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Abstract

For a new and practical 99mTc generator using not (n, f)9 Mo, but (n, 7 ) Mo, an

inorganic polymer adsorbent framed with oxygen-zirconium-chlorine bonds with a high

adsorption performance of Mo has been developed; the polymer adsorbent was named

PZC. The amounts of 99Mo (Mo) adsorbed are stably more than 250 mg/g(PZC). But, the

current experiments with 0.5 MBq tol.85 GBq of 99Mo gave a subject that the

breakthrough of "Mo in the elution of 99nTc from the adsorbent was 0.05-0.5 %, although

the breakthrough of Zr was less than the detection limit of 5xlO'2 mg(Zr) to 1 g of PZC,

and 99mTc was eluted constantly with 78 ± 4 %.

To apply the adsorbent as a generator commercially in Japan, the 99Mo

breakthroughed from the generator must be suppressed to less than 0.15

kBq(99Mo)/MBq(99mTc) by law which is equivalent to 0.015 %, and the 99Mo

breakthrough is controlled practically to less than 10~2 of the law limit. In order to reduce

the 99Mo breakthrough of PZC, we set an alumina column in series to the PZC column and

examined the performance. Furthermore, several experiments to elucidate the mechanism

of Mo adsorption to PZC were conducted where shapes of PZC irradiated by high flux 7

ray was observed. From the experimental results, it was cleared as follows;

1) The alumina column has a property of adsorbing Mo very effectively and of eluting

"Tc very easily. By keeping an eluent saline at pH of 6 to 8 and using a small alumina

column connected to PZC column, the breakthrough of 99Mo was reduced to

approximately 0.003 % lower than the law limit and the high elution rates of 99riTc were

unchanged.

2) By irradiating PZC with the gamma rays up to 1x10* rad, it was observed that the PZC

- 2 2 3 -



JAERI-Conf 2000-017

was cracked, the size became smaller according to the fluences of gamma rays, and the

destructive force of PZC was kept. On the other hand, by using the PZC irradiated, the

breakthroughs of Mo and Zr were not changed.

As mentioned above, it made clear that PZC has an ability and high performance

as a practical adsorbent for commercial 99mTc generator using (n, 7 )99Mo.

INTRODUCTION

"Tc is most available and important nuclide as the diagnostic nuclear medicine,

and the needs of 99nTc has constantly been growing larger. 99Mo, a parent nuclide of
99mTc, is usually produced by 235U(n, f)99Mo reaction and widely used by loading it to an

alumina column1"3' because of high specific activity of 99Mo. However, the 99Mo

production method has some drawbacks of using enriched 235U as the target material,

producing many troblesome and useless fission products simultaneously, and including the

complicated handling in a high radiation field. In order to prevent these drawbacks, many

methods using (n, 7 )99Mo have been proposed4"11'; e.g. of gel generators of zirconium

molybdate, zirconium molybdophospale and titanium molybdate. These proposed gel

generators have not been commercially used, because of a difficult preparation of the gels,

a low reappearance of 99mTc elution rate and a high breakthrough of 99Mo, and so on.

To develop a newly practical 99mTc generator using (n, 7 )99Mo, we have been

developed an inorganic polymer adsorbent framed with oxygen- zirconium-chlorine bonds

with a high adsorption performance of Mo; the polyzirconium adsorbent was named PZC

(Poly-Zirconium Compound)12'. PZC has high performances of adsorbing more than 250

mg of 99Mo (Mo) in 1 g of PZC, and of eluting 99mTc in a yield of approximate 80 % with a

small breakthrough of 99Mo13U).

In this paper, the current studies on PZC are discussed.

