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[57] ABSTRACT 

Radioactive iodine (1-131) is easily obtained by heat-
ing, at a temperature preferably ranging from 400° to 
700°C, tellurium trioxide which was irradiated with a 
neutron flux. Thus, the complicated operations re-
quired in a conventional process for separation and/or 
purification of the product are eliminated. 

8 Claims, No Drawings 
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NOVEL METHOD OF PRODUCING RADIOACTIVE 
IODINE SUMMARY OF THE INVENTION 

BACKGROUND OF THE INVENTION The present inventors have unexpectedly found that 
the various problems mentioned above can be solved 

1. Field of the Invention 5 by using tellurium trioxide as starting material and have 
This invention relates to the method of producing ra- completed a new and excellent process for producing 

dioisotope of iodine, 1-131, from tellurium trioxide ir- 1-131. The present invention is characterized in that 
radiated by a neutron flux. the irradiated tellurium trioxide is, on heating, con-

Description of the Prior Art verted to tellurium dioxide or to an intermediate be-
Radioisotope of iodine, I—131 (hereinafter referred 10 tween tellurium trioxide and tellurium dioxide accord-

to as 1-131), has so far been produced from metallic ing to temperature of heating and therefore the formed 
tellurium or tellurium dioxide irradiated by a neutron 1-131 can be easily separated from the source material, 
flux. That is, when tellurium is exposed, for a suitable although it is difficult to separate the formed 1-131 at 
period of time, to a neutron flux from a nuclear reactor, a l o w temperature because this species is included in 
a particle accelerator or other neutron sources, the iso- 1 5 t h e crystal lattice of the irradiated tellurium trioxide. 
tope of tellurium, Te-130, which is contained in tellu- h >s w e l 1 known that radioisotope of iodine 1-131 is 
rium in the proportion of 34.49 percent, is converted v e r y u s e f u l f o r t h e labelled compound, especially for 
to radioactive tellurium, Te-131; and this radioactive t ' i e medical use. 
material is converted to 1-131 with spontaneous emis- T h e o b J e c t o f t h i s invention is to remove the defects 
sion of /3-particles. The technical difficulty in the appli- 2 0 w h i c h r e s i d e i n t h e conventional methods using metal-
cation of the above method resides in the complicated , i c tellurium or tellurium dioxide or telluric acid as 
separation process in which pure 1-131 in the useful starting material, by utilizing tellurium trioxide instead, 
form is to be separated from a tellurium starting mate- Tellurium trioxide does not substantially change 
rjaj chemically at a temperature lower than 400°C, and has 

Either the wet method or dry method has so far been 2 5 s u f f i c i e n t s t a b i l i tV u n d e r irradiation by the nuclear re-
used for the separation process. With the wet method a c t o r s u s u a I 1y " s e d f o r research The temperature char-
metallic tellurium powder was, at first, used as the ^erist ics of the material result m a large advantage 
starting material. This material is irradiated by means o v e r , t e l l u r i c a c i d w h l c h decomposes at about 110°C. 

j. . . . , . , Simultaneously with the decomposition of tellurium tri-of a neutron beam in a nuclear reactor, and then, dis- , . , , . ,, , . , , . • . . „ „ • • if • -j A oxide which substantially begins at about 400 C, I-131 solved in a mixture comprising conc. sulfuric acid and , . , , • . ,, ~ , , . , . i • . , begins to be released rapidly. The advantage of this chromium (VI) oxide. A very vigorous reaction takes 6 , . . , , j • > , • , 
i , .- J . , .11 • • method is that the 1-131 can be recovered with high re-place upon the dissolution, and the tellurium is con- . . . . , , b 

. . . ,. covery ratio in a short time at a much lower tempera-verted to telluric acid and the iodine (1-131) to iodic ; . . . , , , , ,, . . _ . . . ,. . , .. , , . . , ture than is required with the dry method using tellu-acid. By adding oxalic acid to the above solution, ele- . ,. . , / . . . . .. . . , . f , . . . . , , . J rium dioxide. (Actually, it is suitable to heat at about mental iodine is obtained from iodic acid and is sepa- . crio,~, . . ..u i r > n i r . , . . , , . . . . 450 C in order to promote the release of 1-131 from rated by means of distillation. The 1-131 thus obtained .. . , . „ . . . ., , . ., , , , , . , , the irradiated tellurium trioxide in the decomposition 
is heavily contaminated by the reagents which are used r e a c t i o n )> a n d m o r e o v e r , that the low volatilization 
in a large amount in the above process and therefore a , . „ r . .. 

