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[IpencraBnensl uccienoBaHUS 1O IMOMyYEHHIO ITydkoB MOHOB Al m Ti pasauyHbIMEH MeTOgaMu. OKCIIEPUMEHTHI
nposoguiuck ¢ ucrounukamu MoHoB DECRIS-2M u DECRIS-PM Ha creHze 31€KTPOHHO-PE30HAHCHBIX HCTOYHUKOB
HOHOB U Ha 1uKioTpone JA1-280.

1. BBEAEHUE
[Tporpamma uccrnenoBanuii JlJaboparopuu siaepHbix peakuuii um. @neposa (ONSAN) no cuntesy
CBEPXTSDKENBIX IEMEHTOB M NMPHUKJIAJHBIM MCCIEN0BAaHUAM MPEANONAraeT co3JaHue NHTEHCUBHBIX
YCKOPEHHBIX IyYKOB TBEPIBIX MarepuanoB. IlocTosHHO BemyTcsi pa3paboTKH IO pPACIIMPEHUIO
JIMana3oHa JOCTYIHBIX ITyYKOB /Ui (PU3UKH.

Pa3zpaboTanbl HECKOJIIBKO METOIOB IOJNyYEHHs] HOHOB M3 TBEP/BIX BEIECTB. TBepable BellecTBa
MOYKHO MCHApATh W3 KOHTEHHEpa WIM HMHAYKUMOHHOM II€4H, KOTOpPbIE BCTAaBJIEHBI B KaMepy
ucrounuka [1, 2]. TyromnaBkue MeTaibl MOKHO PaclblUIATh MOHAMM IU1a3Mbl [3] UM BBOOUTH B
IU1a3My C IOCJIEAYIOIMM HarpeBOM SHEPTETUUHBIMU 3JIEKTPOHAMU I11a3Mbl (“‘MeTof] BBeaeHUs ) [4].
Jpyrum  crmocoOOM  MONy4YeHHs HMOHOB  TBEPABIX TN  SBISETCS Tofada B IUIa3My

MeTajiooprannueckoro coeauaerus metogom MIVOC [5, 6].

! Marepuanbi 28-i1 KOH(pEPEHIMH O YCKOPHUTENSM 3apsiKeHHbIX yacTull “RuPAC’23”, HoBocnOupek.
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DKCIIEPUMEHTHI 0 MONYYeHHIO My4ykoB HMOHOB Al u Ti mpoBOAMIMCE HA CTEHJAE JIEKTPOHHO-
LUMKJIOTPOHHBIX pe3oHaHCHbIX (DLIP) umctounmkoB noHoB W Ha 1ukiorpone JI1-280 ¢ OIIP-

ncrounukamu noHoB DECRIS-2M [7] u DECRIS-PM [8] cooTBeTCTBEHHO.

2. IIOJIVUYEHMUE ITYYKOB MOHOB AJIIFOMUHMA

Jns monmyuenust myuka noHoB Al u3 DLIP-UCTOYHHKOB MOHOB METOIOM HCIIApPEHUsI HEOOXOAMMast
Temreparypa HaxomuTcs B auamazone 1300-1400 °C, mpu xoropoit Al mmeer xuakywmo ¢azy. C
MIOMOIIBIO PE3UCTUBHOM [ 1 | M mHAYKIIMOHHOI [9] neueil ObUTH MOTy4YeHbl HHTEHCHBHBIE ITyYKH HOHOB
Al. Pesymbrarel momydeHus woHOB Al meromom BBeAeHHsS (B KadecTBe pabo4yero BeIIeCTBa
ucnonb3oBaics crepxkerb Al,O3) npencrasnenst B [10].

JUist SKCTIEpUMEHTOB IO MOJIYYEHUIO HOHOB Al METOIOM BBEACHHUS MBI MCIIOIB30BAIM CTEPKHU
ALOs; u Al. OGa crepxxHa uMeroT auamerp 4 MM u JuMHY 74 MMm. OOpasen ¢ukcupyeTcs: Ha
JepKaTesie ey ¢ MoMoIbio ananrtepa. [lo3umuel o0pasia OTHOCUTEIBHO TUIa3Mbl MOKHO OBLIO

YIPaBIATh IUCTAHIMOHHO. POTO 00pa3LOB MOCIE ONepaluy NpeaACTaBIeHo Ha puc. 1.

