
Comparing the Results, Durability, and Production During the Evolution of 
C-11 targets on the RDS-111 Cyclotron Starting with the RDS111 Targets 
through the Progression to the Eclipse targets. 

Robert C. Dennett, Greg G. Gaehle, and Robert H. Mach 
Mallinckrodt Institute of Radiology, 510 S. Kingshighway, St. Louis Missouri, 63110 
 

A RDS-111 was originally installed in the fall of 2001 at Washington University Medical 
School. It was installed with dual RDS111 C-11 targets with the promise of upgrading to dual 
eclipse C-11 targets.  The original target was aluminum body with Havar target foils 0.001” 
thickness.  The target system operated with helium cooling that also added vacuum windows to 
the beamline.  The original targets were able to run at a beam current of 40uA and because of 
the helium cooling on the surface of the targets the transmission on the targets was not an 
issue.  The reliability of the targets was very good with yields of 1550mCi with a 40µA per 40 
minute bombardment.  The yields and specific activity measured by radiopharmaceutical quality 
remained consistent with very few failures in as a result of the target.   

The first upgrade to the eclipse C-11 target used an aluminum target body with a CuBe 
target window 0.002” thickness and a Copper hex grid to support the window on the target.  
This target had the ability to run at 60uA with no limitations; the improvement of the eclipse also 
removed the helium cooling from the target system.  The C-11 yield of the target improved to 
1700mCi with a 60µA per 40 minute bombardment from the RDS 111.  The reliability of the targets 
was questionable do to an oxidation layer the developed on the back of the target window inside 
the target.  This resulted in a green discoloration that eventually changed to a black color over 
time.  These problems with the target window resulted in production slowly tapering off over a 
period of two weeks resulting in the target needing to be rebuilt frequently.    

In Dec 2005 we installed a second generation Eclipse C-11 gas target which consisted of 
an aluminum target body with Havar target foils 0.001” thickness and a thicker copper grid from 
the previous target to support and cool the target window.  The new gas target had the ability to 
run at 60 µA with a transmission limit of < 70%.  To achieve this transmission, a thicker stripping 
foil is used during C-11 production (~ 20-25 micron).   With this target the C-11 yield of the target 
improved to 1900 mCi@EOB for a 60 µA 40 minute bombardment.  The reliability of the target 
improved on the production side with consistent and increased yields of the targets.  The target 
sometimes failed prematurely due to operator error in running with transmission > 70%.  Because 
of the significant improvements in this target the decision was made to upgrade the machine to 
dual eclipse.  This should have allowed us the capability of running 2 C-11 eclipse targets at the 
same time, thereby improving yields to 3800 mCi with a dual 60µA per 40 minute bombardment.  
The initial RF system hampered dual production at the lower transmissions required for the new 
targets.  This caused us to upgrade the RF to the new QEI Rf system, and this has provided us 
the capability to run dual C-11 gas targets.   The increased yields of the C-11 from dual targets 
has given our original RDS-111 the ability to produce 3300 mCi with a dual  60µA 30 minute with 
specific activity that allows us to produce all C-11 compounds currently and previously used  at 
Washington University in a timely manner. 
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Experiences Upgrading the RDS111 to an RDS Eclipse with 
Continuing Improvements to the Gas Targets Reliability and 

Production 
Greg G. Gaehle, Robert C. Dennett, Robert H.  Mach and Michael J. Welch 
Mallinckrodt Institute of Radiology, 510 S. Kingshighway, St. Louis Missouri, 63110 
   

A dual beam line (CTI) RDS111 was installed at Washington University In September of 
2001 with the agreement to upgrade the cyclotron to an RDS Eclipse when the option was 
available.   The RDS eclipse upgrade increases the beam current on single or simultaneously 
bombarded targets from 40µA to 60 µA. 

 The benefits of upgrading to the eclipse were immediate for liquid targets F-18 Fluoride 
and N-13 ammonia but this was not the case for the gas targets C-11 CO2, O-15 O2, F-18 F2.  As 
a result we staged our upgrade.  Initially we upgraded beam line 2 to the Eclipse and left the 
original RDS111 target system on beam line one until we were confident the Eclipse gas targets 
would work as well as expected. 

The 60µA-40µA configuration for the RDS cyclotron is a good choice for flexibility and 
was preferred before Siemens addressed our concerns with the first generation C-11 CO2 
target Eclipse target and our demand for F-18 fluoride increased.    The most recent 
improvements made to the C-11 CO2 Eclipse targets have proven to be reliable, provide stable 
specific activity and increased yield over the RDS111 target system by 30%.  The only drawback 
to the new targets is it needs to run at a lower transmission to prevent failure due to heat stress.  
At the lower transmission bombardments our original Rf system prevented us from reliably 
running dual C-11 target at 60µA.  We have recently installed the new Rf system for the RDS 
Eclipse which has enable dual bombardments at the lower transmissions.   As a result we can 
deliver 3300mCi of C-11 CO2 with a dual 60uA 30minute bombardment.  The specific activity as 
measured by the quality of our final products meets our needs and is equivalent to single target 
syntheses. 

The Eclipse 15O2 target is working satisfactorily, but has not improved the yield per 
volume of N-15 gas a primary cost concern when using this target.   Thus our cost to make O-15 
water is equivalent to the RDS111 target system 

 The Eclipse 18F2 target works but the longevity of the targets foils is proving to be less 
than that of the original RDS11 targets.  Improving the longevity of the foils with this gas targets 
is an ongoing project at Washington University. 
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High yield [11C]- CO2 on a commercial cyclotron enhances possibilities for clinical 
tracer usage. 
 
Norling J1, Dahlström K1, Eriksson T1, Nilsson R1, Kilbourn M2, Moskwa J2, Smith RD3 
 
1GE Healthcare, Uppsala, Sweden; 2University of Michigan, Ann Arbor, USA; 
3GE Healthcare, Pewaukee, USA.  
 
High and stable production capacity of 11C is the key to expansion of new clinical tracers 
and widespread use of 11C. For this reason, GE continues its effort to optimize the 
performance of the PETtrace [11C]- CO2 target. The new target has the same physical 
dimensions as the standard target to be cyclotron compatible but a few vital changes have 
been done. The design is based on a different aluminum alloy with improved surface 
smoothness in the target chamber. By using a thicker foil and efficient helium and water-
cooling it is possible to increase the filling pressure and apply higher beam current. 
Repeated tests show stable and high [11C]- CO2 target yield. 
 
Method and results:  In the study, nitrogen containing 1% oxygen was used as target gas, 
with a filling pressure of 13 bar. The target was irradiated for 30 min at 80 µA. The yield 
was measured by trapping [11C]- CO2 in Ascarite®. 
The target shows great stability for [11C]- CO2 productions (n=26) with yields of   
5.9–6.1 Ci (218–226 GBq) corrected to the time of EOB. 
Increased irradiation time to 40 min at 80 µA on a single run gave 7.4 Ci (274 GBq).  
 
