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Abstract: Zirconium molybdosilicate (ZrMoSi) gel pre-
pared using 99Mo radiotracer via peroxo route was used
as a base material for 99Mo/99mTc column generator. The
99m
Tc elution yield and 99Mo breakthrough in the elu-

ate were studied as a function of the pH-value of gel pre-
cipitation, gel drying temperature and Zr : Mo : Simolar
ratio. Precipitation pH-value of 2, drying temperature of
100
∘
C and Zr : Mo : Si molar ratio of 0.5 : 0.5 : 1 were

found to be the optimum conditions achieving 99mTc elu-
tion yield of 82% and 99Mo breakthrough of 1.0 × 10−3%.
The gel prepared with the optimum conditions was char-
acterized by BET surface area and pore size analyzer, IR
spectroscopy, thermal analysis (TGA and DTA), XRD, XRF
and FESEM. Technetium-99m eluted from the optimum
ZrMoSi

99
Mo/
99m
Tc generator was found to have a high

radiochemical purity (98% as 99mTcO−
4
) and chemical pu-

rity meeting criteria of clinical grade.

Keywords: Zirconium molybdosilicate, 99Mo/99mTc gen-
erator, characterization, performance, elution, radionu-
clidic purity, radiochemical purity.

1 Introduction
99m
Tc (𝑡
1/2
= 6.01 h) is a key isotope used in nuclear

imaging processes accounting for more than 80% of nu-
clear medicine procedures. It is the most common radio-
tracer used for single photon emission computed tomogra-
phy (SPECT), emitting 140 keV gamma-rays. For example,
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a bone scan can be carried out with planar camera with
99m
Tc-MDP, while a cardiac scan can be performed with

a SPECT camera and 99mTc-sestamibi [1].
Technetium-99m is the decay product of 99Mo (𝑡

1/2
=

65.94 h), which can be, in turn, produced from nuclear
reactors via 235U(𝑛, 𝑓)99Mo and 98Mo(𝑛, 𝛾)99Mo or from
cyclotrons via 100Mo(𝑝, 2𝑛)99Mo [2]. Technetium-99m is
mainly supplied from 99Mo/99mTc chromatographic col-
umn generators based on alumina loaded with fission-
99
Mo (with a loading capacity of 2mg Mo/g at pH 5–
6.2) [3]. In addition, hydrous zirconium oxide, hydrous ti-
tanium oxide, manganese dioxide, silica gel and hydrotal-
cites have also been investigated as base column beds for
fission 99Mo/99mTc generators [4].

Molybdenum-99 produced from nuclear reactors via
the fission route is advantageous because of its high spe-
cific activity of the order of tens thousands of Ci g−1 while
it has the shortcomings of the requirement of highly ex-
pensive hot cells with sophisticated equipment and infras-
tructure, complex multi-step and time consuming sepa-
ration and purification processes of fission-99Mo in ad-
dition to generation of considerable amounts of radioac-
tive wastes including intermediate- and long-lived fission-
products [5]. Unfortunately, 99Mo supply reliability has
been adversely affected over the past decade, causing
a global shortage due to unexpected or extended shut-
downs of some 99Mo-producing reactors and processing
facilities [6], while the predicted annual growth of the
baseline market is 3% [7].

Thus, (𝑛, 𝛾)99Mo and the less-common cyclotron-
produced 99Mo may represent alternatives of fission-
99
Mo, since such production routes are necessary to meet

the global increasing demand. Although (𝑛, 𝛾)99Mo has
a lower specific activity (< 10 Ci/g) [8], it has many ad-
vantages where simple equipment is needed for process-
ing, radionuclidic contamination is limited by the target
purity (especially for 98Mo enriched targets) and the pro-
duced radioactive waste is minimal.

