REGIONAL LABORATORY OF NEUTRONOGRAPHY

J. J. Milczarek, J. Jankowska-Kisieli ska, A. Czachor
Institute of Atomic Energy

The Regional Laboratory of Neutronography trons (/ = 0.15 nm) monochromatized and analyzed
(RLN) provides experimental facilities and research with the (111) Bragg reflection from Si single crys
experience in the field of thermal neutron scatgri tals. The full-width at half maximum of the instru-
studies of condensed matter and materials engivgeeri mental distribution is in the region of 30"- 40"h&
The laboratory operates six horizontal channelshef angular distribution of transmitted neutrons may be
MARIA reactor and six instruments designed for #tas measured in steps of 0.125". The instrument is de-
and inelastic neutron scattering (Fig. 1). A beamet signed for studies of the average size of magnetic
allocation at our facility can be applied for bybsuit- domains, large precipitations or other micro-olgect
ting proposals directly to the responsible resesnsh that cause neutron scattering.
mentioned below or to Prof. A. Czachor. Proposads a Dr J. J. Milczarek tel. +48 22 7180233
evaluated by the Project Selection Board of the RLN e-mail: jjmilcz@cyf.gov.pl
which consists of the representatives of institided 4 H5 — enhanced resolution diffractometer equipped

universities interested in doing research usingtroeu  with Cu (200) double-crystal monochromator; angular
scattering at the RLN. The Board's Chairman is .Prof resplution ~4’; neutron wavelength range: 0.06 —

L. Dobrzy ski of the So tan Institute for Nuclear Stud- 0.1 nm; scattering ang]e range: 0° - 110°. It may b

ies, wierk. used as the polarized neutron spectrometer. Pethriz
neutron beam is then produced by two subsequent
Bragg reflection, first from the (200) plane of tBe
monochromator and then - from magnetized Co-Fe
single crystal.
Dr J. J. Milczarek tel. +48 22 7180233
e-mail: jjmilcz@cyf.gov.pl

5 H6 - triple-axis spectrometer. The instrument is de-
signed for studies of the crystal and magnetidckatt
dynamics by inelastic neutron scattering. The instr

ment is equipped with PG (FWHM = 6)4m0n0-
chromator, analyzer and filter set; neutron flux-de
sity at the sample position is 5.1°8612s? for
/ = 0.235nm. The range of scattering angles:
100 - 110°.
Dr J. Jankowska-Kisieliska. tel. +48 22 7180137
e-mail: jotjotka@cyf.gov.pl
6 H7 - triple-axis spectrometer, designed for the isela
tic neutron scattering studies. PG monochromator,
analyzer and filter set is installed. Zn monochrtona
(FWHM = 15" and analyzer set is also availablenwit
neutron flux density at the sample position
5.5.-1Gcm?s® for / = 0.152 nm. The range of scat-
tering angles: 10° - 110°.
Dr J. Jankowska-Kisielska. tel. +48 22 7180137
e-mail: jotjotka@cyf.gov.pl

Fig. 1. Floor plan of the neutron spectrometer&RaN in the
Maria reactor hall.

Available instruments at horizontal channels (H)3-7

and responsible researchers.

1 H3-a small angle neutron diffractometer designed for
studies of inhomogeneities like precipitations
and micropores in materials/ (= 0.237 nm, Qi»

0.1 nmY). Each instrument is computer controlled. The labo-
Dr J. J. Milczarek tel. +48 22 7180233 ratory uses an unified computer code for all insiats.
e-mail: jjmilcz@cyf.gov.pl The program offers the window system with text and

2 H3-b double axis diffractometer, used to study crysdraphics modes, zooming option for data extractind
talline or magnetic structures. Zn, PG, Cu(200) anysualization of measurement results. Available jsi@m

Si(311) monochromators are available. The range §fvironment includes helium microcooler (8 K —
scattering angles: 0° - 90°. The energy analysthef 300 K), liquid nitrogen cryostats, vacuum furnaees

scattered neutrons is also possible. magnets. The sample environment parameters can be
Dr J. J. Milczarek tel. +48 22 7180233 registered in real time during measurements. The ne
e-mail: jjmilcz@cyf.gov.pl tron and gamma radiography facility installed a Hii8

3 H4 — small-angle double-crystal neutron diffractomeferizontal channel is described in the next section

ter. The instrument operates with monoenergetic neu
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NEUTRON AND GAMMA RADIOGRAPHY STATION
AT THE NUCLEAR RESEARCH REACTOR MARIA

A. Czachor, J. J. Milczarek
Institute of Atomic Energy

Weak interaction of neutrons with typical metalstion beam and converter screen. The sample supgort
such as Fe, Cu and Al, combined with a strong ecatt hold objects with mass to 100 kg.
ing of the neutrons by hydrogen, allows them toepen
trate macroscopic metallic objects and to reveal th
internal distribution of hydrogen containing compo-
nents, such as petrol, water, organic materialscame im
roded parts. The strong beam of gamma radiatioit; em H——
ted from nuclear reactor, also can be used to gecah
extra information on the interior of the object @sti-
gated. Having passed the investigated object, ¢he n
tron or gamma radiation reaches the fluorescermtescr
(converter), where it is converted into visible hlig

(Fig. 1). The two-dimensional projection of the @dij H7
on the screen is registered with the CCD camera and
processed using computer methods.
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CCD CAMERA SYSTEM Fig. 2. General layout of the neutron and gammaagraphy
station at the research reactor MARIA.

Fig. 1. The main parts of the neutron radiograptatien. The parameters of the station are: 100 < L/D < 200,

_ Cd ratio 20, and the neutron flux density 1.1-&fi’s™
~ The neutron and gamma radiography (NGR) st the sample position for L/D=150. The spatiabhes
tion at wierk is situated at the horizontal beam H8 ofjop is of the order of 0.1 mm. The high qualityaiges
the MARIA reactor (Fig. 2). The station has starsd re produced with the exposition time of 1.6 s, daits-
operation in July 2001. The following investigaon tactory quality of the full resolution radiograms i

have been performed in 2007: obtained for the exposition time of 0.6 s.

- Temperature and gravitation dependence of water ) ) o _
migration in beds of granular materials. Good uniformity of the white field was confirmed

- Nondestructive testing of technical objects. and the linear resolution of 0.1 mm for the opticelg-

- Observations of drying of wet kaolin samples. nification used in most experiments was established

The result of the resolution test is presentedith &

Due to the ample space by the channel H8 of the)ntaining the radiogram (Fig. 3a) of three 2 mickh
reactor MARIA and its relatively large neutron flukis  gjaps made of cadmium, lead and Plexiglas withshole
NGR facility has many advantages, especially fagei of 2 mm diameter. The edges of the holes are stgara
nostics of industrial objects. Remote-control suppopy gaps with widths decreasing from 1 to 0.1 mm up-

devices and modern analogue and digital registratiQyards, The optical density plot (Fig. 3b) reveaisidct

equipment will allow us to scan and record therimaé cusp on the left corresponding to the smallestrseipa
structure of large objects like engines, refrigerst as gap (0.1 mm).

well as some elements of their internal dynamidse T
station is equipped with the mobile sample support-
carrier, enabling the remote control tuning of troesi-
tion of the investigated object with respect to thdia-
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Attempts were made to observe processes induced

by various external factors. One of the most irttiing
processes observed was the evaporation of watar fro
the wetted sample of aerated concrete when heated b
the electric current. The sequence of images friois t
process is presented in Fig. 5. The process was\odts
during approximately 60 s after switching the vgéa
supply on. The sample was covered with three lagkrs
acrylic paint and wetted for 24 h with 10% NaCl erat
solution. The sample was 35 mm long with the cross
section 10 mm x 10 mm and the ac voltage of 70 ¥ wa
applied through the gold electrodes. The water essap

a tion through the damaged paint cover was very rapid

Optical density (arbitrary units)
o
o
1

0 | ' | ' | '
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b

Fig. 3. The atrtificially colored radiogram of thresheets of
(from the left) cadmium, lead and Plexiglas witmeh
diameter holes separated by gaps of width from®.9 t
0.1 mm (a), (b) — the plot of optical density dimition
along the line across the holes’ centres in thenaiagi
sheet.

Radiograms of objects with separated regions con-
taining ordinary and heavy water demonstrate trengt
incoherent scattering of neutrons by hydrogen nucle
The strong effective absorption of neutrons by roady
water produces dark regions in the images. As amex
ple the radiogram of the aluminium double container
with ordinary and heavy water is presented in Hig.
The thickness of both liquid layers was 1.3 mm.

Fig. 4. The radiogram of flat double containerdil with
ordinary water (left part) and heavy water (right s)d
of 1.3 mm thickness.
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leaving the dry region (visible in the radiogranssthe
blue tilted strip) in the middle of the sample.

The merits of NR are inaccessible within standard

X-ray or optical methods, supporting the expecteatiof
interest in NR from many researchers of industrial,
agriculture, medical and other roots.

(@t=5s

(b)t=10s

(c)t=55s

Fig. 5. The process of the water evaporation indungteat-

ing of the wet porous sample with the electric curren
The time is counted from the switching the voltage s
ply on.



MATERIAL RESEARCH LABORATORY OF THE IEA

W. Szteke
Institute of Atomic Energy

The Material Research Laboratory (MRL) of the- cutting out samples from the irradiated reactor

Institute of Atomic Energy is engaged in researmyec- components,
ing all aspects of materials engineering and imriee - sample preparation for metallographic and X-ray
logical processes developed in the powder metaljurg  examinations,
welding, brazing and soldering domains. The ingesti - thinning of metal samples for transmission el@ctr
tions are carried out on both structural matereatsl microscopy,
their welded joints, including the examinationsim- -  optical microscopy and microhardness measure-
diated materials. The Laboratory is equipped withdm ments,
ern devices for the scientific and applied studids - swelling control of materials and density
materials. All work in MRL is performed according t determination,
the Quality Assurance Program. - thermal treatment and annealing,

stereo macroscopic examination and stereo photog-

The MRL incorporates the Hot Laboratory which
was put into operation in February 1993 after the a
thorization by the National Inspectorate for Radiat
and Nuclear Safety. The facility was designed to- pr
vide maximum flexibility for a wide research progra
involving metallurgical, physical, and chemical tieg
of irradiated structural materials of nuclear reest The
main part of the laboratory is a set of 12 hotscallth
lead shielding suitable for handling of radioactiaate-
rials up to 4 TBq related t8Co. Every cell is equipped
with up-to-date sophisticated devices for examaratf
radioactive materials. The main equipment includes:

raphy,
- chemical analysis.