Work in progress: The target is currently evaluated in daily tracer production using 
different methyl iodide systems (GE TRACERlab) at customer sites.  
Normal and stable MeI conversion (> 37%) is shown even at this high input activity.   
[11C]- MeI yield > 2 Ci EOS and  [11C]- MeI specific activity > 20 Ci/µmol have been 
achieved.  
High and stable production of [11C]- Choline and [11C]- Carfentanil is also reported and 
will be presented in more detail. 
With this new target the yield and specific activity of 11C tracers has the potential to be 
significantly increased, as indicated by the results so far. 
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A flexible [11C]methane target 
 
 

Jacek Koziorowski1, Peter Larsen2 , Holger Jensen3 and Nic Gillings3 
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Vaerlose, Denmark,3 Copenhagen University Hospital, Rigshospitalet, Denmark 

 
 
 

SUMMARY/AIMS 
 
In order to improve the specific activity and lower the gas volume a new quartz lined 
[11C]methane target has been designed and constructed. The specific activity has, so far, been 
improved by a factor of four and the gas volume has been reduced by a factor of four.  
Production rate is up to 90% of the theoretical maximum and a specific activity of 
1300GBq/µmol @ EOB has been achieved. 
 
 
BACKGROUND 
 
The original methane target is a large volume (750mL, 10bar fill pressure) conical aluminum 
body. The specific activity is on average ~ 100GBq/µmol @ EOS and peaks at 200GBq/µmol. 
The large volume (10L at NTP) makes trapping a slow process (~9 min).  The increased 
demands on higher specific activity for 11C-labeled neuroreceptor ligands and shorter turn over 
time between syntheses demanded a new improved design. Aluminum has also proven not to be 
the best choice for in-target methane production1, so a change of material was also attractive. 
 
 
METHODS 
 
We wished to have a high pressure target with minimized beam-wall interactions made of an 
inert material. Initially we considered making a quartz bodied target (as quartz is the material of 
choice for many gas phase reactions, thanks to its inertness) without any other cooling but for the 
foils. The target would radiate the heat and the temperature would equilibrate depending on the 
beam current. However, in practice it seemed somewhat difficult and risky to have metal to 
quartz connections at high pressure (> 40bar) and elevated temperatures. Therefore we chose to 
use a quartz lined aluminum target fitted with either water (picture 1) or air cooling (picture 2), a 
similar design has previously been used for in-target production of H11CN2. 
 
 

 
Picture 1. Target with water cooling    Picture 2. Target with air cooling. 
                and quartz tube (in front) 
 
The very flexible modular design allows the user to change the insert/lining just by simply 
removing the rear flange – this is easily done, even with the target still attached to a target 
exchanger. Cooling is interchangeable between water and air (passive convection). 
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The target consists of (picture 3) of an insulator, for the target ladder (6), collimator (Ø=10mm) 
(5), insulator for the collimator (4), helium cooling and foils (25µm Havar for the vacuum and 
50µm Havar for the target) sealed by  Helicoflex rings (1,11), aluminum target body (3), SS rear 
flange (12) and a quartz tube (L=260mm, id=19mm(13). The total volume is 75mL. 
 

 
Picture 3. Target – exploded view 
 
All irradiations were performed on a Scanditronix MC32 cyclotron run with negative ions at 17.2 
MeV, giving an entrance energy of 16MeV. The target was water cooled. The target foil bursts at 
60bar without irradiation, so the maximum pressure during irradiation was set to 45 bar. The 
target was irradiated with various fill pressures to find the maximum beam current at each (Fig 1) 
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Figure 1. Pressure (bar) vs. Beam Current (µA) 
 
Initially the target was run at 10µA,  for 10min at 30bar fill pressure to give a “baseline” 
performance. At 20 bar fill pressure the S value was ~25% lower at higher beam current and 
longer irradiation time. At 25 bar the target performed better, (table 1) but longer irradiation 
times decreased the yield.(as previously reported for aluminum and niobium body targets3). 
 

Fill Pressure Beam Current Time Pressure Yield EOB S 

Bar µA min Bar GBq GBq/µA 
30 10 10 N/A 18 6.25 
30 10 10 N/A 18.5 6.42 
20 10 10 N/A 16.6 5.76 
20 30 10 N/A 43.5 5.03 
20 30 30 N/A 90 4.69 
26 30 10 45 52.5 6.08 
25 25 30 42 84 5.26 
25 20 10 40 34 5.90 
25 20 40 40 78 5.25 

Table 1. Target performance under different filling pressure and irradiation conditions. 
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The radioactivity yielded from the target was analyzed by radio-GC and found to only contain 
[11C]-methane and [ 13N]-nitrogen. For the performance tests, [11C]-methane was trapped in a 
Carbosphere cryotrap and pure [ 13N]-nitrogen was collected in a sequential gas sampling bag. 
 
For specific activity measurements PIB and SB207145 were synthesized using a modular 
radiochemistry system4. Shortly after reassembly of the target specific activity was ~260 
GBq/µmol and this has so far increased to  ~1300GBq/µmol @ EOB (~370GBq/µmol @ EOS) 
after 6 full irradiations. The specific activity seems to be gradually increasing and we expect this 
trend to continue5. 
 
 
CONCLUSION 
 
Fitting a “normal’ straight bore aluminum target with a quartz tube gives a promising methane 
target.  The yields of [11C]methane are quite acceptable and specific activities have been 
increased significantly compared with the old large volume target. 
 
 
FUTURE 
 
We intend to test the production of  11CO2 in the target, to try it without the quartz liner and use 
different energies (11 – 16,2MeV), as energy may play an important role6. We did not bake out 
the target as others have done2,5 so this may be considered if the specific activities do not 
continue to improve. 
 
 
1 Radiochim. Acta, vol 88, 2000, pp 201-205, K.R. Buckley et al 
2 IJARI, vol.22, 1971, pp 475-479, J.F. Lamb et al 
3 NMB, vol 31, 2004, pp. 825-827, K.R Buckley et al. 
4 JLCR, vol.48, 2005, pp S338, N. Gillings et al 
5 10 WTTC, 2004, H.Bjork et al 
6 J. Radioanal. Nucl. Chem. Letters, vol.117, 1987, M. Hanisch et al 
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Upgrading RDS-111 Turret Style Gas Targets:
Experience with a New 18O2 - 

18F2 Target

James P. O’Neil and Christopher A. Ramsey

Biomedical Isotope Facility
Lawrence Berkeley National Laboratory
1 Cyclotron Road, Berkeley CA 94720

In our hands, the original CTI designed gas targets for the 8-position turret are
lacking in several aspects.  We had previously made modifications to partially address these
issues but to only limited success. Thus a new RDS-111 turret style gas target has been
designed, constructed, tested and is in use for the production of [F-18]fluorine gas on the
LBNL Biomedical Isotope Facility RDS-111 cyclotron. (1)

We have found that the bayonet style mounting of the nosepiece, which both seals
the target entrance foil with a compression O-ring and contains the helium cooling jets,
would easily un-clock and leave the irradiated foil inside the turret during target removal.
Our alternative design was to attach the nosepiece with 3 screws (2-56 x 1/4”).  However the
fine threads in the aluminum target body had minimal clamping power and would easily
strip.  Originally, a clamp and O-ring were used to seal the fill/unload 1/16” tubing at the rear
of the target body. While fine for more flexible PEEK tubing used for our other gas targets,
this configuration would often leak with the more rigid stainless steel tubing needed for the
[F-18]fluorine gas system plumbing.  We replaced this system with a 10-32 thread-swage
adaptor fitting that was sealed with an O-ring face seal.  However the o-ring would become
brittle with the F2 gas and the fitting would leak.