a r temperature keeps tellurium away from its vaporization 
further refining process is required. The above problem 40 w h i c h w a s a b l e m i n t h e c o n v e n t ional methods. In 
was partly solved by using telluric acid, wh.ch is soluble t h e p r e s e n t i n v e n t i o n > , 3 , r e l e ased can be recovered 
in water or mineral acid, as starting material. [R. Con- b y a c o n v e n t i o n a i m e a ns . For example, air is used as a 
stant, Journal of Inorganic and Nuclear Chemistry, vol. c a r r j e r g a s tQ c a r r y 3 j r e l e a s e d f r o m t h e i r r a d iated 
7 pl33-139,(1958) ]. The use of telluric acid makes tellurium trioxide, to a gas absorbing bottle. The carrier 
the separation process fairly simple. However, the sta- 45 g a g jg n o t r e s t r i cted to only air, and other suitable gases 
bility of telluric acid is low at high temperatures. This m a y b e u s e d f o r t h i s p u r p o s e . 
is a large defect in irradiation in a nuclear reactor; that T h e d r y m e t hod does not require a large amount of 
is, it is feared that the material decomposes while it is reagents as does the dissolution of irradiated material 
irradiated and the container for irradiation bursts in the wet method, and its processes, apparatus and op-
owing to the increase of internal pressure by the gener- 50 e r a t i o n s a r e m u c h s j m p i e r than those of wet method, 
ation of gases accompanying the decomposition. On Furthermore, the use of tellurium trioxide which re-
the other hand, with the dry method (reported by K. i e a s e s i_i 31 a t lower temperature enhances still more 
Taugbol and J.B. Dahl in JENER REPORT No. 52), the advantages of the dry method. 
1-131 is separated from the irradiated powder of tellu- in the present invention, the neutron flux density and 
rium dioxide by means of distillation at a temperature 5 5 irradiation time are not especially restricted. One 
ranging from 680°-700°C in an air or oxygen stream. skilled in the art can easily determine a suitable irradia-
This process does not require complicated dissolution tion period of time according to the neutron flux den-
and separation process which require a large quantity sity to be employed so that Te-130 be substantially 
of reagents, and the apparatus and the operations are converted to Te-131. In case it is feared that the tem-
simplified; however, this method has an unavoidable perature will rise as high as the decomposition temper-
defect in that the final product, distilled 1-13 1, is con- ature of tellurium trioxide by employing a large flux 
taminated by the tellurium dioxide volatilized together density (e.g., 3 X 10Mn/cm2.sec or more), it may be 
with 1-131. The distillation temperature should be high necessary to cool the material in the course of irradia-
in order to separate 1-131 from the powder with high ^ tion. The period of time required for the decomposition 
efficiency; but at the same time, tellurium dioxide vola- of tellurium trioxide depends on the temperature, the 
tilizes actively, and thereby the purity of the distilled amount of the material and the surface area of the ma-
1-131 is lowered. terial to be treated. The temperature ranges from the 
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decomposition temperature (about 400°C) to about 
750°C, and generally a temperature of about 450°C is 
employed. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

According to the present invention, tellurium triox-
ide is exposed to a neutron flux of a suitable intensity 
for a suitable period of time (Irradiation in a nuclear 
reactor may be convenient from the view point of ef-
fective use of neutron flux.), then it is charged in a 
quartz tube. One end of the quartz tube is connected 
to a gas absorbing bottle which contains an aqueous al-
kaline solution such as sodium hydroxide aqueous solu-
tion with a suitable concentration, the other end being 
connected to a pump which supplies air to the tube. 
While air is supplied by means of the pump to the 
quartz tube, the surface of tellurium trioxide and the 
gas absorbing bottle in order, the tellurium trioxide is 
heated to above its decomposition temperature (about 
400°C), preferably to about 450°C, and held at that 
temperature for about 1 hour by an electric furnace or 
the like. The Final product, 1-131, is recovered from the 
gas absorbing bottle in the form of sodium iodide aque-
ous solution. In this process, 80 percent of the formed 
1-131 in the irradiated tellurium trioxide is recovered 
after first 30 min. and 90 percent is recovered after the 
first hour. When the temperature is held at 450°C, no 
contamination of the final product by volatilized tellu-
rium dioxide is detected. 1-13 1 can be separated by 
heating, without contamination even above 450°C, but 
above 700°C the amount of volatilized tellurium diox-
ide becomes considerable in the same way as in the 
case for tellurium dioxide. 