At the end of 1998 the laboratory for non-
destructive testing of materials was put into openan
the MRL. The applied test methods include:

visual inspection,

liquid penetration inspection,

- ultrasonic examination,

- radiographic inspection, including X-ray and iso-
tope radiography,

structure investigation using replicas method.

Since 1999 the MRL has been the exclusive repre-
sentative of the SAQ Kontroll AB Sweden in Poland f
using and promoting in Poland the special diagnosti
whsogramme SACC 4.0 (Safety Assessment of Compo-
nents with Cracks).

- Instron 8500 Dynamic Testing System with two
100 kN frames for testing of tensile and compres-
sive strengths, low cycle fatigue resistance, tnaect
toughness, bend characteristics and crack gro
resistance at -150 C to 1000 C temperature range.

- Instrumented Wolpert Pendulum Impact Testirl?Or Tnh?agép;ggﬁgcfnge:gﬁs“gi:”;lsRﬁ;saer;h Ilc_)gbgra-
Machine PW 30/15 for dynamic tests of Charpy- yr . ysIs. ploye

Materials Testing Centre formed within the consorti
type specimens carried out at -150 C to 800 C tem- : X
f the IEA and the Radioactive Waste Management
perature range, for determination of significan T e L
lant for quick identification and caferization of ra-
force and deflection values, partial energy values
characteristic fracture mechanical values Yioactive or nuclear items of unidentified or unkmo
' origin. The Materials Test Centre is a part of &woli

- DIA-TESTOR 7521 Wolpert Hardness Testingsystem for response to illicit trafficking and inadtent
Machine for tests using Brinell, Vickers and Rockmovement of radioactive materials. The main equip-
well procedures. ment of the MTC consists of:

- DRD-4 X-ray Diffractometer for structure analysis - 1SOCS Shield System fan situ gamma spectros-

- ROBOFIL 200 Spark Erosion Machine for speci- copy with a germanium detector.

. - InSpector 1000 — portable Nal gamma spectrometer
mens preparation. .
with neutron probe.
The devices are fully automated, remotely op- Radiagem 2000 — portable dose rate meter with two
erated and instrumented, equipped with computer con intelligent probes SABG 15 and SAB 100 for alfa,
trol systems for machine control, data acquisitéom beta and gamma radiation.

analysis of results. MRL IAE holds the Accreditation Certificate of
The remaining equipment of the hot cells compleXesting Laboratory No AB 025 which confirms fulfill

provides an opportunity to perform: ment of the ISO/IEC 17025:2001 criteria and thehFec
nical Requirements of Technical Inspection DT-L/95.
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NUCLEAR POTENTIAL WELLS AND BOUND ENERGY STATES
AS EVALUATED FROM EXPERIMENTAL DATA

ON NEUTRON SCATTERING LENGTHS
A. Czachor', P. P czkowski'?
Institute of Atomic Energy
?|nstitute of Experimental Physics, Warsaw Univgrsivarsaw, Poland

Using the neutron scattering lengthslietermined b _ tgx

experimentally for a majority of isotopes in lastcddes 1- R_A - X @
[1], one can extract systematic information on some

nuclear properties. The intriguing ,scatter” of tee- Where

perimental values ab, showing no systematic depend- -1

ence on the mass numbg&ror charge numbeZ needs X= V- 2mVzaRa ®3)

interpretation. In this work, on extending the usfe The construction of Eq. (2) allows three possibili-
known formulas of the theory of neutron scatterily ieg for the left hand side, corresponding to thesgen-

nucleus represented by a rectangular radial synymerﬁa"y different potential wells (Fig.1).
potential well (or barrier), we have determined the

depthsV, of the potential well and for many isotopes the It has appeared, that for the deep potentials dhe p

position of the bound state energy lelglin the well. ~ tential depths have to be assigned to four domdifRs
fering by the solution label;nlt is the assignment to 4

different s-type solutions of the Schrodinger eipurat
for the rectangular radial potential well. Attrimg a
given isotope to tha;-label is a non-continuous process
vs. A. It partially explains the observed scatter of bhe
values vsA (Fig.2).

Within the same model the bound-state energy lev-
= | els in the deep potential wells have also beenrdete
mined [3].

20 T T T T T T T T T T T T T T T T |
25 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240| 255

301" IRRE
=35

Fig. 1. Graphical representation of three possityjges of w . ;.":-:-} . cE .
rectangular radial-symmetry potential wells (barisgr A __r'_'-", o RIS
- Colors show three domains of solutions of Eq. (2), >, .. T

depending on the ratio of neutron scattering lergto *
the “classic” nucleon radius R). Yellow - shallow well |
VO < 0, b < 0; violet - potential barrier, VO > @ < b ®

< R; green - deep well, VO <0, b > R, '70

-5

We have chosen the simplest model of the radii i A

rectangular potential well of the depth, and the radius

Fig. 2. Potential well depths for deep wells. Theyevas-

Ra=r A1/3 1 signed to 4 domains of possible solutionE®f(9): The
A~ o @ St 0 isotopes are included as dark green points.
with rp = 1.3 fm.
: - ._References

On assummg the ,attractive” rectangular potentlalll] Neutron Data BookleEd. Dianoux A. J.. Lander G.,

well of the radiusR = R, and the deptlv_, , <0, one ILL — Neutrons for Science, (2001)
A ZA [2] T. Mayer-Kuckuk,Kernph s,'kTe bner B. G

arrives under the usual boundary conditions atthe- S.tuttg):;rd (197%)’ physik Teu T

tion relating the potential depth and scatgrlength (31 A Czachor, P. Rezkowski, IAE ReporB-59 (2007)
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GROWTH DEFECTS AND LATTICE DEFORMATION
IN CagsSrosNdAIO 4 SINGLE CRYSTAL

K. Wieteska', W. WierzchowsKi, A. Malinowska >, M. Lefeld-SosnowsKaW. Graeff
YInstitute of Atomic Energy
?|nstitute of Electronic Material Technology, Warsd®oland
3Faculty of Physics, Warsaw University of Techno)alfarsaw, Poland
“Institute of Experimental Physics University of 8w, Warsaw, Poland
®HASYLAB at DESY, Hamburg, Germany

Oxide materials of general composition AB£O which may indicate the deformation of the Ilattice
(where A = Ca, Sr, Ba, B =La, Nd, Prand C = AR)G (marked by D in Fig. 2.
with the tetragonal perovskite-related ,N{F,-type _D
structure are considered as promising substrateriaist e o A
for high temperature superconducting (HTSc) thi|’wﬁ“ﬁ“3%
films, elements of thermal radiation receivers atier b
electronic devices due to their electrochemical anfdg- 2. Synchrotron radiation white beam transmisssection
thermal properties and a good lattice matchingstig topograph of CgsSto sNdAIO, single crystal, -36-7 re-
of high structural quality are required for suctpléga- flection, = 0.047 nm.
tions hence the characterization of crystal lattieéects
is of a great importance. The crystals of solidisoh in
AA’ 1,BCO, or ABC,C’1,0, systems provide a possi-
bility of obtaining the adjustable lattice paranmebsy
appropriate selection of the A/A’ or C/C’ ratio §l- Apart from striations the white beam back reflec-

The Ca S, sNdAIO, single crystal grown by the fuon topographs revealed a significant concentnatid

Czochralski method in the [100] direction was cmose![?:r:\é'd#ﬁle ?}Z&iﬁ;so'fntggrgnbgr\%iiﬂ;ggi i:nudﬁ:
for studies. The investigations were performed gisin.”

synchrotron radiation, white and monochromatic heanqgat'on'
topography.

The synchrotron back reflection monochromatic
topographs revealed long-range lattice deformatibn
the sample (Fig. 3).

The white beam synchrotron experiments included
projection and section topography in reflection and
transmission geometry. The samples were studied by
taking monochromatic beam topographs in the 0.1@1 n
radiation. The main defects revealed with all topog
raphic methods were segregation fringes associeitbd
non homogenous crystal composition. Fig. 3. Synchrotron radiation monochromatic beanslba

reflection topograph taken at low-angle rocking weir
flank, 400 reflection, = 0.111 nm.

The synchrotron back reflection topographs ex-
posed through the mesh revealed the local lattisenmn
entation associated with a lattice parameter chahige References
local lattice misorientation manifests itself imioéng of  [1] M. Berkowski et al., Appl. Phys. Le7 632 (1990)

shadows of the wires (Fig. 1). [21 A. Pajaczkowska, A. Gloubokov, Progress in Calst
‘ Growth and Characterisati@® 123 (1998)
e o PN A BRI [ ¢ [3] A. Novoselov et al., Cryst. Res. Techr.405 (2005)

gggﬂ@ﬁﬁiwg Ve s [4] A. Novoselov et al., Mater. Res. Bui6 1789 (2001)
i / [5] A. Novoselov et al., J. Cryst. GrowB87 305 (2006)
: [6] A. Malinowska et al., submitted to J. Cyst. Gthw

Fig. 1. Synchrotron radiation white beam back rdiftat
projection topograph taken through the fine mesln wit
0.7 mm wire spacing, GaSr sNdAIQ, single crystal: -
374 reflection, =0.044 nm.

