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(57) Technetium-containing molybdenum is dis-
solved in a solvent so as to make a solution. The solution
passes through a first column. The first column is loaded
with an extraction chromatographic resin. The solution,
which has passed through, including molybdenum and
a solution, which is used for cleaning the first column,

are mixed together as necessary to recover molybde-
num. Subsequently, the first column allows an acid so-
lution to pass through so as to elute technetium from the
extraction chromatographic resin for recovery. This al-
lows, for example, supplying Tc-99m alone separated
from a target material turned into a solution after produc-
tion using 100Mo(p,2n)99mTc.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a method and apparatus for separating and purifying technetium from techne-
tium-containing molybdenum, and a method and apparatus for recovering molybdenum. Especially, the present invention
relates to, for example, a method and apparatus for separating and purifying technetium from technetium-containing
molybdenum that allow supplying technetium 99m (Tc-99m) alone separated from target material, which is turned into
solution, using a combination of ion-exchange resin and appropriate cleaning and recovery solutions after production
using 100Mo(p,2n)99mTc, and are applicable in clinical use. The present invention also relates to a method and apparatus
for recovering molybdenum that allow efficiently recovering molybdenum using these method and apparatus.

BACKGROUND ART

[0002] Technetium 99m (Tc-99m with a half-life of six hours), which is used in fields of nuclear medicine and image
diagnosis worldwide, has a percentage of equal to or more than 70 percent of radioisotopes used for nuclear medicine,
and is a major player. Molybdenum 99 (Mo-99 with a half-life of 66 hours) generates Tc-99m along with decay of Mo-
99, and is a radioisotope called a parent nuclide of aforementioned Tc-99m. A commercially available apparatus (a Mo-
99/Tc-99m generator) selectively recovers Tc-99m that is generated by adsorbing Mo-99 to a support such as alumina,
or by similar method (for example, see Patent Document 1).
[0003] Patent Document 2 discloses a Tc-99m generator system that includes a sorbent column loaded with a com-
position containing Mo-99.
[0004] Non-Patent Documents 1 and 2 disclose techniques that separate technetium using TEVA (registered trade-
mark) resin by Eichrom Industries, Inc.
[0005] Non-Patent Documents 3 and 4 disclose that a trace of Mo can be removed from technetium using TEVA resin.
[0006]

Patent Document 1: JP-T-2006-500553
Patent Document 2: JP-T-2002-527031

[0007]

Non-Patent Document 1: UCHIDA, TAGAMI, FUJIKAWA "A Fundamental Study for the Chemical Separation of
Technetium by TEVA - Spec Resin." Radioisotopes 45, 784-787(1966)
Non-Patent Document 2: S. Uchida & K. Tagami "A Rapid Separation Method for Determination of Tc-99 in Envi-
ronmental Waters by ICP-MS" Radioactivity and Radiochemistry, Vol. 10, No. 2, 23-29 (1999)
Non-Patent Document 3: K. Tagami & S. Uchida, "Comparison of the TEVA - Spec resin and liquid-liquid extraction
methods for the separation of technetium in soil samples" Journal of Radioanalytical and Nuclear Chemistry, 239,
643-648 (1999)
Non-Patent Document 4: K. Tagami, "Study on analysis of Tc-99 in environmental samples and understanding
environmental behavior" Radiochemistry News. Vol. 8, 3-8 (29 Aug. 2003)
Non-Patent Document 5: K. Tagami & S. Uchida, "Separation of rhenium by an extraction chromatographic resin
for determination by inductively coupled plasma-mass spectrometry" Analytica Chimica Acta 405, 227-229 (2000)

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0008] Japan relies on imports for all Mo-99. Nowadays, Mo-99 is in short supply worldwide while a research and
development project for RI production proceeds in Japan.
[0009] This applicant is uniquely developing a method that separates and supplies Tc-99m alone after production
using 100Mo(p,2n)99mTc.
[0010] However, molybdenum is harmful to a human body. Therefore, in order to administer Tc-99m to a human being,
it is preferred to separate and purify Tc-99m, and remove molybdenum to have sufficiently low concentration (approxi-
mately one ppm).
[0011] However, Patent Document 1, Non-Patent Documents 1 and 2 disclose techniques that are not related to a
separation of technetium from molybdenum, but a concentration of technetium.
[0012] Non-Patent Documents 3 and 4 disclose techniques where a trace of Mo is one of various coexisting elements.
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These techniques are completely different from a separation of Tc from Mo according to the present invention where
the major element is Mo.
[0013] In contrast, Patent Document 2 discloses a configuration similar to that of the present invention. However, the
column at the first stage is used for eluting technetium with salt solution from the column on which molybdenum adsorbing
material is loaded, and does not allow molybdenum to flow out while trapping technetium unlike the present invention.
The column at the second stage is used for removing molybdenum and concentrating technetium. This column is not
easy to handle because this uses reductive-complexing agent (including EDA).
[0014] The present invention has been made to solve the above-described problems, and it is a first object of the
present invention to separate and purify Tc-99m from technetium-containing molybdenum, which is, for example, a target
material produced using 100Mo(p,2n)99mTc, and to reduce concentration of harmful Mo, which hinders labeling of Tc-
99m, to a level where Tc-99m can be administered to a human being.
[0015] It is a second object of the present invention to recycle a target material, which is Mo-100.

SOLUTIONS TO THE PROBLEMS

[0016] The inventors examined a method for separating Tc-99m using rhenium Re, which has a similar chemical
property, instead of Tc when Tc-99m is decomposed from a target element of Mo, so as to separate and supply Tc-99m
produced by using 100Mo(p,2n)99mTc.
[0017]  Specifically, an amount of Mo-100 is planned to be 100 to 500 mg. Therefore, examination was carried out
under the following experimental condition.

(Condition-1)

[0018] Mo powder of 100 to 500 mg was dissolved in hydrogen peroxide solution H2O2 of 3 to 5 mL. Subsequently,
ultrapure Re solution (ReO4

-, 1000mg-Re/L in H2O) of 40 to 500 mL was added. After sufficiently stirring, TEVA resin
column (produced by Eichrom Industries, Inc.) was used for separation. Consequently, a removal rate of Mo and a
recovery rate of Re was obtained with an inductively coupled plasma optical emission spectrometry (ICP-OES).

