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[57] ABSTRACT 
Radioactive iodine(I-131) is easily obtained by heating, 
at a temperature ranging from 600° C to 650° C, a 
tellurium oxide intermediate which was obtained by 
heating telluric acid or tellurium trioxide at a tempera-
ture from about 400° C to 560° C and was irradiated 
with a neutron flux. Thus, pure 1-131 is obtained with-
out the complicated operations required in a conven-
tional process for separation and/or purification of the 
product. 

4 Claims, No Drawings 
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gether with 1-131. The distillation temperature should 
NOVEL METHOD OF PRODUCING RADIOACTIVE be high in order to separate 1-131 from said powder 

IODINE efficiently; but at the same time, this increases the 
This is a continuation of application Ser. No. volatilization of tellurium, and thereby the purity of the 

292,252, filed Sept. 25, 1972, now abandoned. 5 distilled 1-131 is lowered. 
™ . T h e present inventors previously found that the 
BACKGROUND OF THE INVENTION a b o v e p

P
r o b l e m s c o u l d b / s o l v e d b"y u s i n g tellurium 

1. Field of the Invention trioxide as a starting material, and completed a novel 
This invention relates to a method of producing the and excellent method of producing 1-131. [See Japa-

radioisotope of iodine, 1-131, from a tellurium oxide 10 nese application No. 23537/1970 and U.S. application 
intermediate irradiated by a neutron flux in a nuclear Ser. No. 125,337, filed Mar. 17, 1971 now U.S. Pat. 
reactor. No. 3,772,146]. In this method the properties of tellu-

2. Description of the Prior Art rium trioxide are utilized which comprise stability at 
The radioisotope of iodine, 1-131 (hereinafter re- temperatures up to about 400° C (i.e. tellurium trioxide 

ferred to as 1-131), has so far been produced from 15 dOes not substantially change chemically), stability 
metallic tellurium or tellurium compounds irradiated under irradiation by the nuclear reactors usually used 
by a neutron flux. This is, when tellurium is exposed to for research and the thermal property that tellurium 
a neutron flux from a nuclear reactor or other neutron trioxide readily releases 1-131 included in the crystal 
source for a suitable period of time, the isotope of lattice accompanying the decomposition that begins at 
tellurium, Te-130, which is contained in tellurium in 20 about 400° C. The temperature characteristics of tellu-
the proportion of 34.49%, is converted to radioactive rium trioxide, when used as a starting material, result in 
tellurium, Te-131, and this radioactive isotope is con- large advantages over telluric acid which decomposes 
verted to 1-131 with spontaneous emission of /3-rays. at about 110° C. Further, the advantages of this method 
The technical difficulty in the application of the above are that 1-131 can be recovered with high recovery 
method resides in the complicated separation process 25 ratio in a short time at a much lower temperature than 
in which pure 1-131 in the useful form is to be separated is required for the process using tellurium dioxide as a 
from the tellurium starting material. starting material (actually, it is suitable to heat irradi-