It was desired to have a material such as stainless steel that would allow for more
durable threads in which to clamp the nosepiece and a surface at the rear of the target to
weld the swage fitting.  However, the aluminum target body is desired to maintain the ability
to use the Nickles’ “two-shoot” production method. (2)  We have therefore taken advantage
of the properties of bimetallic ingots supplied by Atlas Technologies. (3)  This material,
which will be described in detail, is an explosion-bonded sandwich of 316 stainless steel
and 6061 aluminum (FIGURE 1). A description of the explosion bonding process along with
specifications of the available materials will be presented.

FIGURE 1. Bimetallic Ingots from Atlas Technologies
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For the construction of the target, one bimetallic part was welded to an aluminum rod
providing a stainless steel end on the aluminum target body.  The assembly was machined
and then welded to the 2nd ingot forming the rear of the target.  An assembled target is
shown in FIGURE 2.

FIGURE 2. Assembled [F-18]fluorine gas target.

As of June 2008, this target has been in full production service supplying
[F-18]fluorine gas for the radiochemical synthesis of [F-18]-6-fluoro-meta-tyrosine for over
18 months.  A full evaluation of the performance of this unique target will be provided.

In conclusion, a more robust target for the production of [F-18]fluorine gas in the
RDS-111 turret system has been constructed.  The incorporation of stainless steel on the
ends of the aluminum target body has provided surfaces more amenable to durable leak
free seals while maintaining aluminum as the bulk of the target body material.  This target
provides radioisotope in quantity and quality identical to its all aluminum counterpart while
demonstrating increased reliability.

References:

1)  J.P. O’Neil, H.F. VanBrocklin, Preparation of fluorine-18 gas from an 11 MeV
cyclotron:  a target system for the CTI RDS 111 cyclotron. Nuclear Instruments
and Methods in Physics Research A  438 (1999) 166.

2)  R.J. Nickles, M.E. Daube, T.J. Ruth, An 18O2 Target for the Production of [18F]F2.
The Journal Applied Radiation & Isotopes 35 (1984) 117.

3)  The authors wish to thank Dick Bothell of Atlas Technologies for his generous
donation of the bimetallic ingots as well as stimulating discussions and
direction as per the properties of this material.  This work was supported in
part by the US DOE under Contract DE-AC03-76SF00098.
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Improvement of the C11 target at the Department of Nuclear Medicine at the University 
at Buffalo, the State University of New York. 
Erol Bars, Dr Sajjad M., Dr Mike Haka, Steve Toonrongian. 
 
INTRODUCTION 
The new target design, NEMO, shows an increased C11 yield when compared to Haka et. al 
target design.  The new design offers a multi-geometrical internal volume that can be 
changed by replacing the back cooling flange with a new flange of various depth 
and volume. 
The 14N(p,α)11 C reaction was used to synthesize Choline, HED, Raclopride, 
Acetate, PK,  C11   compounds. The multi geometrical internal volume was 
conceived for further yield study. 
 
METHOD 
This C11 gas target, which can also be used to produce O15 from N15, is made out of 
aluminum 6061 grade with an internal volume of 8.5”with a long tapered bore 
(0.472 to 2”) design. The total volume of gas used is 188 cm3. The initial loading 
pressure of the target is 320psi. The target isolation foil is 0.020” Al 2024 thick and 
25um Al for vacuum side. The foils are cooled via Helium flow, and the target 
cooling and its collimator are water cooled from 6-8L/min.  A quick release clamp 
foil holder was designed for easy access to the isolation foils, thus decreasing 
body exposure. The C11 target was irradiated for 60 minutes at 35-40 µA. A new 
and advanced target controller and software program was developed to allow 
multiple targets and remote control operation from numerous stations through 
network communication. The C11 was trapped in LAH solution. 
 

C11   NEMO Software      
   

 C11   NEMO Target
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RESULTS 
 

Target C11   NEMO Production  
(Average based on > 100 runs) 

 
Energy Current Time Initial Pressure Run Pressure Batch in LAH 

22MeV 35uA 60min 310Psi 590Psi 4.8Ci 
 40uA 60min 310Psi 625Psi >5.2Ci 

 
 
CONCLUSION: 
 
The new target design and control system proved to be reliable. Years of effort were made to 
achieve optimal results.  
Future experiment: 
 A second target is under construction allowing us to maximize 11C methane production with 
various target volume chamber inserts. We also implemented a grid isolation foil into 
the design to eliminate the helium cooling, allowing us to increase the beam 
current.  
 
 

Grid Foil Holder    CosmosFlowWorks Analysis 500W 

    
 

C11   NEMO target various internal volume chamber configurations 
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Multi-kilowatt Recirculating Targets for the Production of 18F 
 

J. Michael Doster and Robert P. Newman 
Department of Nuclear Engineering 

North Carolina State University 
 

North Carolina State University in conjunction with Bruce Technologies Inc. is developing recirculating 
water targets for the cyclotron production of high yields of 18F fluoride for PET radiopharmaceuticals.  Flourine-18 
is commonly produced through proton irradiation of 18O enriched water by the 18O(p,n)18F reaction.  Heat deposited 
in the target fluid by the proton beam is proportional to the 18F produced, thus production is often limited by the 
targets ability to reject heat.  For power levels above 3 kW, boiling batch targets with local cooling can become 
impractical due to excessive 18O water volumes.  A recirculating target pumps the heated fluid to an external heat 
exchanger where the heat is transferred to a low temperature heat sink.  A typical design constraint for recirculating 
targets is that the target water remains below the boiling point at all times.  Figure 1 shows the general layout of the 
recirculating target system.   

A high-flow/low-volume pump and a high-capacity/low-volume heat exchanger are essential to the overall 
performance of the recirculating target.  In this work, two different types of heat exchangers are considered.  
Laboratory testing was conducted on a small shell and tube heat exchanger (Figure 2) that removed nearly 6 kW of 
heat at flows provided by a miniature regenerative turbine pump.  Laboratory testing was also conducted on a small 
cross flow heat exchanger (Figures 3) with measured performance of 7.4 kW and predicted peak performance 
approaching 10 kW.   

 

 

 
Figure 1:  General layout of recirculating target system 

 
 



 
Figure 2:  Exergy LLC model 00268-2 shell and tube heat exchanger 

 
 
          

 
 

Figure 3:  Prototype cross flow heat exchanger 
 
The simulated performance of an integrated system consisting of target, pump and two tube and shell heat 

exchangers in series (Figure 4) indicate heat transfer rates on the order of 10 kW are feasible with existing 
components (Figure 5).  The heat exchangers tested showed a strong dependence on the primary (product) side flow 
rate and their performance could be sharply increased for both designs if pump performance is increased..  This is 
expected as the majority of the heat transfer resistance is on the primary side.  Therefore, it is essential that the pump 
used to drive primary side flow has sufficient capacity to operate the heat exchangers optimally.  The prototype 
regenerative turbine pump used in this work is predicted to provide only 2 to 3 LPM in the integrated system at 
reasonable pump speeds.  Suggested flow rates between 4 and 8 LPM are necessary to maximize performance in the 
heat exchangers.  Future work will focus on the development of robust, low volume pumps with capacities in this 
range.   