(Condition-2)

[0019] As illustrated in FIG. 1, Mo powder of 500 mg was dissolved in hydrogen peroxide solution H2O2 and ammonia
solution NH4OH. After adding Re and sufficiently stirring, Re was separated using TEVA resin column. Additionally,
Dowex (registered trademark) 1x4 by Dow Chemical Company was used for removing Mo remaining after the removal
with TEVA resin column. Consequently, Re was recovered using 6 N hydrochloric acid HCl.
[0020] In order to determine these analysis conditions, targets to be achieved are as follows.

i. Finally, Mo must be removed to decrease the concentration of Mo to be sufficiently low concentration (approximately
one ppm) so as to enable administration of Tc-99m to a human being.
ii. Since nitric acid (HNO3) is dangerous to a human body, a final solution is hydrochloric acid.
iii. Additionally, recovery employs a solvent as simple as possible to recycle the target of Mo-100.

[0021] As performed in Condition-1, dissolving Mo powder in H2O2 shows an acidic property of the sample solution.
After the solution directly passed through the TEVA resin, 100% of Re was sorbed on the resin while 65 to 80% of Mo
also remained on the resin. Subsequently, 0.5 to 1.5 N nitric acid is cleaned with the column. This showed that Mo and
eluent of Re flowed out at approximately the same time. That is, Mo and Re can not be separated under this condition.
Therefore, Tc and Mo can not be also separated.
[0022] FIG. 2 illustrates an examination result where Mo metal powder of 100 mg was dissolved in H2O2 water (35%)
of 4 mL, ReO4

- of 0.04 mg was added, and then possibility of separation using TEVA resin was examined. FIG. 2 indicates
that Re has high sorption capability on TEVA resin even with a large amount of Mo. In the case of dissolution in H2O2,
a part of molybdenum possibly turns into HMoO4-, which is sorbed on the resin similarly to Re. This does not allow
separation only by introducing the sample. However, cleaning the column using 0.5 to 1.5 N nitric acid elutes Mo. The
value of 1.5 N provides the highest effect (in the case where the normality is higher than this, Re is eluted. However,
since sorption capability of Tc is higher than that of Re, cleaning effect of 1.5 N is expected, and cleaning fluid of 1.5 N
can be selected.)
[0023] In Condition-2, NH4OH is added in addition to H2O2, which produces alkaline solution. When the inventors
used Tc to examine sorption on TEVA resin under a condition with NaOH, a recovery rate of Tc was 100%, and Tc was
able to be recovered from a solution with high salt concentration (see Non-Patent Document 1). Since Re has a similar
behavior to that of Tc on TEVA resin (Non-Patent Document5), a high recovery rate is expected similarly to that of Tc.
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An actual recovery rate of Re using TEVA resin was 99 6 1%.
[0024] FIG. 3 indicates an examination result where Mo metal powder of 500 mg was dissolved in 10 mL of H2O2
water (35%) and 10 mL of NH4OH water (30%), then ReO4- of 0.4 mg/99mTcO4- was added, and TEVA resin was used
to examine the recovery rate. According to FIG. 3, when the amount of sample solution reduces (3 to 4 mL), the recovery
rate of Mo passing the column becomes about 75%. This may be caused due to an amount of solution remaining inside
the column. Actually, in the case where diluted ammonia solution or pure water of approximately 4 mL is used to clean
the column, the recovery rate is approximately 22 to 24%. In either case, a sum of drained sample liquid and cleaning
fluid ensures the recovery rate of equal to or more than 98%.
[0025] The aforementioned separation method using the extraction chromatographic resin (such as TEVA resin) is
summed up as follows.

1. At introduction: In the case where mixed solution of ammonia solution and hydrogen peroxide solution passes
through TEVA resin, Tc (Re) remains on the resin while Mo passes through.
2. Cleaning fluid : Diluted ammonia solution and 1.5 N nitric acid are employed. The diluted ammonia solution is
recycled with the aforementioned column eluate. The 1.5 N nitric acid is employed since its Mo removal efficiency
is comparatively high.
3. Eluent: 8 N nitric acid allows eluting Tc (Re) with a recovery rate of approximately 100%.

[0026] Although this method allows removing most of Mo, it is necessary to further remove Mo for administration to a
human body. Since the nitric acid solution has difficulty in operation after separation, solution property of hydrochloric
acid is preferred.
[0027] In contrast, removal and recovery of Mo in this condition allows 94% to pass the column while cleaning the
column with diluted NH4OH solution allows recovering equal to or more than 98%. However, 0.1% (approximately 0.5
mg) of total amount is confirmed to be finally contained in Re (Tc) eluent. When anion ion-exchange resin is used for
further purification, Mo finally mixed with Re (Tc) eluent is confirmed to be less than 1 mg with the inductively coupled
plasma mass spectrometry (ICP-MS).
[0028] FIG. 4 illustrates test results of removal of Mo using ion-exchange resin and recovery of Re (a substitute for
Tc). As FIG. 4 makes clear, cation-exchange resin can not hold Re and allows Re to pass through, the cation-exchange
resin is not applicable. While anion ion-exchange resin of Dowex 2x8 allows Mo to pass through and holds Re in a good
condition, Dowex 2x8 has difficulty in recovery using hydrochloric acid. While Dowex 1x4 allows Mo to pass through in
a better condition, Dowex 2x8 holds Re in a better condition than that of Dowex 1x4. However, Dowex 1x4 allows recovery
using hydrochloric acid, and Tc has a higher selectivity to anion resin. Thus, Dowex 1x4 is expected to hold Tc. In
contrast, Dowex 2x8 using hydrochloric acid eluted a small proportion of Re. Thus, this may have a more difficulty in
elution of Tc. Therefore, Dowex 1x4 was selected.
[0029]  This method applied to Tc-99m provided yields of equal to or more than 85%.
[0030] FIG. 5 illustrates test results of recovery rate of Re (a substitute for Tc) using Dowex 1x4 and removal of Mo.
As FIG. 5 makes clear, making solution slightly alkaline after neutralization elutes almost all Mo. Additionally, cleaning
the column with pure water removes most of remaining Mo. As already known, the result shows that Re has lower
sorption strength on the anion column than that of Tc. Tc is extracted well with the column, and then equal to or more
than 85% of Tc can be eluted. However, increasing the normality of hydrochloric acid from 6 N to 9 N does not have an
elution effect.
[0031] The aforementioned test results of removal of Mo with selecting ion-exchange resins are summed up as follows.

