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* This presentation contains more questions than answers.



Gas diffusion in polymers
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F1e. 2. Permeability constants in crystaliine
polyethylene terephthalate.
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Fre. 3. Diffusion constants in amorphous
polyethylene terephthalate.

I

T}y

wo T 0

E. Correlation of Diffusion Constants in the
Crystalline Polymer with Gas
Molecular Size

Since apparent activation energies correlate with d*
in both the glassy and rubbery states and Eq. (4) is
obeyed, it is logical to assume that In D will correlate
with 4% in either state of the polymer. These correlations
are successful, as shown in Fig. 6, within mean precision
limits of =4=409%, at the 95%, confidence level. Equations
of the type In D=.4—bd* are obtained. Equation (9)
applies to the glassy polymer at 40°C while Eq. (10)
applies to the rubbery crystalline polymer at 130°C.

InD=~—12.2-0.514* (9
(din A) )
InD=—9.9—-0.3842 (10)
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When we determined L, and K of Xe-131 and Kr-85 in Makrofol N and DE we

discussed that with Philippe Cassette

Applied Radiafion and Isofopes 134 (3018) 260-274

Contents lists avallable at SclenceDirect % g
Applied Radiation and Isotopes
I ]\| \ || ‘R Journal hom epage: www.elsevier.com/locste/apradiso ==

Diffusion lengths and partition coefficients of 1*!™Xe and ®Kr in Makrofol N .
and Makrofol DE polycarbonates

K Mitev™*, P. Cassette”, 1. Tartés®, S. Georgiev®, I. Dimitrova®, D. Pressyanov®

* Fexalry of Physics Sofla Ustversity “52 Kimens Obrishd”, 1164 Sofia, Bulgoria
" CEA, LIET, Laboraare Nasimal Hend Bee querel, Gifsar-Tese, LNE-LNHB, F91191, Pronce

but also for the partiion coefficient K. Thus, in terms of the free volume
theory, our hypothesis is that both Ly and K depend on the free volume in
the polycarbonate and the free volume is different for RNGs with different
atomic radii. More in detail, our hypothesis is that the trapping of RNG
atoms in volume traps available in the polycarbonate is of paramount
import@ance for their absorption and transport in the material. This hy-
pothesis implies enhanced Langmuir-type adsorption and suggests how it
is possible to have K>=1. In additon, this hypothesis explains why the
diffusion coefficients of RNGs determined in this work (Table 8) are much
smaller than the diffusion coefficients of other gases in polycarbonate.
Notice that if we compare, for example, the Makrofol® DE diffusion
coefficients of ®Kr (D = 17.2 *10" Y em?/s), '™ e (D = 1412
*107 "% em/s) and **Rn (D = 0.569 *107'" cm™/s) determined here
with the polycarbonate diffusion coefficients published by Thran2 et al
(1999) for He (D = 67300 *10 " em?/s), Hx (D = 6400 *10~ ' em?/s),
04 (D = 411 *107 'Y em?/s), N3 (D = 159 *10™ ' em?/s), CO, (D = 219
*107'° cm®/s) and CH, (D = 53 *10~" cm®/s) we observe between one
or two orders of magnitude smaller diffusion coefficients for '*'™Xe and
“2pn. Evidently, there is something that impedes the RNG diffusion in
the polycarbonate matrix and we suspect trapping of RNG atoms in vo-
lume traps.

Diffusion coefficient vs. Kinetic diameter
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From P. Cassette, private communication

Dear Krasi,

Yes, the behavior of molecular gas is a little bit strange. | plotted in the attached file, the
diffusion coefficient vs. the kinetic diameter of the gas (I do not know if this is the pertinent
quantity and perhaps some kind of molecular diameter would be more appropriate). It
seems that there is a nice exponential correlation (D is in log scale) for the molecular gas
(except CO2) and also for noble gas but with another exponential constant. The two curves
cross for H2. The behavior of CO2 is atypical.