EXPERIMENT

Synthesis ofPZC12'

PZC was synthesized from ZrCl4 and isopropyl alcohol as raw materials by the

reaction as follows;

ZrCl4 + iso-(CH3)2CH2OH — > ZrClx-{OCH2(CH3)2}y —heating-> PZC

The precursor of PZC was synthesized from the mixture of ZrCl4 and isopropyl alcohol

at about 90 °C with stirring under no air. The water-soluble precursor sieved from 24 to

48 mesh were treated by heating at higher llian 160 °C for converting to the

water-insoluble material. The presumed partial structure of PZC is shown in Fig. 1.
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Fig. 1 Presumed partial structure of PZC.

Production of"Mo'314>

Powder or pellet MoO3 ("Mo; 23.75 % in natural abundance) which was made by

Merck Co. and purified, was used as a target material. The target in a capsule made of

Al was irradiated at JRR-3 (Japan Research Reactor-3) with the thermal neutron flux of

lxlO14 n/s for 3-48 h. 99Mo was produced by 98Mo(n, y ) reaction. After the irradiation

for 48 h, the specific activity of the target was about 10 GBq (0.3 Ci) (99Mo)/g (Mo).

Adsorption of" Mo (Mo) to PZCI3'4>

The Mo target activated is dissolved in 6 molar NaOH solution. If the solution is

not in the pH range between 6 and 8, it must be neutralized using a small amount of

highly concentrated HC1 or NaOH solution. Finally, as the original "Mo solution, the

volume of Mo solution of pH 6-8 are adjusted to 4.0 ml per 1 g of Mo03 using H2O, and

the solution includes 167 mg of Mo in 1 ml. PZC is added to the solution, where the

amount of PZC has to be less than that saturated with Mo because the excessed Mo

makes the structure of PZC more stronger. The mixture was kept for 3 h at 90 °C or for

20 h at room temperature, while it is mildly and intermittently snaked. It is very

important to shake mildly, because the PZC is fragile. The amount of Mo adsorbed to

PZC can be determined by measuring the radioactivities of original "Mo solution and the

final one using gamma detector of Ge(Li) or high pure Ge semiconductor detector.

Furthermore, the shapes of PZC before and after adsorption of non-radioactive Mo were

observed using scanning electron microscopy.

90mTc elution and ™Mo breakthrough from generator13''"'

After fine powders floating on the mixed solution was removed using 10-20 ml

saline solution, PZC adsorbing '9Mo (about 250 mg of Mo) was packed into a glass

column of 8 mm inner diameter and 50 mm long with a glass filter and washed by a

small amount of saline solution. After the column was kept for over one day, 99mTc was

elutcd and the breakthrough of 99Mo and Zr was determinedd by measuring the

radioactivities and the elements in 10-20 ml of saline eluted using Ge semiconductor

detector and inductive coupled plasma (1CP), respectively. The elution rate of 99mTc can

be obtained from the following equation;
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Elution rate of "mTc = {B/AxCxD}xlOO [%]

where A: Calculated activity of the original 99Mo solution at reference time /=0

B: Obserbed activity of the eluted 99mTc solution

C: Production rate of 99mTc from the 99Mo in the column calculated by the

following equation;

C = 0.86{ A ̂ /A T- A M}x{exp(- A Mt)-exp(- A Tt)}

0.86: Branching ratio from '9Mo to "mTc

AM: Decay constant of 99Mo ==0.0105 hr'1

A T: Decay constant of 99mTc =0.1153 hr'1

In the C, some 99nTc possibly remaining in the column at t=0 can be

neglected in the calculation.

Usually, to be convinient for calculating the elution rale of 99mTc, we have measured to

compare the 99nTc amounts in the sample and those on the original solutions at a same

time.

Removal of Mo breakthroughed using the alumina column

To reduce the breakthrough of 99Mo, the eluent saline with 99mTc eluted and 99Mo

breakthroughed from the PZC column was passed into a small sized column of active

alumina connected to PZC column. We observed the relationship between the pH of

eluent saline and the adsorption efficiencies of 99Mo and 99mTc.