1. Case of cation-exchange resin: When TEVA eluent (after pretreatment as needed) passes through, Mo is extracted
with the resin. Therefore, passage of Tc allows removal of Mo.
2. Case of anion ion-exchange resin: When the TEVA eluent (after pretreatment as needed) passes through, Tc is
extracted with the resin. Therefore, passage of Mo allows removal of Mo.
3. From the view point of removal of organic matter inside the TEVA eluent, obtaining the effect of the anion ion-
exchange resin passing through the organic matter provides a higher possibility for administration to human body.

[0032] Points of observation of the present invention on Non-Patent Documents 3 and 4 are as follows. In the case
where there is an overwhelmingly larger amount of Mo than that of ambient level, it has been unknown whether Tc is
extracted with TEVA resin. However, Tc was confirmed to be extracted while Mo was confirmed to pass through the
resin. Additionally, using this point, recycling Mo seems to be possible by recovering the solution as it is.
[0033] The present invention is made based on the aforementioned knowledge. The present invention is a method
for separating and purifying technetium from technetium-containing molybdenum. The method includes: dissolving tech-
netium-containing molybdenum in a solvent so as to make a solution; passing the solution through a first column, which
is loaded with an extraction chromatographic resin; cleaning the first column; and passing an acid solution through the
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first column so as to elute technetium from the extraction chromatographic resin for recovery after cleaning the first column.
[0034] Here, the method may further includes: adding an alkaline solution to a solution for neutralization where the
solution is eluted from the extraction chromatographic resin; passing the obtained solution through a second column,
which is loaded with a quadruple cross-linked anion ion-exchange resin; cleaning the second column; and passing an
acid solution through the second column so as to elute technetium from the quadruple cross-linked anion ion-exchange
resin for recovery after cleaning the second column.
[0035] The present invention is also a method for separating and purifying technetium from technetium-containing
molybdenum. The method includes: dissolving technetium-containing molybdenum in a solvent so as to make a solution;
passing the solution through a first column, which is loaded with an extraction chromatographic resin; cleaning the first
column; passing an acid solution through the first column so as to elute technetium from the extraction chromatographic
resin after cleaning the first column; adding an alkaline solution to a solution for neutralization where the solution is
eluted from the extraction chromatographic resin; passing the obtained solution through a second column, which is
loaded with a quadruple cross-linked anion ion-exchange resin; cleaning the second column; and passing an acid solution
through the second column so as to elute technetium from the quadruple cross-linked anion ion-exchange resin for
recovery after cleaning the second column.
[0036] Here, the solvent may be an ammonia solution with an addition of a hydrogen peroxide solution.
[0037] The extraction chromatographic resin may be TEVA (registered trademark) resin.
[0038] The method may further include: cleaning the extraction chromatographic resin with a nitric acid as a pretreat-
ment; and passing weaker nitric acid than the nitric acid through after cleaning the extraction chromatographic resin.
[0039] The cleaning of the first column may be performed with a diluted ammonia solution, and subsequently with a
nitric acid.
[0040] The acid solution to pass through the first column may be a nitric acid solution.
[0041] The alkaline solution may be a sodium hydroxide solution.
[0042] The quadruple cross-linked anion ion-exchange resin may be Dowex (registered trademark) 1x4 resin.
[0043] The quadruple cross-linked anion ion-exchange resin may be pretreated to be Cl-type.
[0044] The cleaning of the second column may be performed with ultrapure water, and subsequently with a hydrochloric
acid.
[0045] The acid solution to pass through the second column may be a hydrochloric acid solution.
[0046] The present invention is also a method for recovering molybdenum from technetium-containing molybdenum.
The method includes: dissolving technetium-containing molybdenum in a solvent so as to make a solution; passing the
solution through a first column, which is loaded with an extraction chromatographic resin; and recovering the solution
having passed through the first column so as to recover molybdenum.
[0047] Here, the method may further include: cleaning the first column, and recovering the solution used in the cleaning
the first column so as to recover molybdenum.
[0048] The recovering of molybdenum may be performed with a diluted ammonia solution.
[0049] The present invention is also an apparatus for separating and purifying technetium from technetium-containing
molybdenum. The apparatus includes: means for dissolving technetium-containing molybdenum in a solvent so as to
make a solution; a first column that allows the solution to pass through where the first column is loaded with an extraction
chromatographic resin; means for cleaning the first column; and means for allowing an acid solution to pass through the
first column so as to elute technetium from the extraction chromatographic resin for recovery.
[0050] The apparatus may further include; means for adding an alkaline solution to a solution for neutralization where
the solution is eluted from the extraction chromatographic resin; a second column that allows the obtained solution to
pass through where the second column is loaded with a quadruple cross-linked anion ion-exchange resin; means for
cleaning the second column; and means for allowing an acid solution to pass through the second column so as to elute
technetium from the quadruple cross-linked anion ion-exchange resin for recovery.
[0051] The present invention is also an apparatus for separating and purifying technetium from technetium-containing
molybdenum. The apparatus includes: means for dissolving technetium-containing molybdenum in a solvent so as to
make a solution; a first column that allows the solution to pass through where the first column is loaded with an extraction
chromatographic resin; means for cleaning the first column; and means for allowing an acid solution to pass through the
first column so as to elute technetium from the extraction chromatographic resin; means for adding an alkaline solution
to a solution for neutralization where the solution is eluted from the extraction chromatographic resin; a second column
that allows the obtained solution to pass through where the second column is loaded with a quadruple cross-linked anion
ion-exchange resin; means for cleaning the second column; and means for allowing an acid solution to pass through
the second column so as to elute technetium from the quadruple cross-linked anion ion-exchange resin for recovery.
[0052] The present invention is also an apparatus for recovering molybdenum from technetium-containing molybde-
num. The apparatus includes: means for dissolving technetium-containing molybdenum in a solvent so as to make a
solution; a first column that allows the solution to pass through where the first column is loaded with an extraction
chromatographic resin; and means for recovering the solution having passed through the first column so as to recover
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molybdenum.
[0053] The apparatus may further include: means for cleaning the first column, and means for recovering the solution
used in the cleaning the first column so as to recover molybdenum.