Puc. 1. O6pasusr Al,O3 (BBepxy) u Al (BHH3Y) MOCIE SKCIUTyaTaIHH.

B skcnepumeHTe B KauecTBE JIOMOJHUTENBHOTO Ta3a uig 000MX 0Opa3loB HCIOJIB30BAICS
kuciopon. CrekTpsl myuyka HOHOB Al, momydenHoro u3 oOpasnoB AlOs; u Al, mpexacraiex

COOTBETCTBEHHO Ha puc. 2 u 3.

2M na creaae D1IP.

Puc. 2. CriekTp HOHOB JIFOMUHUS, TTOTy4eHHbIN 13 0Opasia Al2O3 ¢ momonisio ncrounnka DECRIS-

Puc. 3. CiekTp MOHOB aIIOMUHUS, TOTYYEHHBIH U3 00pasia Al ¢ momorpto nctounuka DECRIS-
2M na crenae OLP

Ha obonx obpa3iax, UCHOIb30BaHHBIX B 3KCIEpUMEHTE, paboTa MCTOYHHMKA Oblla CTAaOMIBHON U
BOCIIPOU3BOAUMOM.

AJNBTEepHAaTUBHBIM CHOCOOOM MOJYYEHHSI HMOHOB TBEPABIX BEIIECTB SBJISETCS MCIOIb30BAHUE
neryunx coequHeHnii — MIVOC (Metal Ions from VOlatile Compounds). DToT MeToj] yCHEIIHO
ucronb3oBaics A nonydeHus: uonos B, Fe, Cr, Co, V u np. [6].

Jlnst momy4yenus MoHOB Al ncrnonb3oBanuch coeaunenus TpumerunamomMunns (CAS 75-24-1) —
(CH3)3Al. Oto BemecTBO MpeAcTaBiseT co00H KUIKOCTh C JJOBOJIBHO BHICOKHM JIABJICHHEM MapOB —

HECKOJIBKO AECATKOB Topp IpU KOMHATHOW TEMIIEpaType U 4YyBCTBUTEIBHO K BO3yXy U Biare, 4ro



TpebyeT 0co00i 0OCTOPOKHOCTH MPHU OOpalIeHuu ¢ coctaBoM. CoeTMHEHHE MO1aBalOCh B UCTOYHUK
yepe3 peryimpyeMblii BpyuHyto kiamaH. Cnextp moHoB Al mpencrasnen Ha puc. 4. Hactpoiiku

MCTOYHMKA OBLITM ONTUMHU3UPOBAHBI JUIS MOJyUeHus HOHOB Al°*,

Puc. 4. CriekTp MOHOB aJIFOMHUHHSL, TTOTy4eHHBIX U3 coenuHenus (CH3)3Al ¢ moMomibio uerod-
auka DECRIS-2M na crenae OLP.

3. ITOJIVYEHUE ITYYKOB NOHOB TUTAHA

DKCHEPUMEHTHI IO CHHTE3Y CBEPXTSIKEIBIX JIEMEHTOB TPEOYIOT CO3MaHHs MHTEHCUBHBIX ITYYKOB
YCKOPEHHBIX HEWTPOHHO-OOOTaIlEHHBIX M30TONOB, Takux Kak °UTi, *%Fe u ®Ni. Ucnonp3oBanue
HOBBIX H30TOIOB IS TOJTyYEHHsI YCKOPEHHBIX ITyYKOB TPeOyeT MOUCKa MyTel ONTUMHU3AINH PEKIMA
pabotel DI[P-ucrounmka u pa3paboTKH TEXHOJIOTHH MOJAaYH MaTepuara.

C ucnonszoBanreM metoaa MIVOC npoBeieHO HECKOIBKO CEPUI IITUTEIBHBIX SKCIIEPUMEHTOB 10
CIEKTPOCKONMH CBEPXTSKEIBIX 3JEMEHTOB Ha LUKIOTPOHE Y-400 ¢ IMyykoM YCKOPEHHBIX MOHOB
SOTi*, nTencuBHOCTS ImyuKa 0.5 IMKA MOJIEpKUBAIACh Ha MUIIEHH B TEYEHHUE HECKOJILKUX HENEIb
0e3 kakux-mudo momex [6].