 
Figure 4:  Integrated Recirculating Target System 
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Figure 5:  Simulation data for an integrated system with two Exergy model 00268-1 shell and tube heat exchangers 

in series 
 

 



Experiences from using a PETtrace cyclotron at 130 µA (2 x 65 µA) 
with niobium targets producing 18F- / FDG 
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The demand for high capacity 18F-/FDG drives the development towards higher beam 
current from the cyclotron and high capacity targets. During the development tests of the 
niobium targets (performed at Cardinal Health, Ft. Lauderdale), they proved to have a 
capacity well beyond 50 µA. 
This opened up for an increase of the total target current beyond the now specified  
100 µA for a GE PETtrace cyclotron (corresponding to 2 x 50µA dual beam operation). 
In the study referred to in this abstract, the cyclotron has been operating at a total current 
of 130 µA distributed on two niobium targets operating at 65 µA each. During the high 
current evaluation period started in April 2008 (in Sydney, Australia), no unusual 
behavior from the cyclotron have been reported. 
 
At the time of abstract submittal, the cyclotron has been operating for a total of 
>12000 µAh on target at 2 x 65 µA (130 µA). The ion source and cyclotron are still 
performing very well and no changes in behavior compared to use at 100µA have been 
seen except a proportionally higher ion source current. The cyclotron used for the tests 
was updated to “100 µA standard” and some small adjustments of the RF system were 
made before the high current tests were commenced. 
 
The niobium targets show a stable performance with no indication of degradation on high 
currents. The 18F- yield shows an average saturation yield of 227 mCi/µA on the runs 
made directly to a dose calibrator (n=6). This is well in accordance with the average 220  
mCi/µA (n=240) seen during the development tests of the niobium targets (direct yield 
measured on all these runs). During the 130 µA tests the main part of the productions has 
been directly transferred to the chemistry unit without an intermediate measurement of 
the 18F- activity from the target. Performing an activity balance after FDG on these 
productions normally account for 96% of the estimated activity based on S=227 mCi/µA. 
  
The saturation yield has been calculated for the complete system including targets and 
chemistry unit (TRACERlab MXFDG). This makes it possible to compare all FDG 
productions regardless of cyclotron production time and target current. 
We have named this “average system saturation yieldFDG”.  



The average system saturation yieldFDG representing all productions made between  
100 µA and 130 µA on the niobium targets, shows 118 mCiFDG/µA (Std=9.1, n=115, 
FDGavg=7.8Ci). This indicates a stable high production capacity from the target. This 
saturation yield takes into account target performance, time between end of bombardment 
and start of chemistry synthesis, chemistry unit performance and synthesis time and is not 
decay corrected. 
The yields from higher current runs (>=110 µA) shows an average system saturation 
yieldFDG of 120 mCiFDG/µA (Std=10.2, n=55, FDGavg=8.2 Ci). 
The yields on the highest current (130 µA) shows an average system saturation yieldFDG 
of 121 mCiFDG/µA (Std=7.8, n=23, FDGavg=9.1 Ci).  
The n=x in these cases, represents number of dual productions runs.  
The data on the high target currents indicates that both the target and the chemistry unit 
continue to perform consistently even at this high level. 
 
Example of a high yield production: 
  
Target current=130 µA 
Irradiation time=150 min 
Produced FDGEOS= 10.6 Ci 
System saturation yieldFDG =133 mCiFDG/µA 
 
 
The results from the combination of niobium targets and the cyclotron operating at 
130µA are so far very positive. The cyclotron continues to show high reliability on the 
130µA level and FDG is produced on a high and stable level. 
In order to ensure consistent reliability, this concept will be further evaluated. We do not 
exclude the possibility that additional upgrades might be needed for various sub systems.     
 
 



    
  

High Current F-18 Water Target with 
Liquid Spray-Cooled Window 

 
Alexander Zyuzin, Erik van Lier, Richard Johnson, Jay Burbee 

Advanced Cyclotron Systems Inc., Richmond, BC, Canada 
John Wilson 

Cross Cancer Institute, Edmonton, AB, Canada 
 
A new generation of F-18 water targets was introduced by ACSI in 20031 and since then 
installed at number of facilities.2 The most commonly used 2.5 mL, 30 deg. target 
routinely operates at 70-80 μA, producing 5.5-6.0 Ci/hr.  At maximum current (~100 μA) 
it produces ~7 Ci/hr. Substantial “burn thru” is observed at currents above 90 μA.  At this 
current the F-18 quality deteriorates causing the reduction of FDG yields.  The exact 
reason for this is still under debate, but is presumed to be due to contaminants coming 
from the Havar foil. In order to maintain F-18 reactivity, a number of different 
approaches were considered. One of the proposed solutions that considerably improved 
the properties of the target window and reduced the amount of contaminants was to use 
a Niobium coating on the water side of the Havar foils.3 Recently ACSI has developed a 
new target that had larger (3.5 mL) volume and 20 deg. inclination angle. We 
investigated the feasibility of using a liquid spray to facilitate cooling of the target 
windows. A new target was tested up to 150 μA with spray-cooling and up to 130 μA 
without spray-cooling. Over 9 Ci of reactive F-18 was produced in one hour while 
operating at 135-140 μA. 
  
Relative Cooling Efficiency Measurements 
 
We propose to use the liquid spray (water in our initial experiment) in combination with 
high helium flow to improve target window cooling. This could increase target beam 
capacity and possibly reduce the contaminations introduced in water from the Havar foil. 
To test the heat removal efficiencies of different cooling methods a copper heater block 
with 200 W cartridge heaters and thermocouples was built.  The assembly of the copper 
heater block to the target helium window is illustrated in Fig.1. By placing thermocouples 
as close as possible to the surface of the heater block, ~0.5 mm, we tried to simulate the 
temperature increase in the target window. While the absolute temperatures of the 
target window may be different from measured values, the relative temperature 
differences observed using different cooling techniques will be proportional to real 
temperatures of the target window.  
 

    

Fig.1 He window and heater block assembly 
 

1. Heating Block 
2. Insulation Plate 
3. Screws 
4. Helium window 
5. Screws 



    
  

 
We measured temperature increase in the heater block using a typical 85 standard liters 
per minute (SLPM) helium flow rate, a new helium cooling system which provides 200 
SLPM helium flow and a combination of 200 SLPM helium flow with ~5 ml/min water 
spray. As a reference point we measured temperature increase without any cooling.  
The resulting temperature increase vs. time for different cooling methods is illustrated in 
figure 2 below. The heater block temperatures approach equilibrium after approximately 
four minutes of heating/cooling. Significant cooling improvements were observed when 
the helium flow was increased and when the water cooling spray was introduced. 
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Fig. 2 Temperature vs. time for different types of window cooling 

 
 
Target Testing 
 
The target was tested up to 150 μA. The “burn thru” was observed at ~125-130 μA and 
~140-145 μA, respectively for Helium cooling only and Helium cooling with water spray. 
Enhanced cooling and larger target volume substantially reduced the operating pressure 
and allowed safe operation at the 150 μA level. The relationship between pressure and 
current is illustrated in Fig.3 for existing targets and for the new ACSI target with 
200 SLPM helium cooling with and without water spray. 
 