EFFECTS OF THE INVENTION

[0054] The present invention can remove Mo to reduce its concentration to a sufficiently low concentration that allows
administrating Tc-99m to a human being.
[0055] The present invention also can recover and recycle a target of 100Mo with a simple solvent.
[0056] Patent Document 2 discloses a technique where the column at the first stage is used for eluting Tc with a salt
solution from the column on which molybdenum adsorbent is loaded. In contrast, the present invention employs the
combination of two types of columns that allow molybdenum to flow out while trapping technetium, and also allow eluting
the trapped technetium with a simple inorganic acid. Thus, this configuration has the different characteristic from that of
the column at the first stage. The present invention uses the column at the first stage that allows the ammonium solution
(which is an alkaline solution but not a salt solution) including molybdenum and technetium to pass through, allows
molybdenum to flow out while trapping technetium, and directly returns the solution in a liquid form for recycling.
[0057] The column at the second stage disclosed in Patent Document 2 is used to remove molybdenum and concentrate
Tc. This characteristic seems to be similar to the two types of columns used in the present invention, but differs in
characteristic as follows. That is, the present invention does not employ the resin of the exemplary anion exchange
column. While in Patent Document 2, technetium is eluted with the reductive-complexing agent (including EDA), the
present invention employs, for ease of handling, the inorganic acid (employs a nitric acid for elution of technetium from
the column at the first stage, and a hydrochloric acid for elution of technetium from the column at the second stage).
Especially, the characteristic point is that the hydrochloric acid is finally used for elution of technetium from the column.

BRIEF DESCRIPTION OF THE DRAWINGS

[0058]

FIG. 1 is a diagram illustrating contents of experiment by the inventors.
FIG. 2 is a table similarly illustrating separation of molybdenum powder dissolved in hydrogen peroxide solution.
FIG. 3 is a table similarly illustrating separation of molybdenum powder dissolved in hydrogen peroxide solution and
ammonia solution.
FIG. 4 is a table illustrating removal of Mo using ion-exchange resin and recovery of rhenium (technetium).
FIG. 5 is a table illustrating a relationship between a recovery rate of rhenium (technetium) using Dowex 1x4 and
removal of Mo.
FIG. 6 is a conduit line map illustrating an entire configuration according to an embodiment of the present invention.
FIG. 7 is a flowchart illustrating an overall procedure according to the embodiment.
FIG. 8 is a timing chart illustrating production of radioactivity-containing solution according to the embodiment.
FIG. 9 is a timing chart similarly illustrating a TEVA process.
FIG. 10 is a timing chart similarly illustrating a Dowex process.
FIG. 11 is a block diagram illustrating an extracted configuration of a part of the present invention according to the
embodiment.
FIG. 12 is a flowchart similarly illustrating an outline of procedure according to the present invention.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0059] Embodiments of the present invention will be described in detail below by referring to the accompanying draw-
ings.
[0060] This embodiment separates and supplies Tc-99m, which is produced using 100Mo (p,2n) 99mTc, and recycles
Mo-100. The overall configuration as illustrated in FIG. 6 includes a radioactivity-containing solution producing portion
100, a Mo recycling portion 200, and a Tc separation/purification portion 300. The radioactivity-containing solution
producing portion 100 produces a radioactivity-containing solution using 100Mo (p,2n) 99mTc. The Mo recycling portion
200 is used to recycle Mo-100. The Tc separation/purification portion 300 is used to separate and purify Tc-99m.
[0061] The radioactivity-containing solution producing portion 100 includes a target container 110, a target solution
(Mo) tank 112, a syringe S1, a heater H1 for heating, a He tank 116, a flow rate controller 118, a decompression pump
(such as a vacuum pump) P, a solution mixture (H2O2 + NH4OH) tank 122, a valve V3, a three-way diversion valve V7,
a Tc-containing Mo recovery tank 132, valves V1 to V9, and pipes 114, 126, 128, and 129. The target container 110 is,
for example, vertically irradiated with a charged particle (such as proton) beam from an irradiation port 108 of a particle
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accelerator (not shown). The target solution (Mo) tank 112 stores target material (Mo) that dissolves or suspended in a
liquid (referred to as target solution). The syringe S 1 is used for pumping the target solution from the Mo tank 112 to
the pipe 114 and introducing the target solution into the target container 110. The heater H 1 is used for drying the target
solution inside the target container 110 until the irradiation of the proton beam becomes not affected, and reducing liquid
component such that solid component is deposited. The He tank 116, the flow rate controller 118, and the decompression
pump P supply inert gas for drying (also used for pressure source of liquid transportation) such as helium gas. The
decompression pump P is used for vaporizing and enhancing exhaust air. The solution mixture (H2O2 + NH4OH) tank
122 stores a solvent for recovery such as H2O2 + NH4OH. The valve V3 is means for introducing the solvent for recovery
into the target container 110 via the pipe 114 by pressure of He gas supplied from the He tank 116 after the irradiation
of proton beam terminates, so as to again dissolve the target material in the solvent to make solution. The three-way
diversion valve V7 selects a flow path V7-a, a flow path V7-b, and a closed path of helium gas. The Tc-containing Mo
recovery tank 132 introduces the solvent for recovery to the target container 110 from the valve V6 via the pipe 126 so
as to clean the target container 110, and extracts the liquid to recover the liquid without disposal. In the drawing, a
reference numeral 124 denotes a solution trap that is disposed in the middle of the pipe 126, and allows overflow of the
solution from the target container 110. A reference numeral 130 denotes a filter that is disposed in the middle of the
recovery pipe 129 to inhibit solid content of Mo from obstructing the subsequent pipe.
[0062] The radioactivity-containing solution producing portion 100 produces the radioactivity-containing solution at
Step 1000 in the entire processes illustrated in FIG. 7.
[0063] Specifically, as illustrated in the timing chart of FIG. 8, first, the valves V2 and V4 are opened to inject the target
solution to the target container 110 with the syringe S 1.
[0064] Subsequently, the valves V2 and V4 are closed, the heater H 1 heats the target container 110, and the valve
V5 is opened for sucking with the pump P. Additionally, "a" side of the valve V7 is opened to introduce the He gas for
drying and dry the target solution.
[0065] Subsequently, the valve V8 is opened to exhaust air via the trap 124, and perform irradiation of the proton
beam from the irradiation port 108.
[0066] Subsequently, the valves V3 and V8 are opened to supply the solvent from the H2O2+ NH4OH tank 122. This
"a" side of the valve V7 is then opened to supply the He gas for stirring, and the heater H1 is turned on to obtain solution.
[0067] Subsequently, the valve V1 and "b" side of the valve V7 are opened to recover Tc-containing Mo in the recovery
tank 132 by He gas pressure.
[0068] Additionally, the valves V4 and V6 are opened to supply H2O2 + NH4OH to the target container 110 from the
H2O2 + NH4OH tank 122, thus cleaning the target container 110. Subsequently, "a" side of the valve V7 and the valve
V1 are opened to recover residue into the Tc-containing Mo recovery tank 132 by the He gas pressure.
[0069] Here, the target solution employs molybdenum solution that is obtained by dissolving molybdenum oxide (which
is preferred to be MoO3) in 10 to 30% ammonia solution. To enhance dissolution, 10 to 30% hydrogen peroxide solution
may be added. In this case, it is preferred that solution composition be as follows. 

