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s Target materials (30)\: /Ion SOUrCes (>5)?
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Molten metal targets

Yields [ions/pC]
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Hg yields from molten Pb targets at ISOLDE
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Tomet test

Flow meter P

FI'-1 aump with |'.E:T||_||u.-u
magnets

Liquid-metal loop setup at IPUL: final Report EURISOL DS, 2009 (E. Noah et al.)
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een CEA, CERN, IPUL, PSI, SCK-CEN, SINP

WP definition WP holder Coordinator

: Coordination CERN T. Stora

: Conceptual Design and simulations SCK-CEN P. Schurrmans
: Construction, assembly CERN M. Delonca
. Instrumentation PSI K. Tomsen
WPS5 : Safety and Licensing CEA H. Goutte
WP6 : Target characterization and analysis  PSI D. Schumann
WP7 : Radiochemistry SINP S. Labhiri
WP8 : Offline commissioning IPUL K. Kravalis/E. Platacis

WP9 : Online operation CERN T. Stora
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Q2-13 Q3-13 Q4-13 | Q1-14 | Q2-14 Q3-14 | Q4-14 | Q1-15 Q2-15 | 2018
12 12
CERN-wide Long Shutdown 1
1st CFD, FEM Final
design design
Techn. compone | Procurement | Construct | Adaptati
draWingS nts ion on
Definitio Tests@ipul software
n /cern
CERN | Safety Risk Risk Safety Beam
authori | constrai | analysis + analysis file permit
ties. nts RP +RP I
6 Target Release Inventory Waste
charact (Po...) PIE
7 Activat Compar Activation
Chemist ion MC code Pb/Bi-II
Pb/Bi
8 Offline Test Test commissi | commis | Cold
pumps | IPUL oning sioning check-out
IPUL CERN
9 Online Operat Definition of Modif target Modif 1 week | Final
ional online tests area | target area | online — | report
param Il Report
eters

(TS, v2.0, Oct 2012)
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PrOJected Hg beam |ntenS|t|es

Beam intensity at EURISOL in pps:
X100 (100uA p beam)
X10 VADIS ion source
X20 release efficiency

X2 o if 2GeV p
ensity at FRIB (400kW) 8% Post-acceleration
ct 2012) (~1/15 would be available at HIE-ISOLDE)
A
Hg yielt/s from molten Pb targets at ISOLDE

AZ 209Bi

1.E+10 W‘
Energy 210.2 MeV/u s | IO =M ‘e
F 1.E+08 l .t .o
ragment — I *

Q  1.E+07 -
Energy 160.4 MeV/u 3 s M\ .
B> (Q=2) 4.204 Tm é 1.E+05 # SC- Pb-MK3 S
Fast beam rate 3.37e+5 pps S 1.E+04 /f O PSB-PbMK3-1.5e13ppp —————
'3 1.E+03 \ APSB-PbMK3-9e12ppp —

LE+02 " @®PSB-PbVD5-8e12ppp
Stopped beam rate 1.03e+5 pps i'?z: » * PSB-PbMK3-2.1e13ppp
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Conceptual target loop
for 18Ne production

Production of v,
For B-beams:
1. 1013 18Ne/s during 8 years

Irradiation cell

ORNL Reporz Reiated o Uguid-Flucndes Reaciors and Technoiogy
Protons > dump T W
I MNaF loop by W

OFL-S1TE 752 4 394 FOF
Engirneening Tssts of the Metsl Tismier Prooss from BEER Fusl Sell

ORML-S1TF 108 (37 3 PDF
ohen-Sah Resctor Frognen: Ssmmnnusl Frogims Repon ko Period Erndng Fetruarny 29, 1978

ORMNL-S00E HWPE00 (30 44 POF
ohen-Sa Resctr Frogren. Samannusl Frogims Repon fon Period Endng Suget 31, 1075

CFL-S04T. THTE00

L il POF)
Wulen-Sal Resde Program Semanrusl Frogms Repo b Peied Endng Fetioary 28, 1078

OFthL-S0iE: THT4-12,

< '|HNE' — @ oot i T o Exprteart o Wcitan- Gt Brwecir Fiacion

Diffusion chamber

Heat exchanger
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sity at FRIB (4ookw)  umzll vields

O0kW
t 2012) Conservative version:
On target In C.B.