The white beam section topographs revealed also
the shape of the segregation fringes corresportditige
successive position of the growth surface. We may
notice characteristic kinks of the section topopsap
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SYNCHROTRON TOPOGRAPHIC INVESTIGATION
OF BULK GaAs, «\Px AND GaAs, P,:Te CRYSTALS

K. Wieteska!, W. Wierzchowsk, J. GronkowsKj G. Kowalski, T. S upi ski®, W. Graeff-?
YInstitute of Atomic Energy
?Institute of Electronic Materials Technology, Wass@oland
3Institute of Experimental Physics, University ofrgéav, Warsaw, Poland
*HASYLAB at DESY, Hamburg, Germany

The efforts to grow good ternary and quarternary It was found that that the topographs of the doped
A;By single crystals are stimulated by the demand faample of GaAs,P.:Te (Fig. 1) exhibits a complicated
substrates with well-defined lattice parameters and contrast connected with instabilities of the grodvtimt.
ergy gap. It is, however, a difficult task due tmgega- In some regions a more distinct lattice deformatisn
tion phenomena occurring in multicomponent liquidvell as some extended contrasts are observed. They
solutions of A,By compounds [1]. Therefore, only thin may be connected with inclusions of not perfectlyse
layers are easily grown using epitaxial techniqueshe tallised material. On the other hand, the topogsaph
relevant binary substrates. In the reported case thndoped crystal (Fig. 2) exhibited a much bettefgue
GaAs.,P, and GaAs,P:Te (x 0.2) ingots were tion, with much more regular growth bands. However,
grown at a significantly reduced growth velocityl(~ some growth instabilities are still visible in thedt part
mm/h) in order to control supersaturation in theltme of the picture.

Previous results of characterisation by means gh-hi
resolution X-ray diffractometry and conventional-di
fraction topography were published elsewhere [2le T
conventional topographs revealed large segregation
effects.

The present investigations of the same samples, cut
both perpendicular and parallel to the growth awiste
performed using synchrotron white-beam topography.
The best results were obtained using back reflectio
projection and transmission section methods. Irhbot
cases it was possible to obtain relatively cleaages of
segregation fringes and other lattice defec. Itukhbe
noted that transmission section topographs provated
image of segregation fringes along the intersectibn
the narrow incident beam with the sample.

Fig. 2. Back reflection projection topograph of GagP,
sample.

The transmission section topograph of the undoped
crystal provides a distinct image of the growth dmn
inside the sample in the plane of intersection hadf t
narrow beam perpendicular to the surface with #a-s

ple (Fig. 3).

Fig. 3: Transmission section topograph of Gag®, sample.

: i o References
Fig. 1. Back reflection projection topograph of GaAP,:Te [1] H.J. Sell, J. Cryst. Growth07, 625 (1991)

sample. [2] G.Kowalski et al., phys. stat. sol. @04 2578 (2007)
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CRYSTALLOGRAPHIC DEFECTS AND FACETING

IN Er-DOPED Yb ;AL 01, CRYSTALS

K. Ko odziejak, W. WierzchowsKi, K. Wieteska?, M. Malinowski, W. Graeff, T. ukasiewicz
Ynstitute of Electronic Materials Technology, Wass@oland

?|nstitute of Atomic Energy
®*HASYLAB at DESY, Hamburg, Germany

The YeAIsOy,: Er crystals are a perspective laser
material providing efficient emission in the neafra-
red range [1]. The trivalent erbium ion provide® th
2.94 mm line very useful for medical applications and
the 1.55mm line for light guide communication (also for
eye-safe lasers for military applications).

The YkAIs01, (YDAG) Czochralski grown crys-
tals (undoped and doped with erbium) were studied
using synchrotron X-ray monochromatic beam topogra-
phy, recording of the rocking curves and white beam

topographic methods. The crystallographic idergiic
tions of the facets was performed together witkeatir
evaluation of growth front radius from the transsios

section topographs. The investigation proved thesipo
bility of growing Yb;AlsO,, crystal of good structural
quality with high concentration of erbium dopanterl

a b

Fig. 2. White beam projection back reflection torqans of
Er doped YBAIsO,,crystals revealing segregation

most important observed defects were segregation fringes and sets of facets: a — with 10% erbium,

fringes and growth facets. The monochromatic beam

topographs confirmed slight changes of lattice paa

ter induced by the segregation of the erbium and lo,

level of strains in the crystals (Fig. 1, 2)

Fig. 1. Monochromatic beam back reflection topodrap
symmetrical 444 reflection of Y&sO,, crystal with
1.5% of erbium in 0.111 nm radiation exhibiting eg
gation fringes and some rosettes correspondingeo t
dislocation outcrops.

b

b — 1.5% erbium.

The observed facets were identified as correspond-
ing to {221}, {211}, {311} and {301} planes. The ffst
type form a core, observed in most of crystals, som
times neighbouring to {211} and {311} ones. Therthi
type of facets corresponds to the planes inclirtedi3a
and occurs for mostly convex growth surface. Thenid
tification of the facets was confirmed by the tnais
sion section topographs, which show the location of
growth bands in the intersection of the sample i
incident synchrotron beam, and enabled us to déterm
the curvature of the growth surface (Fig. 3).

Fig. 3. Transmission white beam section topogragh¥ nAl;O;, crystals dopedvith a — with 30%, and b - 1.5 % erbium re-
vealing the striation fringes corresponding to #heccessive location of growth surfaces in the platersected by the
narrow incident beam perpendicular to the samplee Tickness of both samples is of 580, while the horizontal di-
ameter of the reproduced area is of 7.5 mm. Thausadf the growth surface is 4 cm and 2 cm, forafad (b) case, re-

spectively.

References
[1] D. Pacheco, B. Di Bartolo, J. Lumih4, 19 (1976)
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TOPOGRAPHIC STUDIES OF GROWTH DEFECTS
IN YVO , CRYSTALS

K. Wieteska', W. WierzchowsKi, E. Wierzbicka®, A. Malinowsk&*,
M. Lefeld-SosnowskKaT. ukasiewicZ, W. Graeff
Ynstitute of Atomic Energy
?Institute of Electronic Materials Technology, Wass@oland
3Institute of Experimental Physics, University ofrgéav, Warsaw, Poland
“Faculty of Physics, Warsaw University of Techno)dlfarsaw, Poland
®HASYLAB at DESY, Hamburg, Germany

Yttrium orthovanadate crystals (Y\{Dare pre-
dicted for replacing formerly used YAG garnets as
a laser material due to higher quantum efficienogl a
lower excitation level. It is especially useful micro
laser systems excited with semiconductor laserediod
No topographic studies of YVQcrystals were de-
scribed till now in the literature. Some recentults
concerning growth of YVQ are described in [1-3].
YVO, is of zirconium tetragonal structure with the,D
space group and lattice parameters a = b = 0.712minm

c=0.629 nm. Fig. 2. Complex subgrain boundary structure revedg
white beam topograph in the sample cut out from an-
A number of samples cut out from Czochralski other part of the crystal.

grown YVQ, crystals were studied with X-ray topog-
raphic methods using both synchrotron and conven-
tional X-ray sources. The synchrotron studies vaenee
with both monochromatic and white X-ray beam inkbac
reflection geometry.

The topographs revealed a relatively high density
(10* cm?) of weak point-like contrasts which can be

interpreted as dislocation outcrops. In some regioh a
the crystal close to its boundary the glide bandsew
observed (Fig. 1).

b

Fig. 1. White beam topograph of Y¥yi@vealing dislocation
outcrops glide bands (located mainly in right 3ided
subgrain boundary on the left.

It was also found that in some regions the disloca- ¢

tion forms a local subgrain boundaries. A compédat Fig. 3 a - ¢. Monochromatic plane wave topograpH&(Q)

structure of subgrain boundaries may be seen inZig reflection, = 0.115nm, direction of the beam projec-
The topographs did not reveal any segregation ésng tion along the normal to (001) planes. The picture
proving high homogeneity of chemical composition. were taken for three angular positions passing rtize

L . . . ximum of the rocking curve.
The misorientation of the lattice connected with

these boundaries was studied in some Syncmo”%ferences
monochromatic beam experiments in multicrystal af1] s wu et al., J. Cryst. Grow2%9176A (2003)
rangement (Fig. 3). The experiment allowed us mol fi [2] H. Zhang et al., J. Cryst. Grow®83438 (2005)

the misorientations less than few minutes of arc. [3] Y. Yu etal., Materials Letter80 1014 (2006),). Cryst.
Growth249176 (2003)
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SYNCHROTRON DIFFRACTION STUDIES
OF MONO- AND MULTICRYSTALLINE SILICON
DOPED BY NEUTRON TRANSMUTATION IN MARIA REACTOR

K. Wieteska', W. Wierzchowsk, C. Pochrybniak®, J. J. Milczarek!, W. Graeff
Ynstitute of Atomic Energy
?Institute of Electronic Materials Technology, Wass@oland
®HASYLAB at DESY, Hamburg, Germany

The interest in multicrystalline silicon comes fromtion between the defect structure and the irradia-
the possibility of replacing the crystalline silicddy tion/annealing processes. We hope that furtheriegud
cheaper material in some applications like phot@ol help to identify some observed changes in the suibbgr
technology. The main concern is the homogeneity aftructure as produced by this treatment.
impurity distribution, which may precipitate at gra
boundaries. The possible solution to this probleay m
be with application of the homogeneous doping by
neutron transmutation.

A series of undoped and slightly doped multicrys-
talline silicon wafers were irradiated in researehctor
MARIA with thermal neutrons of flux density ¥bcm
s with exposure times of 100 and 42 hours. After
appropriate annealing the resistivity of the ireded
wafers decreased from the initial value of 500 0 89
0.7 Wem and 2Wem for longer and shorter exposure
times, respectively. The radiation defects andrtbed-
lution in the subsequent processes of thermal dingea
were separately studied with positron annihilation
method indicating the presence of vacancy clustacs
V-P complexes.