[0070] The aforementioned target solution is introduced from a bottom portion or a side surface of the target container
110. When the solution is introduced, the pump, the syringe, and similar member may be used. The amount of solution
to be introduced is preliminarily determined as an amount that allows molybdenum compound to have a thickness of
0.1 to 5 mm after crystallization. Area density of molybdenum is assumed to be equal to or more than about 450 mg/cm2.
[0071] In order to dry the solution, heating with the heater H1, which is secured to an outer periphery of the target
container 110, is performed. Here, a temperature is set to about 100 to 700°C, preferably, 200 to 650°C. Additionally,
gas (here, helium gas) is sent to the inside of the target container so as to enhance discharge of water vapor. When the
discharge of water vapor terminates, molybdic acid ammonium salt is deposited. Further, continuing heating decomposes
this compound into molybdenum oxide, ammonia gas, and water. At this time, ammonia gas and water are discharged
to the outside of the target container together with introduced gas. Consequently, crystal of molybdenum oxide alone is
disposed on the bottom face of the target container.
[0072] The introduced gas is preferred to employ helium gas since the helium gas does not provide a nuclear reaction
product when the helium gas remains inside the target container 110. Alternatively, it is preferred that hydrogen or carbon
monoxide be introduced to reduce the aforementioned molybdenum oxide. This is because the crystal obtained by the
reduction increases in content of molybdenum per unit volume, and this increases nuclear reaction efficiency. This
consequently increases yield of Tc-99m or Mo-99 to be obtained.
[0073] As described above, the target material, which is introduced into the target container as a liquid, is prepared
as solid by drying and hardening. This allows an effective irradiation.
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[0074] During irradiation, the target container 110 may be a sealing type or an open type. The open type target container
prevents increase in pressure caused by heat generation at irradiation. This allows irradiation without damaging the
target container.
[0075] After the irradiation terminates, ammonia solution or mixed solution that is mixed with ammonia solution and
hydrogen peroxide solution is introduced into the target container 110, and molybdenum oxide, which is irradiated for
about 5 to 10 minutes, is redissolved. To enhance dissolution, mixing and similar process by heating and introducing
gas is performed.
[0076] As liquid to be introduced, the ammonia solution with a mass concentration of 10 to 30% and the hydrogen
peroxide solution with a mass concentration of 10 to 30% are assumed to be used. Their liquid measures depend on a
shape of the target container. Liquid measure corresponding to 20 to 80% of the volume is introduced. With increasing
solution, this increases in efficiency of dissolving and recovering Tc-99m and Mo-99, which have possibility of being
attached on a wall surface of the target container in a wide range.
[0077] Subsequently, redissolution liquid of molybdenum oxide where Tc-99m or Mo-99 is dissolved is transported to
the outside of the target container by a pressurized gas such as helium gas or similar gas. At this time, molybdenum
oxide that is not completely dissolved in the aforementioned process may obstruct the recovery pipe. Thus, the filter
130 is disposed immediately after the target container. Removing these elements allows stabilized solution transportation.
The filter 130 in the middle of this pipe may employ a commercial product with a hole diameter of equal to or more than
0.22 mm. The hole diameter is not limited insofar as the pipe is not obstructed. While filter material is preferred to employ,
especially, quartz, polypropylene, or Teflon (registered trademark), the filter material is not limited.
[0078] The aforementioned Mo recycling portion 200 as illustrated in FIG. 6 includes a first column (which is also
referred to as a TEVA column) 210, a first nitric acid (HNO3) tank 212, a second nitric acid tank 214, an ammonia
(NH4OH) tank 216, a third nitric acid tank 218, a He tank 222, valves V11 to V16, and piping. The first column 210 is
loaded with TEVA resin of, for example, 2 mL. The first nitric acid (HNO3) tank 212 is loaded with, for example, 8 N nitric
acid. The 8 N nitric acid is means for cleaning the first column 210 and recovering Tc. The second nitric acid tank 214
is loaded with, for example, 0.1 N nitric acid. The ammonia (NH4OH) tank 216 is loaded with diluted ammonia solution.
The third nitric acid tank 218 is loaded with 1.5 N nitric acid. The He tank 222 is loaded with helium gas for supplying liquid.
[0079] The aforementioned TEVA resin is tertiary amine according to its chemical structure, and reacts with technetium
to be turned into quarternary ammonium salt, thus providing increased adsorption. The organic solvent as a tertiary
amine can adsorb Tc while back extraction from the organic solvent is difficult. The TEVA resin is formed such that the
tertiary amine is infiltrated into a silica base, and can be used in the same manner as solid phase extraction, which is
preferred.
[0080] As illustrated in FIG. 7, the Mo recycling portion 200 performs the TEVA process at Step 1100, Mo recovery
at Step 1200, circulation determination at Step 1300, and storage at Step 1400. Specifically, as illustrated in FIG. 9, first,
the valves V11 and V15 are opened to supply 8 N nitric acid to the TEVA column 210 from the first nitric acid tank 212
and dispose it from a drain. Subsequently, the valves V12 and V15 are opened to supply 0.1 N nitric acid to the column
210 from the second nitric acid tank 214 and dispose it from the drain. Thus, pretreatment is performed. Here, cleaning
with 8 N nitric acid is performed to preliminarily eliminate substance, which may be generated by reaction of the final
solution and 8 N nitric acid, since 8 N nitric acid finally flows. Also, flowing 0.1N nitric acid is performed to prevent intense
neutralization when the target solution, which includes an alkaline mixed solution of ammonia solution and hydrogen
peroxide solution, flows next time.
[0081] Subsequently, the valves V9 and V10 are opened to supply the TEVA column 210 with Tc-containing Mo
solution inside the Tc-containing Mo recovery tank 132 of the radioactivity-containing solution producing portion 100
and recover Mo into the Mo tank 112. At this time, a water passage rate may be set to, for example, 1 to 2 mL/min.
[0082] Subsequently, the valves V13 and V10 are opened to supply diluted NH4OH (approximately 0.01 to 1%) of
about 4 mL and similarly recover Mo into the Mo tank 112. At this time, a water passage rate may be set to, for example,
2 mL/min.
[0083] The solution recovered with the diluted NH4OH is mixed with Mo solution recovered in advance, and used for
recovery of Mo and recycling. Here, cleaning with the diluted ammonia solution may be performed with ultrapure water.
In this case, next cleaning with 1.5 N nitric acid may be omitted. An object of 1.5 N nitric acid is to maximally remove
Mo with the TEVA column. If the next process is a process with Dowex 1x4, cleaning with 1.5 N nitric acid may be omitted.
[0084] Subsequently, the valves V14 and V15 are opened to flow 1.5 N nitric acid of, for example, 4 mL from the third
nitric acid tank 218 for cleaning and disposing. At this time, a water passage rate may be set to, for example, 2 mL/min.
If a removal rate of Mo may slightly decrease, even 0.1 to 0.5 N nitric acid provides cleaning effect. In contrast, 1.5 N
sulfuric acid can remove trace of Mo remaining in the column well in spite of its small liquid measure.
[0085] Subsequently, the valves V 11 and V 16 are opened to flow 8 N nitric acid of, for example, of 6 mL from the
first nitric acid tank 212. Then, technetium is eluted from the TEVA resin to recover the technetium into the Tc-containing
solution recovery tank 310. At this time, a water passage rate may be set to, for example, 1 to 2 mL/min. Here, the 8 N
nitric acid to be used has an appropriate concentration/amount for recovering most of Tc in a small liquid measure, and



