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The application of scanning nuclear microprobe for study a radiation-induced migration of impurities
at the grain boundaries in structural materials was considered. The work describes the sample preparation
for a further irradiation of microscopic areas which include a few grains. Copper samples with deposited
sulfur film were used in the present work. Determinations of a chemical composition of the samples, as
well as a mapping of the element distribution, were based on the analysis of characteristic paticle induced
X-ray emission (PIXE). Two-dimensional distribution maps of elements, that revealed a presence of ran-
domly distributed inclusions of silicon as a result of mechanical treatment, were obtained using the method
of micro-PIXE. The quality difference of sulfur films deposited by thermal evaporation and a drop method

was shown.
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1. INTRODUCTION

A lot of technological challenges may be faced when
new constructional materials for available nuclear re-
actors and reactors of new generation are created. The-
se challenges are mainly linked to stronger irradiation
damages of the materials. Studies of the materials be-
havior are thus required at thermal and radiation
loads. Grain structure is typical for bulk samples. As
consequence, impurity segregation at grain boundaries
is the primary cause of a material destruction [1-3]. For
irradiation effect on segregation to be studied, the fol-
lowing conditions should be fulfilled: 1) beams of high
current density for high dose rate are required; 2) dif-
ferent kinds of ions should be used for studying impact
of different defects upon a segregation process; 3) map-
ping of elements distribution is required since segrega-
tion occurs at grain boundaries; 4) this method should
have low detection limit of atom impurities to detect
segregation at early stages. Nuclear scanning micro-
probe (NSMP) satisfies all the specified conditions. It
allows obtaining beams of high current density due to a
focusing system. There is also a possibility of obtaining
beams of uniform current distribution at a target plane
and of preserving size of a focused beam at energy var-
iation without a sample shift [4]. Tandem accelerators
that are a basis for nuclear microprobe setup allow
obtaining ion beams in a wide range (from hydrogen to
bismuth). NSMP permits 2D mapping of element dis-
tribution to be obtained using the micro-PIXE tech-
nique. It is based on a recording the characteristic X-
ray radiation at every position of a focused beam in a
scanning raster. The technique sensitivity here is two
orders of magnitude greater than that of SEM EDS.

Study of impurity diffusion to the grain boundary
under radiation is planned in four stages. At the first
stage, preparation of the samples of constructional ma-
terial is required with grain size to study the impuri-
ties segregation at their boundaries. At the next stage,
a sample surface should be evenly coated with a film of
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an element that is a specific impurity for the material
chosen. The sample is radiated in the area of a film
deposition at the third stage. The final stage consists in
studying impurity migration at the grain boundaries
depending on radiation dose owing to mapping of ele-
ment distribution.

Application of NSMP in high quality sampling is
considered in this work. Copper was chosen as a con-
structional material; sulfur was taken as an impurity
here. The choice was conditioned by an extensive use of
copper in accelerator, nuclear technique, in semicon-
ductors. Sulfur is one of the main non-metallic impuri-
ties advancing degradation of the selected material and
resulting to its destruction.

2. SAMPLE PREPARATION

Test samples were made of pure copper. Emery pa-
pers and polishing pastes were used for sandpapering
and polishing. During the mechanical treatment, the
surface condition of the sample was controlled with the
microscope MBS-10. Microstructure was detected with a
reagent based on chloride of copper (4 g) and 25 % aqua
ammonia (50 ml). Sulfur film was deposited with two
methods: thermal evaporation in VUP and a drop meth-
od with a sulfur solution in ethanol used. During sulfur
deposition using the VUP, the sample was covered with
an aluminum foil with a hole of ~ 300 x 400 pm. The
film deposition was performed in three stages because
of low density of sulfur and its powdered state. In case
of a drop method, thickness of the deposited film was
defined with a number of drops precipitated upon one
another. Every another drop was deposited after the
previous one was dried.

3. STUDY OF SAMPLES

The samples were studied at NSMP end-station [5] of
IAP NASU analytical accelerating facility. The micro-
PIXE technique was applied for mapping of chemical

© 2016 Sumy State University


http://jnep.sumdu.edu.ua/index.php?lang=en
http://jnep.sumdu.edu.ua/index.php?lang=uk
http://sumdu.edu.ua/

A.V. ROMANENKO, A.G. PONOMAREV

elements distribution [6].

