This article was downloaded by: [University of California, San Diego]

On: 15 August 2012, At: 23:17

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and

Liquid Crystals Science

and Technology. Section A.

e Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Studies of Sorption Properties
of Impregnated Porous
Scintillator Based on p-
Terphenyl

A. Yu. Andryushchenko ® , A. B. Blank #, S. V.

Budakovsky % , B. V. Grinyov * & N. I. Shevtsov ?

% Institute for Single Crystals, 60 Lenin Ave., 61001,
Kharkov, Ukraine

Version of record first published: 24 Sep 2006

To cite this article: A. Yu. Andryushchenko, A. B. Blank, S. V. Budakovsky, B. V.
Grinyov & N. |. Shevtsov (2001): Studies of Sorption Properties of Impregnated Porous
Scintillator Based on p-Terphenyl, Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid Crystals, 361:1, 281-285

To link to this article: http://dx.doi.org/10.1080/10587250108025751

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250108025751
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of California, San Diego] at 23:17 15 August 2012

sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [University of California, San Diego] at 23:17 15 August 2012

Mol. Cryst. and Lig. Cryst., 2001, Vol. 361, pp. 281-285 © 2001 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under the
Photocopying permitted by license only Gordon and Breach Science Publishers imprint.

Studies of Sorption Properties of Impregnated
Porous Scintillator Based on p-Terphenyl

A.YU. ANDRYUSHCHENKO, A.B. BLANK, S.V. BUDAKOVSKY,
B.V. GRINYOV and N.I. SHEVTSOV

Institute for Single Crystals, 60 Lenin Ave., 61001 Kharkov, Ukraine

For dosimetry of B-radionuclides in surface and potable water, an impregnated porous scintil-
lator based on p-terphenyl is proposed, which is a matrix with through pores with a sorbent
selectively absorbing radionuclides on the pore surface. Synthetic hydroxyapatite is used as
sorbent for strontium-90. High measurement sensitivity is ensured by concentration of the
emitter from large volume of water and realization of 4n-geometry of radiation detection.

Keywords: porous scintillator; sorption; radionuclides; hydroxyapatite

INTRODUCTION

To improve modern environmental conditions and prevent ecologically
dependent diseases, the problem of deactivation of environmental ob-
jects is of primary importance . Especially important problem is de-
termination of radionuclide *°Sr in natural, technical and potable water,
including the lower limit of the concentration range. The most efficient
method of radiation monitoring is still the scintillation method.. Diffi-
culties consist in that effects of self-absorption of short-range B-particles
in the bulk samples should be avoided. To determine elements with suf-
ficient sensitivity and required accuracy, preliminary concentration of
elements traces is necessary '/,
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The present work was aimed at the development and use in ra-
diation monitoring of new sorption materials and methods of their appli-
cation for selective determination of radionuclide *Sr in the environ-
mental waters.

To do this, we have proposed a new material that is a matrix with
through pores, on the surface of which a selective sorbent is fixed.

The material structure allows penetration of the analyzed liquid
through it. The determined element is accumulated in the scintillator
volume. Thus, 4n-geometry is ensured for radiation detection, and si-
multaneously the radiochemical problem is solved of radionuclide con-
centration.

EXPERIMENTAL

As selective complex-forming agent, we used synthetic hydroxylapatite
(SHA). Studies of its properties were carried out by means of static
sorption from solutions with Sr(II) content 10 pg/ml. Weighted sorbent
was shaken with 100 ml of the studied solution; pH values were varied
from 5 to 12, sorbent sample weight - from 0.01 to 1.0 g. To determine
the degree of strontium extraction, its concentration in the solutions un-
der study was evaluated by an inductively coupled plasma spectrometer
Trace Scan Advantage (Thermo Jarrell Ash).

The impregnated porous scintillator in the form of cylindrical
tablets of 15 mm diameter and 3-5 mm height was prepared by pressing
of the uniform mixture of granules of activated p-terphenyl, ammonium
hydrocarbonate and SHA taken in ratio 4:1:1 by mass. Granules of the
said substances had linear dimensions of 0.5, 0.1 and 0.05 mm, respec-
tively. Pressing was carried out in a steel press-form under pressure of
20 GPa for 5 minutes at room temperature. Then, to ensure decomposi-
tion of ammonium hydrocarbonate, the pressed tablets were put into a
quartz ampoule and heated on water bath for 2 hours.

