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1. Introduction
Lu-177 is interested in the field of nuclear medicine

as a radionuclide for targeted radiotherapy. Lu-177 has
a half-life of 6.65 days, making it suitable for use as a
medicine, and it releases low-energy beta rays (Eβ,max
= 0.5MeV) that can eliminate only tumors without
affecting surrounding normal tissue. In addition, Lu-177
releases ramma rays (Eγ=208 keV (11.0%) and 113 keV
(6.4%)), which can be used for diagnostics. [1, 4]

The production methods of Lu-177 can be
accomplished in two ways: the 'direct' method is
neutron irradiation of target Lu-176 to generate Lu-177
through reaction 176Lu(n,γ)177Lu. The other method is
'indirect'. The 'indirect' method is neutron irradiation of
target Yb-176 to generate Yb-177 throuth reaction
176Yb(n,γ)177Yb, that decays to Lu-177.[2] The direct
method is unsuitable because it produces Lu-177m as a
byproduct. On the other hand, the indirect method
produce only Lu-177 without a carrier. However, the
Yb-176 target is mixed with Lu-177, which requires
separation.

Lutetium and ytterbium are neighboring elements on
the periodic table, and their chemical behaviors are so
similar that it is difficult to separate them. Various
separation method have been reported in the past, which
are mostly based on electrochmical separation, solvent
extraction, extration chromatography and ion exchange
chromatography. [3-6] Of these methods, ion exchange
chromatography has the simplest procedure, but the
separation factor decreases with the higher amount of
ytterbium.[7] In this experiment, the separation
conditions were compared by increasing the amount of
ytterbium. The separation efficiency can be increased
by changing the eluent and column conditions. Finally,
Lu was separated from 500mg of Yb and the results and
conditions are discribed in this paper.

2. Methods and Results

In these experiments, the natural state of lutetium and
ytterbium were used instead of radioisotopes.
Lanthanide ions are colorless in aqueous solution, thus
requiring analysis by ICP-OES or AAS to confirm the
presence of Lu and Yb. Instead, chelators that form
complexes with lanthanum metals to create color can be
used for easily detecting these metals. 4-(2-
pyridylazo)resonocinol(PAR) is yellow under
conditions pH 9.8, which turns red when it form a

complex with lanthanum metal.[8] The results were
analyzed by measuring the absorbance of the PAR and
lanthanied concentration with a UV detector.

2.1 Separation

The ion-exchange chromatography separates Lu/Yb
using α-hydroxyisobutyric acid (α-HIBA) at pH4.2
(0.07M) as the eluent. The resin used in column was a
BP-OA cation exchange resin composed of solfonyl
group.

The separtion ability of primary amines used to
adjuest the pH of α-HIBA was compared [Fig.1]. The
α-HIBA with NH4OH had a Rs value of 1.32 showing
non-separation. The α-HIBA with methylamine had a
Rs value of 2.09 and the α-HIBA with ethanolamine had
a Rs value of 2.11, which were completely separated.

Fig.1. Separated 0.15 mg of Lu and 0.15 mg of Yb. The
leading peak is Lu and the trailing peak is Yb.

The separation tendency of α-HIBA with
methylamine and ethanolamine by changing column
conditions is shown in Fig. 2, 3. At the Yb peak, α-
HIBA of 0.15M was used for rapid elution of Yb.
Under the same column conditions of methylamine and
ethanolamine, ethanolamine can separate a larger
amount of Yb. Therefore ethanolamine is more suitable
for large-scale production of Lu-177.



Transactions of the Korean Nuclear Society Spring Meeting
Jeju, Korea, May 9-10, 2024

Fig. 2. Separated 0.5mg of Lu and chaning amounts of Yb
with methlyamine. (1)3mg, (2)20mg, (3)30mg, (4)50mg.
(5)200mg. The column size and flow rate for (1), (2) and (3)
Φ1.0cm×5cm, 3ml/min, (4) Φ1.5cm×7cm, 3ml/min, (5)
Φ2.5cm×5cm, 6ml/min.