Neutron-activation 99Mo/99mTc generators include:
(i) chromatographic column generators prepared either
firstly by adsorption of 99Mo on high-capacity sorbents
(such as polyzirconium compound, alumina functional-
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ized with sulfate moiety, polytitanium oxychloride and
nanocrystalline 𝛾-Al

2
O
3
with capacities of 200–500mg

Mo/g) [4] or secondly by incorporation of Mo into gel
materials [e. g., 12-molybdocerate, 6-tungstocerate, stan-
nic molybdate, titanium molybdate, zirconium molyb-
date, zirconium molybdophosphate, alumina molybdate,
cerium(IV) molybdate, cerium(IV) tellurium molybdate]
via precipitation reactions using the post-irradiation
method or the less-common pre-irradiation method [9–
17], (ii) Extraction generators including solvent extraction
(conventional or aqueous biphasic system), solid phase
extraction generators, extraction chromatographic gen-
erators and supported liquid membrane generators (as
amodified version of extraction chromatography) (iii) sub-
limation and thermochromatographic generators and (iv)
electrochemical generators [4].

Gel generators are the most famous for (𝑛, 𝛾)99Mo,
especially those based on zirconium molybdate. Gener-
ally, 99mTc is eluted from chromatographic column gener-
ators with 0.9% NaCl. Gel materials should contain a high
content of Mo and 99mTc should be eluted from them
with a high yield within small volume of NaCl solution
with specifications (Mo breakthrough, radiochemical and
chemical purities and pH-value) meeting those of clinical
grade according to pharmacopeias [4, 18].

2 Experimental

2.1 Chemical reagents

All the chemicals used in the present work were of AR
grade. Distilled water was used for preparing solutions.

2.2 Instruments

Activity measurements were done by a gamma-ray spec-
trometer, which has a p-type coaxial HPGe detector
(GX2518 model), Canberra, USA, with 29.4% relative effi-
ciency and 1.66 keV FWHM at 1332.5 keV (of 60Co). The
detector is coupled with a multichannel analyzer (MCA),
power supply and amplifier that are contained in one unit
(Inspector 2000 model, Canberra Series, made in USA).
Relative efficiency curve of the HPGe detector was ob-
tained by using 152,154Eu point source. The absolute effi-
ciency curve of the detector was obtained by using the
standard point sources of 137Cs (S/N: C-145-8, Oxford) and
60
Co (S/N: C-142-10, Oxford).

A pH-meter with a microprocessor (Hanna Instru-
ments pH211model, Portugal) was used for measuring pH-
values of solutions.

An analytical balance (A&D Engineering Inc., AND
HR-202 model, USA) having dual range (42 g/0.01 mg,
210 g/0.1 mg) was used for weighing.

X-ray diffractionwas performedwith an 18 kVdiffrac-
tometer (Bruker,model D8Advance, USA) withmonochro-
mated Cu𝐾

𝛼
radiation (𝜆 = 1.54178 Å).

Elemental analysis was carried out with X-ray fluores-
cence spectrometer (using Philips XRF, BW-1200 sequen-
tial spectrometer, Netherlands).

The morphology has been characterized using a field
emission scanning electron microscope (FESEM) (JSM-
6510A, Japan).

Surface area and pore size were determined by BET
surface area and pore size analyzer (Quantachrome Nova
1000 E, USA).

The IR spectrumwas recordedwith anFT-IR spectrom-
eter (Bomem, model MB157S, Canada) in the range from
4000 to 400 cm−1 at room temperature.

Thermal analysis, including simultaneous TGA and
DTA, was carried out with a thermal analyzer (Shimadzu,
model DTG-60H, Japan).

Concentration of the possible chemical impurities in
99m
Tc eluates was determined using inductively coupled

plasma (ICP) spectrometer (sequential plasma emission
spectrometer, ICPS-7500, Shimadzu, Japan).

2.3 Molybdenum-99 radiotracer

Molybdenum-99 was obtained by eluting commercial
99
Mo/
99m
Tc chromatographic column generators based

on alumina (Mon-Tek Generator, Monrol Nuclear Products
Industry and Trade Inc., Turkey). Each columnwas eluted,
20 d after the calibration date, with 20mL of 2MNH

3
so-

lution. Then, theNH
3
solutionwas evaporated to dryness.