In present studies the white beam synchrotron ra-
diation was used for examination of the multicrifsta
silicon wafers. The back reflection patterns predd a b
information on the grain sizes and their angulatritiu-
tion (Fig. 1). In many cases the method revealedyma
details of the defect structure of particular siticgrains

Fig. 2. White beam topographs (enlarged imageskgtected
grains revealing subgrain structure and glide bands

(Fig. 2). The examination of the monocrystalline samples
proved that the defect structure introduced by Narid
annealing processes does not produce strains laisgur
the diffraction pattern (Fig. 3).

a b Fig. 3. The interference fringes in Bragg-case isectopog-
raph caused by sample curvature proving the coher-

Fig. 1. Synchrotron white beam projection back fti ence of defect clusters in annealed NTD sample.

patterns taken at glancing angle of 5°, a — refeeen

sample and b 100 h NTD annealed sample. ) )
The interesting phenomenon was the decrease of

The observed defects included some subgrafhe diffraction peak width for higher irradiatiorogk
structure connected with glide bands as well asesor"d higher annealing temperature.
distinct black contrasts which may be attributeddme
inclusions. It was not possible to find a direchioec-
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ANISOTROPY OF THE NEUTRON SCATTERING

ON THE Mn 0_71Ni0_29 ALLOY

J. Jankowska-Kisieli ska, I. Fija -Kirejczyk, K. Mikke

Institute of Atomic Energywierk, Poland

The subject of the present work was to test the spa

The SW neutron-scattering was measured for the

tial anisotropy of the critical neutron scatteriimythe

both parallel and perpendicular directions for ggeup

paramagnetic phase and the anisotropy of spin-wiavesto 18 meV (Fig. 2). The SW velocity is higher ftvet

the antiferromagnetic phase of the §MiNig »o alloy.

The earlier study of the critical scattering in th

FCC MnyNig 3g demonstrated the pronounced uniaxia

anisotropy both in the static and dynamical parthef
generalized susceptibility [1]. The anisotropy algs
parallel to the scattering-vector reduced to theupag-
netic Brillouin zone. The spin-wave velocities fibiis

alloy were 21 and 15 meV nm for the spin wave vecto

parallel and perpendicular to the anisotropy agis It
should be stressed that any significant anisotiafthe

direction parallel to the anisotropy axis than foe
é)erpendicular direction, but the difference is elts the
pecuracy limits: y = 191 meV nm and ~ = 161
meV nm obtained from data for 18 meV for 15K. The
SW damping was found similar for the two directions

400 —

300

200

100

SW scattering was found neither in FCC Mn-Fe alloys
nor in Mn-Ni alloys with the tetragonal structure
(Mng gaNig 137 inter-metallic compound MnNi). It was
also not mentioned for FCC MpNig .7 [3]. The ques-
tion, what is the reason of the strong anisotropy o
served in MggNigsg alloy, is still open. The present
extension of our study on the Mn-Ni alloys aimdital

the concentration dependence of the anisotropy.

Our main result for the paramagnetic phase of the
Mng 71Nig.0g alloy is that the correlation length is bigger
for the direction parallel to the anisotropy aian for

Intensity
o

400

200

100

the perpendicular one (Fig. 1). The ratio obtaimtd Fig. 2. The intensity distribution of the neutraraiered on

35K and 45K aboveJis ~/ = 1.5:0.2, where » and

| are the reciprocal correlation lengths for perpeund
lar and parallel directions. The same ratio obthine
earlier for the MpgNigzs was 20.2 for temperature
range 5-100K abovenl

spin waves with energy 18 meV measured at 15K for
[100]-upper part and [010] direction in the viciritof
the (010) reciprocal lattice point. The dashed §imep-
resent the shape of the scattering cross-sectiantiae
solid lines —the folding of the cross-section wité t
resolution function.

200
{0 (0,1+x,0)

160

120

Intensity
(o]
o

N
o

Fig. 1. The intensity distribution of the paramagio@eutron
scattered with energy 5.5 meV measured at 453K for
[100] direction (open symbols) and [010] direction
(filled symbols) in the vicinity of the (010) reqpal
lattice point. The solid lines represent the fotdof the
cross-section with the resolution function.

In conclusion, we found the anisotropy of the cor-
relation range in the paramagnetic phase and of the
observed spin wave velocity in the AF phase in the
Mng 71Nig 09 alloy. The effect it is less pronounced than
similar anisotropy found in the MgNig g alloy. Our
result indicates that magnetic interactions in Mn-N
alloys are less extended for higher Ni concentratio
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EFFECT OF GRAVITATION ON WATER MIGRATION
IN GRANULAR MEDIA

J.J. Milczarek, . Fija -Kirejczyk, J. o dek, M. Chojnowski, G. Kowalczyk, Z. Jurkowski, J. o dek
Institute of Atomic Energy

Our previous studies indicate that the rate of wate = The experiments were carried out with the dynami-
imbibition of beds of coarse granular media such asl neutron radiography with spatial resolution of
sand or gravel depends on the direction of the wat6.2 mm, with frames recorded every 2 s. The eftdct
front migration against gravity [1,2]. The aim dfis the gravity on the water front motion was discelaib
work was to study the effect of gravity on the kiog of even for beds composed of fine grains (Fig. 1).

water migration in unsaturated (dry) simple granula . .
. ; ) The experimental results were analysed in terms of
systems composed of chemically uniform grains g

. the Washburn-Bosanquet (W-B) theory of water migra-
selected size. S . .
tion in porous medium. Assuming the correctnesthef
The present studies [3,4] were performed on quart¥/-B description for the initial stages of the imitiidin
sand and corundum beds of different grain sizthe effective capillary radius was estimated frome t
(Table 1). The beds were in the form of ~130 mnyglonimbibition rate parametea (Table 1). However, our
and ~7 mnmdiameter cylinders and were placed vertianalysis reveal that the theory is not valid foem@
cally at stabilized temperature. It was possibleupply time behaviour of wetting front motion (Fig. 2) (.
lower or upper end of the sample with water indgcinOur results suggest that the main reason for #risss
the migration opposite or according to the gravigr, discrepancy is that the theoretical approach urstiere
spectively. mates the energy dissipation in the migration gfitl
in the porous medium neglecting the roughness of po

. surface boundary.
fine quartz
50 °C Table 1. Effective porosity, imbibition rate paraereand
100 — effective capillary radius of the bed.
_ ] imbibition ~ effective
€ — material grain size  rate parameter capillary
£ n ! [mm] at 30°C radiusr,
© 7 oA [mm s [ m]
. v v fine quartz 0.09-0.16 8 1.45
v ° coarse quartz  1.0-1.2 5.4 0.65
_ A corundum ~0.05 4.8 0.52
10 4 A
T T TTTTI T T TTTTT T 1T
1 10 100 S —
t[s - ’,," --------------
] 100 4 7
100 - theory
3 corundum T N ' " fine quartz
1 90T E 30°C
- © —
'g‘ —
E . G 10 v
© v A - r=1.5nmm
104 v 15 °
] A v | T TTTTT T TTTTTI T T
_ 1 10 100
. ° tis]
T T IIIIII| T T IIIIII| T T . . .. .
Fig. 2. Comparison of the W-B theory predictions axperi-
1 10 100 mental results for the time dependence of the iitixib

t[s] front position in fine quartz bed.

Fig. 1. Dependence of the position of water frontiore in
fine quartz and corundum beds at 50°C. The vertical References
arrows, and , indicate the direction of the wetting  [1] J.J. Milczarek et al., IAE Report B-31 (2004)
front motion, according and opposite to the gravigr  [2]  J.J. Milczarek et al., IAE Report B-45 (2006)
spectively. [3] J.J. Milczarek et al., IAE Report B-36 (2007)
[4] J.J. Milczarek et al., Acta Phys. Pol1A431245 (2008)

60



NEUTRON RADIOGRAPHY STUDIES OF DRYING KAOLIN SAMPLE S

J.J. Milczarek?, I. Fija -Kirejczyk !, J. o dek®, J. Banasz&kZ. Jurkowski', J. o dek'
Ynstitute of Atomic Energy
?Institute of Technology and Chemical Engineerinogzi® University of Technology, PoznaPoland

Experimental studies on drying processes of wethere R denotes the cylinder radiug, is position of

solid bodies are of importance for technology ambt  the cylinder axis on the horizont®x line, and A is
retical model construction [1-3]. The aim of our™wo {he operation of extracting of the real component.

[4] was to apply the dynamic neutron radiography in o . . .
observations of drying of kaolin cylinders. The significant differences in the spatial depend-

The present studies [3] were performed on the 300%nce of theS,, calculated for different times of drying

wet kaolin cylinder (25.4 mm high, 27.3 mm diamgter were found (Fig. 2).

eff

The sample was observed for 72 hours during convec- 7
tive drying at temperature of ~18°C. 0.15 —
i —— 0h
—— 3h
w% 0.1 20 h
— — 72h
0.05 —
t=0 t=20h t=72h O‘\‘\‘\‘\‘\‘\‘\[
Fig. 1. Neutron radiography images of drying kadadidinder. 36 40 44 48 52 56 60 64
The time elapsed from the beginning of the proisess position [mm]
given below of each image. Fig. 2. Neutron macroscopic cros- section alongdéetral
horizontal line of drying kaolin cylinder.
The experiments were carried out with the dynami-
cal neutron radiography with spatial resolution (o2 Our results reveal the decreasing water content in-
mm. The brightness of the sample images registersitie the drying kaolin cylinder. It seems thatiaiy the
during the process increased with time (Fig. 1). water is distributed less uniformly than in theelat

The experimental results were analyzed in terms
the usually assumed exponential dependence of t
neutron beam intensitly on the composition and thick-
nessL of the sample:

Fages of the drying process. However, the straafr s
ieéing component makes the determination of theewat
content distribution difficult. The estimation ohet
spatial distribution of water should be based onusa-
tions taking into account both neutron absorptiod a

| =] e scattering in the sample.
o
) References
where the macroscopic neutron cross sect®nde- [1] Porous media: Theory and Experiments, R. de Boer
pends substantially on the chemical compositiothef (Ed.) Kluwer, Dordrecht (1999)
material [5]. [2] S.J. Kowalski in Porous Media, W. Ehlers, J.iBlu

] ) (Eds), Springer, Berlin (2002)
In order to discuss the changes in the water conted]  G. Musielak, J. Banaszak, Transp. Porous N6édL.21
of the sample the effective macroscopic neutrorsro (2007)

section S, was calculated from the local optical den{4] J.J. Milczarek, et al. IAE Report B-58 (2007)
. . - . ) 5] Practical Neutron Radiography, J.C. Domanus (Ed.)
sity D in the specific point of the sample image Kluwer, Dordrecht (1992)

AR - (x- %)?)
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NEUTRON SCATTERING STUDIES
OF WO3:Z2rO , NANOCOMPOSITES

J.J. Milczarek, E. lller, J. o dek, I. Fija -Kirejczyk, Z. Jurkowski, J. o dek
Institute of Atomic Energy

The atomic ordering and the nano-scale structure @he elongation of the inhomogeneities was found als
the WG, : ZrO, composites produced by sol-gel techfor 1:1 and 3:2 composites. However, the spacestzorr
nique [1, 2] and annealed at 500, 650 and 800°C wéen of their positions is much weaker than that I
studied by wide and small angle neutron diffracf®n  composites even after 500°C annealing.