As mentioned above, 1-131 is formed in the irradi-
ated tellurium trioxide by means of irradiation with a 
neutron flux. However, the formed 1-131 can not be 
released at a temperature lower than about 400°C since 
its atoms are included in the crystal lattice of the tellu-
rium trioxide (having a characteristic arrangement 
consisting of the atoms of oxygen and tellurium which 
are the constituents of this compound) . When the tellu-
rium trioxide is heated, it begins to decompose at about 
400°C and is converted to tellurium dioxide or to an in-
termediate between tellurium trioxide and tellurium 
dioxide with the release of oxygen. The crystal struc-
ture of the tellurium trioxide is transformed to that of 
tellurium dioxide, and at the same time the atoms of 
1-131 are released from the former lattice. The release 
of 1-1 3 1 is made rapidly, since it follows the decompo-
sition at comparatively low temperature and the result-
ing transition of the crystal structure is as mentioned 
above. On the other hand, when tellurium dioxide is 
used as starting material, the decomposition and the 
transition of the crystal structure mentioned above do 
not take place up to its melting point, about 800°C; so 
the atoms of 1-13 1 included in the crystal lattice of tel-
lurium dioxide are released only by diffusion in solid 
phase, that is, the atoms from within the crystal lattice 
in which the concentration of I-1 3 1 is higher are trans-
ferred to the surface at which the concentration be 
lower. The rate of the release of 1-131 increases with 
increase in temperature, but the important disadvan-
tage is that the distilled 1-131 is contaminated by the 
volatilization of tellurium dioxide which results from 
the heating of the irradiated dioxide at a high tempera-

20 

ture at which a high rate of release of 1-131 is suffi-
ciently obtained for practical purpose. 

The present invention will further be explained here-
inafter with reference to the examples. 

5 EXAMPLE 1 

One gram of tellurium trioxide was enclosed in a 
quartz tube 0.8 cm in diameter and 5 cm in length, and 
the tube was placed in a cylindrical aluminum con-

10 tainer 2.5 cm in diameter and 1 1.4 cm in length, for ir-
radiation. The enclosed material was irradiated by a 
neutron flux with the density of 3 X 10Dn/cm2/sec for 
10 days in heavy water-cooled CP-5 type reactor which 
was operated with the output of 10 MW. After the irra-
diation, the irradiated material was taken out and in-
serted into a quartz tube 2.0 cm in diameter which was 
then positioned at the center of a cylindrical electric 
furnace. One end of the quartz tube was connected to 
a gas absorbing bottle containing 20 ml of 0.5 percent 
sodium hydroxide aqueous solution. An air pump was 
connected to the other end of the tube and air was 
blown in the direction of the gas absorbing bottle 
through the heating zone (wherein tellurium trioxide is 

2 5 placed) at the flow rate of 50 cc/min. The material was 
held at 450°C for 1 hour in the furnace. By this process, 
90 percent of the 1-131 in the irradiated material was 
recovered in the form of sodium iodide aqueous solu-
tion in the gas absorbing bottle. Thus, there was ob-

3q tained 1-131 corresponding to the radioactivity of 50 
mCi when it was taken out from the reactor. No tellu-
rium was detected in the final product. 

EXAMPLE 2 

35 One gram of tellurium trioxide was molded under 
pressure into a tablet 1.5 cm in diameter and 0.5 cm in 
thickness, and the tablet was put in a cylindrical alumi-
num container 2.5 cm in diameter and 11.4 cm in 
length, for irradiation. The enclosed material was irra-

40 diated by a neutron flux with the density of 3 X 
10Bn/cm2/sec for 10 days in a NRX-type reactor which 
was operated with the output of 10 MW. After irradia-
tion, the irradiated material was taken out and treated 
in the same way as in Example 1. By this process, 70 

45 percent of 1-131 in the irradiated material was ob-
tained, which corresponds to the radioactivity of 39 
mCi when it was taken out from the reactor. 

What we claim is: 
1. A process for irradiating radioactive iodine 

5 0 (1-13 1) comprising 
irradiating tellurium trioxide 
with a neutron flux to form 1-131, 
decomposing the irradiated tellurium trioxide by 

heating same at a temperature from its decomposi-
tion temperature to about 750°C to effectuate the 
release of 1-1 3 1, and 

collecting the released 1-131. 
2. The process of claim 1 wherein said irradiated tel-

lurium trioxide is recovered by an 1-131 absorbent. 
3. The process of claim 1 wherein the heating of said 

irradiated tellurium trioxide is carried out in a gas 
stream which is chemically inert to 1-131 and tellurium 
trioxide. 

4. The process of claim 1 wherein said heating tem-
perature ranges from about 400°C to about 700°C.. 

5. A process as set forth in claim 1, in which the irra-
diation is effected in a nuclear reactor. 

5 5 

60 
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6 . A p r o c e s s a s s e t f o r t h i n c l a i m 1 , i n w h i c h t h e t e l l u -

r i u m t r i o x i d e i s c o o l e d i n t h e c o u r s e o f i r r a d i a t i o n . 

7 . A p r o c e s s a s s e t f o r t h i n c l a i m 2 , i n w h i c h s a i d a b -

s o r b e n t i s a n a q u e o u s a l k a l i n e s o l u t i o n . 

6 
8 . A p r o c e s s a s s e t f o r t h i n c l a i m 2 , i n w h i c h 1 - 1 3 1 

r e l e a s e d f r o m t h e i r r a d i a t e d t e l l u r i u m t r i o x i d e i s r e c o v -

e r e d b y u s i n g a c a r r i e r g a s . 

10 
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