EP 2 620 950 A1

9

5

10

15

20

25

30

35

40

45

50

55

further for neutralizing with sodium hydroxide such that the amount of solution does not increase dramatically.
[0086] In this embodiment, a recovery rate of technetium was equal to or more than 99% while a survival rate of Mo
was less than 0.1%.
[0087] As illustrated in FIG. 6, the Tc separation/purification portion 300 includes the TEVA column 210 of the Mo
recycling portion 200, the tanks 212, 214, 216, 218, and 222, the valves V11 to V16, the tank 310, a second column
(which is referred to as a Dowex column) 320, a Tc recovery tank 330, a NaOH tank 340, an ultrapure water tank 342,
a first hydrochloric acid (HCl) tank 344, a second hydrochloric acid tank 346, valves V17 to V23, and piping. The tank
310 recovers the Tc-containing solution supplied from the TEVA column 210 of the Mo recycling portion 200 via the
valve V16. The second column 320 is loaded with Dowex 1x4 of, for example, 0.75 mL. The NaOH tank 340 is means
for neutralizing solution eluted from the first column 210, and loaded with the sodium hydroxide NaOH. The ultrapure
water tank 342 is means for cleaning the second column 320, and loaded with ultrapure water. The first hydrochloric
acid (HCl) tank 344 is loaded with 1 N hydrochloric acid. The second hydrochloric acid tank 346 is loaded with 6 N
hydrochloric acid to recover Tc from the second column 320.
[0088] The Dowex 1x4 is strong-base anion-exchange resin, thus strongly adsorbing anion of technetium. The Dowex
1x4 to be used here is preferred to be Cl-type by a preliminary processing. The Cl-type Dowex 1x4 is easier to be
adjusted than an OH-type Dowex 1x4.
[0089] As illustrated in FIG. 7, the Tc separation/purification portion 300 performs the TEVA process at Step 1100 and
the Mo recovery at Step 1200, and further performs a Dowex process at Step 1500 and a Tc recovery at Step 1600.
Specifically, as illustrated in FIG. 10 in detail, first, the valve V17 is opened to supply, for example, 8 N NaOH in the
NaOH tank 340 of, for example, 6 mL into the Tc-containing solution recovery tank 310 for neutralization. At this time,
water-cooling is needed due to heat of neutralization. Here, 8 N sodium hydroxide is used. While the normality is
decreased, the liquid measure to be neutralized increases. This takes more time for the separation. Sodium hydroxide
is used for this neutralization, which is slightly alkaline.
[0090] Subsequently, the valves V18 and V22 are opened to supply the Tc-containing solution inside the tank 310
with the Dowex column 320, thus making Tc adsorbed and disposing it from a drain. At this time, a water passage rate
may be set to, for example, 1 to 2 mL/min.
[0091] Subsequently, the valves V 19 and V22 are opened to supply ultrapure water of, for example, 5 mL from the
ultrapure water tank 342 at a water passage rate of 1 to 2 mL/min so as to clean the remaining Mo in the Dowex column
320. The cleaning fluid is disposed. Here, the ultrapure water is used to allow hydrochloric acid to continuously flow in.
Cleaning the alkaline column with pure water prevents change in a state such as heat of neutralization generated by
flowing hydrochloric acid into the column.
[0092] Subsequently, the valves V20 and V22 are opened to supply 1 N hydrochloric acid of, for example, 5 mL (at a
water passage rate of 2 mL/min) in the first hydrochloric acid tank 344 to clean the remaining Mo in the Dowex column
320. The cleaning fluid is disposed. This is performed to remove Mo eluted from the column by a hydrochloric acid
process before allowing subsequent 6 N hydrochloric acid to flow in. If mixing of some Mo is accepted, cleaning with 1
N hydrochloric acid may be omitted.
[0093] Subsequently, the valves V21 and V23 are opened to supply 6 N hydrochloric acid of, for example, 20 mL (at
a water passage rate of 2 mL/min) from the second hydrochloric acid tank 346 to elute Tc from the Dowex1x4 resin and
recover Tc into the Tc recovery tank 330. Increasing the normality compared with that of 6 N hydrochloric acid rather
reduces the recovery rate than increases the recovery rate. In contrast, the normality lower than this needs a larger
amount of solution to recover Tc.
[0094] In this embodiment, the recovery rate of Tc, which is generated in the target container 110, to the tank 330 was
85 to 88%, the remaining amount of Mo in the tank 330 was equal to or less than 1 mg. The obtained hydrochloric acid
solution is supplied after being concentrated by distillation and then neutralized, or after being neutralized and then
diluted. This can reduce concentration of the hydrochloric acid solution below the upper concentration limit, which is 2.5