The atomic ordering of the composites was studied i 12
in the wide range (10 — 80 Atnof the scattering vector 5000'0 5h
Q. It was found that the diffractograms for samples 129

annealed at 500°C do not reveal any Bragg peaks but
only a broad halo centered neé@mof 40 nm' (Fig. 1a).

For samples annealed at 650°C four distinct maxima -
were observed for each composition. The diffracto- 4
grams of 800°C annealed samples consist of many

Bragg peaks (Fig. 1b) characteristic for fully fed

P

crystalline structure. 0 L I e I
100 a 0 10 20 30 40 50
1 o 1:1 500°C 5h r{nm]
80 — -
T | 30
g 60 — ) S .o 1:2
L °°“°3 : : °°Q&:°°{ 6‘. * 00,% I o.
> R Y S R PSR 800°C 2h
B oo L TAERL i 20 -
g it e ST -
£ * \3 e 0% o % %%% o & = -
20 —| ® o0 LRI SN o
'03"00" o P °
R ° 10
030 °
0 I \ I—
0 20 40 60 80 N
a Q [nm7]
0 T T T T T
| wazr_0s 1:1 800°C 5h 0 20 40 60
1200 b r [nm]
) [
% ] =]
3
o 0 ® Fig. 2. The plots of distance correlation funct®(r) for 3: 2
@ 4 WG; : ZrO, nanocomposite after the 500°C and 800°C
g §se annealing.
= 400 — » ®
00 &J % .
1 Pwes Our results [3] confirm that the WO ZrO, com-
L e LA A posites easily crystallize and the rate of process
b 0 20 [40 . 60 80 creases with the temperature. We found that irctime-
Q [nm~

posites annealed at 500°C the inhomogeneities &t av
Fig. 1. Neutron diffraction pattern for 1:1 WOZrO, nano- age diameter of 50 nm and highly warped boundary
composite after two different thermal treatments. surface exist. For higher annealing temperatures th

cylinder-like particles are formed.

The nano-scale structure of the composites was de-

termined by the small angle neutron scattering iff€ferences o
M.S. Dadachov et al., Appl. Radiation and Is&5f@

0.1 nm*<Q < 1 nni' region. The analysis of the SANS 1 641 (2002)
data was performed with the GIFT program of the PC@] A. Deptu a et al., Polish Patent No. 17261819
package [4] in order to obtain the distance coti@ia [3] J.J. Milczarek et al., IAE Report B-38 (2007)

functionP(r) and the structure fact&(Q) (4] »(] Bfu?nef-Popela, O. Glatter, J. Appl. Crgd431
1997

The GIFT results indicate that the inhomogeneities
found in 1:2 samples are spheres of radius 23 temn af
500°C annealing but their shape evolves with irgirep
annealing temperature into 60 nm long cylinders of
12 nm radius found after annealing at 800°C (Fjg. 2
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MOSSBAUER EFFECT STUDIES OF Dy(Fg& 7.NixC0q)2

A. StocH, P. Guzdek P. StocH, J. Pszczo%aJ. Suwalsk?, P. ZachariasZ, T. Wéjcik?®
Ynstitute of Electron Technology, Krakéw, Poland
%Faculty of Physics and Applied Computer ScienceH AGakéw, Poland
3Institute of Atomic Energy

The heavy rare earth (R) - transition metal (M)ifer tice, is analogous for that for other intermetalieries
magnets RM including substituted ferrimagnets, havd5].

been widely studied for both their fundamental ries¢
and practical applications [1,2]. The ferrimagrnetief
the RM, compounds results from the coexistence

4f(5d) and 3d magnetism [3]. The present work aias w at 300K). the magnetic hyperfine fielHy and the

the effect of the subsitution of Fe with Ni in the uadrupole interaction parameter QS have been-deter
Dy(Fe& /Cay.3)> compound (Fe/Ni substitution introducesq . P on p .
mined for seven equidistartvalues (Fig. 2).

additional 3d electrons). The studies were perfarme
using Modssbauer effect technique and the hyperfine
interaction parameters were determined in the Dy{Fe
«Niy Cy.9)» Series.

The Dy(F@.7Niy Caya), (x = 0.0-0.7) alloys have
cubic, Fd3m, MgCutype (C15) crystal structure [4].
The measurements were performed at 4.2K on polycrys
talline samples using a standard transmission tqabn
with a source of’Co in Rh. The collected’Fe Moss-
bauer spectra present complicated pattern (Fig. 1).

The average values of the hyperfine interaction pa-
0rfameters at 4.2K, estimated from the fitting praged
I.e., the isomer shift IS (with respect to pureniroetal,

Fig. 2. Hyperfine interaction parameters of the Bsy_Niy
Cop 3

The isomer shift decreases wittand experimental
points can be described by linear equation:x)E(
(-0.028+0.042) mm/s (Fig. 2.1). The magnetic hyper-
fine field mHy; equals 24.93(17) T for Dy(5¢C0y.3)2
and decreases with increasing Ni contenthe experi-
mental points tally well with the formulamHq(x)=
(-10.753-6.71x+25.07) T (Fig. 2.2). The quadrupole
interaction parameter increases slightly witand were

fitted with the formula: QS(x)=(0.0%80.045) mm/s
Fig. 1.5Fe Mossbauer effect spectra of the Dy(Fdi, (Fig. 2.3)
Coy 3), intermetallics (4.2K).
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surrounding mtrod_ucefs its own subspectrum and itsus [3] IA. Campbell, J.Phys.F: Metal Phys. 2 L47 (1972
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BAND STRUCTURE CALCULATION OF D, (Fey7-xNixCo0og)2
INTERMETALLICS

A. StocH, P. Guzdek P. StocH, J. Pszczo%aJ. Suwalsk?, P. ZachariasZ, T. Wéjcik?®
Ynstitute of Electron Technology, Krakéw, Poland
Faculty of Physics and Applied Computer ScienceH AGrakéw, Poland
3Institute of Atomic Energy

The heavy rare earth (R) - transition metal (M)The magnetic moments per Fe, Co and Ni atom and the
ferrimagnets RM including substituted ferrimagnets, stoichiometrically weighted moments per transition
have been widely studied for both their fundamentahetal atom calculated for the Dy@=6Ni,Cq 3), series
interest and their practical applications [1,2]eTierri- decrease with increasing number of 3d electrons per
magnetism of the RMcompounds results from the atom (Fig. 2).
interplay of 4f(5d) and 3d electrons [3].

The electronic band structures of DygkeNiy
Co3), intermetallics were calculated by an ab-initio
self-consistent Full - Potential Linearized Augnezht
Plane Waves (FLAPW) method implemented in the
WIEN2K code [4]. The generalized gradient
approximation (GGA) in the parametrization of Pavde
- Burke - Ernzerhof [5] was employed. The GGA+U
method was used for 4f electrons including the ita s
correlation energy U= 7eV to settle down the energy
scale of Dy 4f electronic states [6]. A supercell
approach was applied with the supercell equivatent
eight crystal unit cells. The numbers of Fe, Co ahd
atoms inside the supercell matched the value of the

stoichiometry paramett. The calculations were carried Fig. 2. The calculated magnetic moment ai ransition

out for randomly_F_’OSitioned Fe, CC_) and Ni atomgten metals vs. average number n of 3d electrons for the
sites of the transition metal sublattice. Dy(Fey 7,Ni,C0y.9), series (1 - M=Fe, 2 - M=Co, 3 -
M=NIi, 4 - weighted magnetic moment per transition

The average stoichiometrically weighted density of
3d states (DOS), per transition metal, and the itess

of 3d states, for Fe, Co and Ni, were calculated. A The conclusion is that the substitution of Fe atoms

example of the results is presented for @i Nj ones reduces the magnetic moments per Be, C

Dy(F& g, and Dy(FeNiosChg> compounds ,nq Niatom. In effect the average magnetic moment

(Fig. 1). transition metal atom is reduced very strongly with
increasing average numberof 3d electrons in the in-
termetallic compound.

metal atom).
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Fig. 1. Weighted (M) and individual (Fe, Co and Néngities
of 3d electrons states (DOS) as functions of enErgy
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STRUCTURE AND PROPERTIES
OF ¥'Cs CONTAINING WASTE GLASS

P. Stoch, J. Suwalski, P. Zachariasz, T. Wéjcik
Institute of Atomic Energy

High level radioactive wastes (HLW) from both theconnected with the cation modifier Naccurs at 458.8
nuclear power industry and military nuclear procm®. Introduction of CO causes the shift of the main
grammes are currently immobilised by vitrification.band to 1017cth and the glass modifiers band to
Borosilicate glass provides the very suitable medior  455.9 cnil. It means that the presence of @xreases
the majority of the species present in these wd&tedy. the degree of polymerization of the network. Intred
It prevents leaching of radio nuclides by watermabi- tion of Ca causes the appearance besides of tGeSHi-
lisation effect. Environment protection legislatiamd band (1021 cif) the band at 946 ¢t which is charac-
increase of disposal costs makes the vitrificabbthe teristic for silicate and aluminate glasses, caontg
low level nuclear waste (LLW) favorable [3]. Thecalcium. This indicates the formation in the netktire
treatment of such waste begins with reduction efrth domains containing Ca; also yielding the shift bé t
volume by incineration. The ash containing radio- is [BO3] band to 1422 cth The band connected with the
topes, is suitable for vitrification and ceramipatiby cation modifiers becomes shifted to 471 ‘tnThis
incorporating it into the composition of boro-means that the presence of 5% mass gDCaffects
aluminosilicate glass, similar to that used in eacl significantly the glass structure. The effect ioster
power industry. when CsO and CaO are introduced simultaneously;

our studies concerned the influence of Cs as tgen the degree of polymerization of the silicateaork

o . ichreases producing the observed shift of the &iO-

characteristic component of ash after combustion o . .
: - and toward higher frequencies (from 1000

