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Abstract
Separation of no-carrier-added (NCA) 88Zr from natural yttrium target irradiated with proton beam has been studied using 
nature-resourced material, potato peel, which is a commonly available domestic waste. Here, an attempt has been undertaken 
to exploit natural resource as separating agent. Good separation of NCA 88Zr from bulk Yttrium target could be achieved at 
0.01 M HCl concentration, when extraction was carried out using 20 mg potato peel charcoal—a natural bio-sorbent. 88Zr 
was extracted in the solid phase leaving behind bulk Y in the aqueous phase.
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Introduction

The no-carrier-added (NCA) radioisotopes are integral part 
of various applications in nuclear medicine since several 
decades. NCA radionuclides having high specific activities 
have applications both in therapeutic and diagnostic studies 
and also provide the necessary prerequisite for in vivo appli-
cations. For example, no-carrier-added 89Zr (T1/2 = 3.286 
d) produced by the nuclear reactions, 89Y(p,n)89Zr and 
89Y(d,2n)89Zr have been widely used for immuno-PET stud-
ies, labeling of monoclonal antibodies, proteins, etc. [1]. 
The relatively longer half-life of such radionuclides makes 
them suitable in localized radiation treatment of cancer and 
for long-term measurements in bio-distribution studies [2]. 
Also, 86Y (T1/2 = 14.7 h) − 90Y (T1/2 = 64 h) is utilized for 
theranostic purposes in combination, where 86Y is a positron 
emitter [1]. Table 1 lists some of the medically important Y 
and Zr radioisotopes. Apart from use in nuclear medicine, 
88Y having T1/2 = 106.6 d, is also used as single radionuclide 
standard for calibration purposes [3].

Earlier, radiochemical separation of Y–Zr has been car-
ried out using liquid liquid extraction (LLX) techniques like 
theonyl-trifluoro-acetone (TTA) in xylene; triphenyl phos-
phine oxide (TPPO) in chloroform, etc. [2]. Separation of 
NCA 89Zr was achieved using di-(2-ethylhexyl) phosphoric 
acid (HDEHP) in cyclohexane as liquid cation exchanger 
and also using high molecular weight amines like trioctyl 
amine (TOA) in cyclohexane, where Zr was extracted in 
the organic phase and Y remained in the aqueous phase [4, 
5]. In case of solid liquid extraction (SLX) for separation of 
Zr from bulk Y, quite a few methods have been followed, 
like combination of Dowex 1-X8 and 4,4,4-trifluoro-1-(2-
thionyl)-1,3-butanedione; Dowex 1-X8 and 12 M HCl as 
eluent; Dowex 50W-X8, Dowex 21 K resin, etc. [2, 6]. 
Though LLX can effectively separate NCA radioisotopes, 
but organic reagents used in LLX often are harmful to the 
environment.

Twelve principles including reduction of waste end-prod-
ucts, hazards, energy, environmental impact and produc-
tion cost form the mandates of green chemistry. Although 
certain methods abide by the mandates of green chemistry, 
sometimes the production route of the chemicals used may 
not be environment-friendly. Therefore, for radiochemical 
separations, focus has gradually shifted towards nature-
resourced-radiochemistry, which depends on the use of nat-
ural resources [7]. Nature resourced chemistry focuses on 
the utilization of the natural products and materials, which 
may also be effectively used for radiochemical separation 
purposes. In last few years, natural chemicals obtained from 
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food products have been utilized in our laboratory effec-
tively. For example, piperine, an alkaloid extracted from 
Piper nigrum (black pepper) has been studied for gold 
accumulation [8]; seed protein extracted from Erythrina 
variegate was found to bind effectively with Hg, Tl and Bi 
from multi-elemental matrix [9]; seed proteins of Mimusops 
elengi was studied for Au adsorption [10], etc. Recently, the 
efficacy of hesperidin, extracted from orange peel has been 
assessed towards its binding affinity for 89Zr, so as to design 
isotope-ligand complexation [11]. Further hesperidin was 
also studied for hesperidin-208Po association [12].

For long time, the use of natural bio-sorbents some of 
which are normally discarded as solid waste particularly 
the peels, husk or seeds of fruits and vegetables have been 
exploited explicitly for metal removal/adsorption activities 
[13, 14]. These sort of wastes generated can thus be effec-
tively transformed into useful reagents having low operating 
cost, thus replacing the use of toxic chemicals. Potato peel is 
common domestic waste, also a waste product of agro-based 
industries and is easily available. It is reported that the pres-
ence of carboxylic (hemicelluloses, pectin, lignin), phenolic 
(lignin, lipids, waxes), hydroxyl (cellulose, lignin, pectin) 
groups on potato peel charcoal surface [15–17] often partici-
pates in metal extraction phenomena. Hence, many reported 
works in the past have utilized dried and grinded potato peel 
or its charcoal form for uptake of metal ions from complex 
multi-elemental milieu effectively [18–21] but never probed 
as an separating reagent for zirconium from bulk yttrium. 
Hence, the present study for the first time makes an attempt 
to valorize the efficacy of a household waste—potato peel 
for radiochemistry experiments.

