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Abstract
The possibility of production a medical radionuclide 177Lu by irradiating natHfO2 by bremsstrahlung photons up to 55 MeV

was investigated. The yields of the main nuclear reactions were measured. A procedure for one-step separation of carrier

free 177Lu via extraction chromatography on the LN resin sorbent (Triskem) was developed. The radiochemical yield was

98%, separation factor was higher than 105. Isomeric ratio 177mLu/177Lu was estimated. Simulation of 177Lu production in

photonuclear reactions on 178Hf, 179Hf and natHf nuclei was performed. The possibility of production of medical quantities

was discussed.
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Introduction

177Lu is one of the most promising radionuclides for

endoradiotherapy. It has a half-life of 6.647 days optimal

for therapeutic use. 177Lu is a medium-energy b-emitter

(average energy of b--radiation is 134.2 keV), which

allows using it for the destruction of small objects—small

tumors, micrometastases, etc. The average range of its

radiation in soft tissues is 670 lm [1]. It also emits low-

energy c-radiation 112.9 keV (6.17%) and 208.4 keV

(10.36%), which makes it possible to visualize the

radionuclide distribution in the body by the SPECT. This

opens the possibility of using 177Lu based drugs as thera-

nostic agents for personalized medicine. A sufficiently long

half-life allows organizing the delivery of the radionuclide

from the production facility to clinic with relatively small

losses due to decay.

A number of therapeutic radiopharmaceuticals have

been developed based on 177Lu. The 177Lu-DOTA-oc-

treotate binds to somatostatin receptors that are present on

the surface of cells of many types of neuroendocrine

tumors, and is used for the treatment of somatostatin

receptor-positive gastroenteropancreatic neuroendocrine

tumors. The use of 177Lu-PSMA-617 showed efficacy

against prostate cancer [2].
177Lu is usually obtained in reactors by irradiating 176Lu

by thermal neutrons, or indirectly from 176Yb by reaction
167Yb(n,c)177Yb ? 177Lu. 176Lu has a large thermal neu-

tron capture cross section (r = 2090 b, I0 = 1087 b), which

makes it possible to obtain 177Lu directly with a high

specific activity up to 20–30 Ci/mg, which is about a

quarter of the theoretical (110 Ci/mg). Usually, this is

sufficient for the production of labeled peptides and

radioimmunoconjugates. The main disadvantage of the

method is not a low specific activity, but the formation of a

long-lived isomer 177mLu (T1/2 160.4 days). Its admixture

is low (10-2% of 177Lu activity at EOB), and does not pose

a risk in terms of additional exposure to the patient.

However, the presence of a long-lived impurity brings a lot
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of inconvenience to clinics that have to deal with the dis-

posal of radioactive waste.

The indirect method of obtaining 177Lu from 176Yb

gives a product with a specific activity close to theoretical,

but its yield is three orders of magnitude smaller because of

the low reaction cross section (r = 2.5 b). The main

advantage of the method is the almost complete absence of

a long-lived isomer (\ 10-4% activity at EOB) [3]. But

there is another difficulty—the separation of trace amounts

of lutetium from hundreds of milligrams of ytterbium. In

general, this problem is solved, although the proposed

solutions are far from ideal [4–7]. The problems associated

with obtaining 177Lu are considered in more detail in the

reviews [1, 3].

The possibility of producing 177Lu by irradiating deu-

terons of ytterbium targets was investigated [8, 9]. The

formation of 177Lu proceeds in two ways:
176Yb(d,p)177Yb ? 177Lu and 176Yb(d,n)177Lu, the first is

the main one. The (d,p) reaction cross section reaches a

maximum value of 210 mb at 11.8 MeV [9]. According to

the authors’ estimates [9], the method allows obtaining

60 GBq of 177Lu at 72 h irradiation of a thick 176Yb-target

by a beam of 21 MeV deuterons with a current of 100 lA.

The advantage of the method is the almost complete

absence of a long-lived impurity 177mLu. Its detection by

gamma spectrometry failed, the upper bound on EOB is

0.0045% [8]. The specific activity of the product obtained

in this way is expected to be somewhat less than the the-

oretical due to the formation of stable isotopes of lutetium

in reactions 176Yb(d,2n)176Lu and 176Yb(d,3n)175Lu.