A number of production runs were done using different cooling methods. Average 
production yields are summarized below: 
 
 Average Current  EOB Yield, mCi (60 min) 
 100 μA     7000-7100 
 105-110 μA    7300-7500    
 130-135 μA    8700-8800 
 135-140 μA    8800-9000 
 



    
  

The saturated yield numbers are similar to those previously reported using the 2.5 mL 
target and varied from 220 to 230 mCi/μA. As the current approached the “burn thru” 
region, the saturated yield decreased to ~200 mCi/μA. The F-18 produced was fully 
retained on the QMA, even when the target was operated at 140 μA. FDG yields were 
consistently better than those obtained using the 2.5 mL target at 70 μA.  
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Fig. 3 Target pressure vs. beam current 

 
A series of runs was performed to test N-13 ammonia production. The target was loaded 
with 4 mL of 5 mmol ethanol solution. At the end of the irradiation, the water was 
transferred from the target through a QMA cartridge and then through a cation exchange 
cartridge, where N-13 ammonia was retained. Over 2 Ci of ammonia was produced in 
20 min at 100 μA. 
 
Future Work 
 
- Improve the helium window cooling nozzle design to provide more efficient cooling to 

the curved section of the bulging foil.  
- Implement an automated system that traps all active compounds during water spray 

cooling.  
- Apply liquid spray cooling to gas targets, including a high-current Xe-124 target. 
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 Single phase and boiling batch water targets are the most common designs for the 
cyclotron production of 18F via the 18O(p,n)18F reaction. Thermosyphon targets have design and 
operating characteristics which enable higher power operation than conventional boiling targets 
of like size. Experimental thermosyphon target systems demonstrated the feasibility of high 
intensity irradiation via bottom pressurized operation. An effective experimental characterization 
platform was developed and utilized in parallel with computational modeling efforts to further 
improve designs[1,2]. A control strategy was also developed to provide a simple and robust 
means of remote target operation. Clinical production systems were designed and deployed at 
two facilities. 

The overwhelming majority of liquid targets used for medical isotope production are 
pressurized from the top of the liquid volume. Because of this fact, there exists an initial amount 
of non-condensable gas which mixes with the liquid and vapor during bombardment. Even a 
small component of non-condensable gas produces a dramatic increase in resistance to heat 
transfer at a condensing surface[3]. This is significant, as the condensing layer can become the 
limiting resistance when the target is cooled more aggressively. 

In contrast, a thermosyphon target is initially filled completely and pressurized from the 
bottom via an external expansion volume. This maximizes the effective heat transfer area in the 
condensing region of the target volume by eliminating the presence of non-condensable gas. 
Many experimental targets of this type have been developed in previous work, of which the most 
aggressive designs achieved operation at power levels in excess of 3 kW[4]. 

Recent work has focused on scaling thermosyphon technology to suit specific cyclotron 
applications. Robust production systems have been developed for a TCC CS-30 at the Duke 
University PET Facility (DUMC) and a GE PETtrace known as the Wisconsin Medical 
Cyclotron(WMC). In these systems, the chamber and window materials are tantalum and Havar, 
respectively. The goal of these deployments was to provide target systems very closely matched 
in thermal capacity to the current limit of the cyclotrons. 

The DUMC cyclotron has an extracted proton energy of 26 MeV and current capability 
of 45 μA (1170W). In the past, reflux production targets were operated at lower proton energies, 
which required attenuation of the particle beam. In order to achieve the maximum possible 18F 
production, the thermosyphon target was designed to operate at full energy. Producing 18F at this 
higher energy is both feasible and worthwhile once the radionuclidic impurities are 
characterized. The addition of the thermosyphon system has more than doubled the 18F capacity 
of the facility. This target has been operated exclusively without a component failure or 
disassembly for cleaning since its installation in 2007. 
 The WMC facility typically operates two GE high yield reflux targets simultaneously via 
dual beam extraction. The thermosyphon target for this application was designed to tolerate 
beam currents approaching 100 μA (1650W), corresponding to the software limit for automated 



cyclotron operation. The target was first installed in concert with a D-PACE short port collimator 
assembly to characterize the beam profile at the vacuum tank exit port[5]. In addition to 
operation at high intensity, the target has demonstrated consistent saturation yield performance 
for extended irradiation times (>4hr). 
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Figure 1: DUMC Thermosyphon Production Curves 
 

 

Figure 2: DUMC Thermosyphon Solid Model and Assembled Target 
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Figure 3: WMC Thermosyphon Production Curves 

 

Figure 4: WMC Thermosyphon Solid Model and Assembled Target 
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Introduction  
 
The increased current output of commercially available cyclotrons requires a new approach in the design of 18F- static water targets. 
Current available targets are capable of handling limited heat loads ( up to 1,5 KW). The water vaporisation along the beam strike, 
also called tunnelling, is the major cause of the decreased 18F- production yield at high power. 
Target pressurisation is generally used to limit or suppress tunneling; nevertheless the maximum allowable pressure is limited to 40-
60 bar due to the vacuum window foil strength (even when a support grid is used). 
 
Materials and Methods 
 
We are currently developing a pressurised water target which allows heavy over pressurisation (70 – 100 bar of He) of the target 
water in order to suppress tunneling. The system is currently being tested with 30 MeV protons,  80-160 µA beam current delivered 
by a IBA Cyclone 30 in Saclay. The experiments are being carried out with natural water.   
 
The target consists of a niobium tube inserted in an aluminium body. Upper and lower caps provide the connections for water 
loading and unloading. An annular cooling channel is created between the tube outer wall and the aluminium body to allow 
deionised water to flow at 19 l/min in the annular gap. The vacuum window is made of a niobium foil. 
 
The target filling loop is showed in Fig. 1. A double three-way valve connects the different branches of the loop in three 
configurations: loading, unloading, irradiation.  
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      
 
  
The target internal pressure is measured via a pressure transducer (PT) connected to the upper leg of the filling loop (1/16” SS 
tubing). The helium pressurisation is also provided on the upper leg. 

Figure 1 : Schematic representation of the filling loop  



The temperature inside the target is monitored via two 1,5 mm OD mineral insulated thermocouples (TC) inserted in the upper and 
lower region of the cylindrical volume. The lower thermocouple tip is 6 mm below the beam strike, whereas the higher thermocouple 
is 6 mm above (submerged in water). 
 
The thermocouples were added because it was not possible to infer the target water temperature from the measured pressure. The 
system is not at saturation conditions, since the vapour is not the only gas phase contributing to the target internal pressure.  
During the irradiation with natural water we experienced a consistent pressure build-up which persisted for several hours after the 
beam shut down. This can only be explained by radyolitic gas production.   
 
 
In order to monitor the evolution of tunneling, a peek insulated aluminium screw was inserted in the back of the aluminium body 
(opposite to the foil window). In case of tunneling the protons have sufficient energy to hit the screw. The corresponding measured 
current is an estimation of the magnitude of the tunneling phenomenon and of the exact time when it sets on.  
 
The aim of these experiments is mainly the determination of the over pressure required to suppress the tunnelling phenomenon. 
The thermal behaviour of the system is also investigated. 
 
The maximum allowable pressure of the niobium tube is approximately 275 bar. Once the over pressure ensures single phase 
conditions in the target, modelization of the thermal exchange is also simplified since we have only two regimes: natural convection 
inside the target and forced convection on the outer wall of the Nb tube. 
 