LLW on the structure and properties of borosnlcat'%0 1021 crr)
glass. The effect of introducing £ or both Cg0 and ’
CaO on the properties of boro-aluminosilicate glass Introduction of Cs into the basic glass,Na- B,O3;
little known, as the compounds are not used initrad- Al,O; — SiO, (waste glass) in order to immobilize its
tional glass manufacturing. radioactive isotope induces changes in the strecuad
d’n the properties of the glass. This results fraansid-

(Table 1). CaO was present in glasses 1 and 2 er@ble crystallochemical differences betweeri @sd

- a as the glass structure modifiers. In the preserfice

was added as the characteristic component of ash o :
. T . even a relatively small amount of sthe degree of
tained from paper incineration. The other ash compg

nents: SiQ, Al,O; were already present in the basé)olymerlzatmn of_the glasg network as W(.e” astabil
. ity increases. Evidently this means the increas¢hef
glass (glass 3) composition. In two glasses a phrt

0 chemical durability of the glass. On the other hand
N&,0 (5 mass %) was replaced by,Ogglass 2 and 4). above glass transformation temperaturg),(Tesium

Table 1. The chemical compositions of investig@tessem.  acts as the strong depolymeriser, increasing the te

Four different compositions of glass were studie

Chemical dency for crystallization of the basic glass. Ittmes
COMpositions  jass1  Glass 2 Glass3 Glass 4 incorporated into the structure of the newly formed
[mass %] crystal phases such as the chemically resistamhialu
SiO, 48.5 48.5 56 56 nosilicates. Similar changes are induced by thediuic-

B,O3 7.5 7.5 15 15 . . .

AlLO, 8 8 8 8 t|oq of CaO. mtg_the glass. _Qur results conﬁr_m @(d
CaO 18 18 . . plain the suitability of borosilicate glass for atization
Na,0 18 13 21 16 of the incinerated hospital and laboratory wastes- c
Cs0 - 5 - 5 taminated with radioactive’Cs [4].

Our results have shown that the introduction oReferences
relatively small amount of G® (5 % mass) instead of [1] ~W. Donald, Glass Technology: Eur. J. Glass $ech-
NaO induces considerable changes in the structure a&tji nol. A48155 (2007) .
the thermochemical properties of boroaluminosiécat M. Ojovan, W.E. Lee, An Introduction to Nuele
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NaO — B,0; — Al,O; — SIO, glass. FTIR spectrum of (2005)
Na,O — B,0s; — Al,O3 — SiQ, glass is characterized by [3] 1. A. Sobolev etal., Glass Technat§ 28 (2005)
an intensive band of Si — O — Si bridges of sibcaet- [4] K.Choietal.,, Waste Managemetd 575 (2000)
work at 1000 crd, 729 cmt, and a band 1407 ¢hof

[BOs] groups which occur in its structure. The band
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N-(2-AMINOPHENYL)-1-[(1S,2R)-2-HYDROXY-7,7-
DIMETHYLBICYCLOJ[2.2.1]JHEPT-1-YL]METHANESULFONAMIDE,
A NEW LIGAND FOR ASYMMETRIC TRANSFER HYDROGENATION

J. K. Maurin !, A. Krukowski, Z. Czarnocki'
Ynstitute of Atomic Energy
2University of Warsaw, Department of Chemistry, \iarsPoland

Asymmetric transfer hydrogenation (ATH) has be{O2) is active as an acceptor for two weak O1-HOD@:-
come a highly powerful, versatile and practicalltoo  and N2-H2B---O2 hydrogen bonds, the first of them
stereoselective synthesis of non-racemic secondapging intramolecular, whereas the second is amnute
alcohols and amines from their prochiral substrates lecular bond. The remaining N1—H1--‘@&ermolecu-
as ketones or imines. Several effective ligandsehaar hydrogen bond links the sulfonoamide N1—H1
been introduced, including a variety 6Amino alcohols hydrogen and S1=03 oxygen of adjacent twofold scre-
and 1,2-diamino compounds [1,2,3,4]. These ligandsaxis-related molecules. These chains of molecutes,
form coordinatively saturated 18-electron chiral(lRu the b-axis direction and visible easily in Fig.ae
complexes when reacted with a ruthenium pre-cdtalydinked together by weaker N2—H2BD2' hydrogen
such as [RuG( °-mesitylene)}, that serve as promotersbonds, forming sheets of molecules parallel to Y110
for stereoselective reduction of prochiral compaundThe in-plane molecules are arranged so that tlyeirda
with usually extremely high efficiency. The presenphobic parts point towards the surface. The inteoio
study is a part of our programme aimed at the coast such sheets has more hydrophilic character. The efe
tion of new ATH catalyst ligands. We report here thcrystal packing is shown in Fig. 2.
crystal and molecular structure of a new ligandjveel

from (+)-camphor [5]. The absolute configuratiortioé ~ / NA / \4 I\
title compound was known, since the compound was\ L \\/ \/\,I
derived from an optically active fragment of known M>>- 2 ik \\>>~ 2 !L\\/\ %
configuration. However, it was additionally confiedh = \g\\/ F 2 @\4» \@\‘7/*@‘1@{—%
by exploiting anomalous dispersion effects throtigh )" \Ql?' |
refinement of the Flack [6] parameter. Hence, we-co /\/4 / N\ A /\Y /\’%
clude that the title compound has configuration,B.R I\ [ ‘\/O\f— d= // s’ 4 \fl. |
the C1, C2 and C4 chiral centres, respectively. fithe \ .,>)_ };. 1749 /)).
molecule (see Fig. 1) has four classical hydrogadbo & ~ '—‘“\\Z&\ f /)\\\ /%(/\@;\ s
donors: 01—H10, N1—H1, N2—H2A and N2—H2B, © ,\/ /Dj’ S I /;,};@/ N
of which three are effectively used in either inter \/7 a ,\j‘
intramolecular hydrogen-bond formation with good _((\5@\\7;/\\/\\5_(\\\/, /\>\ ‘\{{Fv;
hydrogenbond acceptors. Iﬂ(\ 1 ,\\ J Q2
A b’\ N\
/ Fig. 2. Crystal packing shown along the c-axis. Tiji@drogen

bonds are shown as the dashed lines.
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Fig. 1. Conformation of the molecule. The non-hgéro
atoms are shown as 30% probability ellipsoids.

Here, the sulfonoamide O atoms bound to the S

atom serve as the acceptor functions. The two @sto
however, form slightly different linkages — onethém
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SYNTHESIS AND ANTI-HIV STUDIES OF 2-ADAMANTYL-
SUBSTITUTED THIAZOLIDIN-4-ONES

J. Balzarint, B. Orzeszk§ J. K. Maurin®, A. Orzeszk8®
'Rega Institute for Medical Research, Katholiekevdrsiteit Leuven, Leuven, Belgium
“Warsaw University of Technology, Department of Obey Warsaw, Poland
3Institute of Atomic Energy
“Agricultural University, Institute of Chemistry, aw, Poland
*Military University of Technology, Warsaw, Poland

Thiazolidin-4-ones have been reported to possélse (+)22 isomer was responsible for the most potent
a wide range of biological activities including énaicte- anti-HIV-1 activity with an EC50 value of 0.178 uM,
rial (inhibitors of the bacterial enzyme MurB) [Hnti- while the levo isomer was over sixty-fold less eeti
tuberculosis [2], antitumor [3], antihistaminic (Hin- The obtained from the X-ray studies molecular stmec
tagonist) [4], and anti-inflammatory (COX-1 inhibis) of the camphoresulphonic acid salt of 22is shown in

[5] or anticonvulsant activity. Fig. 1.

Several 2,3-diaryl-1,3-thiazolidin-4-ones  have \l
proved to be particularly effective non-nucleoskdl&/ !/ \ i 2
reverse transcriptase inhibitors (NNRTIs). Baregtal. — \/ ~ 04’ 1
[6] have stated that these compounds may be caomside \ @ \ BN\
as an “open model” of previously described 1H,3H- r%\/\ or < I \
thiazolo[3,4-a]benzimidazoles (TBZs) because they 4 o1 @( M
contain necessary pharmacophoric elements of those S 4 \'
HIV-1 NNRTIs, namely: a benzene-fused ring, an aryl \o 03 / o
group at C-1 and the nitrogen atom of the thiazale \ oA \ 4 \ 7N /
cleus. Structure-activity relationship (SAR) studi@ve N7 \s el \ LS 1>
showed that the anti-HIV activity depends strongly «* \/ d /\ VA /.
the nature of substituents at C-2 and N-3 of tha-th ~ N\~ \
zolidinone ring. ’\/\

A series of novel thiazolidin-4-ones bearing the N

lipophilic adamantyl substituent at position 2, amd
spective substituents on the nitrogen atom in Hie-t Fig. 1. The moleculqr structure of the camphorglsut;ic.salt
zolidine ring, were synthesized. It was found thev- of (-)-22. The independent part of the unit cefisiot
eral compounds exhibited a modest anti-HIV-1 attjvi of the amine cation part and the camphore sulphonic
. ) . acid anion. The non-hydrogen atoms are shown as 30%

while (z)-2-adamantan-1-yl-3-(4,6-dimethyl-pyridh- probability ellipsoids.
yh)-thiazolidin-4-one22 was endowed with a remark-
able antiviral potency (EC50 = 0.35 uM) [7]. Theaad References
mantane moiety played an important role in an exant [1] C. J. Andres et al., Bioorg. Med. Chem. L&.715
antiviral activity of the compound. This compound (2000)
behaved as a typical non-nucleoside reverse trigascrl2] é-o%%l;aogm et al.,, Bioorg. Med. Chem. Lei8 3227
aganst R with respect {0 the subsuate (<~ 3y, (3] S Grassoetal, Famasa s11oce)

gans P he su I = MY M. V. Diurno et al., J. Med. CheB5 2910 (1992)