The residual 99Mo was redissolved in 5mL of 0.1MNaOH
to obtain the radiotracer solution. The 99Mo radiotracer
solution contained 3.5 mCi 99Mo, i. e., 99Mo activity con-
centration was 0.7 mCi/mL.

2.4 Preparation studies of zirconium
molybdosilicate (ZrMoSi)

The effect of factors mentioned below on the (i) 99Mo pre-
cipitation yield (via ZrMoSi gel precipitation), (ii) 99mTc
elution yield and (iii) 99Mo breakthrough (in the eluate of
the 99Mo/99mTc generator) was investigated.
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2.5 Effect of pH-value along with drying
temperature

50mL of 0.25M 99Mo(VI) solution was prepared by dis-
solving 1.7992 g of MoO

3
in 20mL of 3M NaOH and

few drops of 5% H
2
O
2
, followed by addition of 5mL of

99
Mo radiotracer solution, 20mL of 5% H

2
O
2
, concen-

tratedHNO
3
till pH 1, 2 or 3 and diluting the solution to

50mLwith 0.1, 0.01 or 0.001MHNO
3
to obtain a Mo(VI)

solution of pH 1, 2 or 3, respectively. 50mL of 0.25M
Si(IV) solution was prepared by dissolving 2.6517 g of
Na
2
SiO
3
⋅ 5H
2
O in30mLH

2
O anddiluting to50 mLwith

5% H
2
O
2
. 50mL of Zr(IV) solution was prepared by dis-

solving 4.0281 g of ZrOCl
2
⋅ 8H
2
O in 30mLH

2
O and di-

luting to 50mLwith 5%H
2
O
2
.

Both of 99Mo(VI) and Si(IV) solutions were simulta-
neously added dropwise to Zr(IV) solution with stirring
to obtain a mixture solution of Zr : Mo : Simolar ratio of

Table 1: Effect of pH and drying temperature on 99
Mo precipitation yield (from 150mLmixture solution), 99mTc elution yield and 99

Mo

breakthrough in the eluate using Zr(IV) : Mo(VI) : Si(IV)molar ratio of 1 : 1 : 1.

pH 99
Mo precipi- 99m

Tc eluate in 10 mL Drying temperature
tation yield, % of 0.9% NaCl solution 100

∘
C 150

∘
C 200

∘
C

1 88.4 Average 99m
Tc 71 ± 2 62 ± 4 46 ± 5

elution yield±𝜎∗, %
Average 99

Mo break- 4 ± 1 2 ± 1 1.6 ± 0.6

through±𝜎, %
2 93.4 Average 99m

Tc 73 ± 4 68 ± 3 63 ± 2

elution yield±𝜎, %
Average 99

Mo break- 6 × 10
−3

6 × 10
−3

5 × 10
−3

through±𝜎, % ±2 × 10
−3
±2 × 10

−3
±3 × 10

−3

3 75.3 Average99mTc 70 ± 2 50 ± 4 36 ± 3

elution yield±𝜎, %
Average 99

Mo break- 5 ± 1 3 ± 1 3 ± 1

through±𝜎, %

∗
𝜎: standard deviation.

Table 2: Effect of Zr : Mo : Simolar ratio on 99
Mo precipitation yield (from 60 mLmixture solution at pH 2), 99mTc elution yield and 99

Mo

breakthrough in the eluate at drying temperature of 100 ∘C.