Radiation damage of PZC

To evaluate the radiation damage of PZC in the case that 99Mo is treated at a level

over 37 GBq (1 Ci), we irradiated Mo-adsorbed PZC with gamma rays of 110 kCi 60Co

and the shape of PZC was obserbed, destructive force measured, and the breakthrough

of Mo and Zr examined. The evaluation of the shape of PZC was conducted using

scanning electron microscopy, the measurement of destructive force was conducted

using a universal testing machine for mechanical properties, and the breakthrough rate of

Mo and Zr was determined using ICP.

RESULTS and DISCUSSIONS

Adsorption of"Mo (Mo) to PZC

From the results of many current tests, it was cleared that over 250 mg of Mo can

be adsorbed to 1 g of PZC with high reappearances. Since a present commercial 99l1vTc

generator includes a maximum amount of 18 GBq (0.5 Ci) of 99mTc in one generator and

the specific activity of 99Mo obtained by neutron irradiation is over .10-18 GBq (0.3-0.5

Ci) of Mo per 1 g(Mo), the amounts of 250 mg Mo adsorbed is sufficiently applicable
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for a practical (n, y )99Mo/99mTc generator and it is possible to make the generator using

0.5-4 g and 10-20 g of PZC in one generator for a small size and a large size,

respectively.

The Mo adsorption capacity of PZC is dependent on the amounts of Cl atoms

bonded to Zr atoms in the PZC molecules. From our current experimental results, it is

assumed that molybdate ion (MoO4
2^) reacts with two neighboring Zr-Cl bonds. On the

other hand, at the reaction between PZC and Mo solution, pH of the mixture solution

was about 2 immediately after mixing them, and became finally 5-6 by holding. In a

low-pH solution, molybdate ion forms some polyions as Mo7O24
6 (< pH 6), MogO26

4"

(< pH 4.5), and higher molybdate polymer (< pH 1.5)l<); it is assumed that the high

adsorption capacity of PZC may be caused by the polyion formation of molybdate from

the experimental data shown in Fig. 2, which shows that the behavior of a higher

adsorption capacity at a lower pH than 6 is caused by the formation of higher polyion of

molybdate. Since the 99nvTc is eluted by neutral saline solution, it is important to

maintaine pH 6-8 in the original Mo (Mo) solution.
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Fig. 2 Relationship between pH in original Mo solution and Mo adsorption capacity.

The photographs of PZC before and after adsorption of Mo are shown in Fig. 3.

From the appearance observed and the destructive force measured, PZC has the property

to become more stronger by adsorbing Mo saturately.
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a) PZC before Mo adsorption b) PZC after Mo adsorption
Fig. 3 PZC before and after Mo adsorption.

9 "Tc elution and ™Mo breakthrough from generator

The current elution yields of 99mTc from PZC saturated by Mo and including 99Mo

from 0.5 MBq to 1.85 GBq were 78±4 %. From the 99lTTc elution profile of PZC, it is

available to obtain mostly higher concentrated 99nTc in a small amount of the eluent; in

the case of 1 g PZC adsorbing 99Mo (Mo), the initial 3 ml of the elutent includes about

95 % of the total amounts of 99mTc eluted. Ratios of 99Mo breaklhroughed from PZC

were approximately 0.05-0.5 %.

Connecting active alumina to PZC in series, we tried to reduce Mo breakthrough

and separate 9mTc from 99Mo easily. Firstly, from the result of the adsorption property

of active alumina shown in Fig. 4, it was confirmed that99Mo was entirely trapped and

"Tc was not trapped in the pH region between 6 and 8. Next, a small sized alumina

column was set to PZC column for trapping Mo breakthroughed. Table 1 shows the

Mo breakthrough decreased to approximately 0.003 % with holding high elution ratio

of 99mTc.
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rig. 4 Adsorption oi
99Mo and 99mTc using active alumina.
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Table-1 Elution of mTc and breakthrough of Mo

Alumina
column

no-use

use

Mo adsorbed
mg(Mo)/g(PZC)

240 ±10

240 ±30

%

79.1±4.9

76.4±6.9

"Mo
breakthroughed

%

0.27±0.15

0.003 ±0.003

99Mo[kBq] *1

3.31±1.2

0.046 ±0.045

*1 law limit 99Mo/"mTc (in Japan) = 0.15 kBq("Mo)/MBq("mTc)

Regarding the elution of zirconium in PZC, it was cleared that zirconium was not

eluted and the amount less than detection limit of 5xlO"2 mg(Zr)/g(PZC).