During scanning, the transition from point to point
was determined with a value of accumulated charge set
by a researcher. Protons with energy of 1.2, 1.5, 1.6 MeV
were used in the experiment. Size of a beam on a target
was within 4-5 um.

Before sulfur film deposition, the prepared copper
samples were examined for impurities that may be re-
vealed during physical treatment. Microstructure of one
of the samples is depicted in Fig. 1 to estimate grain size
of a copper polycrystal. The area in the white square is of
special concern. The samples were put into an interac-
tion chamber and irradiated with a proton beam orient-
ed normally at pressure 10-4 Pa. The characteristic X-
ray radiation was recorded with the Amptek Si-PIN-
detector XR-100CR. Gained integral spectrum showed
presence of silicon in the sample (Fig. 2a). It is posi-
tioned non-uniformly and presents the chaotically locat-
ed impurities that are seen in distribution maps of
chemical elements (Fig. 2b). The largest impurities are
about 30 um in length (Fig. 2c¢). The scale to the left
shows number of generated X-ray quanta at every point
for an energy window that corresponds to a peak width
of the selected element. Observed impurities are related
to a treatment of the sample since the sandpapers are
made of silicon carbide. The sample itself contributes to
the unwelcome result because copper is a rather soft
material and broken crystals of sandpaper cut into the
sample easily. Subsequently, treatment quality was im-
proved and new prepared samples contained no silicon
residues (Fig. 3a).

Fig. 1 - Microstructure of a copper sample

Fig. 3b shows a distribution map of elements with
size of a sulfur film deposited in VUP. Stand-alone
black points on the maps are caused by short-time ab-
sence of a bombarding proton beam that resulted in
deficiency of generated X-ray quanta. In this case,
charge for transition to the next point was gained on
account of background current. It happens at data ac-
quisition in a rapid scanning mode when a charge at
the point is less than 0.1 nC. A detailed examination of
the deposited film revealed a non-uniform distribution
of sulfur (Fig. 3c).

Size of sulfur film coated with a drop method is
5 mm in dia. Analysis of the film showed a good uni-
formity of sulfur distribution (Fig. 4).
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Fig. 2 — Analysis of a spectrum area picked in Fig. 1: integral
spectrum (a), distribution maps of elements (dot sizes are
250 x 250 um) (b), zoomed impurities (size of a dot 1 is
25 x 25 um, size of a dot 2 is 38 x 38 um) (c)
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THE USE OF NUCLEAR SCANNING MICROPROBE...

Fig. 3 — Distribution of elements in a sample with sulfur film
deposited with VUP: integral spectrum (a), general view (size
of a dot is 1 x 1 mm) (b), zoomed part of a central film area
(size of a dot is 100 x 100 um) (c)
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Fig. 4 — Distribution of elements in a sample with sulfur film
deposited with a drop method (size of a dot is 200 x 200 um)
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4. CONSLUSIONS

The study has proved the efficiency of NSMP that
implements a nuclear and physical analytical method
to control a sample preparation for the task of radia-
tion-stimulated migration of impurities. After physical
and chemical treatment of copper, elements distribu-
tion showed that the sample may contain crystals of an
abrasive in the form of individual inclusions. The sul-
fur film deposited with thermal evaporation was shown
to have non-uniform distribution related to evaporation
peculiarities caused by physical features of the materi-
al. The coating obtained with a drop method, instead, is
characterized by a good uniformity.
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IIpuMmeHeHME SIEPHOTO0 CKAHUPYIOIIET0 MUKPO30HIA JIS UCCJIEI0BAHUS PaJUALIIOHHO-
CTUMYJIMPOBAHHOI MUTPAIIUY IPUMecel M0 rpaHuIlaM 3ePeH B KOHCTPYKIIMOHHBIX MaTepHuajax

A.B. Pomanenxo, A.T'. IToromapes

Huemumym npurnaonoil pusuru Hayuonanvroti akademuu Hayk Yrpaurvt, yu. Ilemponasnosckas 58, 40000
Cymbt, Vepauna