Jlns skcrepuMeHToB Ha nukinorpore JII1-280 HeobXoammass MHTEHCUBHOCTH HOHOB “UTilC"
cocraBisieT 5-10 nMmkA. B Xone »KCHEpUMEHTOB Mbl HE JOCTHUDIM IPOEKTHBIX 3HAYE€HUN
MHTEHCUBHOCTH ITy4Ka HOHOB TUTaHa. B cTabMiIbHOM pexxuMe paboThl HHTEHCUBHOCTD ITyYKa HOHOB
SOTi!%* maxomunack B quamasone 3—5 nmMkA [11, 12].

B kauecTBe anbTepHATUBHOTO IyTH MBI POBEIH SKCIIEPUMEHTHI 110 CO3IAaHHIO My4yka HOHOB Ti ¢
UCTIOJIb30BaHUEM Iu1a3Mbl SF¢. TOT MeTo/] ObIT YCHEIIHO UCIIOIB30BaH /IS MOJIy4YeHUs] HOHOB Ta u
Ge [13, 14].

[lepBeIii SKCHEpUMEHT ObLT BBIMONHEH Ha creHae ¢ ucrouHukom DECRIS-2M. B kamepe
MCTOYHHKA OBUT yCTAHOBJICH TOHKUI IinHApHudeckuid muct u3 Ti. CHauana HCTOYHUK ObUT 3aIyIIeH
B paboTy Ha raze Ar, mukoB MOHOB Ti He HaOmomanock. [loToM B Mmaa3MeHHYIO Kamepy BBOIUICS
JIera3 ¢ COOTBETCTBYIOLIMM YMEHbIIEHHEM IOTOKa Ar. M3-3a nepekpbITHst mukoB HOHOB S, F, Ar u Ti
UCTOYHMK ObLT HacTpoeH Ha Ti*", 4T0 MOXKHO YETKO MAECHTH(UIMPOBATH, HHTEHCUBHOCTH Myuka Ti*"
cocraBimsia okoio 150 MKA ¢ JocTaroyHO Xopolei CTaOWIBHOCTBIO. 3aTeM aHaJOTHYHBIN
SKCTIEpUMEHT Obul mpoBeneH Ha 1ukinorpone DC-280 c¢ ucrounukom DECRIS-PM. B kamepy
MCTOYHHUKA YCTAHABIMBAJICS TOHKMNA HMIMHIPUICCKUH JIMCT M KPBIIIKA CO CTOPOHBI SKCTPAKLIUHU U3

Ti (puc.5).

‘ Puc. 5. TuraHOBbBIN HUIUHAPUYECKUM JINCT U KPBIILIKA.
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Hctounuk HacTpoeHn Ha Ti''', KOTOpPBI MOXKHO 4eTKO HAeHTH(UIUpoBaTh. COOTBETCTBYIOIINI

CIIEKTD MOKa3aH Ha pUC.6, MHTEHCUBHOCTD Till*

cocrasisieT okosio 70 MKA. Ilocie HacTpONKK MOHBI
ucrounrka Ti'%" GbuIM yCKOpPEHDI, U BBIBEIECHHBIN MYYOK ¢ HHTEHCUBHOCTBIO 32 MKA ObLIT TIOJTyY€EH C

XOpoIIei cTabUIBHOCTBIO.

Puc. 6. CriekTp HOHOB TUTaHa, MOJTYyYEHHbIN ¢ noMouIsio uctouHnka DECRIS-PM na nukio-
tpone DC-280.

Jl1s BTOpOro 3KcrnepuMeHTa, BBIMOJIIHEHHOTO ¢ ucrouHukoM DECRIS-PM, nununapudeckuit nuct
M SKCTPAKIIMOHHAs KPBILIKa OBLIHN yAaleHbl U3 KaMephl, a bias-31ekTpoa 011 u3rotosieH u3 Ti BMe-

cto Al B mepBoM skcriepumente nuamerpoM 30 mm (puc.7).