For this compound separation of the enantiomers Vig] G. c. Look et al., Bioorg. Med. Chem. Let707
diastereoisomeric salts was performed. X-ray studie  (1996)
taking into account anomalous dispersion effect [dp] A. Rao etal., Antivir. Re6379 (2004)
enabled us to ascribe the S configuration to (-)-47] J.Balzarinietal., Eur. J. Med. Che42 993 (2007)
adamantan-1-yl-3-(4,6-dimethyl-pyridin-2-yl)- [8] H.D. Flack, Acta Cryst. 89876 (1983)
thiazolidin-4-one (-)22. Furthermore, it was found that

67



ENERGY DECOMPOSITION ANALYSIS AND ECTRON DENSITY
CHARACTERIZATION OF HETEROCYCLIC DIMERS
INTERMOLECULAR INTERACTIONS

B. Paluchowska
Institute of Atomic Energy

The RHF/6-31++G(d,p) and MP2/6-31++G(d,p)
calculations for a series of LhoxyrH:**Ocarboxys

C-H- 'Ocarboxyb C-H- 'Xheteroring ocarboxyIH h 'Xheteroring
(where X=0,S) hydrogen- and dihydrogen-bonded
systems have been carried out in order to analyaze t
electron density distribution at the respectivergpe
optimized bond critical points. Binding interact®n
were calculated as a difference between the enefgy
dimer geometry AB and the energy of the two mono-
mers A and B calculated at monomer equilibrium ge-
ometries.Energies have been corrected for the basis set
superposition error (BSSE). The difference electron
density maps are provided to visualize charactehef
interaction positive density is drawn with solid lines
and negative with broken lines).

Fig. 2. Stacking - interactions. Cutoff is at 0.025 e/bShr
contour-line spacing is 0.001 e/bShr

The third group of energetically favorable confor-
mations proved to be motifs which exhibit the C-H--
interactions (Fig. 3). The binding energy rangesrir-
3.84 to -2,61 kcal/mol.

Fig. 1. In plane difference density distribution.téxdf is at
0.025 e/boht; contour-line spacing is 0.05 e/bchr

Calculations were performed for several 2 and
3-furancarboxylic acids (2 and 3-FCA) and 2 and
3-thiophencarboxylic acids (2 and 3-THCA) dimer
models indicating various binding forces. They edged
the predominant role played by the in plangfky-

H:**Ocarmoxyl type contact leading to cycli€,, motifs
(Fig. 1). In this group the calculated interactenergies
range from -24,82kcal/mol in the case of thiophene

carboxylic acid dimers to -18,95 kcal/mol in theseaf Fi9- 3. C-H... interactions. Cutoff is at 0.025 e/bdhr
furancarboxylic acid dimers. contour-line spacing is 0.001 e/bdhr

Much weaker, but also significant interactions, are 1€ attractive interaction in the perpendicular ar-
stacking forces between heterocyclic rings (interac- angement (Fig. 3) is the cause source of preferéorc

tions of energy from -6,27 to -3,84kcal/mol)-. Fig. thelherlringbone structure in real crystals of thalied
molecules.
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INTERMOLECULAR INTERACTIONS OF HETERORING OXYGEN
AND SULPHUR BY FINGERPRINTS OF HIRSHFELD SURFACE

B. Paluchowska
Institute of Atomic Energy

The Hirshfeld surfaces [1] shape (Fig. 1) have been The de..and d; reflect the most immediately useful
constructed for the dimeric motifs of furancarogyli property to map onto the surface

acids (2- and 3-FCA), and thiophencarboxylic agiis Where atoms make intermolecular contacts closer

;nodlecgtllgcﬁr)leitro cr:/;SrZ?tI:azr(iestit:: S(Iarxleefg (E[go::cmbewziee%an the sum of their van der Waals radii, theseamis
) will be highlighted in red on thd, andd, surfaceThis

ggtaitcrg;:tural properties and intermolecular Ccmta(p:)roperty provides an immediate picture of the reatir

intermolecular contacts in crystal.

Fig. 1. Hirshfeld surface on 2-THCA.

The two-dimensional mapping called ‘fingerprint’
plots were prepared according t8packman and
McKinnon [2] using CrystalExplorer package [3].1t
summarizes quantitatively the nature and the type o
intermolecular interaction experienced by a moledanl
the bulk, and presents it in a convenient graphical
mat. The mapping plots of the fraction of pointstba
surface are a function of the closest distances fitwe
point to a nuclei inside and outside the surfaoethis

manner all interaction types (hydrogen bondingselo T_he Fig_. 2 shows ﬁngerprin_ts of C-O kin_d of in-
and distant van der Waals contacts, C—Hnteractions, teractions within the examined dimmefhese kind of

— stacking) are readily identifiable, and it becoraes plots correlate their several most obvious featuvih

straightforward matter to classify molecular cristay shlorthand I_ong mteglm oIIe CUIaL cc;ntacts \INm;lm t:nyse
the nature of interactions, when examining crygstalk- tal. T € stnpe_ rougnly aongt € diagonal refiectarge
ing diagrams. fraction of points on the Hirshfeld surfaces thatalves

nearly head-to-head H---H contacts (i.e. a neankyal
In order to visualize the properties of the a molec—H...H-C orientation) between neighbouring mole-
cule on the Hirshfeld surface the two parameterand cules.
d; are defined
- de is the distance from the Hirshfeld surface to the

Fig. 2. Fingerprint plot produced from the Hirshdedurface
on 2-FCA molecule representing C-O contacts.

nearest nucleus outside the surface References
- d; is the corresponding distance to the nearest nii] F.L. Hirshfeld, Theor. Chim. Acta4, 129 (1977)
cleus inside the surface. [2] M. A. Spackman, J. J. McKinno@&rystEngCommd4,
378 (2002)

[3] S.K.Wolff, et al., CrystalExplorer 2.0 program
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DIFFRACTION DATA AND MICROSTRUCTURE
OF Al,O3 — SIiO, COATINGS

L. Gérskil, A. Paw owski

Ynstitute of Atomic Energy
?Institute of Metallurgy and Material Science PASakéw, Poland

The recent studies concern coatings of thermal bapattern (Fig. 2b) corresponds to the area markethen
rier type containing composites belonging to thetem microscopic image (Fig. 2a).
AlL,O3 — SiQ, system. In this system only one common

phase - muliite, with the approximate formula 3@y - with some local discrepancies in chemical and phase

tZ){CSIOz, :)gf;in[l]' '\\//lvil#:'te ctrr)]/:talllzlaetsti(l:r; the o:rgcr)rzzttaer?s_composition are observed. These effect due to glasm
a =7 54% Ab=7690A c=2884 A ar?d the s a(':seoray process conditions, which are far from ther-th
grc:u;;)— Pbham [E] ' T ’ P modynamic equilibrium.

In the coating body mainly polycrystalline layers

X-ray diffraction patterns determined before and The microstructure observed for coatings contain-

after plasma spraying are consistent with the meulli Ing Al,O; — SIQ, composites is similar to that found in

structure. One can observe, however, some diffelsencp rewously studied coatings pased onQyl and ZrQ,
though with some remarked differences [3,4].

in several peak intensities which may result from

polytypism. Intensities on the coating pattern (Hif) Further studies aimed at the detailed descriptfon o

are closer to those given in [2]. the coatings’ morphology and its dependence on- ther
mal treatment are still in progress.

a
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[o]
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0
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2 theta
Fig. 2: a— TEM image from an area near the cerawtetal
b boundary, b — electron diffraction pattern fronet

area D marked red in (a)
Fig. 1. Diffraction patterns AD ; — SiQ composite, Cu radia-

tion;a -powder before spraying, b- coating as sy References

) ) ) [1] R.F.Davis, J.A. Pask, J. Am. Cer. S&5525 (1972)
The coating structure in nanometric scale was stugh]  powder Diffraction File System, Ver. 2.2, 15677

ied by transmission electron microscopy (TEM) comf3] A. Paw owski et al., Arch. of Metallurgy and hésials,
bined with electron diffraction on selected areas. 47400 (2002)

Specimens are were prepared by focused ion bedm mif] L. GOrski, A. Paw owski, Solid State Phenomeh0)
ing. The existence of alternate layers amorphoaspn 297 (2007)

and polycrystalline layers has have been observed.

Amorphous layers are were visible near the metal —

ceramics boundary (Fig. 2). The electron diffragtio
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EVIDENCE FOR IMPLANTATION INDUCED CHANGE
OF THERMO-RESISTANE PROPERTIES
OF MANGANIN UNDER HIGH PRESSURE

R. Wi niewski’, B. S owi ski*? A.Yu. Didyk®, T. Wilczy ska'
Ynstitute of Atomic Energy
Physics Faculty, Warsaw University of Technologgra&w, Poland
%Joint Institute for Nuclear Research, Dubna, Russia

It is well known, that any changes of electric ehardescription of the temperature dependence of thplea
acteristics of metals and alloys are hard to aghiey electrical resistance:
using implantation techniques at moderate dosesh Su )
problem arises, when one tries to improve therrtal s R= Rmax|_1+ a(TRmax - T) I
bility of the manganin based high-pressure sengdrs
In our research the pressure and temperature isénsi
ties of manganin foil after high-dose implantatioith
253 MeV Kr ions (at surface dose of 2.52li@n/cnt),
as well as 250 keV Bi ions (Yn/cnf) and 250 keVv
Kr ions (13° ion/cnf) have been studied\s the result
of the performed studies further experimental comdi-
tion of our previous observations on the increase i
manganin resistivity produced by high-dose implanta
tion [2, 3] was found. Moreover, applying irradaati
with a dose of two orders of magnitude higher than
earlier_ [1-3] tV_"O importe}nt .practical effects habeen Fig.1. Qualitative picture of the temperature degence of
established with the reliability much beyond theoer the absolute value of the deviation of the manganin
bars. First, the pressure sensitivity increasethfro= sample resistance from the maximum.
(2.45+0.01)-10 MPa" before implantation to i, =
(4.60£0.01)-18 MPa* after implantation with 250 keV References
Kr at the dose of 8 ion/cnf. Second, the appreciable[1] B. S owi ski, R. Winiewski, JINR Comm. E14-89, 512
reduction of the temperature sensitivity of mangaas 1-6, Dubna (1989)

