NEW TYPE OF METAL TARGETS

A.V. Bukharov, V.B. Ankudinov, V.P. Ogorodnikov, Y.A. Marukhin
Moscow Power and Engineering Institute (MPEI), Moscow, Russia
E-mail: boukharov@mail.ru

Now the technologies based on interaction of high-intensity beams with substance of a target are being intensive-
ly developed. As a target it is possible to use the new type of monodisperse metal targets. The principal advantages
of new targets type are: target cooling isn't required; there is no induced activity: the target can be used many times;
small dispersion on the speed, the size and interaction points with a beam. The basis of a target is the jet of molten
metal, following in the vacuum chamber .Under the influence of the special disturbance superimposed on the liquid
jet, the jet disintegrated into identical drops. In the vacuum chamber the drops freeze and form into the solid gran-
ules. It is possible to receive monodisperse targets from different metals, alloys and salts (diameter of targets is from
30 um to 1.5 mm). Dispersion by the sizes and speed is less than 1%. The technique allows to receive not only con-
tinuous targets, but also hollow targets with dispersion on thickness of wall within 1...2%.

PACS: 52.50.Jm, 81.05.-T

INTRODUCTION

Now the technologies based on interaction of high-
intensity beams with substance of a target are being
intensively developed.

The interaction of high-intensity beams with a sub-
stance of a target will allow: to create the compact
sources of protons for a radiography; will give the
chance to make isotopes and to develop new methods in
nuclear medicine; will allow to make experiments on
nuclear physics on super-short periods [1].

Now for research of interaction of high-intensity
beams with a target material wide usage has been gained
the metal targets of the following types: wire targets and
targets from a foil [2]. The main advantage of these tar-
gets is ease of fabrication. However there are also essen-
tial disadvantages: the targets need cooling; there is the
induced activity, a fast damage of a target surface [3].

Instead of existing target types it is possible to use
the new type of monodisperse metal targets developed
by us.

The principal advantages of new targets type are:
target cooling isn't required; there is no induced activity:
the target can be used many times; small dispersion on
the speed, the size and interaction points with a beam.

Theoretical basis of target operation is Rayleigh-
Weber's theory for viscous liquids [4]. According to this
theory the jet breaks up to drops with the minimum dis-
persion on the speed and the sizes (monodisperse drops)
at a certain relationship between a jet speed, jet diameter
and frequency of external excitation.

The operation of the installation on receiving targets
is shown in Fig. 1.

Constructional target elements are: the crucible with
molten metal; the generator of monodisperse drops; the
system of vacuum chambers and sluices; a trap. Addi-
tional elements of a target are: the system of pressure
stabilizing, excitation system, charging system and de-
viation system. If drops charge beforehand by using the
charging system, it is possible to control a path of a drop
flow having given controlling signals on deviation sys-
tem. It is very important feature of new metal targets.
Flow control gives the chance precisely to coordinate
the moment of interaction of a target with a beam.

Based on the principle described above, it is possible
to create the ecologically-sound and waste-free installa-
tions on receiving targets.
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Fig. 1. The principle of target operation

The installation operates as following. The jet of mol-
ten metal follows from the drops generator in the first
chamber filled with cooling gas. The jet breaks up to
identical drops in response to external excitation imposed
on the fluid jet. There is a preliminary cooling of drops
due to interaction to gas in the first chamber. Passing
through sluices and vacuum chambers, drops freeze and
become solid granules. Monodisperse solid granules ar-
rive in the working chamber where there is an interac-
tion to an accelerating or laser beam. Sluices provide the
minimum leaking in the working chamber. For reduc-
tion of leaking it is possible to use two and more vacu-
um chambers separated among themselves by sluices.

1. THE EXPERIMENTAL INSTALLATION

For study of heat-physical problems of receiving
monodisperse metal targets the experimental installation
is created.

Installation offers possibilities to study heat-physical
problems of receiving monodisperse metal targets from
different metals and their alloys with a melting tempera-
ture to 1600°C. Layout of basic installation elements
and its appearance are provided in Fig. 2 and Fig. 3

ISSN 1562-6016. BAHT. 2014. Ne3(91)



System

of pressure Excitation
stabilizing system
Heating
system
LN

T
; Observation
system
Temperature
control E
system
Pumping
system
Pressure )
control — Cooled
system trap