Puc. 7. Bias-anextpon u3 tutana. [lmomanb 30HbI 3po3un (TpeyroibHas 3Be3[a) OLIEHUBACTCS B

250 mm2.

B sTOM 3KcniepuMeHTe Takke ObLT MOTY4YeH CTaOMIBHBIN MydyoK HOHOB Ti oT ucrounuka ¢ CBU-

11+

MOITHOCTBIO 227 BT, HO ¢ MeHbIIEH HHTEHCUBHOCTHIO — 0K0JI0 30 MKA nonoB Ti''". Koadduruent

yMeHbIIEeHUs: nHTeHcuBHOCTH Till*

COCTaBJISIET OKOJIO 2, HO COOTHOIIEHHE MIONIAIeH 30H 3PO3UU
JUIS JIByX OKCIIEPHUMEHTOB cocTaBiser okojo 20. Crnemyer OTMETHUTh, YTO bias-3IeKTPOa
MOICP>KUBAETCS IIPU OTPULIATEIBLHOM MOoTeHIane okoio 500 B, moaTtomy BO BTOPOM 3KCIIEPUMEHTE
pacnbuieHre Ti-3MeKTpoia MOJKET JaTh BKJIa B U3BIEKAEMBIN TOK.

4. BAKJIIOYEHUE

B crathe mpencTaBieHBl HECKOJBKO METOMNOB MoOiydeHus mydka uMoHOB Al. Ilo pesynpratam

SKCIIEPUMEHTOB MOXKHO CJIENIaTh BHIBOJ, YTO HAMOONBIIMH TOK MOHOB Al

(mo 250 MK) momyueH
METOIOM BBEIEHUS C ucnojib3oBaHueM oOpasma AlO;. Merog HazexeH, HO TpeOyer
JUCTAHIIMOHHOTO KOHTPOJISI MOJIOKEHUS 00pasiia M THiarenbHOi HacTpoiiku. Meron MIVOC s
MOJTy4YeHUs: MIOHOB Al Taxke MoKa3bIBaeT JOBOJIBHO XOPOIINE PEe3yNbTaThl, U, BEPOSTHO, HACTPOUKa
CJIOKHOTO TMOTOKA C TIOMOIIbIO JUCTAHIIMOHHO YIPABISIEMOro KjarnaHa MOXeT oOecreduTh Oonee
BBICOKUH TOK. Takke MBI NPOJEMOHCTPUPOBAIM BO3MOXKHOCTH TMOJy4YeHHs HOHOB Ti ¢
UCToNb30BaHueM teraza SFs. ITOT MeTon o0ecriedrBaeT MHTEHCUBHBIN U CTAOMIIBHBIN MTyYOK U HE

TpeOyeT Kakoro-mmOo oOOpyIOBaHHS MJIsi HMCIApeHHs] TBEpAOro Meramia. s 3Toro meroma

HCOGXOI[I/IMO IMMPOBCCTU ONITUMU3ALNIO TTOJIOKCHHUA 06pa3ua " CTro MMOBCPXHOCTH.
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[HoAINMCHU K PUCYHKAM

Puc. 1. O6pasusr Al,O3 (BepxHuii) u Al (HIXKHUI) TOCTIE SKCILTyaTaIl|H.

Puc. 2. Ciektp HOHOB aTIOMHHUSA, TOTy4YeHHbIN U3 06pa3na Al2O3 ¢ momorbio ucrounnka DECRIS-
2M na crene DLIP. HacTpoiiku HCTOUHKKA ONITHMU3MPOBAHBI 1JIs MoNyuenus nonos Al®" npu CBU-

moraocta 417 BT

Puc. 3. Ciektp HOHOB aJIOMHHUS, TOTYYSHHBIH 13 00pa3ia Al ¢ momomkio ncrounnka DECRIS-2M
Ha crenje DIIP. HacTpoiiku HCTOYHMKA ONTHMMU3MPOBAHBI JUIs MoNnydeHus woHos Al®" mpu CBU-

momHoctd 421 BT.