Irradiation of ytterbium targets by a-particles also leads

to the formation of 177Lu by the following ways
176Yb(a,p2n)177Lu and 174Yb(a,p)177Lu. The cross sections

were investigated for ytterbium of a natural isotopic com-

position in the energy range of a-particles up to 45 MeV

[10]. However, the conclusions were disappointing—in this

way only about 10 kBq/lAh could be produced on a thick

target, which is about four orders of magnitude lower than

in the reaction 176Yb(d,p)177Yb ? 177Lu.

When irradiating natural hafnium with protons, the

formation of 177Lu is possible in several ways:
178Hf(p,2p)177Lu, 179Hf(p,3He)177Lu, 180Hf(p,a)177Lu.

Also indirect formation through 177Yb is possible. Cross

sections are investigated in the works [11, 12]. It is shown

that the yield at 45 MeV is about 0.8 MBq/lAh [11]. The

yield is small at relatively low proton energies (\ 20 MeV)

and the amount of long-lived impurities 172Lu and 173Lu

increases with increasing energy.

At present, the possibility of photonuclear production of

medical radionuclides using electron accelerators is being

actively investigated [13–16]. It is shown that for some

radionuclides (67Cu, 47Sc) photonuclear production can

successfully compete with cyclotron and reactor methods.

But there is only one publication in which the photonuclear

production of 177Lu from the hafnium of a natural isotopic

composition was investigated [17]. The authors studied the

formation of 177Lu at bremsstrahlung photons energy up to

40 MeV and concluded that the method is ineffective.

In this work, we made a further study of the possibilities

of obtaining 177Lu from hafnium targets by the photonu-

clear method. For this purpose, the yields of the reactions

of formation of all nuclides were determined; a technique

for separating tracer amounts of lutetium from macro-

phages of hafnium was developed, and the isomeric ratio
177mLu/177Lu was estimated.

Experimental

Determination of yields of nuclear reactions

Irradiation of the targets was carried out on a multipurpose

pulse race-track microtron of Moscow State University

with an electron beam energy of 55 MeV [18].

To determine the yields on a thin target, the natHfO2

powder (98% purity) with a mass of 1.200 ± 0.001 g was

placed in a cylindrical plastic container with a diameter of

14.2 mm and a thickness of 3.6 mm. The bremsstrahlung

target was a 0.2 mm thick tungsten plate. The photon beam

was monitored by two targets of copper foil installed

before and after the container. During the irradiation,

continuous monitoring of the beam current was carried out.

The duration of the irradiation was 1.1 h; the average

current was 51 nA. To evaluate the yields after irradiation,

a series of gamma-ray measurements with a total duration

of 3 months was carried out.

The gamma spectra were registered on a gamma spec-

trometer of high-purity germanium detector Canberra Ind.

GC3019. In order to make efficiency calibration of the

detector, it was modeled using Geant4 software [19] and

the 44Ti, 60Co, 94Nb, 133Ba, 137Cs, 152Eu and 241Am certi-

fied point sources were used.

Radiochemical separation of Lu(III) and Hf(IV)

For Lu(III) and Hf(IV) separation experiments, a thick

target of natHfO2 with a mass of 3.44 g placed in the

eppendorf was irradiated. The converter was a tungsten

plate of 2.1 mm thickness. The eppendorf was placed at a

distance of * 3 cm from the converter. The duration of

irradiation was 1.4 h; the average current was 51 nA.

The irradiated target was dissolved by heating in HF

conc.

The LN resin sorbent (Triskem Int; based on di(2-ethyl-

hexyl)orthophosphoric acid, 100–150 mesh) was chosen for
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the extraction-chromatographic separation of Lu(III) and

Hf(IV).

Distribution coefficients of Hf(IV) under stationary

conditions in mixtures of fluoric and nitric acids were

determined by the following procedure. 50 mg of the sor-

bent was added to an aliquot of the target solution. A

solution of HF and HNO3 of the desired concentrations was

added to a volume of 1 mL. The mixture was shaken for an

hour and then centrifuged, 0.5 mL of the aqueous phase

was taken, filtered, and the gamma spectrum was then

registered. During the experiments, the temperature was

maintained at 20–25 �C. The distribution coefficient was

calculated by formula

Kd ¼ A0 � As

As

� V
m
; ð1Þ

where A0—label activity before sorption (Bq), As—the

activity of the solution after sorption (Bq), V—volume of

solution (mL), m—mass of sorbent (g), Kd—distribution

coefficient (mL/g).

