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Abstract

Key Technologies of a Novel **Mo/***Tc Generator Based on Neutron-Activated *’Mo
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As the most widely used radionuclide globally for Single Photon Emission Computed Tomography (SPECT),
the stable supply of 99mTc is critically important for modern nuclear medicine. Currently, clinical 99mTc in
China primarily relies on generators prepared from imported fission-produced 99Mo. As the main production
reactors for 9Mo approach the end of their operational lives, the stability of the global 99Mo supply faces
significant challenges. To achieve self-sufficiency in medical isotopes and fully utilize existing domestic re-
actor resources, this study focuses on key technologies for a novel 9Mo/99mTc generator based on neutron-
activated, low-specific-activity 99Mo. The aim is to avoid the fission technology route that uses enriched
uranium as feedstock, overcome the technical bottleneck of efficiently separating and purifying 99mTc from
low-specific-activity 99Mo, and develop a production process and fully automated engineering equipment
compliant with Good Manufacturing Practices (GMP). This research intends to provide a feasible solution for
the autonomous, large-scale production of 99mTc in China.

Through three batches of reactor irradiation experiments (with irradiation times of 3, 5, and 7 days, respec-
tively), the theoretical calculations and irradiation process parameters for natural MoO, and enriched **MoO;
targets were systematically investigated. Based on the results, the Mo yield and radioactive impurities from
the two irradiation routes were analyzed, leading to the selection of the irradiation time and route for the
engineering phase.

Activated carbon was selected for *?Mo/**"Tc separation studies. Stable rhenium (Re) isotopes, which have
similar chemical properties, were used as a surrogate for **"Tc to conduct systematic cold tests. The influence
of key parameters on Mo/Re separation efficiency was comprehensively investigated, including initial solution
pH, column aspect ratio, adsorption flow rate, eluent composition and volume, and elution temperature. After
determining the process route, cold tests achieved an Re recovery rate of approximately 83%, and hot tests
demonstrated an actual **™Tc recovery rate of 82.1%, with residual *’Mo in the final product below the detection
limit, preliminarily validating the technical feasibility. Based on this, a first-generation automated separation
prototype was developed. In scale-up experiments simulating the processing of 5 Ci of ®’Mo, a **"Tc recovery
rate of 81.7% was achieved, demonstrating its engineering potential.

Subsequently, due to observed performance variability between batches of activated carbon, the research ex-
plored the PEG resin separation system in greater depth. The study found that in a highly alkaline environment
of 5.0 mol/L NaOH, PEG resin exhibits exceptionally high selective adsorption capacity for the **"Tc surro-
gate, present as ReO;. Optimal process conditions were established through systematic column experiments,
achieving a stable Re recovery rate above 94% in cold tests. In three hot tests with varying *’Mo activities (2.3
to 8.7 mCi), the average > Tc recovery rate exceeded 85%, and the radionuclidic purity of the product fully
met the required standards. Based on this core technology, a novel GMP-grade fully automated *’Mo/**™Tc
separation and purification engineering prototype was successfully designed and developed. Its operation is
stable and reliable, with separation efficiency consistently exceeding 85% and residual *’Mo in the product
always below the detection limit.

During the engineering development and validation phase, after verifying the performance of the production
hot cell, key equipment (dose calibrator), and various modules of the automated prototype in a Grade C clean-
room, three consecutive process performance validation runs were carried out using the PEG resin process.
The results showed an average **™Tc recovery rate of 84.7%. The final product solution was a colorless, clear
liquid, and its quality indicators—including pH, radionuclidic purity, radiochemical purity, sterility test, bac-
terial endotoxin content, and labeling synthesis efficiency—all complied with the statutory standards of the
Pharmacopoeia of the People’s Republic of China for Sodium Pertechnetate [***Tc] Injection. This marks the
successful translation of the laboratory process to compliance with GMP standards.

Through this research, a novel engineering prototype of a *’Mo/***Tc generator based on neutron-activated
*’Mo was successfully established. The device has undergone engineering validation in a GMP environment.
Three consecutive batches of the product all met the standards of the Chinese Pharmacopoeia. This system
demonstrates clear prospects for industrialization. This study provides a practical engineering solution to
meet the diagnostic and therapeutic demands of nuclear medicine and ensure the security of the medical
isotope supply chain.
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