Puc. 4. Cnextp MOHOB amrOMUHUS, TonydeHHBIX u3 coeanHenus (CH3)3Al ¢ momornipio ucTouHnKa
DECRIS-2M na ctenae DLP. Hactpoiiku ncTOYHMKA OBLITH ONITUMHU3UPOBAHBI JJIS [TOJyYSHHUS HOHOB

Al%* npu CBU-mornocTH 45 Br.

Puc. 5. TuTaHOBBIN MUIMHAPUUECKUN JTUCT U KpbIlIKa. KpacHBIMH IPSAMOYTOJIBHUKAMU 0003HAUEHBI
30HBI OPO3UU Marepuasa Mocie dKcIulyaranuu. PacyeTHas miomanb 30H 3pO3UU COCTABIISIET OKOJIO

5000 mm2.

Puc. 6. CiekTp MOHOB TUTaHAa, OJy4eHHBINH ¢ moMmomibio ucrounnka DECRIS-PM na nuknorpone
DC-280. HacTpoiiki MCTOYHMKA OBbLIM ONTHMHU3MPOBaHbI 1jis nonayuenus wonos Ti''" mpu CBU-

morrHocT 278 BT.

Puc. 7. Bias-anekrpoa u3 tutana. [lnomaas 30HbI 3po3uH (TpeyroyibHas 3Be37a) oleHuBaercs B 250

MM2 .
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Abstract

The research program of Flerov Laboratory of Nuclear Reactions (JINR) in the synthesis of
Super Heavy Elements and in applied research requires the production of intense accelerated beams
of solid materials. Constant developments are being made to broaden the range of available beams
for physics.

In this paper we report the results of production Al and Ti ion beams with different methods.
The experiments were performed with DECRIS-2M and DECRIS-PM ion sources at ECR test bench
and at the DC-280 cyclotron.

Introduction

Several methods for the production of ions from solid materials have been developed. Solid
materials can be evaporated from a resistor or inductive oven inserted into a source chamber [1, 2].
Refractory metals can be sputtered by plasma ions [3] or inserted into plasma with subsequent heating
by energetic plasma electrons (“insertion technique”) [4]. Another way of producing ions of solids is
to feed plasma of an organometallic compound using the MIVOC method [5, 6].

The experiments on production of Al and Ti ion beams were performed at the ECR ion sources test
bench and at the DC-280 cyclotron with the ECR ion sources DECRIS-2M [7] and DECRIS-PM [8],
correspondently.

Production of Al ion beam

For production of Al ion beam from ECR ion sources by evaporation method the required
temperature is in the range of 1300 + 1400 °C, and at this temperature Al is in a liquid phase. With
the use of resistive [1] and inductive [9] ovens the intense beams of Al ions were produced. The
results of Al ions production with use of insertion technique (Al.O3 rod was used as a working sub-
stance) are reported in [10].

For the experiments on production of Al ions by insertion technique we used Al2O; and Al
rods. Both rods have diameter of 4 mm, and the length of 74 mm. The sample is fixed on the oven
holder via an adapter. It was possible to remotely control the position of the sample with respect to
plasma. The photo of the samples after operation is presented on the Figure 1.

Fig.1 The AL,Os (a) and Al (b) samples after operation.
In the experiment oxygen was used as a support gas with both samples. The spectrum of Al
ion beam, produced from the Al,O3 and Al samples are presented in Figures 2 and 3, correspondently.

Fig.2 Aluminum ion spectrum, produced from Al>O; sample with the DECRIS-2M source at the test
bench. The source settings are optimized for production of Al®* ions at UHF power of 417 W.

Fig.3 Aluminum ion spectrum, produced from Al sample with the DECRIS-2M source at the test
bench. The source settings are optimized for production of Al®* ions at UHF power of 421 W.
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With both samples, used in the experiment, the operation of the source was stable and reproducible.

The alternative way to produce ions of solids is the use of volatile compounds — MIVOC
(Metal Ions from VOlatile Compounds). This method was successfully used for production of ions
of B, Fe, Cr, Co, V etc. [6].

For production of Al ions, the compound trimethylaluminum (CAS 75-24-1) - (CH3)3Al — was
used. This substance is a liquid with a rather high vapor pressure — several tens torr at room temper-
ature, and is sensitive to air and moisture. This requires the special cares while handling compound.
The compound was fed into the source through a manually regulated valve.