Fig. 3. Separated 0.5mg of Lu and chaning amounts of Yb
with ethanolamine. (1) 50mg, (2) 100mg, (3) 150mg, (4),(5)
200mg, (6) 400mg, (7)500mg. The colium size and flow rate
for (1), (2)and (3) Φ1.5cm×7cm , 3ml/min, (4) Φ2.5cm× 4cm,
4ml/min, (5) and (6) Φ2.5cm×5cm, 6ml/min, (7)
Φ2.5cm×8cm, 4ml/min.

2.2 Purification

In order to utilize Lu-177, it is necessary to
elimination the α-HIBA and amine used in the
separation. The purification process used 50W-X8 resin.
The Lu was completely absorbed on to the 50W-X8
resin at pH2 [9]. The absrobed resin with Lu can be
washed with dilute hydrochloric acid to purify the
impurities used in the sepatarion. The purified Lu was
recovered using diffrents concentration of hydrochloric
acid and the recovery the purification efficiency is

shown in Fig.4. The highest recovery yield was 97% at
3M concentration when using 200-400mesh resin.

Fig. 4. Lu recovery yield by concentration in 10ml of
hydrochloric acid.

3. Conclusions

This study provides conditions for efficient
separation and purification using cation exchange
chromatography in the production of Lu-177. α-HIBA
with ethanolamine facilitated the separation, and 500
mg of Yb was successfully separated. 500 mg of Yb is
enough to produce about 5 Ci of Lu-177. In addition,
50W-X8 and 3M HCl can be used to produce purified
Lu-177 without loss.

REFERENCES

[[1] S Banerjee, M.R.A Pillai, and F.F knapp, Lutetium-177
therapeutic radiopharmaceuticals: Linking chemistry,
radiochemistry, and practical applications, Chem Rev, 115,
2934-2974, 2015.
[2] A. Hermanne. S Takacs, M.B Goldberg, E. Lavie, Yu.N.
Shubin, S. Kovalev, Deuteron-induced reactions on Yb: Measured
cross sections and rationale for production pathways of carrier-free,
medically relevant radionuclides, Nucl Instr and Meth in Phys Res B,
247, 223-231, 2006.
[3] Nikolai A. Lebedev, Alecander F. Novgorodv, Riscard Misiak,
Jorg Brockmann, Fank Rosch, Radiochemical separation of no-
carrier-added 177Lu as produced via the 176Yb(n,γ)177Yb→177Lu
process,Applied Radiation and Isotopes 53 (2000) 421-425
[4] K. Hashimoto, H. Matsuoka, S. Uchidas, Production of no-
carrier-added 177Lu via the 176Yb(n, J)177Yb o 177Lu process,
Journal of Radioanalytical and Nuclear Chemistry, Vol. 255, No. 3
(2003) 575–579.
[5] E.P. Horwitza, D.R. McAlistera, A.H. Bonda, R.E. Barransa, J.M.
Williamsonb,Aprocess for the separation of 177Lu from neutron
irradiated 176Ybtargets, Applied Radiation and Isotopes 63 (2005)
23–36
[6] L. Zhuo, Y. Yang, H. Yue, X. Xiong, G. Wang, H. Wang, L. Yang,
Q. Lin, Q. Chen, J. Tu, H. Wei, X.Tang, W. Kan, Effective
lutetium/ytterbium separation for no-carrier added lutetium-177
production. Journal of Radioanalytic and Nclear Chemistry (2022)
331:5719-5727
[7] A. Dash, R. Chakravarty, F. F. Knapp, Jr and A. M. R Pillai,
Indirect production of No Carrier Added (NCA) 177Lu from
Irradiation of Enriched 176Yb: Options for Ytterbium/Lutetium
Separation, Current Radiopharmaceuticals (2015), 8, 107-118



Transactions of the Korean Nuclear Society Spring Meeting
Jeju, Korea, May 9-10, 2024

[8] A. Kim, K. Choi, Preparative chromato graphic separation of
neighboring lanthanides using amines as a pH adjusting additive for
producing carrier-free 177Lu
[9] A. A. Billah, K. E. Prasetya, F. Triyatna, D. A. Sarwono, A.
Abidin, F. Rindiyantono, M. Maiyesni, M. Munir, I. Saptiama, R.
Ritawidya and A. Zulys, Alpha-hydroxyisobutyric acid-assisted
solid-liquid chromatography for the sepatration of lutetium-177 from
neutron-irradiated natural ytterbium, Radiochim.Acta 2023