Either a wet method or dry method has so far been ated tellurium trioxide at 450° C in order to promote 
used for the separation process. With the wet method the decomposition and the accompanying release of 
metallic tellurium powder was, at first, used as a start- 30 1-131 from said material), and moreover, the low distil-
ing material. This material is irradiated with a neutron lation temperature eliminates worry about the volatil-
beam in a nuclear reactor, and then dissolved in a mix- ization of tellurium, which was a defect of conventional 
ture comprising conc. sulfuric acid and chromic acid methods. However, it is feared that the temperature of 
anhydride. A very vigorous reaction takes place upon such material may be raised higher than about 400° C 
the dissolution, and the tellurium is converted to tellu- 35 when it is irradiated with a high density neutron flux in 
ric acid and the iodine (1-131) to iodic acid. By adding the nuclear reactor used for research in order to pro-
oxalic acid to the above solution, the 1-131 is reduced duce a large amount of 1-131. Accordingly, there are 
to elemental iodine and is separated by means of distil- some practical problems in using a large nuclear reac-
lation. The 1-131 thus obtained is heavily contaminated tor for the irradiation of tellurium trioxide. 
by the reagents which are used in a large amount in the 40 c n w u i n v r>c r h / d w t i a w 
above process and, therefore, a further purification SUMMARY OF THE INVENTION 
process is required. The above problem was partly The object of this invention is to use, as a starting 
overcome by using telluric acid, which is soluble in material, a tellurium oxide (hereinafter referred to as 
water or mineral acids, as a starting material. R. Con- tellurium oxide intermediate) characteristics of which 
stant, Journal of Inorganic and Nuclear Chemistry, 45 are intermediate between those of tellurium trioxide 
Vol. 7, pp. 133-139, (1958). By using telluric acid, the and of tellurium dioxide. That is to say, the tellurium 
separation process is made fairly simple. However, the oxide intermediate is more stable at high temperatures 
stability of telluric acid is low at high temperature. This than tellurium trioxide and releases 1-131 atoms with-
brings about a large disadvantage in irradiation by a out the volatilization of tellurium at lower temperatures 
nuclear reactor; namely, there is danger that the mate- 50 than tellurium dioxide does. Accordingly, the object of 
rial will decompose during irradiation and the con- this invention is, in other words, to propose a novel 
tainer for irradiation may burst owing to the increase of method of producing radioactive iodine keeping the 
internal pressure resulting from generation of gases advantages of the dry method and removing the defects 
accompanying the decomposition. On the other hand, which reside in prior methods using tellurium dioxide 
with the dry method, which was reported by K. Taugbol 55 or tellurium trioxide as starting materials, i.e. volatiliza-
and J. B. Dahl in JENER REPORT No. 52, 1-131 is tion of tellurium at the high temperatures which ac-
separated from the irradiated powder of tellurium diox- company the distillation of 1-131 from tellurium diox-
ide by means of dry distillation at a temperature rang- ide and low stability for a high temperature of tellurium 
ing from 680° - 700° C in an air or oxygen stream. This trioxide as mentioned above, by using a tellurium oxide 
process does not require complicated dissolution and 60 intermediate as a starting material, 
separation processes which require a large amount of In the present invention, the neutron flux density and 
reagents, and the apparatus and the operation are sim- irradiation time are not especially restricted. One 
plified. In addition, with the dry method only I-131 is skilled in the art can easily determine a suitable irradia-
distilled and the radioactivity of 1-131 is not diluted tion period according to the neutron flux density to be 
with water, whereas with the wet method water is also 65 employed so as to convert Te-130 to Te-131, and, 
distilled with 1-131. However, this method has an un- hence, to 1-131 of a required quantity. In case it is 
avoidable defect in that the final product, distilled I- feared that the temperature will raise as high as the 
131, is contaminated by the tellurium volatilized to- decomposition temperature of the tellurium oxide in-
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termediate by employing a large flux density (e.g. 3 X at 600° C for 1 hours. By this process, 97% of the I-131 
1014 n/cm2sec or more), it may be necessary to cool the in the irradiated material was obtained as sodium io-
material in the course of irradiation. The period of time dide aqueous solution in the absorbing bottle. The thus 
required for the decomposition of the tellurium oxide obtained 1-131 corresponded to the radioactivity of 50 
intermediates depends on the temperature, the amount 5 m Ci at the end of the reactor irradiation. No tellurium 
of the material and the surface area of the material to was detected in the final product, 
be treated. The temperature ranges from the decompo- The "tellurium oxide intermediate", herein used, 
sition temperature (about 560° C) to about 650° C, begins to decompose at 560° C and simultaneously 
preferably from about 600° C. to about 650° C. releases 1-131 as mentioned precisely latter. This mate-

DESCRIPTION OF THE PREFERRED 1 0 ' s m o r e stable, when compared with tellurium triox-
EMBODIMENTS 'de that begins to decompose at 400° C, under the 

irradiation in severe conditions, namely, with a neutron 
According to the present invention, at first, about flux of high density and for a long time. This indicates 

1 Og of telluric acid is held at a temperature in the range that said material yields a large amount of I-131 and is 
of 500° - 550° C for about 2 hours in an electric fur- 15 u s e f u l as a starting material for producing 1-131. The 
nace in order to prepare a tellurium oxide intermedi- temperature at which the material begins to release 
ate. The tellurium oxide intermediate thus obtained is M 3 1 i s a b o u t 560° C (this is higher by about 100° C 
exposed to a neutron flux of a suitable intensity for a t h a n the temperature required for tellurium trioxide, 
suitable period (Irradiation in an nuclear reactor may n a m e , 4 5 0 ° C ) . It is not difficult to work out at such 
be convenient from the viewpoint of its supplying a 20 a t e m p e r a t u r e . Actually, even though it is heated at 
neutron flux with a high density compared with other a b o u t 6 0 0 o _ 6 5 Q o c i n o r d e r t Q r e c o v e r M 3 1 e f f i _ 
sources of the flux), then it is transferred to a quartz d e n d teIlurium d o e s n o t volatilize as does tellurium 
tube. One end ot the quartz tube is connected to a gas d i o x i d e w h e n 

it is used, and pure 1-131 can be obtained, 
absorbing bottle which contains sodium hydroxide T h e a b o v e p r e f e r a b l e embodiment and the example 
aqueous solution with a suitable concentration, the 25 are indicated for the precise explanation of this inven-
other end being connected o a pump which supplies t i o n a n d n o t t o r e s J c t ^ \ s h o u l d ^ c e r t a i n l y 
air to the tube. While supplying air by means of the . . , . , . . . , . .. . . . . . . .. J 