The spectrum of Al ions is presented in Figure 4. The source settings were optimized for production
of AI>* ions.

Fig.4 Aluminum ion spectrum, produced from (CH3)3;Al compound with the DECRIS-2M source at
the test bench. The source settings were optimized for production of Al®" ions at UHF power of 45
W.

Production of Ti ion beam

The experiments on synthesis of superheavy elements requires the production of intense
beams of accelerated neutron enriched isotopes, such as *°Ti, **Fe, and ®*Ni. The use of new isotopes
for the production of accelerated beams calls for searching for ways of optimization of the ECR source
operation mode and the development of a material feeding technique.

With the use of MIVOC technique several runs of long term experiments on the spectroscopy
of superheavy elements were performed at the U400 cyclotron with the accelerated *Ti>* ion beam.
The beam intensity of 0.5 puA was maintained at the target for several weeks without any interference
[6].

For the experiments at the DC-280 cyclotron the required intensity of *°Ti'%" jons is 5 -10
prA. During the experiments we haven’t reached the project values for the intensity of the titanium
ion beam. In a stable mode of operation, the intensity of *°Ti!%" ion beam was in the range of 3 — 5
prA 11, 12].

As an alternative way we have performed the experiments on production of Ti ion beam with
the use of SFs plasma. This method was successfully used for production of Ta and Ge ions [13, 14].

First experiment was fulfilled at the test bench with the DECRIS-2M source. The thin cylin-
drical sheet made of Ti was installed in the source chamber. Firstly, the source was put into operation
with the Ar gas, and no peaks of Ti ions were observed. Then, SF¢ gas was injected into plasma
chamber with a corresponding reduction of Ar flow. Due to overlapping of peaks of S, F, Ar and Ti
ions the source was tuned for Ti*", which can be clearly identified, the intensity of Ti*" beam was
about of 150 ep A with a rather good stability.

Then similar experiment was performed at the DC-280 cyclotron with the DECRIS-PM
source. The thin cylindrical sheet and a cap from injection side made of Ti were installed in the source
chamber (Fig.5).

Figure 5. Titanium cylindrical sheet and extraction cap. Red rectangles indicate the erosion

zones of material after operation. The estimated surface area of the erosion zones is about of 5000

mm?.



!* "which can be clearly identified. The corresponding spectrum

The source was tuned for Ti
is shown in the Fig.6, the intensity of Ti'!'* is about of 70 epA. After tuning the source Ti!** ions were

accelerated, and the extracted beam with the intensity of 32 ep A was obtained with a good stability.

Fig. 6. Titanium ion spectrum, produced with DECRIS-PM source at the DC-280 cyclotron. The
source settings were optimized for production of Ti'!* ions at UHF power of 278 W.

For the second experiment, performed with the DECRIS-PM source, the cylindrical sheet and
extraction cap were removed from the chamber, and the biased-electrode made of Ti, instead of Al in
the first experiment, with the diameter of 30 mm (Fig.7) was installed.

Fig. 7. The Ti biased-disk. The surface area of erosion zone (triangle star) is estimated as 250 mm?,

In this experiment also, the stable beam of Ti ions was produced from the source with UHF
power of 227 W, but with lower intensity — about of 30 epA of Ti''* ions. The reduction factor for
intensity of Ti'!" is about of 2, but the area ratio of erosion zones for two experiments is about of 20.
One should note, that biased-electrode is kept at negative potential about of 500 V, so in the second
experiment the sputtering of Ti electrode can give a contribution to extracted current.

Conclusion.

In this paper, several methods for production of Al ion beam are presented. From the results
of experiments we can conclude, that the highest current of Al®* ions (up to 250 en) produced by
insertion method with the use of AlO3; sample. The method is reliable, but requires the remote control
of the sample position and careful tuning. The MIVOC method for production of Al ions also shows
rather good results, and probably the tuning of the compound flow with remotely controlled valve
can produce higher current.

Also, we demonstrated the possibility of production of Ti ions with the use of SFs plasma.
This method provides intense and stable beam, and does not need any equipment for evaporating the
solid metal. For this method the optimization of the sample position and its surface should be per-
formed.
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