Fig. 2. Layout of basic installation elements
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Installation consists of the following main systems:
the drops generator 1 with excitation system, heating
system with the crucible 2, the heat-exchanging cham-
ber 5 with external part 4, a cooled trap, system of pres-
sure stabilizing, temperature control system with ther-
mocouple sensors 3, pressure control system, observa-
tion system and pumping system. By means of heating
system metal is molten in the crucible 2. There is excess
pressure over a melt in the crucible. Pressure is regulat-
ed and supported at necessary level by means of stabi-
lizing system. Helium purified from oxygen arrives on
an input of stabilizing system. The jet of liquid metal
will be formed on an output of the crucible. Capillary
waves are created on a jet using excitation system and a
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piezoelement 1. The jet breaks up to monodisperse
drops at a certain relationship between a jet speed, jet
diameter, viscosity and frequency of external excitation.
It is possible to receive the metal jets with diameters
from 30 to 400 um changing diameter of an exit orifice
of the crucible.

The jet disintegrates on drops in the heat-exchanging
camera 5 filled with pure helium. Helium has the great-
est thermal conduction. It allows to cool the falling
drops very quickly.

Monitoring over the heat-physical processes in the
heat-exchanging chamber is carried out by means of the
pressure control system and temperature control system.
For pressure control the sensors of Balzers firm of the
following types are used: APR 260 (1000 mbar), APR
265 (5000 mbar) and TPR 260. Indications of sensors
were digitized in the measurement unit of pressure of
TPG 265 "Balzers" and arrived on a computer. The
measurement error of pressure made: for sensors of
APR type +10mbar, for sensors of TPR type +10™* mbar.

Thermocouple sensors 3 were used for control of
temperature. Indications of sensors were digitized in the
measurement unit of temperatures and arrived on a
computer input. The measurement error of temperature
makes +0.3 K. Processing of sensors indications and
visual observation of the information was carried out by
means of a computer.

D=350 ym

diameter from 130 to 350 pm

Monitoring over the jet disintegration on drops de-
velops by means of observation system, strobotac of
ST-MPEI and a digital television camera of CD (Pix-
elFly firm “Pro.imaging”). Strobotac provided illumina-
tion of the jet and drops short light pulses (with dura-
tions of 1 ps.). Start of strobotac was carried out by a
signal with a frequency, the synchronous signal fre-
quency, given on the drops generator. The digital televi-
sion camera of CD was used for fixing of the processes
of formation of drops.

For pumping of the heat-exchanging chamber the
pumping system was used before filling with helium.
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2. THE EXPERIMENTAL RESULTS

By means of the experimental installation were re-
ceived the monodisperse granules from different metals
(Pb, Sn, Sbh, Zn, Al, Cu,Ag,Au, Nd and steel). Diameter
of granules is from 30 pm to 1.5 mm. Dispersion by the
granules diameter is 1...2%. The granules have the
spherical form. The coefficient of nonsphericity doesn't
exceed 1%. As an example the photo of granules from
steel with a granules diameter from 130 to 350 pm is
provided in Fig. 4. For the accelerated cooling of drops
the external part 4 of the heat-exchanging chamber 5
was filled with liquid nitrogen (see Fig. 2).

Liquid metal
Hollow drops

A
N\ 2

Fig. 5. The scheme of receiving hollow drops

Gas injection

Fig. 6. Photo of hollow copper granules

Experiments on receiving the hollow granules were
conducted. The crucible was specially made for this
purpose. The exit orifice of the crucible was provided
by two coaxial holes. The molten metal jet followed
through an external hole, and gas was injected into a jet
through an internal hole. The scheme of receiving hol-
low drops is shown in Fig. 5.

The metal and gas expenditure is defined experimen-
tally at the jet disintegration into hollow monodisperse
drops. Photo of hollow copper granules with outer di-
ameter of 1.4 mm and wall thickness of 30 pm are
shown in Fig. 6. Dispersion of the hollow granules on
diameter, wall thickness and nonsphericity is 1...2%.

CONCLUSIONS

Thus, the developed experimental installation allows
to receive the continuous monodisperse metal targets
from different metals and their alloys with a melting
temperature to 1600°C. Dispersion on diameter of tar-
gets is 1...2%. Besides, stimulated capillary
disintegration of jets can be used for receiving hollow
metal targets. Dispersion of hollow granules on diame-
ter, wall thickness and nonsphericity is 1...2%.

Experiments showed that the main problems of re-
ceiving metal targets consist in receiving a melt jet.

With high temperatures there can be an erosion of
crucible material because a melt interact to a crucible
material. Therefore it is necessary to select the crucible
material stable to melt influence in each case.