Ln(D)

D for noble gases in polycarbonates

Squared van der Waals diameter (D), Angstroms®

R LD in Makrofol N LD in Makrofol DE Makrofol N Makrofol DE Makrofol N Makrofol DE
Nuclide |Angstrioms (LD Sigma LD LD SigmalD(LD,cm |Dcm2/s (SigmaD |D,cm [Dem2/s  [SigmaD  |R,A [InD  [Sigmaln(D)|R’A* [InD  |Sigmaln(D)
e 2071 9140 910 9180 9201  0.914|1.7076-09|3.398E-10]  0.918| 1.72159E-09| 3.45068F-10| 17.1396| -20.1888| 1.991F-01 17.1396| -20.18| 0.20043573
Blmye 228 1324 3.2 145.1 321 0.01324|1.176E-10{5.683E-12{ 0.01451| 1.41203E-10| 6.2281E-12f 20.7936| -22.864( 4.834E-02f 20.7936| -22.6808| 0.04410751
Zn 24 389 1 52.1 1] 0.00389]3.175E-11{ 1.633E-12[ 0.00521| 5.69587E-11| 2.18651E-12f  23.04( -24.173| 5.141E-02f  23.04| -23.5887| 0.03838772
85Kr |n_ D .
| Makrofol N i s o d “Kr Linear Fitof
-20 4 1 TN T ) N -19.5 ‘ ¢ Makrofol DE
1 B Intercept | -9.85324 120184 ig;“:‘f‘;we V;g;;?
B Slope 062314 0.05526 '200 —-' I " — V:‘;ZWM Starﬂard:g;s
J_ F Slope 046367 009389
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Squared van der Waals diameter (D ), Angstroms Inorganic Chemistry

van der Waals Radii of Noble Gases
tirgen Vogtt" and Santiage Abarez®



There are indications that gas transport in glassy polymers depend on the free volume

in the polymers

THE JOURNAL OF CHEMICAL PHYSICS VOLUME 31, NUMBER 3 NOVEMBEBER, 193¢

Available online at www.sciencedirect.com
BGIENGE@DIHIGT' journal of

SCIENCE

Molecular Transport in Liquids and Glasses

MorreL H. CoueN, University of Chicago, Chicago, Illinais

AND Journal of Membrane Science 226 (2003) 51-61 —_—
Davip TURNBULL, General Electric Research Laboratory, Scheweclady, New York www.elsevier.com/locate/memsci

(Received May 15, 1939)

We have derived, by using simple considerations, a relation between the diffusion constant D in a liquid Effect of free volume and SOI'pthIl on membrane gas transport

of hard spheres and the “free volume” »,. This derivation is based on the concept that statistical redistribu-
tion of the free volume occasionally opens up voids large enough for diffusive displacement. The relation

Chien-Chieh Hu, Chin-Shun Chang, Ruoh-Chyu Ruaan®, Juin-Yih Lai

is D=4 exp[ —yv*/vs], where v* is the minimum required volume of the void and 4 and v are constants. Department of Chemical Engieering, Research and Development Center for Membrane Technology,
This equation is of the same form as Doolittle’s [J. Appl. Phys. 22, 1471 (1951) ] empirical relation between Chung Yuan University, Chung-Li 320, Taiwan
the fluidity ¢ of simple hydrocarbens and their free volume. It has been shown [ Williams, Landel, and Received 8 October 2002 received in revised form 25 July 2003 : accepted 30 July 2003

Ferry, J. Am. Chem. Soc. 77, 3701 (1955)7] that the Doolittle equation also can be adapted to describe
the abrupt decrease in molecular kinetic constants with decreasing temperature that accompanies the glass
transition in certain liquids. Our result predicts that even the simplest liquids would go through this glass
transition if sufficiently undercooled and crystallization did not occur. The problem of transport in actual
simple and network liquids also is discussed.

It is shown that data on self-diffusion in some simple van der Waals liquids and Jiquid metals are described
satisfactorily by our relation with ¥ near the molecular volume for the van der Waals liquids and near the
volume of the ion, corresponding to the highest valence state, for the metals.

Advances in Colloid and Interface Science 164 (2011) 89-99

Contents lists available at ScienceDirect

Advances in Colloid and Interface Science

journal homepage: www.elsevier.com/locate/cis

Perspective
Maﬂmmnlemlles puh;m,gmm,m,ﬂ Polymeric membrane materials: New aspects of empirical approaches to prediction
of gas permeability parameters in relation to permanent gases, linear lower

. . hydrocarbons and some toxic gases
Polymer Free Volume and Its Connection to the Glass Transition

b a a,b,*
Ronald P. White and Jane E. G. Lipson® 0.V. Malykh ®, AYu. Golub?, V.V. Teplyakov

