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ABSTRACT 

Light weight radioisotope (LWR) 89Sr and 90Sr could be obtained from used rods in fission atomic plants. The econom-
ics of the disposal of nuclear bars indicate the convenience to develop added value applications. The difference in t1/2 
allows 89Sr to deliver its energy at a rate 200 times higher than 90Sr. A large emission number of low penetrating power 
particles in a short time characterize 89Sr, which allows that these highly radioactive LWR involves a rather limited 
danger. Chemical similitude of calcium and strontium uptake has led to the use of 89Sr in treatment of bone cancer me-
tastasis. 89Sr damages animal tissues because ionize water, but penetrates through the skin about: 5 to 8 mm. Hence, to 
obtain it in insoluble form, like obtaining 89Sr silicate, could make possible its wider use. Purifying 89Sr from contami-
nant 90Sr allows that after one year do not leave any contamination. LWR could be covered with scintillators substances, 
which by subtracting kinetic energy from beta-radiation, emit light and function as a major source of shielding. This 
treatment engineers Radioisotope Light Generators (RLG). Their light could activate photovoltaic cells (PV), which 
could lead to nano-devices without moving parts RLG-PV. 
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1. Introduction 

Fission of 235U after its interaction with a neutron pro- 
duces various fission fragments, including 90Sr and 89Sr 
but not at the same time. 89Sr is produced at slightly less 
quantities with a higher activity ratio of about 166/1 than 
90Sr. 

89Sr and 90Sr half-life differences and their yielding 
energy allow fitting specific designs for a large range of 
devices [1]. 

90Sr38 (t1/2 = 28.8 years)→90Y39 + β (2.28 MeV) + v  
90Y39 (t1/2 = 64 h)→90Zr40 + β (0.68 MeV) + v  
89Sr38 (t1/2 = 50.55 days)→90Y39 + β (1.5 MeV) + v . 
The difference in t1/2 allows 89Sr β-emission (2.82 × 

104 Ci/g) at a rate 210 times higher than of 90Sr (138 Ci/g) 
[2]. If the cost to separate these radioisotopes from each 
other is avoided, they could be initially used based 
mainly in the activity of 89Sr. Latter on the 89Sr decay of 
99% in one year allows a left-over of 1% of near uncon- 
taminated 90Sr, which could be useful for applications 
requiring much longer periods of time. 

2. LWR in Therapeutics 

The difference in t1/2 allows that 89Sr a rate of β-emission 

200 times higher than 90Sr. β-radiation from 89Sr dam- 
ages animal tissues because ionize water, but penetrates 
through the skin about: 5 to 8 mm [3]. Thus, allowing 
manipulation of small amounts of 89Sr with gloves, 
glasses and thick laboratory clothing. In solution 89Sr has 
been administered as a palliative of pain of metastatic 
prostate cancer in doses of 150 MBq. Its bone-seeking 
properties favored its use at higher doses, in the treat- 
ment of bone cancer metastasis. 

Radioactive 89Sr and 90Sr are extremely dangerous, 
because when ingested replaces Ca2+ in their physiologi- 
cal functions. 

However, in an insoluble form like 89Sr silicate, a solid, 
could be used in the form of near microscopic implants, 
that inserted in quantities related to the tumors size could 
have a slow but persistent effect on reducing the extend 
of metastasis [4]. 
β-particle energy dissipates through the 5 eV stopping 

power per molecule of water. Since, 460 KJ/mol is the 
average energy of ionization, the mean energy of 1 MeV 
per each β-particle emitted by 89Sr, allows a theoretical 
maximal ionization: 1.8 × 105 molecules of water. Hence, 
1 nmol of pure 89Sr (89 ng equivalent to 95 MBq) emits 
over 50 days 4 × 1014 MeV β-particles, which multiply 
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by 1.8 × 105 = 7 × 1019 ionized water molecules or 1.2 × 
10−1 mg of H2O or ml. This number corresponds to the 
size of a small tumor, but the radiation characteristics of 
the radioisotope allow the use of a large number of 89Sr- 
nano-implants for in-situ metastasis treatments. 

89Sr activity of 2.82 × 104 Ci/g is not much smaller 
than radium 5 × 104 Ci/g. A large emission number of 
low penetrating power particles in a short time charac- 
terize 89Sr, which allows the use highly radioactive in- 
volving a rather limited danger. 

The half-life of 89Sr may restrict its use, but it could be 
turned into a radioisotope of choice, because in less than 
1 year its initial radioactivity became reduced to less than 
1%, facilitating its disposal. 

3. Innovative Radioisotope Light Generators 

The medical market is rather small for the overall quan- 
tities of 89Sr generated at nuclear facilities. However, if 
used as an alternative form of energy, its advantage could 
be a possible low prize which may be an incentive for the 
development of a consumption market. 