Extraction-chromatographic separation of Lu(III) and

Hf(IV) was performed by the following scheme. The sor-

bent was preconditioned kept in 1 M HNO3 for at least 2 h,

filled into a 3 mL column, washed with 10 mL solution of

0.1 M HF and 1 M HNO3 mixture. An aliquot of 3 mL of

the target solution (* 1.5 g of dissolved HfO2) were

diluted by 1 M HNO3 to a volume of 45 mL. Then, all the

resulting volume of solution was spilled through the col-

umn. The column was washed by a mixture of 1 M HNO3

and 0.1 M HF, then by 1 M HNO3. Finally, Lu(III) was

eluted by 6 M HNO3. During this separation procedure,

fractions of 5 mL were collected, their gamma spectrum

was registered.

To determine the separation factor of Hf(IV) and

Lu(III), the lutetium fractions were evaporated to dryness,

diluted to 3 mL with water. The solution count rate was

compared with the aliquot count rate of the solution prior to

the experiment.

Measurements of the activity of hafnium and lutetium in

experiments were carried out on gamma peaks of following

isotopes 177Lu (208.4 keV), 179Lu (214.3 keV), 173Hf

(123.7 keV) and 175Hf (343.4 keV).

Results and discussion

Estimation of yields of nuclear reactions
on a thin target

EOB activities and radionuclide yields on a thin target are

presented in Table 1.

The activity produced in the target at EOB depends on

(a) the number of photons passing through the target, (b)

their energy distribution, (c) the nuclear reaction cross

section, and (d) the number of target nuclei:

A ¼ kNens

ZEmax

Ethr

r Ec

� �
N Ec

� �
dEc: ð2Þ

Here A—activity (Bq), k—decay constant (c-1), Ne—

number of electrons on the converter, ns—number of nuclei

per unit area (cm-2), r(Ec)—nuclear reaction cross section

(cm2), N(Ec)—the shape of the bremsstrahlung spectrum,

expressed in terms of the number of photons per electron

per unit energy of the spectrum (MeV-1).

The formula (2) is valid if (a) the target overlaps the

entire beam, (b) the target is uniform in thickness and thin,

that is, the multiple interaction of c-quanta with the target

can be neglected, (c) radioactive decay during irradiation

can be neglected.

The integral on the right-hand side of formula (2) is the

yield of the reaction under the conditions of a particular

experiment, and depends on the thickness of the converter,

which determines the shape of the photon spectrum N(Ec).

There are no experimental data on the cross section of

photoproton reactions on hafnium isotopes in the literature,

so we used theoretical calculations. The cross section for

photoproton reactions is significantly influenced by the

isospin splitting of giant dipole resonance. In accordance

with the model of the compound nucleus, the theoretical

calculation of the cross section of photoproton reactions is

divided into two stages. At the first stage, the gamma-ray

absorption cross section is calculated taking into account

the isospin splitting. Photon absorption cross-sections with

excitation of states with ground state isospin T\=Tg.s and

with T[=Tg.s. ? 1 are calculated. Further, the decay of

these excited states is calculated as a result of reactions

with the emission of neutrons and protons. The component

T\ mainly decays as a result of reactions with neutron

emission. The component T[ is excited at a higher gamma-

ray energy than T\, and is most likely to decay in reactions

with proton emission.

Due to the isospin splitting effect of the giant dipole

resonance, the cross section of photoproton reactions

becomes much larger than calculated without taking it into

account. However, in standard programs for modeling

nuclear reaction cross-sections, for example, TALYS [21],

isospin splitting is not implemented, therefore, the cross

sections of photoproton reactions are significantly under-

estimated. For the calculations, we used a modified version

of the program with the inclusion of isospin splitting—

CMPR [22, 23]. To evaluate the applicability of these cross

sections, we compared the absolute yields calculated from

these cross sections and our experimental results. The

experimental absolute yield (Y, 1/e-) can be calculated
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from the activity at the end of irradiation according to

formula (3)

Y ¼ A

ke�kt1 r
t1
0 IðtÞe�ktdt

; ð3Þ

where t1 is the irradiation time and t is the activity mea-

surement time. I(t) is the current of the accelerator during

irradiation, determined with the aid of a monitor reaction
65Cu(c,n)64Cu, for which the r(Ec) is reliably determined

[24]. The radioactivity of 64Cu in monitors was measured

in our experiment. Then, using the averaged activity of the

monitors and r(Ec), the passed charge was calculated.