2 AV. Topchiev Institute of Petrochemical Synthesis, Russian Academy of Sciences, Moscow, Russia
Department of Chemistry, Dartmouth College, Hanover, New Hampshire 03755, United States b Lomonosov Moscow State University, Faculty of Chemistry, Department of Chemical Technology and New Materials, Moscow, Russia

Correlation Between Fractional Free Volume and Diffusivity
of Gas Molecules in Glassy Polymers

MATERIALS
SCIENCE &
Gl

TR
ELSEVIER Materials Science and Engineering A317 (2001) 70-76 ——————————
www.elsevier.com/locate/ msea

A. THRAN, G. KROLL, F. FAUPEL
Molecularly-based numerical evaluation of free volume in

Technische Fakultit der Universitit Kiel, Lehrstuhl fir Materialverbunde, Kaiserstr. 2, D-24143 Kiel, Germany amorphous polymers

Santosh Putta. Sia Nemat-Nasser *
Recefved 7 May 1999; revised 3 August 1999; accepted 18 August 1999

Department of Applied Mechanics and Engineering Science, Center of Excellence for Advanced Materials. Unicersity of California, San Diego,
La Jolla, CA 92093-0416, USA
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Macromolecules 2003, 36, 8673—8684 :

Effects of Cooling Rate and Physical Aging on the Gas Transport

Properties in Polycarbonate

Christelle M. Laot,* Eva Marand,* B. Schmittmann,” and R. K. P. Zia'

Department of Chemical Engineering, Virginia Polytechnic Institute and State University,
Blacksburg, Virginia 24061-0211

Received November 27, 2002

ABSTRACT: The gas transport properties of bisphenol A polycarbonate films were examined as a function
of the cooling rate during film processing and subsequent physical aging. Interpretation of the permeation
properties using results from dynamic mechanical analysis and density measurements indicated that
the diffusion coefficient of small gas molecules in glassy polycarbonate is influenced more by the local
chain dynamics rather than by the overall free volume content. A one-dimensional lattice model was
developed to help probe the effects of the distribution of energy barriers associated with polymer motion
on the transport properties. Fast cooling rates generated highly restricted conformations, which hindered
local motions leading to increases in the measured activation energy of diffusion. These results correlated
well with a lattice model having a broad distribution of energy barriers. Annealing reduced the measured
diffusion coefficients, which was shown to be consistent with narrowing of the energy barrier distribution,
as well as an increase in the mean barrier energy. Interestingly, the decrease in the diffusion coefficient
with aging was found to occur much more slowly in fast-cooled samples, despite the higher initial free
volume content. By contrast, properties such as density or isothermal dynamic mechanical properties
were more consistent with the free volume model.
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Figure 2. Schematic of the temperature program for the [ m et
cooling rate studies. The polycarbonate films were heated from o 2.5x10
room temperature (30 °C) to 165 °C at a heating rate of 40 14962 L i §
*C/min, kept at 165 °C for 15 min to remove thermal history, . o
and cooled with the internal fan oven at several controlled 3
rates to room temperature. The cooling rates were taken as 11960 , , . , o . . , . . X
0.5 °C/min, 10 °C/min, 40 °C/min, or in excess of 40 °C/min - 2.0x1 1.0x10™ ¢y
(external fan). 0.5 10 40 fan 0.5 10 040 fan -~
cooling rate (°C/min) cooling rate (‘C/min)
11974 ———//7 T T
18 I Fi 3. Densit functi £ th li te. Th Figure 4. Diffusion coefficient [J and solubility coefficient S
e - ? I dlg“,ff - Uensity as ‘3 L{cncléor;lco he cooll.ng ra(ie. 'te for Nz as a function of cooling rate. The permeation experi-
T oo it l encsi.l 1e£3 uiere measured a using a linear density ments were performed at 35 °C. The applied pressure was fixed
£ gradient column. at about 3.9 atm for No.
; 1:1968 - b
11966 E 10
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1.1964 E 1 A Nz l I I
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Figure 7. Density as a function of the aging time for a sample E / =]
cooled at 40 °C/min and aged at 120 °C. The densities were <= [ ] c
measured at 18 °C using a linear density gradient column. ) I t. =0 E [ i ----
[*]
e 1 n ¢ ®
.._\_ & 10 -
o 2l 1 1,=0 ] l = S|
g ; 3 [ e O,
4
5 . | A N,| 1 =120°C, = 10n
g s W He % -20 1 1 1 Il 10 | e e 1
E P : L 05 10 40 fan ) . . .
af ]
21 e { % _ cooling rate (°C/min) 05 10 40 fan
™ . - Figure 16. Percent in diffusion coefficient change as a COO|I|19 rate (°Clm|n)
! © 1o function of the cooling rate for the various gases of interest. . . - -
t,(h) The samples had been annealed at 120 °C for 10 h. The Flgu.re 17. PeI‘CGl.'lt in solubility cot—-}fﬁment change as a
Figure 10. Percentage of the permeance change as a function permeation experiments were carried out at 35 °C. function of the cooling rate for the various gases of interest.

