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US DOE isotope program     Mission
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BNL is the Birthplace of Nuclear Medicine

1950s: BNL scientists Walter Tucker and Margaret Greene developed a generator system for producing Tc-99m and 

Powell Richards suggested its use for medical imaging. Tc-99m is now used in over 10 million patients/year in the U. 

S. alone

1970s: BNL pioneered the use of high energy proton beams for isotope production (BLIP)

1970s: scientists at BNL, U. Penn and NIH, combined chemistry, neuroscience and instrumentation to develop 18FDG 

(fluorodeoxyglucose), revolutionizing the study of the human brain

In 1980, BNL scientists first reported high FDG uptake in tumors, leading to FDG/PET for managing the cancer patient

Many radionuclide generator systems developed at BNL: 132Te/132I; 90Sr/90Y; 68Ge/68Ga; 52Fe/52mMn; 81Rb/81mKr; 
82Sr/82Rb; 122Xe/122I

A. P. Wolf, T. Ido and C.N. 
Wan synthesize 18FDG for the 
first human study in 1976.     

W. Tucker and 
P. Richards
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Isotope production with charged particle beam

Targets can be large – up to 100 grams

Several targets can be used in stacks, one after another

Complex separations – multistep chemical processes carried out in shielded enclosures

•Ion-exchange resins

•Liquid-Liquid extraction

Large quantities, multiple isotopes, high proton energy (up to 200 MeV)

Beam of 

protons
Target Irradiated target 

Radioisotope of 

interest

Radio impurities

Target material

Chemical 

processing

Nuclear 

transmutation
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Brookhaven Lab and its accelerator complex 

BLIP – Brookhaven Linac Isotope Producer, TPL – Target Processing Laboratory

BLIP

TPL

IP cyclotron
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200 MeV LINAC at BNL

• A 459-foot-long LINAC with 9 accelerator RFQ cavities

• Energy is incrementally tunable from 10 to 200 MeV, 
with 66 MeV the lowest practical energy for isotope 
production

• Phase 1 complete: Current improved to 165 uA in 2016

• Phase 2 pending: Increase current to 
250 uA

• Rastered and focused beam capability

Beam profile on target 

Beam position monitor data 

LINAC

BLIP beam-line layout. 
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Brookhaven Linac Isotope Producer (BLIP)

First to use a high energy proton accelerator to produce 
isotopes (1972)

BLIP utilizes the beam from the 200-MeV Linac that injects 
the Booster, which leads to AGS and RHIC accelerators 
(nuclear physics)

Excess Booster pulses (~90%) are diverted to BLIP. Energy 
is incrementally variable from 66-200 MeV

The BLIP beam line is synergistic operation with nuclear 
physics programs for more cost-effective isotope 
production

In 2016, implemented beam rastering and increased Linac 
current to increase isotope production capabilities
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Brookhaven Linac Isotope Producer (BLIP)

Secondary neutron spectrum 
behind 200 MeV target stack
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• Beam Energy: 13 ~ 19 MeV     Beam Current: 200uA

• Commercial Cyclotron has been restored to the original 

configuration

• Refurbished

     - Ion Source Injection System and all the Lenses

     - RF Tuner and High voltage

     - Chilled water system

     - Vacuum ( 0.27 x 10-6 Torr) and Cryo systems

     - PLC system, power supplies and controlling PC

     - Target selection station

     - Shielding

     - Interlocks

MIRP Cyclotron 
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Chemical separations carried out in shielded hot boxes
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Opportunities for Isotope Production and R&D at IP

0 20 40 60 80 100 120 140 160 180 200

Proton energy, MeV

232Th(p,2p6n)225Ac

68Zn(p,2p)67Cu 

natRb(p,xn)82Sr 
75As(p,4n)72Se
natLa(p,xn)134Ce
natLu(p,x)172Hf→172Lu
natSb(p,x)117mSn

natGa(p,xn)68Ge

86Sr(p,n)86Y

45Sc(p,2n)44Ti

natTi(p,2pxn)47Sc

141Pr(p,2n)140Nd
226Ra(p,2n)225Ac
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Actinium-225 nuclear data and applications

Ac-225  is an alpha emitter, T1/2=10 d, whose decay produces 4 alpha 
particles – potent nuclide for alpha therapy










β-

β-

β-

Ac-225  is a parent nuclide for Bi-213 (T1/2=45.7 min) in an 

Ac-225/Bi-213 generator pair. Bi-213 radio therapeutic 

alpha emitter; also emits gamma ray suitable for SPECT 

imaging E=440 keV, 27.3%

232Th(p,x) BLIP

226Ra(p,2n) Cyclotron
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Opportunities within MIRP - Generator Development

• A device that allows for the production of a 
short-lived radioisotope (daughter) following the 
decay of a long-lived radioisotope (parent)
• Easily transportable

• It allows for the use of shorter-lived 
radioisotopes without the need for a production 
facility (i.e. cyclotron) within a close proximity.

• Uses adsorbent material which has strong 
affinity for the parent nuclide and allows for 
simple removal of daughter nuclide 
• Ion exchange resin

• Alumina

• zirconia

Generator System Parent Nuclide Application

Half-life Half-life Decay Mode

Ti-44/Sc-44 60 y 3.97 h β+ PET

Se-72/As-72 8.4 d h 26.0 h β+ PET

Ce-134/La-134 3.2 d 6.5 m β+ PET

Rn-211/At-211 14.6 h 7.2 h α Therapy

Pb-212/Bi-212 10.6 h 60.6 m α Therapy

Ac-225/Bi-213 10.0 d 45.6 m β- Therapy

Daughter Nuclide
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In

Out

Co-Ni Separations Automation
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Unit
Other Keyword

Resin

Legend
(Unstable) Isotope

Element(or Compound)

AI/ML: Entity Recognition
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• An intensive six-week Summer School in Nuclear and 

Radiochemistry for undergraduates. 

• Sponsored by the Division of Nuclear Chemistry and 

Technology of the American Chemical Society (ACS DNC&T)  

and funding by the U.S. Department of Energy.

• Provide fundamental training in nuclear and radiochemistry 

principles, particularly to physical science and engineering 

students from institutions that do not have such programs.

• 11 students selected for each site primarily from institutions 

that do not offer nuclear studies

• ~48% of NCSS students continue to graduate studies in 

nuclear science. 

National Nuclear and Radiochemistry Summer School (NCSS)
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