This yield is measured in the number of reactions per

one electron of the accelerator and is applicable only to the

conditions of a particular experiment, since it depends on

the thickness of the converter and the geometry of the

target. In the experiment, a natural mixture of isotopes was

irradiated, so the formation of a final nucleus could occur

in several ways. Thus, the isotope 177Lu is formed as a

result of the reactions 180Hf(c,p2n), 179Hf(c,pn) and
178Hf(c,p). Therefore, for comparison with the measured,

the theoretical yield was calculated taking into account the

contributions of all channels of formation of 177Lu:

Y ¼
X
i

ni

ZEmax

Ethr

riðEcÞN Ec
� �

dEc ð4Þ

Here ni—the number of target nuclei per unit area (cm-2),

taking into account the isotopic content, ri Ec
� �

—the cross

section of the reaction, which leads to the formation of the

investigated isotope. The theoretical and experimental

values of the yields obtained are presented in Table 2.

Table 2 compares the experimentally measured and

theoretically calculated yields of isotopes 177Lu, 178Lu,
179Lu, 173Hf, 175Hf. In the case of photoneutron reactions,

theoretical calculations coincide with the experimental

data, in the case of photoproton reactions there is a dis-

crepancy. The difference with theory was twofold for the
177Lu yield. The cross sections of the photoproton reactions

leading to the formation of 177Lu, used to calculate the

yields, are shown in Fig. 1. Isospin splitting was taken into

account, which allowed us to approach the description of

the experimental data. Without this effect, the theoretical

yield is an order of magnitude lower.

In the literature there are no experimentally measured

cross sections for total photon absorption for hafnium

isotopes in the energy region of interest. Therefore, the

calculation used the total cross section of photoabsorption,

calculated from the systematics on neighboring nuclei.

According to calculations, photonuclear production of
177Lu from enriched 178Hf or 179Hf is of practical interest.

Below we estimated the amount of activity that can be

obtained from these isotopes.

Determination of the distribution coefficients
of Hf(IV) on LN resin in mixtures of HF and HNO3

There are few ways to convert HfO2 into a solution: dis-

solving in HF with moderate heating, dissolving in H2SO4

with heating to 300 �C and sintering with alkalis at tem-

peratures above 1000 �C. Obviously, the first method is the

most suitable as it is easier to implement technologically

for the production of 177Lu. In addition, it is known that in

HF medium hafnium forms very strong anionic complexes

like [HfOFx]n-, which could help in separation of the

cation Lu3? in this medium.

LN resin was chosen for the separation of Lu(III) and

Hf(IV), since in the nitric acid medium Kd(Lu) takes a wide

range of values [25]. At concentrations of nitric acid less

than 3 M Lu(III) strongly binds to LN resin, while at

concentration more than 6 M Lu(III) binds weakly. Hf(IV)

binds with LN resin strongly at all concentrations of nitric

acid. Small additions of HF to nitric acid solutions of

Hf(IV) allow to easily elute it from the LN resin column

[26].

We hypothesized that the addition of HF to the HNO3

solution will have small influence on Kd(Lu) in media

where Lu(III) is strongly binds. Unlike Hf(IV), Lu(III) does

not form anionic complexes in HF medium. It is worth

remembering that the LuF3 is insoluble, however, we have

Table 1 Obtained radionuclides and EOB activities on thin natHfO2 target irradiated by 55 MeV bremsstrahlung photons

Nuclide T1/2 Energy (keV) and intensity (%) of the c-rays

used for analysis [20]

EOB activity, kBq Yield on thin target,

kBq/lAh (g/cm2)

177Lu 6.647 days 208.4 (11.0) 0.17 ± 0.01 4.1 ± 0.2
178Lu 28.4 min 1340.8 (0.0322) 9.47 ± 0.99 227 ± 23
179Lu 4.59 h 214.3 (11.3) 9.97 ± 0.93 239 ± 22
173Hf 23.6 h 123.7 (83)

297.0 (33.9)

2.56 ± 0.15 61.5 ± 3.5

175Hf 70 days 343.4 (84) 0.623 ± 0.002 15.0 ± 0.05
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dealt with the trace amounts of Lu3?, and the solubility

product will not be achieved.

