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Nal(Tl) detector - ORTEC produced
type 905-4 (3” x 3” — diameter and




High Purity Germanium detector - ORTEC produced




Gnpdnihbnipyb hpdGwlwh nogyoipynibGhph G
*Fdchmlyimb hgnnnulkp vnmbuwyn nkpbhnynghmbkph
domljnud, thnpahulmb wpnuypnipjub

]‘lﬁllll‘llllllll‘llll_pjlllﬁ Ill_llIlLli Elllll 1[INL]2] Ill_ﬁ .

"Himlzl nnphkph hEwnwgnunnud, dwu un}npuy bu

LEjmpubwyhb gEnkljnnpbkph nunidbwuppnipyndb.



Q‘npénLﬁhanJﬁ hpilbwlwh nignnipynbbbph
hﬁ‘(cwanﬁwhanJnLﬁ)

‘n‘hﬁmqh [ymb nmpfwchlnipymb pﬁmquu:_umnui‘
ughbwnhyyughnk pyniplinlikph nuhughnh
fuyniinipjub hEnwgnunnid pununpnipjnLlihg
fufodws, "Hhpuy=Chpkph thppuwlumniknph
minkndnuid.

‘U{lmbl] dmubwljgnipynih C18 ghljyninpnhp

pnquplpdwbp b hEnwquynud cwhwgnpddwbp:




q‘Ill‘léSIlLﬁ]IIleJﬁ I‘II’Iljﬁllll.]lllﬁ nLrlr_anJnLﬁﬁlipﬁ

hﬁ‘(cmanﬁmhanJnL ﬁ)

-C18 ghljynunpnbh Jpw fwwwpkht hkwnwgnnnipynibbkph
luppwyuunpuunnd b dwubwlgnipyn .

.ﬂl_llIll_ljﬁlll],]Ulﬁ 6pmqphp‘ muwhnnbbph L Eppwnwuwpy
dwubwgbnbbph wquwwpwunnd, jwpnpwnnp wepuwwnmbt bkpp

uinkndnud b ppmljmbwgnuad.



U\Illllgl‘l ﬁ l]'lIlL]_lIl‘lIlLli ]'IIIUIIIIC[IIIHIILIJJ Ill_[i

ikpp juwwnwpynod

Ehii gdujhlh wpmqugnigsh hhdklmnph pw: Ucwlp]kg
pninndponiljujhh  dkpnnhbkpny MIMTc unw [luy m

nkplnynghwh: Uchwnmbfbhpp hwony wijupum]kghb,
wpymibfbbpp  wywmgplkghl pupép  Jwplwbhe

nLikgny wduwgpnud:  Uwlpmyh thbop ns pmdupup

l‘lﬁlimllﬁl‘ILIIleJIlLﬁ]‘_l pnij éml.llig ul|
Ul[lmull}llanJHLﬁ:

ub] thnpdbwljumb



Technetium-99m 99MTc¢ (T, .= 6h;
EV~1 40 keV) hmjmﬁb 8 npuﬂzu
mpwnnpnedwh  hudwp  wikbm  hpunkh
nunhnhgnunu: ﬂ‘ml}bmgbnﬁ Lﬂipm}ﬁhpm]
wcppuphnia luwwnwpyny
hEwmwgnunipyniibibph  wilkjh  fwb 80%
uwnwpnud Eb hlkhg PAMTc uhongny.



LUESO LINEAR ELECTRON
ACCELERATOR
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NEW HIGH EMISSION CATHODE IN A GUN
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Parameter of improved

accelerator

Parameter before |after
Electron energy (MeV) 20 40
Beam current, HA 4.5 9.8
Beam size on thetarget, 20 13

mm
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Target
module

S —4

1 - frame, 2 - beam entrance window, 3 - tantalum
plate, 4 — water cooling pipe, 5 — cover plate, 6 -
target capsule



Target capsule for MoO3 irradiation
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IRRADIATION MODE

The target — natural Molybdenum
trioxide, weight up to 20 g.

The electron beam energy E=40%1
MeV, Intensity on the target
entrance window was —9.5-10.5
MkA, beam size <15 mm.
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One of the main parameter by production
of radioisotopes under electron beam is
the specified activity normalized to mass
unit of irradiated material, unit of beam
current and unit of time — Bk/mggA-h.
The data published from different
experiments have very big dispersion —
from 90 to 3200 Bg/mg'pA-h. Results
from presenting experiment Is 3000
Bg/mg'MA-h which Is In close to the
maximum value of wor ld data.
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Tc direct extraction method
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R.Avagyan, A.Avetisyan,
|.Kerobyan,R.Dallakyan,
"PHOTO-PRODUCTION OF
99Mo0/99mTc WITH ELECTRON
LINEAR ACCELERATOR BEAM",
Nuclear Medicine and Biology,
Vol. 41 (2014), p.p. 705-7009.