of annealing time at 120 °C for the gases studied in this The Samples had been annealed at 120 °C for 10 h. The

research. The permeation slopes were obtained at 35 °C and . ) R o
averaged. As apparent from the figure, the permeation slope permeation experiments were carried out at 35 °C.
was reduced with annealing time.
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Fluid Phase Equilibria 444 (2017) 47-55
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Predictive model for gas and vapor sorption and swelling in glassy (!)Cmsmk
polymers: II. Effect of sample previous history

Matteo Minelli’, Ferruccio Doghieri

Department of Civil, Chemical, Environmental and Materials Engineering — DICAM, Alma Mater Studiorum, University of Bologna, Via Terracini 28, [-40131,
Bologna, Italy

ARTICLE INFO ABSTRACT
Article history: The solubility of various gases in several glassy polymers has been analyzed by the nonequilibrium
Received 15 February 2017 thermodynamics for glassy polymers (NET-GP) framework, coupled with a lattice fluid equation of state

g‘;—‘c:i"‘j‘:jzié‘];e"im form model. Moreover, a simple rheological tool recently introduced for the a priori evaluation of the pene-
pri

) trant induced swelling is employed to predict the volumetric behavior of the solute/polymer mixture
ficcepted 22 Aprl! 2017 below T,. Such model ts fi dditional libri ter for the description of
Available online 25 April 2017 elow Tg. Such model accounts for an additional nonequilibrium parameter for the description o
polymer phase that represents its pseudoequilibrium compressibility, and it can be retrieved from pure
component pressure—volume temperature data below Tg. More in detail, the effect of polymer pre-

Keywords:

Fluid solubility reswelling) on the resulting solubility
Thermodynamics behavior has been thoroughly ana]yzed and discussed, and the experimental data obtained for several
Glassy polymers penetrant/polymer couples have been well described by the present model.

NELF model © 2017 Elsevier B.V. All rights reserved.

Polymer swelling
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4. Conclusions

The solubility of various penetrants in glassy polymers has been
analyzed and described by means of the nonequilibrium thermo-
dynamics for glassy polymers (NET-GP) approach, which has been
used in combination with the lattice fluid EoS by Sanchez and
Lacombe. The resulting nonequilibrium lattice fluid model (NELF),
coupled with the novel rheological approach for the prediction of
solute induced swelling, provides the a priori evaluation of the
solubility of any penetrant in polymer systems below their Tg, even
in case a significant swelling is induced by the solute.

In this work, a particular care has been devoted to the analysis of
the effect of sample pretreatment on the resulting solubility iso-
therms. Indeed, various previous histories of the polymer glass (e.g.
annealing, conditioning, pre-swelling etc.) often lead to significant
differences in the resulting penetrant solubility. The NELF model
accounts for the diverse initial nonequilibrium states of the poly-
mer glass assuming different values of the initial density, and the




My primary concern here is about the fact that we are using
polycarbonates like Makrofol DE and Makrofol N*, but we have
little or no information about the production history of these

polymers.

* The usage of Makrofol N foil for radon studies was suggested
and kindly provided by Luigi Tommasino. The usefulness of this

support is very difficult to exaggerate. Thank youl!



The unsuccessful (thus far) hunt for the radon absorbing scintillator

J Radioanal Nucl Chem (2017) 314:637-649 @ CrossMark
DOI 10.1007/s10967-017-5488-3

Synthesis and characterisation of scintillating microspheres made
of polystyrene/polycarbonate for “**Rn measurements

Eduard Pelay' + Alex Tarancén'” - Krasimir Mitev> - Chavdar Dutsov” -
Strahil Georgiev® + Ludmil Tsankov? * José Francisco Garcia'



" UNIVERSITAT oe
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Synthesis and characterisation
of scintillating microspheres
made of
polystyrene/polycarbonate for
222Rn measurements

Pelay, E.; Tarancon, A.; Mitev, K.; Dutsov, Ch.;
Georgiey, S.; Boshkova, T.; Garcia, J.F.