We planned to isolate the Lu(III) according to the

scheme mentioned before in Experimental. For this

experiment, it was necessary to determine Kd(Hf) in vari-

ous mixtures of HF and HNO3 to make sure that small

additions of HF allow elution of Hf(IV).

We varied the concentrations of both HF and HNO3

from 0.5 to 2 M in 0.5 M steps so that the total

concentration of H? does not exceed 3 M. Kd(Hf) was less

than 1 for all selected combinations of concentrations.

These values of Kd(Hf) showed that the chosen tech-

nique could be realized.

Target dissolution and extraction-
chromatographic separation of Lu(III)

A target of 3.44 g was dissolved in 14.6 g of 28 M HF,

heating to boiling. An approximately 8 mL solution was

obtained (* 5 g evaporated on boiling); the process took

no more than 30 min. 3 mL of the resulting solution was

diluted 15 times with nitric acid of 1 M concentration so

that the HF concentration did not exceed 2 M. 45 mL of

the resulting solution was spilled through the column.

Then, the Hf(IV) residues were eluted by a 16 mL mixture

of 0.1 M HF and 1 M HNO3. The column was then washed

with 5 mL of 1 M HNO3 to remove fluorides. Finally,

Lu(III) was eluted by 30 mL of 6 M HNO3 solution. The

elution profiles are shown in Fig. 2.

To determine the separation factor Lu/Hf, the evapo-

rated lutetium fractions gamma spectra was measured for

18 h. The total activity of 175Hf before separation was *
3.5 kBq. Peaks of 175Hf were not detected in the gamma

spectrum of the lutetium fractions. The detection limit of
175Hf for this measurement was 0.36 Bq. Thus, the esti-

mated separation factor was not less than 105. The real

value of the separation factor may be much higher, since

the activity of 177Lu loaded on the column was very low

(0.2 kBq). The gamma spectra of the irradiated thick target

(4 h after EOB) and the fractions of the isolated Lu(III) are

shown in Fig. 3.

Fig. 1 Theoretical cross-sections of photonuclear reactions on
natHfO2 leading to 177Lu formation calculated by TALYS and CMPR

combination

Table 2 Theoretical and experimental yields on thin natHfO2 target irradiated by 55 MeV bremsstrahlung photons

Nuclide Main channels

of formation

Reaction

threshold (MeV)*

Theoretical

yield (1/e-)

Total theoretical

yield (1/e-)

Total experimental

yield (1/e-)

177Lu 180Hf(c,p2n) 12.3 9.962 9 10-9 4.925 9 10-8 11.7 ± 0.72 9 10-8

179Hf(c,pn) 11.2 2.253 9 10-8

178Hf(c,p) 7.3 1.676 9 10-8

178Lu 180Hf(c,pn) 12.6 3.736 9 10-8 4515 9 10-8 1.88 ± 0.20 9 10-8

179Hf(c,p) 7.4 7.794 9 10-9

179Lu 180Hf(c,p) 8.0 1.509 9 10-8 1509 9 10-8 2.09 ± 0.21 9 10-7

173Hf 178Hf(c,5n) 37.4 4.978 9 10-8 2655 9 10-7 2.54 ± 0.15 9 10-7

177Hf(c,4n) 29.8 9.209 9 10-8

176Hf(c,3n) 23.4 5.838 9 10-8

174Hf(c,n) 14.9 6.134 9 10-8

175Hf 178Hf(c,3n) 22.2 3.576 9 10-7 4438 9 10-6 4.39 ± 0.13 9 10-6

177Hf(c,2n) 14.6 1.954 9 10-6

176Hf(c,n) 8.2 1.968 9 10-6

*The Coulomb barrier for all channels with proton formation had value of 13.9–14.2 MeV
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During the elution of the first 17 column volumes, the

total activity of Lu(III) in the fractions did not exceed 2%

of all the activity of lutetium loaded onto the column. It is

likely that the presence of Lu(III) in these fractions is due

to the competing reaction of the formation of LuF3 or to the

washout of the sorbent from the inert support. The radio-

chemical yield of Lu(III) was not less than 98%. The time

from dissolving target to obtaining a carrier free Lu(III) in

a nitric solution did not exceed 4 h.