Different methods of Mo/Tc production
@ -~ l:‘_' - {7+ t._-_."; + 5.

U=235 Mo=99 Sn=13x

e

0
Mc-58 Mo-89

(c) -—'*WL': — t:' +

Mio=100 Mo=39

o —w 83— L7 +1. +

U-238 Mo-29 Sn=13x



bpp ]“qnmnu]ﬁhpb wpnmnpnipjw lJIlzﬁmpnﬁ
funnighkim b wjlwnky C18 ghljjnunpnl nmEkqugpkym

)

ljlllll_l IlIlIlCIlLlj Eul}nl_ﬁl.llig, Pwd ﬁb C[Ill’léIlLﬁIIIleJIlLﬁE

mnnlkg  wpnuonbuwghh  Gibond PMTc ninnulbh
dkpnnnd  wnwbmyne  dkpnghkppbt: Ugy  Gupmunwbng
tppy]  dhwihnfulkg b JEpmiculplkg  phpumleh
yunpuuniwbl  wkpbnynghwb, Jdouwlpkg phpupp
dewlpiwl jmgbpujhh nkpbhnynqhwh:




Ucwlp]ky E phpmph tphngklh hnugdwb nkjplnynghwb
ypmnnhmyhlh  hhoh  wilkjh  pupép  wpdhthbpni
wcpuwwnkynt huyminmlyng:

Uhdwdmbwmly hunmwpkjmgnp$]od k6 hwnwquypdwmsd
phpufuhg nnugluws 22MTC quiwh nkplngnghwbkpp:
Lul douhlt; E Buwnuqupuws phpuphg °°Mo
Jhpulwbhghdwb  wkpbnjnghwt L wwpfu]npnudp’
puqiulih oqunugnpddmb hudwp:




Left - laser layout for Mo pellet processing. 1 — solid state laser, 2 —
beam expander. Right - XY movable table with step motors controlled
by computer.



The layout for Mo pellet
processing Is
based on the solid state pulse-
periodic laser
with following parameters:

Wave length 1.06 pm
Pulse energy 250 mJ
Repetition frequency 40 Hz

Pulse length 200 us



Then one side of that pellet was processing under laser
beam. These grooves of the Mo powder became to melted
metallic solid state are working like metallic fixtures in
concrete providing enough high mechanical strength and
thermal conductivity.









* Material — titanium foil
with ~300mkm of
thickness, processed
by laser beam.

Titanium disc with
structured net and —
pressed Mo powder




NIRTA solid target technology provides the target
cooling by a helium flow on the front side and by a
water stream under a pressure of about 8 bars on the
rear side during the irradiation. That provides around
500 W thermal power utilization which means for
beam energy Ep=18 MeV the maximum intensity Ip~30
mkA while the C18 cyclotron could provide up to 150
mkA. One of the ways to increase the cooling
efficiency is to decrease the temperature of cooling

element dramatically (| e.g. up to liquid nitrogen

ftamnaratiira
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Such an engraving" e target's back
dramatically increases the contact
surface with cooling water and thus
improves heat transfer
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Dependence of the heating rate of a fixed

volume of water on smooth and engraved
surfaces
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Copper radiator for cooling the
target with liquid nitrogen



Target
preparation

Mo metal Irradiated

powder Metal Target Dissolve with H,0,,
neutralize with

(NH,4),CO,, pass

H. reduction at through UA resin
? elevated - RECYCLING
temperatures STRATEGY 99MTe
- (<30 minutes)
Dried/purified Ammonium
ammonium molybdate
molybdate // . solution =
."-,
Lyophilize to remove \
volatile salt and water ‘ = ;
(Potential filtration step) =
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a) b)

. a) Jwnuwpmh, b) skpluwunphwbuyhl jonwdwpdwh owmpf
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MOS3= MOSZ + S t = 250-300°C upuyiu inud,

2MoS, + 70, = 2MoO, + 4S0, t = 500-600 °C
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Xe target
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Albert Avetisyan , Robert Avagyan ,
Ruben Dallakyan, , Gohar Avdalyan
, Nikolay Dobrovolsky , Vasak
Gavalyan , lvetta Kerobyan , Gevorg
Harutyunyan

"INVESTIGATION of 123l
PRODUCTION USING ELECTRON
ACCELERATOR",

Nuclear Medicine and Biology,
Volume 47, April 2017, Pages 44-47.



Cyclotron based
activity
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C18 cyclotron |




SPECT/CT Scanner




PET Scanner




Experimental hall of extracted
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"TECHNOLOGY DEVELOPMENT FOR
99mTc DIRECT PRODUCTION UNDER
PROTON BEAM FROM C18 CYCLOTRON
AT NATIONAL SCIENCE LABORATORY",
Final report of the coordinated research
project "On Accelerator-based
Alternatives to Non-HEU Production of
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