,. . , r.f ^ .. . „ - understood by one skilled m the art that this invention pump to the quartz tube, the surface of the tellurium u jms . - _ 
• . j- . , J « « - . covers such modifications and variations as come 

oxide intermediate and the gas absorbing bottle in or- ,, . . , . , . . 
der, the tellurium oxide intermediate is heated to above 30 ^ s p i r i t a

1
n d scope o t t n e appended claims, 

its decomposition temperature (about 560° C), prefer- . F ? r f a t h e r understandmg of to invention, the fol-
ably to a tou t 600° C, and held at that temperature for lowingiriam embodiments and their theoretical basis 

r are indicated. about two hours in an electric furnace or the like. The 
final product, I-131, is recovered from the gas absorb- } ' T ^ material, tellurium oxide intermediate, is ob-
ing bottle in the form of sodium iodide aqueous solu- 35 commercially available tellunc acid 
tion. In this process, about 80% of the fonned 1-131 in a* a b o u t 500° C passing through tellunum tnoxide in 
the irradiated tellurium oxide intermediate is recovered the course of the decomposition process of telluric 
after the first 1 hour, and about 97% is recovered after Therefore, commercially available tellunum tn-
the first 2 hours. When the temperature is held at about o x l d e , m a y be used as a starting material for preparing 
600° C, no contamination of the final product by vola- 40 t h e tellurium oxide intermediate, 
tilized tellurium is detected. 2 - 1 1 , 6 conditions of irradiation by a nuclear reactor 

can be varied within the scope, as the crystal structure 
EXAMPLE of the material is not changed. 

About 10 grams of telluric acid, a commercially 3- 1-131, formed in the irradiated tellurium oxide 
available chemical, was placed in an electric furnace 45 intermediate, is sent to a gas absorbing bottle by means 
and was held at 500° C for 2 hours. The decrease in the o f a n a i r stream. However, the gas is not limited to air 
material by heating was confirmed to be 2.9 grams per a n d other suitable gases can be used for this purpose, 
10 grams of said material. since it is one of the means to send 1-131 to a gas ab-

Tellurium oxide intermediate, which is used for the sorbing bottle, 
preparation of 1-131 according to this invention, was 50 4. The sodium hydroxide aqueous solution contained 
thus obtained. One (1) gram of the tellurium oxide in the gas absorbing bottle is used for collecting 1-131 
intermediate was enclosed in a quartz tube 0.8 cm in the form of alkali metal iodide, and, therefore, an 
diameter and 5 cm in length, and was placed in a cylin- aqueous solution of carbonate each of sodium and 
drical aluminum container 2.5 cm in diameter and 11.4 potassium, thiocarbonate each of sodium and potas-
cm in length, for irradiation. The enclosed material was 55 sium, which have the same effect as said sodium hy-
irradiated by a neutron flux of a density of 3 X 1013 droxide does, or a mixture thereof may be also used for 
n/cm2sec for 10 days in a heavy water-cooled CP-5 this purpose. Also such solution may contain a sulfite 
type nuclear reactor which was operated with the or thiosulfide which stabilizes the collected 1-131 
power of 10 MW. After irradiation, the irradiated ma- chemically. 
terial was taken out and was inserted in a quartz tube 60 5. Even though distillation of 1-131 (namely, isolation 
2.0 cm in diameter, which was positioned at the center of I-131 in the irradiated material from same) begins at 
of a cylindrical electric furnace. One end of the quartz about 560° C, for practical purpose it is preferable to 
tube was connected to a gas absorbing bottle, which heat it at about 600° C to 650° C in order to distil 1-131 
contains 20% of 0.5% sodium hydroxide aqueous solu- efficiently. It is useless to heat above 650° C since, by 
tion. The other end of the quartz tube was connected to 65 doing so, tellurium will begin to volatilize and no sub-
an air pump, from which air was blown through the stantial advantage can be obtained since the tempera-
tellurium oxide intermediate to the absorbing bottle at ture distribution in an electric furnace is not uniform at 
the flow rate of 50-100 cc/min. The material was held such a high temperature. 