Beam

Z0r g 18Ne 1 10U 5 1010
AZ 20Ne {004 Hho ﬁx 1.6
Energy 2936 MeV/u

Li ‘He 6 1012 |25 10% X 1.5
Fragment 1004 MeV
Energy 2328 MeV/u
Bo (Q=Z) 4194 Tm

This is supposing a 300V HI driver

Gains: Li "converter”, Energy (X 10 for 450A MeV)
and I...

Fast beam rate 8.04e+10 pps

A eiea-A00 F Avtede OO0 b - Sl
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18Ne productlon after
EURISOL-DS

Production of '®Ne ions for v,

Froduction of ,

0 of 1 (GaV probors o & o, = %
' 2. 107 Bhejs

B Mo ml ™ N ihack Farged viekd in Mgl
-~ Validated at ki at LLRM,
Meeds ~200méa, ‘He 21MeY E86cmtarget

5. Mitrofanoy,
M. Loiseletetal.

S - mmp

MeutrinoCafe - CERN
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A.J. Koning, S. Hilaire and
M.C. Duijvestijn, ,TALYS-

Na23(p.X)Nel8

1.0%, Proceedings of the
International

Conference on Nuclear
Data for Science and
Technology, April 22-27,
2007, Nice, France,
editors

O.Bersillon, F.Gunsing,
E.Bauge, R.Jacgmin, and

20 40

L L 1 L 1 L 1 .
80 100 120 140 160
V]

S.Leray, EDP Sciences,
2008, p. 211-214.

E [Me

M. C. Lagunas-Solar in Proc. Of the IAEA consultants' meeting in data requirements for

Mediacal radioisotope production, INDC(NDS)-195/GZ, 1988, p.55
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nuclei :

Composition | Melting point | Density [g/cm3| Vapor pressure Yield protons

[mol %] [°C] (700 °C) [mmHg](900°C) | 6mA 160MeV
NaF-BeF, 57 - 43 340 2.01 1.4 8.8E+012
NaF-NaBF, 8-92 385 1.75 9500 8.4E+012
NaF-ZtF, 60 - 40 500 3.14 5.1 1.0E+013
NaF-LiF 61-39 649 2.59 1 0.9E+013

D. F. Williams, Assessment of Candidate Molten Salt Coolants for the
NGNP/NHI Heat-Transfer loop, ORNL/TM-2006/69, Oak Ridge National
Laboratory,

Oak Ridge, TN (2006)
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THERMAL STORA GE SYSTEM

http:// M.gizmag.com / (;a;l_ii'f;tzt;i_é-_ﬁrst-molten-

.......
- = =
s

Gemasolar Array, S'P;'a'i}l- =

Molten alkali fluorides:
- High electric conductivity

- Heavy metal fluoride glass compositions
for fabrication of mid-infrared, ultra low loss
optical fibers
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stant alloy (Haynes 242)
shop, EN-MME-MS)

Haynes 242 alloy chemical composition (Yoweight)

Ni Mo Cr Fe Co Mn Si Al Cu

Haynes
242 65 25 8 2 2.5 0.8 0.8 0.5 0.5
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Scaling of the irradiation chamber

Deposited beam

Position on axis stopping power power

[cm] [Mevicm] 6mMA, 160MeV [kW]
1 12 74
2 13 78
3 14 83
4 15 90
5 16 99
6 19 111
7 22 133
7.5 15 89
total target 126 756 .
total dump 34 204
total window * 20
i J. A. Lane, H. G. MacPherson, F. Maslan, Fluid Fuel
salt Reynalcs Prandtl Husselt tem;?rlgture ch?;ft;lg:esr{f | Reactor, Chapter 13, Addison-Wesley, Reading, Mass.
°C] Wm?K | (195g)
NaF-NaBF4 | 5100-45000 5,3-5.64 35-225 450-610 1380-10100

M.D. Silverman, W.R. Huntley, H.E. Robertson, ORNL/TM-5335
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Operational Experience
for High Power
Spallation Targets