Experimental

Materials and method

Potato peels were randomly collected from local domestic 
market. Collected peels were first washed thoroughly under 
running tap water to get rid off unwanted dirt on the peel 
surfaces. The peels were then soaked in deionized water for 

2 h followed by rinsing in 0.1 M HCl for making the surface 
of the adsorbent more protonated [22]. After this the peels 
were air-dried overnight and transformed to charcoal by 
slowly heating in hot plate. The charcoal thus obtained was 
grinded to fine-powder, sieved (mesh no. 100) and preserved 
in desiccator for future use.

Irradiation

Natural yttrium foil (99.9%) procured from Alfa Aesar and 
of thickness 37 mg cm−2 was irradiated with 18 MeV proton 
beam for 8.6 h with an average beam current of 1.2–1.5 μA 
(integrated charge = 27,000 μC) to produce 88Zr (T1/2 = 83.4 
d) and 88Y (T1/2 = 106.6 d) by natY(p,2n) and natY(p,pn) 
reactions respectively. The irradiation was performed at 
the Variable Energy Cyclotron Centre, Kolkata, India. The 
total current has been measured by a current integrator via 
the electron suppressed Faraday cup present at the backend 
of target holder flange. The irradiated foil was kept aside 
for more than ~ 3 months to decay out all short-lived radio-
nuclides. Afterwards the same source was used for couple 
of radiochemical experiment. In this case, we have used 
the source after a year of irradiation. The present separa-
tion study has been carried out by monitoring 88Zr and 88Y 
(Table 1).

Measurement

For the present experiment, Canberra p-type high purity 
germanium (HPGe) detector with 30% relative efficiency 
and 2.3 keV resolution at 1.33 MeV was used. Genie 2 k 
software was used for the spectral analysis. Energy and effi-
ciency calibration was done using single standard sources 
of 152Eu (13.53 a), 133Ba (10.55 a), 137Cs (30.08 a) and 60Co 
(5.27 a). Prior to radiochemical analysis, the preserved 
yttrium target was dissolved in minimum volume of 1 M 
HCl. The mother stock was diluted properly to carry out 
different experimental variations. Since the proton irradi-
ated Y target has been kept for several months, during the 

Table 1  Nuclear characteristics 
of different isotopes of Zr and Y

Radio-nuclide Half-life Decay mode Auger electron, 
keV (int, %)

Principle γ, keV

88Zr 83.4 d ε (100%) 1.9 (100)
12.7 (25)

392.87 (97.29%)

89Zr 78.4 h ε (100%) 1.9 (79.5)
12.7 (19.4)

908.96 (100%)

86Y 14.7 h ε (100%) 1.8 (71.2)
12.1 (18.2)

1077 (82.5%)

88Y 106.6 d ε (100%) 1.8 (103.6)
12.1 (26.5)

898 (93.7%), 1836 (99.2%)
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present experiment, the γ-spectrum of the target showed the 
presence of only 88Zr and 88Y (Fig. 1).

Solid–liquid extraction

The elemental uptake behavior of finely ground potato peel 
charcoal (PPC) was examined using batch mode. For extrac-
tion of NCA 88Zr from bulk Y target, the batch included 
20 mg of potato peel powder exposed to 3.5 mL of HCl solu-
tions of different strengths (3, 1,  10−1,  10−2,  10−3,  10−4 and 
 10−5 M) containing 0.5 mL of radioactive stock solution. 
This set was shaken for 30 min and centrifuged for 15 min at 
5000 rpm. 1.5 mL supernatant was taken in eppendorf and 
assayed by gamma-spectrometry. 88Zr and 88Y were radio-
metrically identified from the respective γ-peaks at 392.8 
and 898.6 keV. The extent of adsorption by PPC was calcu-
lated by comparing against reference solution. At the best pH 
obtained, weight of PPC was varied (10, 20, 40, 60, 80 and 
100 mg), and extraction behavior was observed in each of the 
cases. Different shaking times of 0, 15, 30, 45, 60 min were 
considered to obtain the maximum separation condition.

Result and discussion

Extraction behavior of 88Zr and bulk Y with bio-sorbent PPC 
revealed that extraction of 88Zr increased with increase in 
acid concentration with maximum being extracted at 0.01 M 
HCl. Slight decrease in extraction was observed at higher 
range of acid concentration (Fig. 2). However, extraction of 
Y remained minimal over the wide range of acidity. Better 
separation of 88Zr could be observed at higher acidic condi-
tion of 1 M and 3 M, where the interference from bulk Y is 
minimum (< 5%). However, at higher acidic condition, often 
other simulations may not get effectively executed therefore we 
preferred the next best condition at 0.01 M, where NCA 88Zr 
has been completely extracted with ~ 9% contribution from 88Y. 