Structure studies of the sample surface were carried out using a
MBS-9 optical microscope. The light output of the tablets was measured
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using a **Y+"Sr beta-source with limiting energy 2.2 MeV. Diphenyi-bu-
tadiene-doped p-terphenyl crystals were used as reference.

RESULTS AND DISCUSSION

In accordance with the purpose of the present work, the material ob-
tained ensured simultaneous concentrating and direct measuring of the
radionuclide *°Sr content.

Preliminary studies showed that the optimum matrix for concen-
tration of radionuclides and measurement of their activities was p-
terphenyl doped with diphenylbutadiene, ensuring high light output and
short decay time.

To extract strontium (II) from the aqueous medium, we have
synthesized a selective sorbent - hydroxylapatite. It has high sorption
capacity and mechanical strength, is colorless, does not exhibit lumines-
cence, is stable with respect to temperature and radiation.

Apatite belongs to the group of inorganic anionites with three-
dimensional  crystal lattice. Its chemical composition is
Ca o(PO4)s(F,OH), Bl Selectivity of hydroxylapatite of composition
Ca,10(PO4)s(OH); to strontium (II) ions is due to isomorphic substitution
of Ca?* ions by Sr** ions in the crystal lattice!*!.

To optimize the experimental conditions, we have studied the
degree of strontium sorption as function of pH of the analyzed solution,
which was measured in static conditions (Fig.1a). The rising branch of
the R(pH) plot is due to active sorbent centers being blocked by H" ions
at low pH, and the falling branch - to formation of hydroxocomplexes of
strontium and lowering of equilibrium concentration of ions Sr*". Thus,
optimum region for carrying out sorption is the region with pH of aque-
ous phase from 6 to 11, where sorption degree is 99%.



Downloaded by [University of California, San Diego] at 23:17 15 August 2012

284 A.YU. ANDRYUSHCHENKO et al.

100 .
Rl ®'5s]
2 90 > g0
g 85 ® 85/
o 80 > 80
g 75 g 75
23/ 3
- . r z T v —r T T
2 4 6 8 10 12 0,0 0,56 1,0 1,5 2,0

pH Sorbent mass,g
Fig.1. Degree of sorption as function of pH (a) and degree of

sorption as function of sorbent mass (b)

From dependence of sorption degree on sorbent mass (Fig.1b), sorbent
capacity for S*** was calculated, which was found to be 1.09 mmol/g.
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Fig.2. Luminescence spectrum of porous scintillator (a)
and energy spectrum of porous scintillator (b)
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The main condition for the free flow of the analyzed solution
through the scintillator is the presence of through pores. The determined
radionuclides can accumulate in the scintillator volume and to ensure 47-
geometry of radiation detection, resuiting in high accuracy and sensitiv-
ity of the measurements. An easy and reliable way to create pores was
introduction of gas-forming substance into the tablets with its subse-
quent thermal decomposition. We used ammonium hydrocarbonate (de-
composition temperature 36-60°C).

At the next stage, the complex-forming sorbent SHA was intro-
duced into the tablet, ensuring sorption completeness and mechanical
strength.

Fig.2a shows luminescence spectrum of the prepared material
comprising, together with p-terphenyl, ammonium hydrocarbonate and
SHA. These two substances were neither luminescent, nor quenchers.

Fig.2b shows energy spectrum of point beta-source *Y+%Sr .
Curve 1 corresponds to the reference p-terphenyl crystal, 2 -to porous
scintillator without complex-forming agent, and 3 - to porous scintillator
with SHA.

Light yield of the tables, though 1.5-2 times lower as compared
with the reference, still could be considered as satisfactory.

CONCLUSIONS

The proposed method of detection using porous scintillators allows to
detect 3.7x10"? g/l of strontium-90, which corresponds to its maximum
acceptable concentration in the potable water.
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