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Outline

Cyclotron technique

18F targetry : Fluoride and Fluorine production
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Main PET Isotopes

HEER 20 min, B* ( 970 KeV ), “N(p,a)1C
]\ 10 min, B* ( 1190 KeV ), 1¢O(p,a)!3N
150 2 min, p* ( 1720 KeV ), 1*N(d,n)-0O

I8F 110 min, BT ( 635 KeV ), 180(p,n)i8F
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Cyclotron production
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30.000 volt between D’s
300 circles, 600 accelerations of 30.000 volt = 18 MeV
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Cyclotron

Cyclotron
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IBA 18/9

18F : 2,3 ml H,'30 in nuobium

HC:60mlIN, + 0,5% O, in aluminium

13N : 2,3 ml H,O in nuobium
150 : 60 ml N, in aluminium
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18F Fluoride production

Nuclear reaction
180(p,n)18F, obtained as Fluoride in water
Proton energy from 10 MeV

Side reaction
160(p,a)13N, obtained as nitrates in water

Side products
no nuclear side reactions
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18F Fluoride production

Nuclear
reaction
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Figure 1. Integrated thick target yields of some commonly used positron-emitters expected
from the most common production routes, plotted as a function of incident particle energy.
Data were calculated using the measured excitation functions (for reference see text).
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18F Fluoride targetry

fill / empty
target foil

protons

target body

Important chracteristics for target body material:
Heat capacity coefficient
(limiting factor for high beam currents: high
pressure in target)
Radionuclidic side products
Chemical purity of [18F]Fluoride from target
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18F Fluoride target body material

Silver

Advantage: - high heat capacity
(max £ 40 pA)
- no long lived radio isotopes

Disadvantage: - Silver particles
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18F Fluoride target body material

Titanium
Advantage: - clean 18F solution
Disadvantage: - low heat capacity

(max £ 30 pA)
- 48\ as side product
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Activation of Titanium
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18F Fluoride target body material

Niobium

Advantage: - clean 18F solution
- no long lived radio isotopes
- high heat capacity
(max £ 40 pA)

Disadvantage: -7
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Nuobium activation
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Pressure in different materials
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Results different target materials

Summary of the results after 120 minutes irradiation

Target chamber material Ag Ti Nb
Energy (MeV) 18 18 18
Beam intensity (LA) 40 30 35
Thick target yield (mCi/pA @ sat) 237 245 237
Radioactivity EOB (Ci) 51 3.9 44
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Results at other centers

(Data reproduced from Guillaume et al., 1991, with permission).

Centre

Foils
Seal

Material insert
Water width (mm)

Cooling (°C)
80-Enrichment of H,QO (%)
Volume (mL)

Pressure (atm)

E (MeV)
Irradiation (A x min)

Yield (GBq/uAh at EOB)

(mCi/uAh at EOB)

Sp. Act. (TBq/umol EOB)

(Ci/umol at EOB)

Reference

St. Louis

Havar or Ti
O-ring
Water (10)
97

1.2 20,28
1

15
15-20x 80
220

ca 60

1.85

cab0
Kilbourn
etal., 1985
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Table 3. Typical data for ['®F]fluorine produced at different centres from '8Q-enriched water targets.
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Sendai Villigen Turku Jiilich Hammersmith  Ligge

Ti Ag Ag Ti SS316&Ti Ni

3,4,5 5 1.5 35 3 34

Al/Ti& Ag Ag Ni Ti Al/Ti&SS316 Ti

O-ring Ag Metal Weld & Ag Metal to metal  O-ring

Coolant (0) Water (30) Coolant (10)  Water (10) Water (10) Water (10)

20 98 98 97 20 5

2.5 4.5 0.195 ]33 20 1.8

Open or Open Open 15-25 % 2-3

circulated (Pd)

16 16 |2 16.5 16 22.6

20x60 20x60 10x60 20-35x60 20x60 10x60

0.33 2.07 L1 2.41 0.407 0.11-0.12

9 56 30 70 11 3-32

0.148 nca 5.18 7.4 11 %109 0.37

4 nca 140 200 0.3 10

lwata et al., Huszar & Solin et al., Qaim et al,, Clark et al., Guillaume et al/,

1987 Weinreich, 1988 1987: Nebeling 1990 1990
1985; Vogt etal., 1990

etal., 1986
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Fluoride target
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Fluoride target
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Fluoride target
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Different materials

Ti Ag
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18F Fluoride targetry

Target volume + 2.4 m|
beam Target filling + 2.4 m|
max 40 pA
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I8F Fluoride targetry

Target volume + 4.5 ml
Target filling = 3.3 ml
/0 - 80 pA

beam

XXXL : 150 pA ?
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18F and [18F]FDG yields 2004