Tellurium trioxide, Te0 3 , (i.e. commercially avail-
able tellurium trioxide or one which is obtained by 
heating commercially available telluric acid at about 
300° C) begins to decompose above 400° C and con-
verts itself into tellurium dioxide, Te02> above 560° C, 
liberating oxygen. The inventors have found that a 
tellurium oxide (i.e. a tellurium oxide intermediate 
used in this invention), which is stable for a tempera-
ture ranging from about 500° C to about 560° C, can be 
obtained by carefully heating said tellurium trioxide 
and maintaining same at about 500° C for a suitable 
period of time, preferably for 1 to 2 hours. The compo-
sition of the oxide can be expressed at TeOn, wherein 
n is between about 2.22, i.e. 2Te03 .7Te02 , and about 
2.18, i.e. 2Te03 .9Te02 . Said chemical composition is 
intermediate between those of T e 0 3 and Te0 2 , wherein 
a part of the crystal structure of T e 0 3 is converted to 
that of TeOz by the release of oxygen accompanying 
the decomposition. It is confirmed by X-ray diffraction 
analysis that the crystal structure of the tellurium oxide 
intermediate used in this invention differs from that of 
Te0 2 or Te0 3 . Accordingly, it indicates that said tellu-
rium oxide intermediate is not a mere mixture of T e 0 3 
and Te0 2 . Even though T e 0 3 is carefully heated, it is 
difficult in practice to obtain a compound, wherein the 
composition of which is Te0 3 .«Te0 2 and n is constant. 
Usually n varies between 3.5 and 4.5 as mentioned 
above. This seems to be caused by the lack of uniform-
ity of temperature in the furnace when T e 0 3 is heated 
in an electric furnace. In any case, the compound be-
gins to decompose releasing oxygen at about 560° C 
and converts to Te0 2 . If such compound, i.e. the tellu-
rium oxide intermediate, is irradiated by a neutron flux 
in a nuclear reactor and then is heated, it actually be-
gins to release 1-131 near the temperature of 500° C. 
This results from the diffusion of 1-131 atoms enclosed 
in the crystal lattice of the irradiated tellurium oxide 
intermediate. The rate of the release is slow and, there-
fore, it is not practically useful. When the tellurium 
oxide intermediate is heated gradually above a temper-
ature of about 500° C, the rate of the release of I-131 
brought about by the diffusion increases with the in-
crease in temperature, and when the temperature 
reaches about 560° C, the release of 1-131 suddenly 
becomes rapid. At this temperature, the tellurium 
oxide intermediate converts to tellurium dioxide as 
mentioned above, and simultaneously the solid geomet-

rical rearrangement of the component atoms (crystal 
structure transition) occurs within the crystal. It can be 
explained as follows: as the result of said reaction 
brought about by the irradiation of the tellurium oxide 

5 intermediate with a neutron flux, 1-131 atoms are pro-
duced within the irradiated material, and, although the 
1-131 at ms included in the crystal lattice of the mate-
rial are observed to be released gradually by diffusion 
in solid phase above the temperature of about 500° C, 

10 said atoms are suddenly released rapidly from the crys-
tal lattice at the temperature of 560° C, accompanying 
the thermal decomposition of the irradiated material 
and the following crystal structure transition at that 
temperature. In a practical process, the tellurium oxide 

15 intermediate is preferably heated at a temperature in 
the range of from about 600° C to about 650° C in 
order to promote the decomposition of said material, 
and, consequently, to obtain 1-131 effectively. How-
ever, heating above 650° C should be avoided since it 

20 may bring about the volatilization of tellurium. 
What we claim is: 
1. A process for producing radioactive iodine (1-131) 

comprising: 
heating a compound selected from the group consist-

25 ing of: telluric acid and tellurium trioxide, at a 
temperature in the range of about 500° to 560° C to 
obtain a tellurium oxide intermediate having a 
composition Te0 3 .nTe0 2 , where n is in the range 
from about 3.5 to about 4.5, 

30 irradiating said tellurium oxide intermediate with a 
neutron flux to form 1-131 in said intermediate, and 

converting the irradiated intermediate to tellurium 
dioxide by pumping a carrier gas therethrough 
while heating said irradiated intermediate at a tem-

3 5 perature in the range of its decomposition tempera-
ture up to about 650° C, thereby releasing said 
1-131. 

2. The process according to claim 1, in which the 
conversion is effected at a temperature in the range of 

40 about 560° - 650° C. 
3. The process according to claim 1, in which the 

irradiation is effected to a degree sufficient to convert 
a substantial amount of the Te-130 contained in the 
tellurium oxide intermediate to Te-131. 

45 4. The process according to claim 1, in which the 
irradiation is effected in a nuclear reactor. 

* * * * * 
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