It should be noted that the classic correlations for natural convection or nucleate and bulk boiling are generally derived from 
experimental set up featuring a hot surface in contact with the liquid. This is not the case of a charged particle beam releasing its 
power into the liquid phase. 
The experimental results can therefore help to understand the differences and the possible corrections required to develop a 
suitable theoretical approach. The experimental campaign is still in a preliminary phase and the partial results are as follows. 
 
 
 
 
 
 



 
Results and discussion 
 
The experiments are carried on with natural water. Together with the monitoring of tunneling current and pressure evolution we also 
measured the 18F- yield. The results are extrapolated for H2O

18 enriched water and summarized in table 1.  
 
During the irradiation of an empty target, the tunneling current was approximately 10 % of the beam current. This is consistent with 
the ratio between the foil window surface and the screw surface. 
 
One can clearly see from the temperature and pressure values that the water in the target is subcooled, whereas the values of 
tunnelling current indicate that there are still protons going through. 
This means that the over pressure required to suppress the tunneling has not been reached yet. This is also reflected in the 
decreased yield at higher beam currents.  
 
The typical pressure evolution (red curve) during an irradiation for 80 µA average beam current is shown in Fig. 2 ; similar curves 
are found for higher beam current. One can notice that the signal is extremely unsteady, and rapidly changing above and below its 
mean value. The residual pressure after beam shut down is also shown in the graph.  
 
Table 1: Test results 
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15 0 5 NA NA NA NA NA NA NA 1,4 
40 6 15 0 NA NA NA 1,2 1 90 0,3 
80 6 62 20 225,8 5916 9690 45-48 29 170 0 
140 6 44 20 133,6 4752 10000 50-56 29,5 213 0,5 
160 6 36 40 160,9 5268 13700 82-86 42 240 0,5 
156 6 60 40 160,8 7968 13400 82-86 43 230 0,5 

a: extrapolated to 100% H2O
18 enrichment 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusions 
 
The experiments are still on going. At this stage we didn’t reach the over pressure required to suppress tunneling but the margin to 
the maximum allowable pressure in the tube is still high. We plan to proceed once step at a time and increase the beam current 
once a complete suppression of the tunnelling has been achieved. 
 
 
 
 

Figure 2 : Pressure evolution (red curve) for a 80 µA beam current (green curve) 
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SCALING UP F-18 FLUORIDE PRODUCTION IN RECIRCUILATING O-18 TARGET 
 
Kiselev M, Botov S, Sokolovski E, Lai D, Vantos T, Schreiner E, Jongen Y 
IBA Molecular, Sterling, VA, USA 
 
Conventional static liquid water targets used for manufacturing of F-18 have important limitations.  
Beam energy deposited into a relatively small area immediately behind the target foil overheats the 
foil and target material resulting in beam tunneling, reduced target output and increased maintenance 
effort.  Furthermore, static targets must be pressurized to minimize tunneling and maintain lowest 
possible vapor fraction.  Pressures used range from 10 to 40 bar and typically require small (8-10 
mm) beam apertures and relatively thick foil (0.05 mm) or require supporting grids.  Despite of all 
efforts static targets are incapable of handling all of the beam current produced by common 
commercial cyclotrons, at least two targets are needed to fully utilize beam produced.   Irradiation of 
two targets simultaneously requires complicated extraction and sophisticated control systems which 
further decreases overall reliability and efficiency.  Many of these problems can be avoided by use 
of recirculating targets 1-5 equipped with extractor system 4. 
 
To test and optimize recirculating target we constructed extractor station equipped with high flow 
rate gear pump to move target water through the loop which included the target, heat exchanger, 
flow meter and 100 ml expansion vessel.  The system also included two pressure and temperature 
sensors and flow through conductivity sensor connected via bypass tube.   
 
To extract anionic radioactive products with no interruption of main loop flow the secondary loop 
made of 1/16 inch OD PEEK tube was connected to main loop.  Dynamic pressure drop in main 
loop was sufficient to drive water through the secondary loop at flow rate of 10-20 ml/min.  Two 
high pressure 6-port valves open and close the secondary loop. 
 
During irradiation the secondary loop was normally closed.  Depending on target used and size of 
tubes connecting target to pump and heat exchanger the flow rate in main loop was 400-1200 
ml/min, corresponding to pressure drop of 5-2 bar between pump outlet and expansion vessel.  To 
maintain optimal pump performance it was necessary to pressure expansion vessel by means of 
venting through an adjustable backpressure regulator. 
 
Produced radioactive isotopes were extracted on Waters QMA SepPak cartridge by diverting 
approximately 10-20 ml/min flow rate through the secondary loop for 5-20 min. Two Alltech Maxi 
clean cartridges (SCX and SAX, 600 mg each) were used in series with anion exchange cartridge to 
control conductivity.  Without these cartridges repeated extractions would have been impossible 
because of contamination of water with salts washed off QMA 4.  Extracted isotopes were then 
eluted using pneumatically actuated fixed volume syringe pump with 1 ml of 0.3-1.0 M KHCO3 
solution.   
 
After elution the QMA cartridge was rinsed with 1 ml of water and dried for 2 minutes in flow of 
helium while eluted isotopes was delivered into remote hot cell for measurement.  Efficiency of 
extraction was estimated by comparison of two consecutive extractions, it was found that on an 
average 73% of F-18 was extracted in the first portion.    
 
To optimize target design, two different  flow through targets were constructed: variable depth 
target with double foil (Rev A) and simplified fixed depth target with single foil (Rev B). 



 
Variable depth target had 12 mm ID beam aperture with 0.025 mm vacuum havar foil.  Helium 
cooling space was separated from target material by second 0.05 mm havar foil.  Target depth (from 
foil to the back) was adjustable from 5 to 35 mm by moving threaded insert.  Target water was 
supplied to target cavity from a gear pump pump at the center of inner cavity, it passed through 
threaded target insert and is directed through 2.35 mm orifice toward the target foil.  0.025 havar foil 
was used in all experiments except the first one, when 0.05 mm foil was used.  It was found that 
0.05 mm foil develops a heat spot, similar to that observed in a conventional static target.  While 
0.025 mm foil never changed its appearance even after 12 hours under beam in excess of 100 uA. 
 
Using Rev A target a series of 2-hour irradiations at 100 uA with flow rate of 400-500 ml/min were 
carried out with target depth set to 10, 8 and 6 mm respectively, and target insert was examined 
after each irradiation. No damage was observed with 10 mm depth, at 8 mm a heat spot developed 
while at 6 mm the insert was significantly damaged.   It was found that helium cooling was not 
necessary to cool target foil.  After vacuum foil was removed and helium cooling space sealed and 
evacuated, the target was irradiated for total over 12 hours with no apparent damage to target foil. 
 
Based on these findings, target Rev B was optimized and simplified.  Helium cooling cavity and foil 
were removed.  Target water cavity depth was 10 mm, foil thickness 0.025 mm, aperture diam. 16 
mm.  O-18 water is supplied through 2mm diam. hole in the center, and removed through 6 mm 
diam. hole on the top side.  Double seals were used between vacuum and water.  Target loop was 
loaded with 100 ml of 1% O-18 water for test runs. Target water temperature at the outlet of the 
target was 70-76C.  Water temperature after heat exchanger was 50-55C with typical temperature 
variation of about 20C.  Thus, 70% of beam energy is being removed by target water flow. 
 