ppm, of Mo for parenteral administration described in guideline of EMEA/CHMP/SWP/4446/2000 issued on 21 February
in 2008 by European Medicines Agency (EMA) even if a total amount of solution finally becomes 0.5 mL.
[0095] In this embodiment, the Dowex column 320 elutes Tc with 6 N hydrochloric acid. Cleaning the column with
pure water regenerates the Dowex column 320 as a Cl-type column. This saves labor on operations when the column
is recycled.
[0096] FIG. 11 illustrates an extracted part of the present invention according to the embodiment. Solution is introduced
to TEVA in 2 to clean the column with pure water. The recovery in 3 transports both of them to recycling, and recovers
Tc remaining in the column with 8 N nitric acid. In the anion ion-exchange resin (Dowex 1x4), the Tc-containing recovery
solution, which is adjusted to be slightly alkaline, is introduced. Then, the column is cleaned with pure water, and Tc is
recovered with 6 N hydrochloric acid. This is the minimum configuration. FIG. 12 illustrates an extracted procedure
corresponding to this configuration.
[0097] In the aforementioned embodiment, the technetium-containing Mo (Mo-99) is produced by the radioactivity-
containing solution producing portion 100 in FIG. 6, and obtained such that the particle accelerator makes the charged
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particle directly collide with the target material (Mo-100). While the present invention is applied to the separation of
technetium from the above-described technetium-containing Mo (Mo-99) and recovery of molybdenum, the application
target of the present invention is not limited to this. Similarly, the present invention may be applicable to separation of
technetium from Tc-containing Mo (Mo-99) and recovery of Mo where technetium and Mo are produced by other methods.
The other methods include: a method for obtaining a target nuclide (Mo-99) such that the particle accelerator makes the
charged particle collide with a neutron target material (Mo-98 or Mo-100) such as beryllium (Be), a method for obtaining
a target nuclide (Mo-99) such that a neutron generated inside a nuclear reactor collides with uranium (U-235), thus
providing the target nuclide as a fission product, a method for obtaining a target nuclide (Mo-99) such that an electron
at approximately 60 MeV collides with a target material (Mo-100), and a similar method. In the case where the technetium-
containing Mo produced by the radioactivity-containing solution producing portion 100 is not used, Tc-containing Mo is
preliminarily dissolved in hydrogen peroxide solution and ammonia.
[0098] The resin loaded on the first column 210 is not limited to TEVA. The resin loaded on the second column 320
is not also limited to Dowex 1x4.
[0099] The tank storing the same material such as helium tanks 116 and 222, HNO3 tanks 212, 214, and 218, HCl
tanks 344 and 346 are not needed to be separated, and may be shared. The diluted amount may be adjusted to a
specific concentration as needed.

INDUSTRIAL APPLICABILITY

[0100] The present invention allows, for example, supplying Tc-99m alone separated from target material, which is
turned into a solution, using a combination of ion-exchange resin and appropriate cleaning and recovery solutions after
production using 100Mo(p,2n)99mTc.

DESCRIPTION OF REFERENCE SIGNS

[0101]

110 radioactivity-containing solution producing portion

112 target solution (Mo) tank

122 solvent mixture (H2O2+NH4OH) tank

132 technetium (Tc)-containing molybdenum (Mo) recovery tank

100 radioactivity-containing solution producing portion

200 molybdenum (Mo) recycling portion

210 first column (TEVA column)

212, 214, and 218 nitric acid (HNO3) tank

216 ammonia solution (NH4OH) tank

300 technetium (Tc) separation/purification portion

310 technetium (Tc)-containing solution recovery tank

320 second column (Dowex column)

330 technetium (Tc) recovery tank

340 sodium hydroxide (NaOH) tank

342 ultrapure water tank

344 and 346 hydrochloric acid (HCl) tank



EP 2 620 950 A1

11

5

10

15

20

25

30

35

40

45

50

55

Claims

1. A method for separating and purifying technetium from technetium-containing molybdenum, comprising:

dissolving technetium-containing molybdenum in a solvent so as to make a solution;
passing the solution through a first column, the first column being loaded with an extraction chromatographic
resin;
cleaning the first column; and
passing an acid solution through the first column so as to elute technetium from the extraction chromatographic
resin for recovery after cleaning the first column.