Mixture Volume, mL Molar ratio 99
Mo precipi- 99m

Tc eluate in 0.9% NaCl solution
no. Zr(IV) Mo(VI) Si(IV) H2O (Zr : Mo : Si) tation yield, % Average 99m

Tc Average 99Mo
solution solution solution elution yield ±𝜎, % breakthrough±𝜎, %

1 20mL 20mL 20mL 0mL 1 : 1 : 1 94.1 73 ± 3 6 × 10
−3
± 1 × 10

−3

2 10mL 10mL 20mL 20mL 0.5 : 0.5 : 1 97.9 82 ± 2 1.0 × 10
−3
± 0.6 × 10

−3

3 10mL 20mL 10mL 20mL 0.5 : 1 : 0.5 90.5 74 ± 3 1.6 ± 0.4

4 15mL 15mL 20mL 10mL 0.75 : 0.75 : 1 97.7 67 ± 3 2 × 10
−3
± 1 × 10

−3

5 15mL 20mL 15mL 10mL 0.75 : 1 : 0.75 91.6 76 ± 2 0.2 ± 0.1

6 20mL 15mL 15mL 10mL 1 : 0.75 : 0.75 93.2 46 ± 5 ND

1 : 1 : 1. After complete addition, pH of the mixture solu-
tion was adjusted again to 1, 2 or 3, according to the corre-
sponding used 99Mo(VI) solution, usingHNO

3
. The mix-

ture was evaporated by heating on a hot plate. The gel ma-
terial began to precipitate asH

2
O
2
decomposed. The heat-

ing continued till near dryness. Thereafter, the gelmaterial
was dried in an electric furnace at 100, 150 or 200 ∘C for
24 h (Table 1).

2.6 Effect of the molar ratio

The optimum pH and drying temperature were chosen for
carrying out the study of theZr : Mo : Simolar ratio effect.
100mL of each of Mo(VI), Si(IV) and Zr(IV) was pre-
pared asmentioned above,with duplication of theweights
of the used reagents used in the case of 50mL volumes.
The mixing process was the same as mentioned above but
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with using different volumes from each solution to obtain
different molar ratios, but the final volume of the mixture
solution in each case was 60mL. Zr : Mo : Si molar ra-
tios of 1 : 1 : 1, 0.5 : 0.5 : 1, 0.5 : 1 : 0.5, 0.75 : 0.75 : 1,
0.75 : 1 : 0.75 and 1 : 0.75 : 0.75 were studied (Table 2).

2.7 Preparation of 99Mo/99mTc
chromatographic column generators

A 0.7 cm ID glass column was used for each 99Mo/99mTc
generator. Each column was provided with a small piece
of glass wool, as a support for the gel bed, and a bottom
stopcock. The dried gel was gently pulverized with a glass
rod. 1.3 g of the pulverized ZrMoSi gel bed was packed
into the column by settling from distilled water. The sus-
pended fine particles, in case of their presence, were with-
drawn (with a hose and syringe). The column was exces-
sively washed with distilled water and subsequently con-
ditioned with 50mL of 0.9% NaCl for further elution of
99m
Tc. The gel particles were further disintegrated by the

action of NaCl during the conditioning step.

2.8 99Mo precipitation yield

Molybdenum-99precipitationyield,𝑌p,was calculated ac-
cording to the following equation:

𝑌p =
Mo
𝐶
0
× 𝑉r −

Mo
𝐶f × 𝑉w

Mo𝐶
0
× 𝑉r × 𝑒

−𝜆𝑡
× 100 (1)

where:
– Mo
𝐶
0
and Mo𝐶f: are the count rates of 10 μL of the

99
Mo radiotracer solution and water washing effluent

of the prepared generators, respectively.
– 𝑉r and𝑉w: are the volumes of the radiotracer solution

and water washing effluent (mL), respectively.
– 𝜆: is the decay constant of 99Mo (0.252 d−1).
– 𝑡: is the time elapsed from the beginning of gel prepa-

ration to the count time (d).

2.9 Performance of 99Mo/99mTc generator

Technetium-99m was firstly eluted 23 h after the condi-
tioning time by passing 10mL of 0.9% NaCl solution
through the ZrMoSi gel column. The column was eluted
14 times over the course of 21 days. The time between
each two successive elutionswas≥ 23 h. The 99mTc elution

yield,𝑌e, was determined byusing the following equation:

𝑌e =
Tc
𝐶
0
−
Tc
𝐶f

Tc𝐶
0

× 100 (%) (2)

where:
– Tc
𝐶
0
and Tc𝐶f: are the count rates of the 140-keV peak

in the 𝛾-ray spectrum of the column directly before
and after elution, taking the contribution of 99Mo to
this peak into account [19].