Light weight radioisotope (LWR) could be used in 
innovative ways at scales much smaller than those of 
nuclear reactors. LWR could be engineered by contact 
the scintillator as a single chip, without moving parts: 
Radioisotope Light Generators (RLG). This one func- 
tions as a lamp which could be couple to a photovoltaic 
(PV) system to generate electricity RLG-PV. It is em- 
phasized that these energy transducer devices play the 
role of long-lasting batteries. 

4. Shielding Requirements According to β 
Energy 

If a given scintillation thickness, does not totally eliminate 
the kinetic energy of the particles, and for example from 1 
MeV retains only 0.01 MeV, its remaining effects would 
correspond to the decreased energy level shown on Table 
1. 
 
Table 1. β-reaching distance: The energy of beta decreases 
by exciting atoms, ionizing molecules and electron slow- 
ing-down (bremsstrahlung), which may generate x-rays. 
The effect of x-rays or  is to transfer energy to electrons 
with photoelectric effects ionizing molecules and Compton 
interaction [3,5]. 

Energy of β [MeV] Air [m] Corporal tissue (cm) Aluminum [mm]

0.01 0.023 0.00027 - 

0.5 1.5 0.18 0.59 

1 4.2 0.5 1.5 

1.5 6.7 0.8 2.4 

3 12.6 1.5 5.6 

89Sr decays by beta emission with a peak equal to 1.5 
MeV and a mean of 1 MeV which permit only to penetrate 
animal tissue by about 0.8 cm reducing shielding re- 
quirements to about 1cm of shielding scintillator crystal or 
glass. 

89Sr could be characterized as capable of a potent large 
emission number of low penetrating power. Hence, al- 
lowing protection by establishing a security distance for 
personal with adequate clotting. For large quantities, it 
could be used additional covering of unbreakable glass, a 
shield transparent to light emission. Storage for small 
amounts requires containers made of glass or aluminum, 
and depending of quantity cooling conditions. 

5. Selection of Scintillator Shielding and 
Photon Emission Ranges 

The scintillator-crystals [6-10] act as a shield by absorb- 
ing the kinetic energy of β-particles to reach an excited 
quantum state and return to its initial state through pho- 
ton emission. 

The scintillator POPOP, which can be used solid or 
liquid as secondary photon emission (), also extends 
-emission to 410 nm in the violet of the visible spec- 
trum (Table 2). Crystals with added Al2O3 optimize light 
transmission and give a red shift of the emission spec- 
trum. The omission of water in the engineering of the 
RLG crystals may decrease efficiency losses. 

Thallium is very expensive, but a NaI crystal by addi- 
tion of Tl in 1% - 2% range increases by much the effi- 
ciency (Figure 1). Addition of the scintillation substances 
listed as dimethyl POPOP, etc., could increase efficiency. 
High light production but is hydroscopic and may be con- 
venient a covering of glass because is susceptible to hu-
midity. 
 

 

Figure 1. Comparative efficiency of scintillator () vs. β- 
energy (MeV). Radioisotope light generators (RLG) are 
based in the scintillator stopping power capable of exciting 
an orbital with photon emission. NaI (3.675 g/cm3), mean 
excitation energy: 458.0 eV, 2% Tl + β [1 MeV]→hv (u.v.), 
 = 3.4%. [11]. 
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Table 2. Scintillation substances and range of fluorescence emission. 

Acronym Scintillation function Fluorescence emission maximum [nm] 

Naphthalene Primary 322 

BBOT Primary  Secondary 425 - 435 

Butyl-PBD Primary 360 - 365 

PBD Primary 360 - 370 

PPO Primary 360 - 365 

p-Terphenyl Primary 340 

Bis-MSB Secondary 420 - 430 

Dimethyl POPOP Secondary 425 - 430 

TPB Secondary 455 

BBQ Secondary 477 

PbWO4 Secondary 486 - 510 

 

 

Nogues [12] developed a fast, Radiation-Hard Scintil- 
lating silica glass through a sol-gel method, by doping 
organic materials in glass to prepare the scintillating 
glass. It is possible to dope organic scintillating materials 
into bulk inorganic glass used as matrix of low-melting 
lead-tin-fluorophosphates glass [13-16]. 