Scale up production runs with duration of 4-8 hours were conducted using 85-90% enriched water 
at 130-150 uA beam current and  flow rate of 700-800 ml/min in Rev B target, demonstrating target 
yield similar to that achieved in static targets.   
 
CONCLUSIONS: 
Flow through target and extraction system were optimized.  10 mm deep target with 0.025 mm 
thick foil did not require helium cooling and is stable for over 50 hours under beam in excess of 140 
uA without visible foil damage.  The results indicate that recirculating target can be used for large-
scale production of F-18 using one target per cyclotron and may allow to increase production of F-
18 while reducing consumed O-18 water material.  It can also increase productivity by eliminating 
unnecessary idle periods for re-filling the target. 
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Development and Validation of Computer Models for Design of Batch Boiling 
Targets for Production of 18F 
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 Batch boiling water targets are commonly used to produce 18F through the 
( ) FnpO

1818
, reaction by proton bombardment of 18O-enriched water.  Historically, design of 

batch boiling targets has been purely empirical, which required a significant amount of trial and 
error, long lead times and no guarantee of an optimal design.  A fundamental approach to target 
design from a modeling perspective has been developed, and this approach has been 
implemented to design new targets with enhanced production capabilities.  For range-thick 
targets, 18F production is directly proportional to beam current.  Accordingly, target production 
can be increased by optimizing the heat rejection capabilities of the target, and target 
performance considerations can be essentially reduced to a heat transfer problem.  Computer 
models were developed which describe heat transfer in a boiling target using basic engineering 
principles.  These models were developed to predict target thermal performance and have been 
validated with experimental test data from the Duke University Medical Cyclotron and the 
Wisconsin Medical Cyclotron.  These models allow researchers to predict the effects of changing 
target geometry and materials in the absence of, or with limited, expensive and time-consuming 
experiments. 

Heat conduction and convection in a batch boiling target can be modeled using known 
temperatures and standard heat transfer coefficients.  Correlations for boiling and condensing 
heat transfer coefficients, submerged jets, and coolant flow in channels are widely available in 
literature.  A FORTRAN code was developed to evaluate heat transfer coefficients based on 
boiling conditions in the target chamber, target pressurization, and coolant flow rates.  COMSOL 
Multiphysics, a program which uses finite element techniques to solve partial differential 
equations to simulate physical phenomena, was used to solve the heat conduction problem in the 
target body using the provided heat transfer coefficients and known boundary conditions. 

These methods have been applied to thermosyphon targets, but are directly applicable to 
Reflux targets and batch boiling targets in general.  The computer model was validated using 
four thermosyphon targets, which all featured circular cooling channels, jet cooling on the back 
of the target, and deep target chambers with race-track shaped or circular cross-sections.  The 
general modeling technique, however, can easily be applied for alternate target chamber shapes 
and sizes and for finned targets with coolant flow in grooves.  The model can also easily be 
applied for serial coolant flow or parallel flow through multiple cooling systems. 

Good agreement between model predictions of average target void as a function of beam 
current and observed experimental data was observed for four targets which featured different 
target body materials, chamber dimensions, and coolant geometries.  Two of the targets were 
designed for and operated at the Duke University CS-30 cyclotron and two at the Wisconsin 
Medical Cyclotron.  Observed target behavior and model predictions suggest bulk boiling in the 
target chamber without formation of a distinct vapor region. 



 
 

 



Ionic contaminants in irradiated [18O]water generated with Havar and Havar-Nb foils 
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3Turku PET Centre, Kiinamyllynkatu 4-8, Turku, 20520 FINLAND 
 

Introduction:  Ionic contaminants generated during [18O]water bombardment to  produce of [18F]fluoride 
can reduce the reactivity of fluoride for nucleophilic substitution reactions.  Target entrance foils are the 
principle source of metallic ionic contaminants found in irradiated water samples and a foil has been 
prepared in which a layer of chemically inert niobium  has been sputtered onto the Havar surface to reduce 
the metal ion contamination.  
  
Aims:  To quantify the ionic contaminants which arise from water samples irradiated in a niobium target 
with Havar vs niobium sputtered Havar as entrance foils and to evaluate the selective adsorption and 
elution of  the ions from QMA anion exchange cartridges in commonly used activated forms. 
   
Methods: The thickness of the Nb film sputtered on the Havar foil was on the order of 188 ± 20 nm while 
the thickness of the Havar foils was 38 µm (1.5E-3 inch). Irradiations were performed with 17.5 MeV 
protons at currents from 50 to 100 µA lasting for 1-2.5 hours. Radionuclidic contaminants were determined 
via gamma spectroscopy while cold ionic impurities were determined with ICP-MS.   Sep-Pak QMA light 
cartridges from Waters were tested in the non-activated, bicarbonate, carbonate forms as well in the 
carbonate form following hydrogen peroxide vapor sterilization.  Chromafix 30-PS-HCO3 from Macherey-
Nagel in the bicarbonate form were also analyzed. 
 
Results: A marked decrease in metal ions was observed when using the Nb sputtered foil versus the 
straight Havar. Contaminants arising from Havar can be observed owing to the microporosity of the 
niobium layer.  Much higher levels of  ionic impurities were generated from new entrance foils of either 
type which decreased rapidly after 3-4 irradiations on a fresh entrance foil to reach a constant value for 
subsequent irradiations with the same integrated current.  Constant Fe levels may be due to stainless steel 
contact in both.  One water sample irradiated (60 µAh) with Havar-Nb foil showed a concentration of Nb 
of 0.036 ppm.  
 

Cold Ionic Impurities in ppm       

 
Havar 

new 

Havar 
3rd 

irrad  

Nb 
Havar 

new 

Nb 
Havar 

3rd 
irrad      

Co 1.42 0.0953 0.0533 
 

0.002       
Cr 0.0624 0.0278 0.0251 0.014      
Fe 0.2 0.05 0.05 0.05      
Ni 0.375 0.0522 0.0354 0.0078      
Mo 0.01 0.004 0.007 0.003      
Mn 0.11 0.023 0.01 0.005      
Al 1.25 0.19 0.385 0.036      
Sb 0.0063 0.0002 0.001 0.0009      
Ba 0.021 0.002 0.009 0.001      
Cu 0.096 0.003 0.01 0.004      
Pb 0.333 0.0001 0.012 0.001      
Tl 0.00055 0.0001 0.00474 0.00058      
V 0.0009 0.0002 0.0001 0.0005      
Ca 0.8 0.3 1 0.3      
Na 7.7 2 4.1 3.3      
K 2.2 0.6 0.6 0.6      



 
Radionuclidic Contaminants from Elements of Havar 
 

Product t1/2 Reaction        
55Co 17.5 h 58Ni(p,α) 
56Co 77 d 56Fe(p,n) 

57Fe(p,n) 
60Ni(p,α) 

57Co 272 d 

58Ni(p,2p) 
58Co 71 d 58Fe(p,n) 
57Ni 35.6 h 58Ni(p,pn) 
51Cr 27.7 d 52Cr(p,pn) 

52Mn 5.6 d 52Cr(p,n) 
95Tc 20 h 95Mo(p,n) 
96Tc 4.3 d 96Mo(p,n) 

181Re 19.9 h 182W(p,2n) 
93mMo 6.85 h 93Nb(p,n) 
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Isotopes of Co as well as 57Ni and 52Mn were the predominant radionuclidic impurities from irradiations 
done with a Havar foil.  These isotopes arise from proton activation elemental nickel, iron and chromium 
which are major constituents of the material.   Elemental 59Co produces only very long lived radionuclidic 
by-products (59Ni = 7.6e4 yr) which would not be observed in this study.   The level of  93mMo was 
increased with the use of the Nb sputtered foil as there is a contribution  from both the target body and the 
foil. 
Total of radionuclidic contaminants are in amounts of ppt and therefore of little chemical consequence 
when looking at 18F at levels of 50-80 ppb.  . 