When receiving thin jets with diameters of smaller
10 pm, there is an additional problem in filtration of a
melt from solid impurity.
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HOBBI TUII METAJUVIMYECKUX MULIEHEN
A.B. Byxapoe, B.b. Aukyounos, B.I1. Ozopoonuxos, F0.A. Mapyxun

B Hacrosmee Bpemst Hanbomnee OypHO Pa3BUBAIOTCS TEXHOJOTHH, B OCHOBE KOTOPBIX JICKUT B3aUMOJICHCTBHE BRICOKOMHTECHCHB-
HBIX ITy9KOB C BEIICCTBOM MHUIIICHH. B KauecTBe MUIIIEHH MOYKHO MCIIOIB30BATH HOBBIM THIT METAJUTMUCCKUX MHIIICHEH — MOHOIHC-
MIEPCHBIC METAJUTHUYEeCKe MUICHH. OCHOBHBIC MPEUMYIIIECTBA HOBOTO THUIIA MHIICHEH: HE TPeOYeTCs OXJIKICHUS MUIICHH, HET
HaBEEHHON aKTUBHOCTH: MHIIICHh MOYKHO HCIIOJB30BAaTh MHOTO Pa3; MaJbIA pa30poc 1Mo CKOPOCTH, PasMepy U TOUYKE B3anMOCH-
cTBHA C TydkoM. OCHOBY MHUIIICHH COCTABJISCT CTPYSI PACIUIABICHHOTO METaJlIa, BRITEKAIONIAs B BAKYYMHYIO Kamepy. [lon nericTBu-
€M CIIeTHATIbHOrO BO3MYIICHHS, HAKIIAIBIBAEMOrO Ha JKHJIKYIO CTPYIO, CTPYS paclajaeTcs Ha OJMHAKOBBIC KA. B BakyymHOM
KaMmepe KaIUlh 3aMep3aloT M CTaHOBATCS TBEPABIMHU TpaHylIaMHi. MOHOIUCTICPCHBIC METATMICCKIE MUIICHA MOYKHO TOTy4aTh W3
Pa3TUYHBIX METAJUIOB, CIUIABOB M cojiei (muameTp mumieHer ot 30 MM 10 1,5 mm). Jlucmiepens mo pazMepam U CKOPOCTH MEHBIIE
1%. MoXHO MONydYaTh HE TOJNBKO CIUIONIHBIC MUIICHH, HO W TIOJIBIC MHUIICHH C JUCHEPCHUCH IO TONIIMHE CTEHKH B IpEIeNiax
1...2%.

HOBHWI TUII METAJIEBUX MIIIEHEN
A.B. Byxapoe, B.b. Aukyoinos, B.Il. Ozopoonuxos, 10.A. Mapyxin
B nmanwmit gac HaliOypxiHBime PO3BHBAIOTHCS TEXHONIOTI], B OCHOBI SIKMX JISKHThH B3a€MOJiSl BUCOKOIHTEHCHBHUX ITyYKiB 3
PEYOBHHOIO MilleHi. Sk MillleHb MOXXHA BUKOPHCTOBYBATH HOBHH THII METAJIEeBUX MilIeHEH — MOHOJUCIIEPCH] METaJIeBi MilleHi.
OcCHOBHI TIepeBaru HOBOTO THITY MillICHE: He MOTpiOHe OXOMOMKYBAHHS MIIIeH]; HEMa€e HaBEJCHOI aKTHUBHOCTI: MIIIIEHb MOXKHA
BHUKOPUCTOBYBATH 0araTo pasis; Manuii po3Kuj 3a MIBHAKICTIO, PO3MIPOM 1 TOUKOIO B3aeMozii 3 mydkoM. OCHOBY MiIlIeHi CKJIaiae
CTPYMiHb PO3ILUIABJIEHOTO METally, BUTIKalounii y BakyyMHY Kamepy. Ilix miefo cremianbHOro oOypeHHs, IO HAKIaJaeThesl Ha
pimkuii CTpyMiHB, CTPYMiHb PO3Maga€ThCs HA ONHAKOBI Kparui. Y BakyyMHIM KamMepi Kparul 3aMep3aioTh i CTAIOTh TBEPAUMH
rpaHyaaMu. MOHOANCIIEPCHI METaJeBl MillleHI MOXXKHA OTPUMYBATH 3 PI3HUX METalliB, CIUIABIB 1 colel (miamMeTp MimeHeil Bif
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30 mkMm 1o 1,5 mm). [ucnepcis 3a po3MipaMu i mBHAKICTIO MeHIIe 1%. MoxHa OTpUMyBaTH He JIMIIE CYLIBHI MillleHi, ane i
MOPOKHUCTI MillIeH] 3 AUCHEPCI€I0 3a TOBIMHOKO CTIHKU B Mexkax 1...2%.
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