The elution profiles were drawn as a function of elution
flow rates. pH-values of 99mTc eluates were determined us-
ing the pH-meter.
99
Mo breakthrough in the eluate was determined as

the percent contribution of the 99Mo activity to the total
activity of the eluate. The 𝛾-ray spectrum of the eluate was
measured directly after elution and after 5 days to ensure
the accurate 99Mo determination.

The radiochemical purity of the 99mTc eluate (per-
cent contribution of 99mTcO−

4
count rate to the total elu-

ate count rate) was determined by ascending paper chro-
matography using Whatman no. 1 chromatographic pa-
per and a mixture of 85% methanol + 15% H

2
O as a de-

veloping solvent. The activity distribution along the chro-
matogramwas determined using the 𝛾-ray spectrometer to
calculate𝑅f-value. This chromatographicmethodgives𝑅f-
value of 0.55–0.7 for 99mTcO−

4
[20].

The possible Zr, Mo and Si impurities in 99mTc elu-
ate were determined by using the ICP at wavelengths of
343.823, 202.03 and 251.611 nm, respectively [21].

2.10 Characterization of ZrMoSi gel

The ZrMoSi gel prepared with the optimum conditions,
without including 99Mo radiotracer, was characterized by
BET surface area and pore size analyzer, IR spectroscopy,
thermal analysis (TGA and DTA), XRD, XRF and FESEM.

3 Results and discussion
The Zr(IV), Mo(VI) and Si(IV) solutions used to pre-
pare ZrMoSi gel contained excess of H

2
O
2
. Zirco-

nium oxychloride interacts with excess H
2
O
2
form-

ing H
6
ZrO
6
Cl
2(aq)

[22]. In H
2
O
2
solutions with a pH-

value in the range of 1.6–2.5, Mo(VI) may form species
such as [MoO(OH)(O

2
)
2
]
−

(aq)
while those of a pH-value

in the range of 0.5–5 may contain species such as
[MoO

3
(O
2
)]
2−

(aq)
[23]. TheHOOSiO−

2
anionmaybe present

inH
2
O
2
solution ofNa

2
SiO
3
[24]. The used peroxo route is
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advantageous for permitting a gradual precipitation of the
gel material from Zr(IV)-Mo(VI)-Si(IV)mixture solution
asH
2
O
2
and the formed peroxo species gradually decom-

posed and avoiding the need for filtration or centrifugation
when the heating process continues to dryness [25]. In ad-
dition, the excess H

2
O
2
ensures the presence of 99Mo in

the hexavalent state.

3.1 99Mo precipitation yield, 99mTc elution
yield and 99Mo breakthrough

According to Table 1, with Zr : Mo : Si molar ratio of 1 :
1 : 1, the highest 99Mo precipitation yield was achieved at
pH 2. The highest 99mTc elution yield was achieved also
with the gel precipitated at pH 2 and dried at 100 ∘C. The
lowest 99Mo breakthrough was achieved at pH 2 and dry-
ing temperature of 200 ∘C, which was only slightly lower
than that achieved at 100 ∘C. Thus pH 2 and drying tem-
perature of 100 ∘C were chosen for the further molar ratio
study. Comparing the values of 99Mo precipitation yield,
99m
Tc elution yield and 99Mo breakthrough for gel mate-

rials precipitated at pH 2 with Zr : Mo : Si molar ratio of
1 : 1 : 1 from 150 and 60mLmixture solution and dried at
100
∘
C (Tables 1 and 2), one can conclude that variation of

the mixture solution volume had not a significant effect on
the prementioned values. According to Table 2, the high-
est 99Mo precipitation yield and the highest 99mTc elution
yieldwere achievedwith theZr :Mo : Simolar ratio of0.5 :
0.5 : 1 (with an acceptable 99Mo breakthrough for medical
uses [26]), and thus it was chosen for the further gel char-
acterization and the other specifications of 99Mo/99mTc
column generator performance (99mTc elution profiles as
a function of flow rate, pH-value of the eluate, radiochem-
ical purity and chemical purity).

