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Ti and V foil Target material development
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ØTarget temperature cap 1550 oC (Ti), 1800 oC (V) and 2900 oC (TiC), 

ØEmbosed rolls to reduce sinthering and help reduce readsorption

ØTitanium foils

Ø1st try – Double rolls: 74.8 g

Ø2nd try – Double rolls: 96.3 g

ØVanadium foils

Ø1st try – heavily oxidized V foil: 44.8 g

Ø2nd try – std. V foils: 61.7 g

Ø3rd try – higher purity V foils: 34.4 g

ØMacrometric TiC

Ø1st try – TiC pellets: 14.7 g
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Samples were placed on a tantalum boat to 
avoid sample melting/sticking in target 

container

SAMPLE

Sc thermal release studies 
from activated foils
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Preliminary release results • Sc from Ti rolls in Ta 
environment is fully released 
at 1200-1500 oC within an 
hour. 

• Sc is released from V foil 
rolls fully at 1600 oC within 
an hour and there is no 
release at 1400 oC.

• 27 consecutive sample 
handlings with RP
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• Sc radionuclide production by neutron activationof nat-Ti 
corresponds well to Actiwiz code developed by CERN RP

• Embossing rolls shift the release to higher temperatures

Special thanks to P. Kalniņa



Sc+ and ScFx+ molecular beams at ISOLDE
Ø Sc extraction from irradiated natTi rolls as molecular halide beams was 

previously reported with W surface ion source at ISOLDE (1991);

Ø Sc+ and ScF+ beams were observed, but no ScF2+ molecular ions 

alongside evaporation of Ti target 

Note: Ti+ beam current rose from 0.1 to 5 μA when fluorinating gas was 

added (Ti ionization efficiency is up to 1 % with surface source);
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t ha t t he T i had been mo l t en dur i ng t he t es t , poss i b l y
i nc r eas i ng t he de l ay i n t he t a rge t .
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Re f e r ences
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The pr esen t expe r i men t s show t ha t t he add i t i on o f
CF , i s a use f u l me t hod t o produce beams o f many
e l emen t s i n on - l i ne mass - sepa r a t i on . I t can prov i de an
exce l l en t chem i ca l se l ec t i v i t y t hrough t he sepa r a t i on o f
mo l ecu l a r i ons , as we l l as an i mproved r e l ease - r a t e
t hrough t he f orma t i on o f vo l a t i l e f l uor i des o f e l emen t s
w i t h s l ow sur f ace desorp t i on . The vo l a t i l i za t i on o f t he
t a rge t ma t e r i a l i t se l f was f ound t o be neg l i g i b l e .

I t i s f ound t ha t t he degr ee o f s i de - band f orma t i on
depends on t he anode vo l t age i f a p l asma - d i scha rge
i on - sour ce i s app l i ed . A dec r ease o f t h i s vo l t age f rom
200 t o 110 V i mposed i mpor t an t enhancemen t o f t he
s i de - band f orma t i on . I n t he pr esen t wor k , t h i s e f f ec t
was no t s t ud i ed sys t ema t i ca l l y , bu t i t seems i mpor t an t
t o op t i m i ze t h i s pa r ame t e r ca r e f u l l y i n orde r t o ob t a i n
op t i mum cond i t i ons f or s i de - band produc t i on .

Cons i de r i ng neu t ron de f i c i en t i so t opes , t he s i de -
bands make i t poss i b l e t o produce a l mos t chem i ca l l y
pur e mass - sepa r a t ed sour ces o f Ca , Se , Sr , Y , Ba , Lu ,
and H f . A l t hough i t has no t ye t been shown , we f i nd i t
ve r y l i ke l y t ha t a l so Zr can be produced i n chem i ca l l y
pur e t orn f rom a Nb f o i l t a rge t w i t h a ho t p l asma - d i s -
cha rge i on - sour ce , cons i de r i ng t he a l mos t i den t i ca l
chem i ca l behav i or o f H f and Zr a t h i gh t empe r a t ur es .

I n many cases , s i de - bands may d i sp l ace t he des i r ed
produc t s i n t o un f avour ab l e r eg i ons . Th i s prob l em m i gh t
be so l ved by us i ng o t he r gases , e . g . i so t op i ca l l y en -
r i ched CC I 4 or I , vapour , bu t we have no t e l abor a t ed
f ur t he r on t h i s i dea . O t he r t ypes o f gases , e . g . O , and
N , w i l l a l so be t es t ed ou t f or s i m i l a r t ypes o f app l i ca -
t i on .
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Intact (left) and molten (right) Ti roll target material.