6. RLG Coupling with Photovoltaic Cells 

The scintillator PbWO4 stimulated by electricity rather 
than by β-particles has been used to manufacture electri- 
cally swtched light bulbes [9,17]. Autoscintillator of cry- 
stals 89Sr-WO4 with dopants could be used to power 
electricity independent portable photovoltaic cells. Figure 2. β-Energy distribution. Calculated as a percentege 

of the value obtained by summing-up the energy of β-par- 

ticles in the range between 0.39 MeV and 2.6 MeV ( ). 
The percentage of β-particles with less than 0.6 MeV con-
stitute 40% of the total, but sum up to less than 20% of 
total energy. The particles emitted at higher than 0.6 MeV, 
constitute 60% with 80% of total energy emitted at an av-
erage 1.4 MeV ( ). The scintillator range efficiency 
approachs 7% for PbWO4 ( ). 

Figure 2 indicates the convenience of using a scin- 
tillator mixture to obtain a better response for the β 
emitted at lower energy, dotting of the crystal like that 
with BaF2:PbWO4 to increase maximal transmittance 
[18]. 

RLG Nano-crystals, by size engineering, could be made 
to emit light at different  of the visible spectrum, cor- 
responding acording to increasing their size, to violet, 
blue, green, orange, etc. 8. Discussion 

Efficiency of photovoltaic cell (PV) has been highly 
improved and basically radioisotope light generator RLG- 
lamp coupled to a PV system could be used to generate 
electricity: RLG-PV, and recharge batteries. 

A light-transfer technology could be achieved by using 
the energy generated by a shielding/covering of the ra- 
dioisotope with scintillator crystal. It is evaluated the 
feasibility to develop nuclear electric power sources, 
small reactors or batteries, operated by light-weight ra- 
dioisotopes with a scintillation shielding (RLG). Advan- 
tages of light emitting systems could be easily trans- 
ported and deployed and focalized. The engineering sim- 
plicity of RLG chips compares favorably with that of 
Radioisotope Thermo Generators (RTG) (Table 3). A 
technic for nano-sizing the RLG-crystal, whose engi- 
neering is based in contact, allows to crush a crystal to 
yield a powder. Thus, each i dividual speck continues to 

7. Comparative Advantages of Heat  
Transfer vs. Light Transfer of Electric  
Energy 

Table 3 shows that RLG may produce same amount of 
heat which is easily dissipated by a cooling system, where- 
as RTG requires heat accumulation to integrate a thermic 
potential, which turns instable and easily heat-deform 
RTG devices. n  
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Table 3. Comparative yield efficiency of RTG vs. RLG-PV. The ex-Soviet Union constructed lighthouses to illuminate routes 
in the arctic region. 

Projects Radioisotopes Potency Max (W)  Electric (W) Mass (Kg) Shield (Kg)

   Heat Thermo-Electric   

Beta-M Soviet [**] RTG 90Sr→90Y + β + v  484.5 230 10 [*] 0.26 560 

  Scintillation (W) Photo-Voltaic 30%   

90Sr→90Y + β + v  484.5 42.6 12.8 0.26 [***] RLG-PV 

89Sr→89Y + β + v  44,695 2414 724 0.26 [***] 

[*] 90Sr was in a RTG (Beta-M) yielded 10 W, enough to power a 60 W compact fluorescent light bulb. The same core of 0.26 kg but of 89Sr on a RLG battery 
generates the equivalent of 724 W. Direct light output of 89Sr in RLG could exceed by much a not yet designed 89Sr-RTG (Beta-M) because it would have the 
additional conversion steps of thermic to electric and electric to light. [**] Discharged 90Sr from thermoelectric generations are a major source of contamination 
in the URSS, 89Sr after 4 months delivers only 25% of initial energy output, but reduce in one year to 1% the final contamination. [***] Shield RLG-PV many 
times lighter than RTG. 
 
operate as a RLG capable to couple with very small PV 
systems. 

9. Conclusions 

The use of the radioisotope in Biological and Medical 
Science is extensive [19]. In-situ radiation treatments for 
replacing the therapeutic-radium on the treatment for pros- 
tate shrinking, skin cancer, etc., has involved the evalu- 
ation of the usefulness of many radioisotopes and as des- 
cribed 223Ra can be replaced by 89Sr. 

LWR do not generate a chain reaction could be engi- 
neered to interact by contact with scintillation substances, 
as a long time lasting energy source. Shielding without 
any other protection covering, could be achieved by ab- 
sorbing the stopping power of the scintillator. 

The stopping power of scintillators converts the kinetic 
energy of beta-particles into light and the decelerated 
particles into harmless electrons, which could not pollute 
the environment. 

The radio-nucleotide generated light allows develop- 
ing a lamp RLG that could not be turned off, but it could 
be displaced to direct the incidence of this scintillation 
light to photovoltaic cells. 

Moreover, optical fibers are available for light con- 
ducting systems. The electricity generated in situ like a 
battery could operate electrical motors which do not need 
fuel for at least the half-life of the radioisotopes selected. 
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