3.2 Characterization of the ZrMoSi gel
prepared with the optimum conditions

ZrMoSi gel precipitated at pH 2 from a mixture solution
with Zr : Mo : Si molar ratio of 0.5 : 0.5 : 1 and dried at
100
∘
C was characterized. This gel material was granular

and white to pale yellow colored. Table 3 compiles some
physical characteristics of ZrMoSi gel prepared at the opti-
mum conditions. According to Table 3, ZrMoSi gel mate-
rial is a microporous material with an average pore size
of 1.39 nm [27], an average particle size of 0.73 mm and
a specific surface area of 14.28 m2/g.

Figure 1 shows the IR spectrum of the prepared ZrMoSi
gel. The band at 472 cm−1maybe assigned to SiMo

12
clus-

Table 3: Some physical characteristics of ZrMoSi gel precipitated at
pH 2 from 150 mLmixture solution with Zr(IV) : Mo(VI) : Si(IV)
molar ratio of 0.5 : 0.5 : 1 and dried at 100 ∘C.

Appearance Granular
Color White-pale yellow
Specific surface area∗ 14.28m

2
/g

Total pore volume∗ 9.89 × 10
−3
cc/g

Average pore size∗ 1.39 nm

Average particle size∗∗ 0.73mm

∗ Determined from BET.
∗∗ Determined from FESEM images.

Fig. 1: IR spectrum of ZrMoSi gel.

ter [28–31]. The bands at591, 812, 876 and 1091 cm−1may
be assigned to differentM−O bonds (M = Zr,Mo or Si).
The band at 677 cm−1 may be assigned to vibrations asso-
ciatedwith defects as neutral oxygen vacancies (described
as ≡Si−Si≡) [32]. The bands at 1461 and 1548 cm−1 may
be attributed to deformation vibrations of metal hydroxyl
groups [33]. The bands at 1644 and 3428 cm−1may be as-
signed toO−H bending and stretching vibrationmodes of
lattice water, respectively [34, 35]. The band at 2364 cm−1

maybe related toCO
2
adsorbed from the environment [36,

37]. The bands at 3681, 3740 and 3853 cm−1 may be as-
signed to Si−OH and Zr−OH bonds [38–42].

Figure 2 shows TGA and DTA curves of ZrMoSi gel.
There was a weight loss of 13.9% in the temperature range
from 40 to 311 ∘C due to the loss of physical adsorbed and
lattice water. An exothermic peak was observed at 62 ∘C
followed by an endothermic one at 78 ∘C. A shallow broad
endothermic peak was observed at 244 ∘C. The presence
of lattice water with a suitable amount in the gel mate-
rial facilitates the eluent diffusion [43]. There was only
a small weight loss of 1.3%, in the temperature range of
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Fig. 2: TGA and DTA curves of ZrMoSi gel.

Fig. 3: XRD pattern of ZrMoSi gel.

338–600 ∘C, may be due to loss of the structural water by
slow diffusion from gel interior [44–47].

Figure 3 shows the XRD pattern of ZrMoSi gel, which
indicates its amorphous structure. Generally, the amor-
phous structure is advantageous over the rigid crystal
structure, where the former permits better diffusion of the
eluent through the bed material of 99Mo/99mTc genera-
tor leading to a higher elution yield of 99mTc. In the same
time, the amorphous structure is more resistant to disso-
lution which results in 99mTc eluates of higher chemical
purity [13].

XRF measurements revealed that Zr : Mo : Si molar
ratio in the prepared ZrMoSi gel was 0.5 : 0.6 : 1 which
was nearly the same as in the mixture solution used for
preparation (0.5 : 0.5 : 1).