. : [2] B. S owi ski et al., Nukleonika44 227 (1999)
the high-pressure sensor was attained [4]. ] T Wilczy ska et al., Vacuuriig 515 (2005)

The reduction of the temperature sensitivity can blg] ~R. Wi niewski et al., Vacuur81 1199 (2007)
described as decrease atoefficient in the simplified

tyielding broader maximum that occurs in R dependenc
onT.
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PROPERTY OF MANGANIN
AFTER HIGH DOSE Ti AND Kr IMPLANTATION

T. Wilczy ska', R. Wi niewski', V. Semina, A.Yu. Didyk®
Ynstitute of Atomic Energy
2Joint Institute for Nuclear Research, Dubna

The main purpose of the present work was imresistivity of manganin implanted with Kr ions ieases
provement of the thermoresistance properties of-mahy 10% [2].

ganin gauges by ion implantation. The studied sampl
were 20 gauges produced by Dynasen Corp. in the
form of planar structures containing of 2mn thick 214
manganin layer [1]. The manganin layer was iniiall
implanted with 60keV energy Ti ions (focm? and
then with 250MeV Kr ions (18 Kr cm?). The maxi-
mum penetration range of Ti ions estimated with the
TRIM code is 50nm. In the Kr ion implantation ant3
thick special protection foil was used. The TRIMcca
lations indicate that Kr ions are distributed urifity 7
with density of 4-18cm?® all over the manganin layer.
We have assumed that during Kr implantation the Ti 0 50 100 150 200
ions were transferred deep into the manganin lageo Temperature [T]

a depth of 0.Bm. The implanted sample can be mod-
eled by two adjacent layers: the Ond thick surface a
layer with high Ti atoms content and then2 thick one

non-implanted .
*

N
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S 19.55 —
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=
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Temperature [C]
0 05 2.5um. b
. . P, . Fig. 2. Temperature dependence of the Dynasen mamga
Fig. 1. '\l/'OdEI of ion distribution in implanted mzangn sam- gauges resistance before and after ion implantation
ple.

. . . Since the concentration of the Kr and Ti atoms in
The temperature behavior of the electrical res'ﬁfnplanted layer is very large ~¥@&m?, one can expect

tance (.)f the Dynasen_ gauges before and afte_r on Iranificant changes in other characteristics of $he-
plantations was studied for temperatures within th le. Further studies will concern the pressure strain

20 -_220°C range (Fig. 2). The resistgnce of Dymas ensitivity of implanted gauges.

specimen at room temperature after implantation de-

creases from 20 ohms to 17 ohms. It means that the

sample layer containing the Ti and Kr atoms hashmudreferences

smaller electrical resistivity than the layer comirag E% $ mgySsk?:‘;-a\I’Vi{‘/i:g’\L’JSukrin?gg%b(”;ggg)
only Kr atoms. Using our model of the sample (Rig. SR . ' . .
we found that the electrical resistivity of the evail [3] ?2.0\6\/7|)n|ewsk|, T. Wilezy ska, Materials Sciencks 10
implanted with Ti and Kr ions decreases by abo@®640

with respect to the non-implanted material [3]. The

strong influence of Ti ions on the electrical coaiility

of manganin should be noticed since it is knowr tha
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HIGH PRESSURE EFFECTS IN CASTOR AND RAPE OIL

R. Wi niewski, T. Wilczy ska
Institute of Atomic Energy

100 /_V_.—\,\,‘
80

Almost twenty years ago the new high-pressure
castor oil phase has been discovered [1] and geite
cently the similar phase was found for rape [2] anyd
[3] oil. The oils are composed of triglyceridesdifffer-
ent fatty acid (triacylglycerols) and their molegsilare 60
of rod-shaped. Their phase diagrams plotted irtehe /
perature — pressure plane contain the specificonegi 401 /
where the change to a high pressure phase is possib 20

(Fig. 1). 0_1/ | | |

300 500 700 900 1100

wave length(nm)
Fig. 2. The light transmission spectra for castad) and
rape oil (blue). The lower curves refer to the saapl
before the high pressure treatment.

transmittance(% )

served during pressure changes for castor oil.|1&ilyj
in the case of rape oil after the first cycle ofestiga-

(Fig. 3).

T[]

Fig. 1. Sketch of T-P phase diagram for castorgrapd soy
oil. The lines are the solid — liquid phase bournésar
The ellipsoidal shapes denote regions where transfo
mation to high pressure phase occurs. The red color
corresponds to castor oil; blue and green, to rape
soy oil, respectively.

The formation of the high pressure phase was de-
tected in the light transmittance measurementsreefo
and after the appropriate high pressure treatnigm.
large increase (from 70 to 95%) in the castor r@ihs-
mittance was recorded in the wavelength region0&F 3
1100 nm (Fig. 2). However, no such large effect was
found for the rape oil. The 0.4% increase in thstaa Fig- 3. Relative volume changes of rape oil duting pres-
oil density after the high pressure phase mighbact sure cycle from normal conditions followed by incea

. . . in pressure (370 MPa, 48h) to induce the phasesiran
for the observed change in the light transmittance. tion, and then decrease of pressure to normal condi

In order to study the possible changes in chemical ~ tions.

composition of the oil samples during pressuretirea
ment various high efficient chromatography methods
(GLC, HPLC-PR and HPSEC) were used. Slight diefefences

crease (from 83.63 to 82.61%) in the content of t 1] ?/llégge)goczysh etal, High Pressure Rés225

main component was found. [2] A. Rostocki et al., J. Mol. Lig135120 (2007)

The Raman spectra investigation for castor oil rd3] A Rostockietal., High Pressure Rex 43 (2007)
vealed a change of 3931 ¢ntine. However, no such
change in the rape oil Raman spectra was observed.
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The very large hysteresis in volume change is ob-

tion no reversible change in volume were noticed



MODELLING OF BEAM EXTRACTION
FROM HOLLOW CATHODE ION SOURCES

M. Turek, K. Pyszniak, A. Dro dziel', D. M czka?, J. Sielankd
Ynstitute of Physics, Maria Curie-Sk odowska Unsisr, Lublin, Poland
?|nstitute of Atomic Energy
®Institute of Computer Science, Maria Curie-Sk od@wdniversity, Lublin, Poland

Detailed knowledge of processes occurring during
ion beam extraction is indispensable in applicatitike
ion implantation, lithography, micro-analysis, ptas
heating, ion thrusters and many others.

The beam extraction is commonly described with
the Child-Langmuir ”3/2” formula, derived for fta
electrodes diode [1]. The formula has been modificed
spherical and cylindrical systems [2], and coredi
for the initial velocity have been introduced [3}l-
though, the Child-Langmuir formula describes préper
charge limited flows [4], it neglects many impoitan

9+
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factors like variable area and shape of the plasrea Fig. 2. Plasma meniscus surface as a functiod.of

niscus; focusing effect of the meniscus; limitatioof
the ion flow into the extraction area caused bytdin
plasma density; geometry of extraction hole. Alltloé
factors may cause deviations from "three halvédai
like linear current-voltage dependence [5] or therent
saturation [6].

In our study we have employed the TRQR code [7]
based on the particle-in-cell (PIC), to simulate tieam

The calculated current-voltage characteristics are

not linear in the W*?1) coordinates. The deviations
from the "3/2” law can be desribed by the dynaalic
perveance defined as:

P, =dl/d(U*?)
The dependence &;onU yielded by the simula-

extraction process in simple model of hollow caghodtions is very similar to that obtained from expegirtel

ion source. The code treats charged particle behavi
a self-consistent manner, taking into account space
charge of plasma and extracted beam. Plasma meniscu
formation, evolution of potential distribution arwdir-
rent-voltage curves were studied.

r=6mm

400+

3004

200+

| [a.u]

100+

measurements [8,9].

d=10 mm

0.000204
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Fig. 3. The dependence of perveaRgen extraction voltage.

6 2002)000 4002)000 600(‘)000 8006000 1000'0000 References
U v [1]1 H. Zhang, lon Sources, Springer, Berlin (1999)
Fig. 1. Current-voltage curves for different holees. [2]  G.D. Alton, Nuclear Instr and Meth B89 15 (1981)
[3] R.R.Purietal. Physics of Plasm&4,1178 (2004)
[4] W.L. Rautenbach, Nuclear Instr and Metl1B96

Simulations were peerformed for different: diame-
ters of extraction hole, extraction electrode—etioa 5
hole distances and plasma temperatures. Curretageol
curves of the form I~8f were obtained (Fig. 1). The [6]

dependency of plasma meniscus surface and shape on

[7]
(8]
(9]

extraction voltage were also investigated (Fig. 2).
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SPUTTERING OF Ti TARGET WITH MEDIUM ENERGY Ar " BEAM

K. Pyszniak, M. Turek, A. Dro dzief', D. M czké’, J. Sielankd
Ynstitute of Physics, Maria Curie-Sk odowska Unsisr, Lublin, Poland
?|nstitute of Atomic Energy
}Institute of Computer Science, Maria Curie-Sk od@wdniversity, Lublin, Poland

The emission of secondary ions and electrons from One aim of the study was to determine the optimal
Ar* bombarded Ti target has been studied. In expeti}, value for the best resolution measurements ofrseco
ments the system designed for medium energy iombealary ion mass spectra. The optimal hlue results
sputtering was used [1,2]. The*Adnetic energy varied from secondary ion current — mass spectrum resoiuti
in the range of 20-30 keV. The primary beam currertade-off.

. 2
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The secondary ions energy spectra determined for 1807 Ar—Ti
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Since titanium has five well-distinguishable iso-
topes the Ti target is especially useful for estiomof
mass spectrum resolution. It was found that satisfg
mass spectra resolution (R=185) and large secondary
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Fig. 2. The dependence of maximal secondary iorention
extraction voltage. Similar studies have been performed for Si tarfts
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