An estimate of the isomeric ratio 177mLu/177Lu

One of the important parameters in the production of 177Lu

is the isomeric ratio of 177mLu/177Lu at EOB. To evaluate it

for photonuclear production of 177Lu, the purified lutetium

fractions were evaporated to * 0.5 mL and the gamma

spectrum of the solution was continuously measured for

2 months. The peaks of 177mLu were searched in the

regions of 378.5 (29.7%), 413.7 (17.4%) and 418.5 (21.3%)

keV. These peaks were not detected, so we estimated LU by

the Currie method [27, 28]. The resulting upper limit was

0.0075 Bq at 95% confidence level. The 177Lu activity at

the start of the measurement was 58 Bq, so the ratio of

isomer activity was not more than 1.3 9 10-2%.

The possibility of photonuclear development
of medical quantities of 177Lu

A lot of impurities are produced on natHfO2 targets: long-

lived 173Lu, 174Lu; 176Lu (T1/2 = 7 days) and 179Lu, which

activity at EOB is 2 orders of magnitude greater than the
177Lu activity. Obviously, photonuclear production of
177Lu requires enrichment of the target. The theoretical

calculation of the cross sections showed (Fig. 1) that the

cross section for the 177Lu formation reaction from 179Hf is

higher than that from 178Hf. Experimental data on these

Fig. 2 Elution profiles of Hf(IV) and Lu(III) on the LN resin

A

B

Fig. 3 Gamma spectra of irradiated thick target (a) and purified fractions of lutetium (b). The peaks of 137Cs and 40K are due to the background

of the detector

1474 Journal of Radioanalytical and Nuclear Chemistry (2018) 317:1469–1476

123



two channels are not available in the literature and cannot

be obtained with a natural mixture of hafnium isotopes.

Therefore, we calculated the yields [MBq/lAh] on targets

of 178HfO2 or 179HfO2, taking theoretical values of the

cross sections (Fig. 1), and for the target from the natural

mixture—our experimental ones. These yield values were

used to estimate the possibility of 177Lu production by the

photonuclear method on enriched targets.

To calculate thick target yields, experiment was simu-

lated using Geant4. The following irradiation parameters

were used in the calculation: the beam energy and width,

the thickness of the target, the material and the geometry of

the irradiated target. The result of the calculation was the

distribution of the bremsstrahlung photons by energy in the

volume of the target under study. By specifying the cross

section of the reaction of interest, one could obtain its

yield. Using the MCMC algorithm [29, 30], the selection of

parameters was achieved to reach the greatest yield of the

reaction.

The yields were calculated for sufficiently powerful

45 MeV linear accelerator with a magnetic mirror [31] for

1 cm3 (9.68 g) of hafnium oxide. The search for optimal

parameters among the cylindrical targets of a fixed volume

(varied parameters: the diameter of the cylinder and the

thickness of the bremsstrahlung target) was carried out.

The truncated cone target did not give an advantage in

comparison with a cylindrical one. The following yield

values were obtained in the optimal conditions for pro-

duction: 0.08 MBq/lAh for 178HfO2, 0.19 MBq/lAh for
179HfO2 and 0.12 ± 0.01 MBq/lAh for natHfO2.

According to the calculations, when a target of mass

10 g is irradiated at a beam current of 0.1 mA for 10 days

of irradiation, 1.2 GBq of 177Lu can be obtained on
178HfO2, 2.8 GBq—on 179HfO2 and 1.8 GBq—on natHfO2.

Using an electron accelerator with a current an order of

magnitude higher for irradiation, it is possible to obtain

hundreds of mCi, which is equal to a therapeutic dose.

Conclusions

The thin and thick natHfO2 targets were irradiated by

bremsstrahlung photons of energy up to 55 MeV. The total

yields of nuclear reactions are determined on a thin target;

the yields of each formation channel are calculated using a

modified TALYS program. The distribution coefficients of

Hf(IV) in HF-HNO3 mixtures were measured; it was found

that at any concentrations 0.5 M\ [HF]\ 2 M Hf(IV)

does not bind to the LN resin. A technique for one-step

separation of carrier free 177Lu from an irradiated target by

extraction chromatography was developed. The radio-

chemical yield was 98%; separation factor was higher than

105. It was shown that the ratio of the 177mLu/177Lu

activities at EOB did not exceed 1.3 9 10-2%. According

to the simulation results and experimental data, at a beam

current of 1 mA, hundreds of mCi of 177Lu activity can be

obtained on targets from enriched hafnium oxide.
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