ScFx+ sidebands (F saturated environment CF4)
ScF3

+ / ScF2+ / ScF+ / Sc+ : 0 / 10 / 1 / 1
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Fig. 19. V ScFx+ ion species current ratio in the total beam from target unit £731 



Onset of release
Nr. Target Nr. Target material Ion source Max operated target 

T, oC
Sc radionuclides 

collected Appearance temperature of target Species monitored

1 723M Titanium foil, double layer (embossed) VD-5 1600
44Sc, 
47Sc
47Ca

1200
1100

44mSc+
47ScF2+

2 741M Titanium foil, double layer (embossed) VD-5 1600
44Sc, 
46Sc, 
47Sc

1550*
1400
1180

44gScF2+
46ScF2+
47ScF2+

3 766M V foil (embossed, oxidized) VD-5 1850
47Sc 1650 47ScF2+

4 790M V foil (embossed) VD-5 1700

47Sc
47Ca

1500 -1650 47ScF2+, 47ScCl+

5 801M Externally irradiated Ca-43 VD-5 2000
43Sc, 
44Sc

1550 oC ??? 43ScF2+
44ScF2+

6 805M V foil (embossed, >98% purity) VD-5 1750

44Sc, 
47Sc

1540 (hottest part - line)
#2: ~1500 (hottest part - line)

44ScF2+
47ScF2+

7 805M V foil (embossed, >98% purity) Laser 1750
- 1570 (at the coldest part)

1700 (hottest part)
44-47Sc+

8 702M TiC (1-2 um) VD-5 2000
47Sc
46Sc

1525 47ScF2+
47ScF+
46ScF2+
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44m,44gSc and 47Sc collection from Ti
511 keVØScFx molecular beams are suppressed by TiFx 

isobars;

Ø Identified strong 511 keV (from positron 

annihilation) line in on-line gamma spectroscopy

ØCollected Sc-44 radionuclide activity in range of 

few kBq;
ØCa-47 extraction as Sc-47 generator without 

reactive gas

Mass scan fragments from medical Sc extraction by different fluorinating
gases at same operation conditions, identifying strong TiFx beams

Kromek 𝛾-spectra during 44ScF2+ collection at
MEDICIS (target 741M)
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Gamma spectroscopy results for Ca-47 collection from nat-Ti target
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V foils target - molecular

Collection 10.2023:

• Collected of foil
• ~300 kBq of Sc-44m Eff. = 0.20 %
• ~ 780 kBq of Sc-47. Eff. = 0.18 %

Collection 09.2023
• The collection onset was with cold 

container (but hot middle part where the 
line is attached ~1540 oC)

06/12/2023 10

ØSuccessful separation from long 
lived 46Sc and 48Sc contaminants 
was achieved



Laser ionization efficency of elemental 45Sc+
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Stable beam tests 26-30.06.2023 

• W and Re surface source

• Sc2O3 in 0.1M HNO3

• W source: 600 nAh Enhancement factor 
~96x

• Re source: 11800 nAh and enhancement 
factor of 193.5x

• Efficiency: 0.06% (from 11 800 nAh)

Radioactive beams from V foils

• No fluorinating gas added. 

• When molecules were formed no laser 
enhancent ever observed. 

• Laser ionisation dissapeared in 1 day – full 
release? 

06/12/2023

Sc 
isotopes

Special thanks to C. Bernerd and J. Johnson



TiC

Collection in 08.2023 Collection on MS-032 
09.2023

Collection on MS-034 
09.2023 After previous foil 
retrieval

• Onset of release 4x consistent 1550 oC
• Collected of foil 09-10.2023
• MS-032 = 3.4Bq (02.10) and MS-034 = 860 kBq (09.10) of Sc-47. Total eff. = 0.62 %
• MS-032 was collected without CF4, MS-034 with CF4. Both correspond to 12 MBq 

at End of Irradiation

06/12/202312Special thanks to R. Hernandez
06/12/202312



TiC continued 46ScF2+ molecular beam extraction
• Target was not irradiated again – continuation of previous collection
• Additional fluorination
• Collected 2.2 MBq 02.11.2023 = ~2% efficiency
• Total efficiency = 2.6 % from half charge TiC target
• Target unit still operational

06/12/2023 13



External 43/44ScCl3 sample (PSI)
Ø ScCl3 · 6H20 upon heating above 60 oC starts to 

lose water and above 275 oC begins to 
decompose rapidly forming Sc2O3

Ø No activity collected of fluoride sideband.

Ø Sample was released from target container at 
temperatures of 1500-1760 oC either as elemental 
or different molecule other than ScF2+.
Ø Possibly Sc(II)O or ScClx (x=1-2)

06/12/2023 14Special thanks to N. Van Der Meulen and PSI



Radiochemical 
separation

15

Ø Optimized radiochemical separation 
from Zn and Al coating with ion 
exchange

Ø Semi-automated setup – reduced 
exposure

Ø Electrochemical deposition tested 
and still ongoing

Ø Radiochemical Yield > 98%, 
Recovery >95 %

Ø First chemical (stable) samples 
shipped to Riga, Latvia for analysis

Ø Most thanks to R.J. Zabolockis and 
P. Kalniņa

06/12/2023Special thanks of P. Kalniņa and R.J. Zabolockis



Conclusion and outlook
• Sc radionuclides can be produced and mass-separated in 

sufficienct quantities to be shipped back to Latvia. 

• High radiochemical purity.

• Improove on sputtering and beam purity.

• More radiochemical processing is studied in Riga, Latvia

• Ship first radioactive samples to Latvia

06/12/2023 16
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