Figure 4 shows FESEM images of ZrMoSi, which in-
dicates jelly-like entangled pieces with many meanders
through which the saline eluent can diffuse.

Fig. 4: FESEM images of ZrMoSi gel.

3.3 Performance of the 99Mo/99mTc
generator

The generator based on ZrMoSi gel prepared with the op-
timum conditions was thoroughly investigated. As men-
tioned above, the elution yield was 82% and the 99Mo
breakthrough was 1.0 × 10−3%. Figure 5 shows elution
profiles of 99mTc from ZrMoSi gel as a function of flow rate.
Sharp elution profiles were obtained with the flow rates
of 0.4, 1.2 and 1.5 mL/min with maxima at the 1stmL
of eluate containing 63.9, 56.7 and 46.4% of the total
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Fig. 5: Elution profiles of 99𝑚Tc from Zr99MoSi gel column generator
as a function of flow rate.

99m
Tc eluted activity, respectively. Broader profiles were

obtained with the flow rates of 2.7 and 5.4 mL/min with
maxima at the 2ndmL of eluate containing 35.3 and 34.1%
of the total 99mTc eluted activity, respectively. The pH-
value of the eluate ranged from 5.5–7.

Figure 6 shows the radiochromatogram of the eluted
99m
Tc using the ascending paper chromatography. A sin-

gle peak was obtained with 𝑅f value of 0.6, characteris-
tic of 99mTcO−

4
. Radiochemical purity (area under𝑅f-peak)

was found to be 98%. Table 4 compiles the detailed 99mTc
elution yield, 99Mo breakthrough and radiochemical pu-
rity for the 99Mo/99mTc column packed with ZrMoSi gel
prepared with the optimum conditions.

Zr and Si impurities were not detected in 99mTc elu-
ates, while Mo levels in the 99mTc eluates were found to be
≤ 0.4 ppm, which are less than the permitted parenteral
Mo concentration [48].

4 Conclusion
ZrMoSi gel was prepared, characterized and used success-
fully as a base material for 99Mo/99mTc column generator.

Fig. 6: Radiochromatogram of 99𝑚Tc eluted from Zr99MoSi gel
column generator, using Whatman no. 1 ascending paper
chromatographic method and 85%methanol as a developing
solvent.

Table 4: Detailed 99m
Tc elution yield, 99Mo breakthrough and

radiochemical purity for the 99
Mo/

99m
Tc column packedwith ZrMoSi

gel (Zr : Mo : Simolar ratio of 0.5 : 0.5 : 1) precipitated at pH 2 and
dried at 100 ∘C.

Elution 99m
Tc

99
Mo break- Radiochemical

day elution through, % purity (as
yield, % 99m

TcO
2−
4 ), %

1 81 9 × 10
−4

98

2 79 2 × 10
−3

3 80 2 × 10
−3

99

4 82 1 × 10
−3

7 80 1 × 10
−3

8 85 8 × 10
−4

97

9 86 5 × 10
−4

11 82 1 × 10
−3

98

14 83 7 × 10
−4

15 83 9 × 10
−4

16 82 4 × 10
−4

98

17 84 5 × 10
−4

18 83 2 × 10
−3

21 84 8 × 10
−5

98

Average ±𝜎 82 ± 2 1.0 × 10
−3
± 0.6 × 10

−3
98 ± 1
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Precipitating the gel material atpH2withZr : Mo : Simo-
lar ratio of 0.5 : 0.5 : 1 and drying it at 100 ∘C for 24 h re-
sulted in the optimum performance of the prepared gener-
ator. The specifications of the eluted 99mTcmet the require-
ments of the medical use. Future studies will be carried
out for preparation of ZrMoSi gel using neutron-irradiated
molybdenum (instead of fission 99Mo radiotracer) to pro-
duce higher activity 99Mo/99mTc generators (≥ 1Ci). Such
future studies are necessary to be sure if the performance
of the generator will be changed (by using higher 99Mo ac-
tivities) or not and, hence, to see if anymodification in the
preparation conditions will be needed.
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