of object collimators,
its profile at different conditions of annealing. In fig.4secondary slots and high voltage on electrodes of focusing
distribution of Ni before (curve 1) and after annealing asystem it was possible to obtain a size of the probe on a
300°C during 2 hours (curve 2) and at 460during 2 target equal to 283 pm? with a current ~1 nA. Scanning
hours (curve 3) is presented. For this proceduraith microprobe is performed ‘step by step’, with spectra
Resonance Nuclear ReactidiNi(p,y)>°Cu at the energy acquisition in each point. The acquisition stop in each
1424 keV was used. point was made by integral of a current on a target.

Fig. 3 Characteristic RBS spectrum resulting from
irradiation of Be foil by protons with energy 840 keV.

1.2 Determination of nickel diffusion into
copper by NRA
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scanning was 25um. As it can be seen on fig.6,
distribution maps for all three elements are almost
coinside. These measurements are a base for
understanding of processes, occurring at high temperature
and pressure. This work is still in progress.

4 CONCLUSIONS

After upgrading of the electrostatic tandem
accelerator in Almaty different advanced nuclear physics
analitical methods were developed including microbeam
technique. They have allowed to perform a number of
experiments on determination of thickness and purity of
beryllium foils, on depth profile measuring of the
cyclotron isotopes target, and also to obtain maps of Fe, U
and Pu distribution in radioactive particulates taken from
Semipalatinsk Nuclear Test Site. These experiments will
be continued.
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Fig.6 Maps of Fe, U and Pu distribution in the particulate
from SNTS.

Maps of Fe, U and Pu distribution in a particulate are

represented on fig.6,

residual

radioactivity has an

increased background. The particulate was selected from
ground from Semipalatinsk Nuclear Test Site. A size of a
particulate was ~458 500 um?. Beam spot on the target
was ~30um. There was no need to reduce a beam spot
because of a large grain of a particulate surface. Step of
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