D 3 uur 40 pA

Start synthesis 166 GBq [18F]Fluoride
(End of synthesis 130 GBq [!8F]FDG)

3 uur 70 pA

Start synthesis 315 GBq [18F]Fluoride
(End of synthesis 240 GBqg [°F]FDG)
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18F Fluorine production

Nuclear reaction
20Ne(d,o)18F or 180(p,n)18F
deuterons from 7 MeV
protons from 10 MeV

Side reaction

Side products
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18F Fluorine targets

Target material : Nickel or Monel

1st irradiation : 18F fluorine deposit on target wall
Empty target, fill with Neon + 0.1-0.5% F,

Irradiate

Electrophilic fluorination, or via intermediate
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I8F Fluorine target Groningen

Installed in 1992

Design: Robert Dahl

Nickel / 153 ml

30 psi 1% F, / 100 psi Neon

Yield in 1992:
5GBq/ 50 yA / 1 hour
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I8F Fluorine specific radioactivity

Addition of F, is essential,
but decreases specific radioactivity

Typically : less then 1 GBg/pmol

Gives problems for receptor studies,
however for F-DOPA no problem
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Production results

Table 2. Typical conditions and production parameters for the cyclotron production of ['*F]fluorine by the ?“Ne(d,«) reaction at different centres.
(Data from Guillaume et al., 1991, with permission).

Centre BNL MRCCU Jilich Liege
Hammersmith

(type; mL.) Honed Ni; 50 Polished Ni-201; 100 Ni; 38 Ni; 206
(internal size, cm) 25id.x10 25id.x 20 22id.x10
(% Fpin Ne)? 0.1 0.12-0,15 0.18 0.17
(pemol Fz}‘ 50-60 88° 60 220
Pressure (beam off, atm) 258 135 18 123

(

Target body

Target gas

beam on, atm) 825 23 30 15
Window (marenai pum) Al 810-Ni, 25 Havar, 50-Ni, 25 Nb, 25-Havar, 50 Al 80-Ni, 20
( Metal O-ring Lead Metal joints Indium O-rings
E (Incident) ( 14-94 13.8 11.25 12
Irradiation ( 15x2 15x1.67 40x 1 10x1
Recovery of {GBq} 13.6 9.25 185 44
8F at EOB ( 367 250 500 120
(% of theoretical ) 55 43 50 51
(MBg/uAh at EOB) 463 343-370 444 370-555
(mCi/pAh at EOB) 125 9-10 12 10-15
(MBg/umol at EOB) 259-370 41 130 29.6-44 4
(

mCi/umol at EOB) 7-10 1.1 35 08-12
Reference Casella et al., 1980 Clark et al,, 1990 Blessing et al., 1986 Guillaume et al., 1990

Yield

Specific_activity

“Nominal value

* Calculated from target volume and nominal filling parameters

< Experimentally determined as 194-242 umol recovered, under conditions in which the fill-line contributes fluorine.
4 Theoretical yields were calculated according to Casella et al. (1980).
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Production results Groningen

Radionudlide production: 1998 - 2004 “
Target SCX nickel plated / 150 ml SCX nickel plated / 150 ml
Havar frontfoil (25 um) Havar frontfoil (25 um)
0,44 % F2 in Neon / 75 psi 0,44 % F2 in Neon / 75 psi
25 uA

PSMATERING RS (e M
1x 3 pAh irradiation to waste 1 x 3 pAh irradiation to waste
1.2 —2.0 GBg at BOS 3.5-4.0 GBq at BOS

4.4+ 1.0 GBg/mmol 10.7 + 3.0 GBg/mmol

Radiochemie.nl (( /;
Cursus 18F Chemie VU university medical center -~



Nuclear Medicine & PET Research

New developments

Optimization of 180 gas targets : yields 40-50 GBq

Turku method : transfer [18F]fluoride to [!8F]F,

Higher yields and thereby increasing specific activity
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Further reading

Radiopharmaceuticals for Positron Emission Tomography

Ed G. Stocklin and W.W. Pike
Kluwer Academic publishers, Dordrecht, 1993, isbn 0-7923-2340-8

Nuclear Science series:
Fluorine-18 Labeling of Radiopharmaceuticals

M.R. Kilbourn
National Academy Press, Washington, 1990

Handbook of Radiopharmaceuticals :

Radiochemistry and applications
Ed MJ Welch, CS Redvanly
Wiley, Sussex, 2003, isbn 0-471-49560-3

el Radiochemie.nl (( /;
Cursus 18F chemie VU university medical center -~



	Outline
	Main PET Isotopes
	Cyclotron production
	Cyclotron
	IBA 18/9
	18F Fluoride targetry
	18F Fluoride target body material
	18F Fluoride target body material
	18F Fluoride target body material
	18F Fluoride targetry
	18F Fluoride targetry
	18F and [18F]FDG yields 2004


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