Radiation damage of PZC

The radiation damage of Mo-adsorbed PZC was examined. Fig. 5 shows the

shapes of the PZC irradiated with gamma rays of 60Co. From the photographs, it was

observed that the PZC was cracked and the size became a little smaller according to the

fluences of gamma rays.
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c) for 72 h, 3.6x108 rad d) for 192 h, 9.7xlO8 rad

Fig.5 Effects of gamma ray irradiation of Mo-adsorbed PZC.
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On the other hand, the radiation effect to the breakthrough of Mo and Zr was not

observed. As shown in Fig. 6, the destructive forces of the PZC irradiated were kept

constant.
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Radiation fluences of 60Co / xlO8 rad

Fig. 6 Relationship between gamma ray fluences and destructive force of PZC.

- 9 9 ,
In the case of a present commercial generator including 18 GBq (0 .5 Ci) of Mo,

it is estimated that the maximum absorption dose of adsorbent by beta rays and 7 rays

of 99Mo and 99mTc is 6xlO7 rad; in the present radiation damage test, the maximum

adsorption dose was about lxlO9 rad.

PZC
("Mo)

Application as a practical mTc generator using (n, y) Mo

From the performances and

properties of PZC mentioned

above, it may be able to apply a

practical 99mTc generator using

(n, 7 )"Mo. A model of (n, 7 )
99Mo/"mTc using PZC, which is

not so different to a present

ordinary 9mTc generator of (n,

f)99Mo, is shown in Fig. 7.

saline

9 9 *"TG solution

for Diagnosis

Trap (Alumina) for
Mo breakthroughed

Fig. 7 A model of (n, J )99MormTc generator.
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CONCLUSION

From the results obtained by this study, we could conclude as follows;

1) Many current tests made clear that over 250 mg of Mo can be adsorbed to 1 g of PZC

with high reappearances. As the mechanism of Mo adsorption to PZC, based on the

hydrolysis dissociation of Zr-Cl bond of PZC, two cases are considered; one is that

molybdate ion (MoO4 ") reacts with two neighboring Zr-Cl bonds and another is that any

higher polyion of molybdate react with Zr-Cl bonds.

2) The elution ratios of 99mTc from PZC saturated by Mo and including 99Mo of 0.5 MBq

to 1.85 GBq were 78 i 4 %, and it is available to obtain 99mTc easily in a small amount

of the initial eluent.

3) By connecting the alumina column, the 99Mo breakthrough decreased to

approximately 0.003 %, while the elution ratios of 99mTc were kept high.

4) In the elution of zirconium from PZC, it was cleared that the amount of zirconium

eluted was less than detection limit of 5xl0"2 mg(Zr)/g(PZC).

5) From the radiation damage tests of PZC up to lxlO9 rad with 60Co, it was observed

that Mo-adsorbed PZC was cracked and the size became a little smaller according to the

fluences of gamma ray. The radiation effect was not influenced to the breakthrough of

Mo and Zr. And the destructive forces of PZC irradiated were not so different to those

of the PZC unirradiated.

6) It is concluded that PZC is applicable to a practical 99mTc generator using (n, y )99Mo.

The generator system to be assembled is almost the same as the ordinary one using (n,

f)"Mo.

By the reason that PZC has the high performance and optimum property for (n, ~f )
99Mo/"9mTc generator, we will proceed any other tests, e.g. using more higher 99Mo

activity of 37 GBq (1 Ci) level to realize a practical generator in a future.
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