The separation factor achieved at 0.01 M HCl concentration 
is ~ 1.3 × 104.

To explain the extraction behavior, probable distribution 
of different species of Zr and Y was plotted at various  H+ 
concentrations with the help of the information obtained from 
CHEAQS software [23] (Fig. 3). At lower acid concentration, 

Fig. 1  Gamma spectrum showing the peaks of 88Y and 88Zr after dis-
solution of natY foil after 1 year of EOB

Fig. 2  Extraction profile of 88Zr from bulk natY at different HCl con-
centrations

Fig. 3  Speciation profile of trace amount of Zr and Y in HCl medium 
by CHEAQS software

Fig. 4  Weight variation of PPC for extraction of 88Zr from bulk natY
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Zr mainly exists as neutral species of [Zr(OH)4]aq. The con-
centration of cationic Zr species (Zr(OH)3+, Zr(OH)2

2+, 
Zr(OH)3

+) on the other hand, increases with increasing  H+ 

concentration. In extreme acidic aqueous solutions the exist-
ence of polymeric Zr species  [Zr4(OH)8(H2O)16]8+ have been 
reported by Hagfeldt et al. [24]. However, Y distribution is 
totally different as compared to Zr. Yttrium mainly exists as 
free  Y3+ throughout the acidic range (Fig. 3). The uptake of 
Zr by PPC can be explained by ion exchange mechanism. 
The highly protonated functional groups of PPC facilitate 
exchange of protons with cationic zirconium species. The 
bulkier cationic Zr species (Zr(OH)3+, Zr(OH)2

2+, Zr(OH)3
+) 

are selectively extracted by ion exchange mechanism over 
 Y3+. However, possibility can also be the adduct formation 
between the functional groups with  O− donor ligands (free 
and bound form of phenolics and acidic moieties that are 
present in PPC) and the cationic metal species [25].

At pH 2, weight variation was carried out. From Fig. 4 
it might be observed that separation was maximum when 
20 mg of PPC was taken. With further increase in PPC 
amount, it was observed that both 88Zr and bulk Y were 
extracted by the PPC. Studies were carried out for shaking 
time variation (5, 15, 30, 45, 60 min) with fixed amount of 
20 mg PPC. Figure 5 shows the adsorption trend of 88Zr, and 
bulk Y with 20 mg PPC. It was observed from Fig. 5 that 
with increase in the shaking time, along with 88Zr, Y uptake 
also increased. Hence, the optimal condition for separation 
of NCA 88Zr from bulk Y was observed with 20 mg PPC at 
30 min shaking time, where ~ 93% 88Zr was extracted with 
only negligible (3%) interference from bulk Y. The errors 
calculated in the experiments are < 1% and hence not visible 
in the presented graphs. Figure 6 shows the gamma-spec-
trum of the supernatant where the peaks of 88Y (898.2 and 
1836 keV) are visible but 392.7 keV peak of 88Zr is absent, 
as it was extracted by PPC. Figure 7 provides the flowchart 
of the experimental procedure.

From the present experiment, it was observed that PPC 
extracts Zr effectively from the radioisotopic mixture of 
Y–Zr. At pH = 2, extraction of Zr was found to be maximum 

Fig. 5  Shaking time variation for extraction of 88Zr from bulk natY by 
20 mg PPC

Fig. 6  Gamma spectrum showing the absence of 88Zr in the superna-
tant solution after extraction by 20 mg PPC from 0.01 M HCl solu-
tion of the mixture of bulk Y and 88Zr (shaking time 30 min)

Fig. 7  Flowchart of the separa-
tion method of 88Zr from natY 
target using PPC
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with 1.3 × 104 separation factor. The separation factor is 
quite comparable with other conventional techniques, for 
example, earlier, with LLX method (10% HDEHP/cyclohex-
ane and 5 × 10−4 M  H2SO4), a separation factor of 4.7 × 103, 
could be achieved. With SLX method (Dowex 50W-X8 
 H+ and 1.5 M  H2SO4), separation factor of 1.1 × 107 was 
achieved [6]. Thus, it may be suggestive that the present 
nature-based resourced separation technique may be useful 
in separation of NCA Y from Zr target in future, where Zr 
would be extracted by the solid matrix leaving behind NCA 
Y in the supernatant. For example, NCA 86,90Y are produced 
from natZr target, via the nuclear routes of 90Zr(n,p) 90Y; 
90Zr(γ,3n + p) 86m/gY; 92Zr(d,α4n) 86gY. In all these cases, 
PPC would be nice natural resource for obtaining NCA Y in 
the aqueous phase, free from bulk Zirconium.

Conclusion

In separation science, the gradual development of radio-
chemistry to radio-green chemistry is interesting, pro-
ductive and sucessful. At present, the trend is proceeding 
towards utilisation of nature friendly techniques that may be 
exploited effectively. This study reports a humble attempt in 
utilising nature resourced material i.e. potato peel charcoal 
(PPC) in separation of 88Zr and bulk Y.
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