John Haines, Bernie Riemer (ORNL),
Masatoshi Futakawa (JAEA),
Werner Wagner and Michael Wohlmuther (PSI)

4 High Power Targetry Workshop
Malmo, Sweden

May 2, 2011

Ny o
-

Target Imaging System

* Implemented Target Imaging System on second target

— System was functional for full life of 2nd target (3200 MW-h)
— 3rd target installed with enlarged and improved coating pattern

— Improved resolution system was installed with 3rd Proton Beam
Window in December 2010

R R Y
| Flame Sprayed 0.25 mm thick
1 coatlng (AlL,O+ 1.5% CrO)

l 200mm x 70 mm pattern
Target Imaging System

- T

e EﬁpE"'REEFY *- OAK RIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FOR THE DEPARTMENT OF EMERGY
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ptual de5|gn of NaF MW
target loop for 18Ne production

pump
7.5x24x15cm
Irradiation cell 21L/s
7TmA
160MeV  Protons > dump| NaF:Z(F, at 600°C
or NaF:LiF at 700°C

Transfer line < 'TENE

i ._ /h
to 10n source W
Diffusion chamber

40x15x15¢m Heat exchanger



http://en-dep.web.cern.ch/en-dep/index.html

Engineering Department
STI - RBS

Chemical issues

1000 ¢ LiE
4 NaF
wl Temperature Phases below T Phases above T
g
25 —[—LiF .
o | o N 500C (start of 3NaF:2ZrF, (solid) Y2NaF:ZrF,,
EE e fusion) 7NaF:6ZrF, (ss)
g i J;B;FFE 506C v2NaF:ZrF,, 7NaF:6ZrF, (ss) y2NaF:ZrF, (liquid)
r R i
o . o —
Fl —+—NaCl y2NaF:ZrF, Liquid phase
F .‘l + ——KCl 7 i i
[ 6 B e Liquid phase
L —&— MgCl,
1 L | ! ! ! e [ T i
: 600 800 1000 1200 1400 1600 1800 \\ ' | i .
Temperature (°C) 30 \ | T - - —T__A-_% e
s0c \/T\l\_, { 1 / _-j
All handling and s Y
manipulation in

gloveboxes under

controlled argon
atmosphere

1
[
i
& 800 ! \ W J) _J
L\ |
200 —— JI; , 'l 1
] '
3 - -
sl e s L ; \
400 : : e : :
2 = |3 B £ 2
L = oo |-.. I |
| .
100 1 A i H
Nof 20 0 40 50 80 70 aa El ZrF,
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Successful online tests of static target

- |
TNTC 15500 ~. ISOLDE OFF-LINE CONTROL
, . BNe ISOL beam @ ISOLDE Sooamor J_ged = q e
T :0’ from static salt target: 0
s 15 4
z r° Concept o " -
g ¢ . a K 43 CO2Z
g ! “s Salt condensation X i f e
* * . I | 'iql
05 - * Xleld, F I \ | ‘ M ﬂ\wr
0 T T T DI [m 21/ SI] I‘ Snth LD- 1 au'llﬁm; - |3>D|‘|w“ e —
0 1000 2000 : ]3000 4000 5000 Foimeed e "
Time [ms] Z o0 ]
g | E o - -
Mgy i
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And last but not least : n converter

Concentric UCx Target — Zn and Rb Yields
(preliminary results)

. Zlnc R ali Jm Jsotapes In the UC Target {Converter)
* & 7n Car { nEric s—e opbided (Riz
® ® FnDefault S s optidel (Zn]
= & Rk Carcentric ..."""1' 102 —& ZniRb improvement
pot flE e R Default 4 *a -
B
el
z‘ 10 R T : ;
R =
= -2
£ o =
" =3 §
[
16 i . . ;
I i 3 [
1’ T =
00 g B BI T CE]
s Romber & Macs Humiser
Zn/*°Rb ratio is improved ~25 times (slightly more than in previous
optimization)

Online tests at ISOLDE — 1st phase

27 phase in 2014, benefit for HIE-ISOLDE 2GeV
50kW project agreement
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hank you !
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