PaccmorpeHo mpuMeHeHHe SIIepPHOT0 CKAHUPYIOIIET0 MHKPO30HIA B HCCJIETOBAHUAX PaJUAIlHOHHO-
CTUMYJIIPOBAHHON MUTPAIIVH IIpUMecel Ha TPAHUIIAX 3epeH B KOHCTPYKIIMOHHBIX Marepuasiax. Pabora mo-
CBSIIIIEHA IIOJFOTOBKE 00pAa3IOB IJIs IIPOBeJeHUs OOJIyYeHUs] MUKPOCKOIIMYECKUX 00JIACTeN BKJIIOYAIOIINX
HeCK0JIbKO 3epeH. O0pasiipl IpeICTaBIAI0T cO00M MeIb ¢ HAHECEeHHOU IIeHKoM cepbl. OmpeiesieHue XumMu-
YeCKOI0 COCTaBa 00pA3IIOB, a TAKIKE IIOCTPOEHUEe KapT PACIIpeiesIeHUsl dJIEMEHTOB IPOBOJMIIOCH HA OCHOBE
aHaM3a BEIX0JA XapaKTePUCTUIECKOI0 PeHTreHoBcKoro naiayueHus (XPU) sBisiomerocs IpogyKToM B3an-
MOJIeMCTBUA 00JIydaeMbIxX dacTull ¢ aromamu muiieru. C nomoisio MeTona Mukpo-XPU mosydens: nsymep-
Hble KapThl pacIpeesIeHus 9JIEMEHTOB, KOTOPEIE BRIABUJIN HAJIMYINE XA0THIHO PACIIOIOKEHHEIX BRIIOUEHU K
KpeMHUs BOSHUKINUX B pe3yJibTaTe MexaHW4ecKou obpaborku. [lokasano pasinyme B KadecTBe ILJIEHOK Ce-
PHI HaHECEeHHBIX € IOMOIIIBI0 TEPMO-UCIIaAPEH U U KAlleIbHEIM METOOM.

Knouessie cnoBa: dnepHbiil ckanupyomuit MUKpo3oH, KoHerpykimonasiii marepuad, I[lpumecs, Meton

mukpo-XPU, Ilinenku cepsr.
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3acToCyBaHHA AMEPHOr0 CKAHYIOUYOro MiKpPO30OHAY AJIA JOCIIIKeHHa pagiamiiiio-
CTUMYJIIOIOUYOI Mirpaiii JOMIIIOK IO rPaHULAX 3€ePeH y KOHCTPYKUIMHNX MaTepiamgax

0O.B. Pomanenko, O.I'. Ilonomapros

ITremumym npuknaonoi gizurxu Hauionanvhoi axademii Hayk Yrpainu, eyn. Ilemponasniscorka 58, 40000 Cymu,

Vrpaina

POSI‘JIHHyTO 3aCTOCYyBaHHA AOEPHOr0 CKAHYIOY0I'0

MIKPO30HAY B JOCHPKEHHSX pPasialiifHo -

CTHMYJIIOIOUOT MIrparrii JOMINIOK Ha TPAHUIIAX 3€PeH Yy KOHCTPYKINHHMX Mmarepianax. PoGora mpucBsueHa
MIITOTOBII 3PA3KIB JJIsI IPOBEIEHHS OIIPOMIHEHHS MIKPOCKOIIIYHUX 00JIacTe, IK1 BKJIIOUYAIOTD ITeKIJIbKa 3€-
peH. 3pasKy IpeJCTaBIIAITH COO0I MITb 3 HAHECEHOI IUTIBKOIO CIpKU. BCTAHOBJIEHHS XIMIYHOTO CKJIAITY
3pa3KiB, a TAKO:K II00yZ0BA KApT PO3IOIIIEHHS eJIEMEHTIB IIPOBOJIMIIACH HA OCHOBI aHAJII3y BHXOLY Xapak-
TePUCTUYHOTO PEeHTreHiBchKoro BumpominoBanusa (XPB), sike e mpoaykTom B3aeMosiii OIPOMIHIOBAHUX Yac-
THHOK 13 aToMaMu MimreHi. 3a gomnomororn merona Mikpo-XPB orpumani nqBoBuMipHI KapTy po3IoiiLy eJie-
MEHTIB, SIKl BUSBUJIM HASBHICTb XA0THYHO PO3TAIIOBAHUX BKJIIOYEHH KPEMHII, 1[0 BUHUKJIM B Pe3yJIbTaTi
MexaHiuHOI 00poOku. [lokasaHo BIqMIHHICTH B SIKOCTI IIIBOK CipKM HAHECEHUX 3a JOIOMOI0I0 TepMO- BUIIA-

POBYBAaHHA i KparImHHUM MeTOJ0M.

Knrouosi cnosa: fAnepuwmit ckanyouwnit mikposons, Korncrpyriitinuit marepian, Jomimka, Merom mikpo-

XPB, Ilaieka cipku.
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