2. The method for separating and purifying technetium from technetium-containing molybdenum according to claim 1,
further comprising:

adding an alkaline solution to a solution for neutralization, the solution being eluted from the extraction chro-
matographic resin;
passing the obtained solution through a second column, the second column being loaded with a quadruple
cross-linked anion ion-exchange resin;
cleaning the second column; and
passing an acid solution through the second column so as to elute technetium from the quadruple cross-linked
anion ion-exchange resin for recovery after cleaning the second column.

3. A method for separating and purifying technetium from technetium-containing molybdenum, comprising:

dissolving technetium-containing molybdenum in a solvent so as to make a solution;
passing the solution through a first column, the first column being loaded with an extraction chromatographic
resin;
cleaning the first column;
passing an acid solution through the first column so as to elute technetium from the extraction chromatographic
resin after cleaning the first column;
adding an alkaline solution to a solution for neutralization, the solution being eluted from the extraction chro-
matographic resin;
passing the obtained solution through a second column, the second column being loaded with a quadruple
cross-linked anion ion-exchange resin;
cleaning the second column; and
passing an acid solution through the second column so as to elute technetium from the quadruple cross-linked
anion ion-exchange resin for recovery after cleaning the second column.

4. The method for separating and purifying technetium from technetium-containing molybdenum according to any one
of claims 1 to 3, wherein
the solvent is an ammonia solution with an addition of a hydrogen peroxide solution.

5. The method for separating and purifying technetium from technetium-containing molybdenum according to any one
of claims 1 to 3, wherein
the extraction chromatographic resin is TEVA (registered trademark) resin.

6. The method for separating and purifying technetium from technetium-containing molybdenum according to claim 5,
further comprising:

cleaning the extraction chromatographic resin with a nitric acid as a pretreatment; and
passing weaker nitric acid than the nitric acid through after cleaning the extraction chromatographic resin.

7. The method for separating and purifying technetium from technetium-containing molybdenum according to claim 1
or 3, wherein
the cleaning of the first column is performed with a diluted ammonia solution, and subsequently with a nitric acid.

8. The method for separating and purifying technetium from technetium-containing molybdenum according to claim 1
or 3, wherein
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the acid solution to pass through the first column is a nitric acid solution.

9. The method for separating and purifying technetium from technetium-containing molybdenum according to claim 2
or 3, wherein
the alkaline solution is a sodium hydroxide solution.

10. The method for separating and purifying technetium from technetium-containing molybdenum according to claim 2
or 3, wherein
the quadruple cross-linked anion ion-exchange resin is Dowex (registered trademark) 1 x4 resin.

11. The method for separating and purifying technetium from technetium-containing molybdenum according to claim
10, wherein
the quadruple cross-linked anion ion-exchange resin is pretreated to be Cl-type.

12. The method for separating and purifying technetium from technetium-containing molybdenum according to claim 2
or 3, wherein
the cleaning of the second column is performed with ultrapure water, and subsequently with a hydrochloric acid.

13. The method for separating and purifying technetium from technetium-containing molybdenum according to claim 2
or 3, wherein
the acid solution to pass through the second column is a hydrochloric acid solution.

14. A method for recovering molybdenum from technetium-containing molybdenum, comprising:

dissolving technetium-containing molybdenum in a solvent so as to make a solution;
passing the solution through a first column, the first column being loaded with an extraction chromatographic
resin; and
recovering the solution having passed through the first column so as to recover molybdenum.

15. The method for recovering molybdenum from technetium-containing molybdenum according to claim 14, further
comprising:

cleaning the first column; and
recovering the solution used in the cleaning the first column so as to recover molybdenum.

16. The method for recovering molybdenum from technetium-containing molybdenum according to claim 14 or 15,
wherein
the recovering of molybdenum is performed with a diluted ammonia solution.

17. An apparatus for separating and purifying technetium from technetium-containing molybdenum, comprising:

means for dissolving technetium-containing molybdenum in a solvent so as to make a solution;
a first column that passes the solution through a first column, the first column being loaded with an extraction
chromatographic resin;
means for cleaning the first column; and
means for passing an acid solution through the first column so as to elute technetium from the extraction
chromatographic resin for recovery.

18. The apparatus for separating and purifying technetium from technetium-containing molybdenum according to claim
17, further comprising;
means for adding an alkaline solution to a solution for neutralization, the solution being eluted from the extraction
chromatographic resin;
a second column that allows the obtained solution to pass through, the second column being loaded with a quadruple
cross-linked anion ion-exchange resin;
means for cleaning the second column; and
means for passing an acid solution through the second column so as to elute technetium from the quadruple cross-
linked anion ion-exchange resin for recovery
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19. An apparatus for separating and purifying technetium from technetium-containing molybdenum, comprising:

means for dissolving technetium-containing molybdenum in a solvent so as to make a solution;
a first column that allows the solution to pass through, the first column being loaded with an extraction chroma-
tographic resin;
means for cleaning the first column;
means for passing an acid solution through the first column so as to elute technetium from the extraction
chromatographic resin;
means for adding an alkaline solution to a solution for neutralization, the solution being eluted from the extraction
chromatographic resin;
a second column that allows the obtained solution to pass through, the second column being loaded with a
quadruple cross-linked anion ion-exchange resin;
means for cleaning the second column; and
means for passing an acid solution through the second column so as to elute technetium from the quadruple
cross-linked anion ion-exchange resin for recovery.

20. An apparatus for recovering molybdenum from technetium-containing molybdenum, comprising:

means for dissolving technetium-containing molybdenum in a solvent so as to make a solution;
a first column that allows the solution to pass through, the first column being loaded with an extraction chroma-
tographic resin; and
means for recovering the solution having passed through the first column so as to recover molybdenum.

21. The apparatus for recovering molybdenum from technetium-containing molybdenum according to claim 20, further
comprising:

means for cleaning the first column; and
means for recovering the solution used in the cleaning the first column so as to recover molybdenum.
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