Background

The absorption of 22?2Rn in polymer samples can be
described by the diffusion equation taking into account
the radioactive decay:

on(r.y.z,t) H 0*n N 0*n N 9*n
ot or?  0y?>  0z?

The solution for spherical specimen exposed to ambient

concentration C,,, for exposure time T, and left to

env

desorb in radon-free air is:

— \n

R 1 _ _)\st
Aalt) = 6GAKV Clp (Lp/R)* Y et
=N
jmLp\”
with: A=A 1+( 7 )

L, and K are the physical parameters which describe the
222Rn absorption in the polymer. By definition:

C
L, = B K — —PCO+

}\ Cenv

Nuclear Instruments and Methods in Physics Research A 598 (2009) 620-627

Contents lists available at ScienceDirect
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Sorption and desorption of radioactive noble gases in polycarbonates

D. Pressyanov *, K. Mitev, S. Georgiev, I. Dimitrova

Experimental Determination of L, and K

Radiation Protection Dosimetry (2011), Vol. 145, No. 2-3, pp. 123-126 doi:10.1093 /rpd /ncr 69
Advance Access publication 5 April 2011

DETERMINATION OF THE DIFFUSION COEFFICIENT
AND SOLUBILITY OF RADON IN PLASTICS

D. Pressyanov®, S. Georgiev, I. Dimitrova, K. Mitev and T. Boshkova
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222Rn, polymers and motivation

* POLYCARBONATE
High %2?2Rn absorption capabilities

Diffusion Partition

Track-etch properties .
— Material length, Ly, coefficient from
s " Applied Radiation and Isotopes F (I.lm) ai r, K
ELSEVIER journal homepage : www.elsevier.com/locate/aprad iso .
Makrofol® N 38.9 (13) 112 (12)
Determination of 222Rn absorption properties of polycarbonate foils by @c, ,,,,,,

liquid scintillation counting. Application to 222Rn measurements

K. Mitev** P Cassette”, S. Georgiev®, L. Dimitrova®, B. Sabot®, T. Boshkova®, 1. Tartés®, M akrofo |® D E 52 ) 1 (10) 2 6 ] 2 (2 5)

D. Pressyanov®

1The values are for 20 °C.

* PLASTIC SCINTILLATION MICROSPHERES MADE OF POLYSTYRENE

High scintillating capabilities
Preliminary and successfully tested for 222Rn absorption and measurement

LEEE TRANSACTIONS ON NUCLEAR SCIENCE, YOL. 63, NO.2, APRIL 2016 1209 . D i ffu S i O n P art i ti O n
Pilot Study of the Application of Plastic Scintillation Material length, Lo coefficient
Microspheres to Rn-222 Detection and Measurement (um) from air. K
PSmirom 1208 (21)  6.62(51)
polystyrene

1The values are for 21 °C.




* Develop PSm made of Polystyrene, Polycarbonate and mixtures

for the 222Rn absorption and measurement.

v Synthesis of PSm of PS, PC and mixtures of PS and PC.

v Characterization (morphological and radiological) of the microspheres
synthesised.

v Test the applicability of the PSm to measure 222Rn.



Preparation of the Organic and Agueous phase
Slow addition of phases using separation funnel
Stirring 20h at 252C

PSm filtered and cleaned with ethanol and water
Dried 12h at 402C

Preparation of PSm

* EVAPORATION/EXTRACTION METHOD

o jl- o *ﬁ:ﬁ* _}7)

ik W e

Polymer and solutes

Disperse phase Continuous phase Emulsion Organic solvent Microsphere harvest
© o © O

ORGANIC PHASE AQUEQUS PHASE

e 25 g Polymer * 2 L Deionized water

* 0.2 % (w/w) PPO 1% w/v PVA

* 0.05 % (w/w) POPOP
* 250 mL Dichloromethane



Raw materials

PS SA .. PC_MAKD AR
Polystyrene Across . Polycarbonate SHRAT
260000 MW (average) fray MG Makrofol D (Bayer) ses Rpsiieg
TR Lo e

PSm prepared

PSm Polymer Composition
1 PS_SA 25 g of polystyrene Across
2 PS SA/PC_MAKD 75:25 18.75 g of Across polystyrene + 6.25 g of MAKD polycarbonate
3 PS SA/PC_MAKD 50:50 12.5g of Across polystyrene + 12.5 g of MAKD polycarbonate
4 PS_SA/PC_MAKD 25:75 6,25 g of Across polystyrene +18.75 g of MAKD polycarbonate
5 PC_MAKD 25 g of MAKD polycarbonate




Preparation of PSm

PSm appearance

e 75g of PSm were prepared (3*25g).