 
QMA elution and ion distribution 
 
The major radionuclidic impurities of Havar were monitored in samples passed on to QMA cartridges and 
the residual water and cartridge were gamma counted. The QMA cartridge is a very good post irradiation 
purification media for fluoride as most ions go through with the residual water and wash and are not 
retained (57Ni, 52Mn etc.) whereas 93mMo was completely adsorbed on the resin.   Cobalt adsorption 
however, was dependent on the activation state of the QMA resin.   Elution of the retained cobalt has been 
found to be dependent on the ionic and solvent concentration and is under further study.  
 
 In a single study looking specifically for iron, it was observed that the irradiated sample had levels below 
detection however the eluant solution and the eluted fluoride both showed the presence of iron in amounts 
in the same magnitude as the F-18.  The level of trace ions in the eluant solution must be monitored closely 
as these will ultimately go through the QMA into the eluted F-18 cocktail. 
 



Cobalt-58  Adsorption on QMA
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RES = Residual water passed through QMA            QMA = cartridge  
Sterilized = subjected to H2O2 vapor sterilization     non-act = non activated QMA (from package) 
 Fresh = freshly activated  
 
Conclusions:  Metal ionic impurities in water samples irradiated with the Havar-Nb foils were much lower 
than the samples irradiated with an unmodified Havar foil.  Cold ionic contaminants are found in ppm and 
high ppb levels and are significant as typical amounts of 18F fluoride are  at levels of 10-80 ppb.    
Radionuclidic contaminants are in the ppt levels and are chemically of little relevance but can serve as a 
surrogate markers of cold ionic contaminants.   
There is potential  for QMA resin cartridges to be used as purification media as opposed to a simple trap 
and release cartridges. 
 
 



COMPARISON BETWEEN DIFFERENT TEMPERATURE MEASUREMENT
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INTRODUCTION:

The production of longer lived isotopes such as 124I [T1/2 = 4.18 d] and 
64Cu [T1/2 = 12.85 h]

requires a semi-automated solid targetry system. The production yield of any radioisotopes is
directly dependent on target current impinging on the target material. This is limited by the cooling
efficiency of the target material in the target holder and the O-ring material used to secure the
cooling mechanism.

Simulations of the thermal characteristics of the target material under specific cooling
configurations were calculated using SolidWorks (COSMOSFloWorks). In order to validate the
model, thermocouples were inserted into a platinum disc used for the production of 124I.
Comparisons were made between the experimental and theoretical results in relation to the
location of the thermocouples.

The initial experiment shows a poor correlation between experimental and theoretical
temperatures for the center of the target. This is due to the placement and thickness of the
thermocouple used for this experiment. As a subsequent of the initial experiment a second disc
with a different physical construction was used in order to better determine the temperature of the
bulk material.

AIM:

Validate the SolidWorks model by comparing the theoretical and experimental results. Compare
the results for the two platinum discs with different physical construction.

METHOD:

The thermal characteristic of the solid targetry system was modelled using COSMOSFloWorks.
COSMOS uses a finite element method to solve partial differential equations at individual nodes
within the model. The overall effect determines flow characteristics and heat exchange between
the coolant and the target material.

The beam is modelled by applying a surface heat source of variable wattage on a platinum target

(Φ = 25mm, t = 2mm). The beam is assumed to be completely homogeneous with the same
diameter as the 12mm collimator. Chilled water is applied to the back face of the target disc at a

measured flow rate of 28L/min at 18 °C. The model was tested over various target currents from

0.5µA (9W) to 30µA (540W) together with the measured flow rate stated above.

The model was verified experimentally by irradiating two platinum discs with 2 type-K
thermocouples inserted inside. The thermocouples are inserted from the rim of the platinum disc
and the shafts runs from the circumference to their respective locations. The first thermocouple is
located at the geometric center, while the second is at the 8mm radius to measure the temperature
near the O-ring seal.

The first disc has a circular platinum mesh pressed into the irradiated face of the disc substrate.
This is used for the deposition of target material such as TeO2 for the production of 

124I. The two
thermocouples has a thickness of 1.5mm in diameter, thus the center thermocouple protrudes
between the platinum mesh and the substrate.



The second platinum disc is a blank substrate with no mesh on the irradiated face. The 2 type-K
thermocouples are thinner with a diameter of approximately 0.5mm.

The measured temperatures for the two thermocouples were recorded for both platinum discs at

various target currents (20 sample points ranging from 0.5µA to 30.75µA).
The measured target currents obtained experimentally were used as a parameter for the
simulations. The theoretical temperatures were calculated for both platinum discs for each
corresponding thermocouple locations. The results are than compared with the experimental
results.

RESULTS:

The temperature measured at the 8mm radius for the two platinum discs shows a strong
correlation with between the theoretical and experimental results. With target currents ranging

from 0.5µA to 30µA the temperature is 20°C to 65°C, respectively. The linear regression between
the theoretical and experimental results is very close to the line of identity. For the platinum disc
without mesh the equation is:

Theoretical = 0.95*Experiemental + 2.43 (R2 = 0.98)

With mesh the equation is:

Theoretical = 1.13*Experiemental + 3.26 (R2 = 0.99)

The platinum disc with the mesh on the irradiated face produced the greatest discrepancy between
theoretical and experimental results for the temperature at the center. With a target current of

30.7µA (540W) the theoretical model calculates a maximum target temperature of 154°C,

measured experimentally this is 340°C. For the same target current the temperature measured at

the center for the blank platinum disc was only 173°C.

The discrepancy is due to the mounting of the thermocouple at the center of the two platinum
discs. With the first platinum disc the thermocouple is mounted in between the platinum mesh and
the substrate, this exposes the thermocouple directly to the incident beam. Also the thickness of
the thermocouple contributes to the measured temperatures via thermal conduction along the
sensor’s shaft. This effectively measures the line temperature for the radius of the incident beam
rather than the point at its center location.

The results for the second platinum disc with thinner thermocouples and no mesh gave a better
temperature reading at the center of the target. The linear regression shows a strong correlation
between the theoretical and experimental results, this is close to the line of identity.

For the platinum disc without mesh the equation is:

Theoretical = 0.82*Experiemental + 2.76 (R2 = 0.99)

In comparison, with mesh is:

Theoretical = 0.43*Experiemental + 4.61 (R2 = 0.96)

DISCUSSION & CONCLUSIONS:

Since the melting point of the target material is much higher than that of the O-ring, our concern is

the integrity of the O-ring at different target currents. At 30µA the maximum recorded temperature

near the O-ring seal is 65°C, this is 140°C below its operating limit. The strong relationship
between the theoretical and experimental results validates the temperature model at the 8mm
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