* In all cases particles were obtained and efficiency was close to 100%.

Fine dust Blocks Agglomerates

PS_SA, PC_MAKD, PS/PC 75:25 PS/PC 25:75
PS/PC 50:50



Preparation of PSm

PSm SA (polystyrene) PSm_ MAKD (polycarbonate)

 Median size 85um  Median size 65um
* Smooth * Smooth with Superficial holes
* Spherical without deformities * Non-Spherical

v' The PC PSm non-spherical form may be caused by the different formation of
microdroplets and the process of solidification due to polarity of PC



Preparation of PSm

PS/PC (75/25) PS/PC (50/50) PS/PC (25/75)

* Agglomerations  Median size 55 um * \Very big agglomerations
* Median size 65um * Non-spherical * Median size 100 pum
* Plains formed in collisions * Linein the half * Bigholes

v PC and PS are not miscible and form two phases into the microdroplet before precipitate.
This behaviour and its proportion defines the final shape



Absorbance

O =~ N W kA OO G N 0 O
1 1 1 1 1 1

Preparation of PSm

IR analysis

N N O G Y
o =2 N W B~ O,
1 1 1 1 1 ]

— PS_SA

— PSm_PS_SA

Nk

3500

3000

2500 2000 1500
Wavenumbers [1/cm]

1000

500

 PS_SA (polystyrene)
* PSm_PS (microspheres of PS)

v' Same peaks (PS is not modified)
v Encapsulation of solutes

v' Some water and/or PVA?



Preparation of PSm

PSm morphology (IR analysis)

0.9 1
0.8

0.7 1

Absorbance

0.4 1

0.3 1

——

0.2

0.1

=
[}
1

=
[}
1

— PC_MAKD
— PSm_PC_MAKD

A

/
W

I I I 1
3500 3000 2500 2000

I
1500
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v Same peaks (PC is not modified)

v’ Encapsulation of solutes
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Preparation of PSm
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.. ) Quantulus detector
Spectrum position and Quenching

PS_PC (100/0) PS_PC(75/25) PS_PC (50/50) PS_PC(25/75) PS_PC (0/100)

SQP [E] 806(3) 799(4) 765(4) 745(5) 712(3)

Am241 Cl36
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v" Quenching increases with the increase of the amount of PC (chemical quenching)



Quantulus detector
Detection efficiency for high-energy beta and alpha emitters

PS_PC (100/0) PS_PC(75/25) PS_PC (50/50) PS_PC (25/75) PS_PC (0/100)

EFf. 3H [%)] 0.9(0.1)  0.30(0.03) 0.66(0.03) 0.47(0.03) 0.53(0.02)
Eff. 36C1 [%)] 97(1) 84(3) 96(1) 91(2) 93(1)
Eff. 241Am [%] 75(1) 53(4) 85(2) 74(1) 77(1)

v’ Detection efficiency for tritium is low
v’ Values are high in all cases except for 75/25 (agglomerations of PSm)

v’ Detection efficiency is mainly dependent of the PSm diameter.



Radiometric Capabilities
—— *’Rn in Toluene-based LSC

Rackbeta 1219 LS counter

222 H 007 - ——100%PS 0% PC
§.pectra.c.>f : Rn a.bso.rbed in PSm S B A
(in equilibrium with its progeny) sios| T H%PSI%PC

— 0% PS 100% PC

Counting geometry optimized for better light 0.005 |-

collection as suggested by Philippe Cassette
Glass tube 5mm diameter PSm 0.004 -

0.003 |-

0.002 |-

Normalised specta (area =1)

0.001 |-

W,

0.000 — . . —
200 400 600 800 1000

Channel

v’ Spectrum of PSm made of 100% polystyrene (PS) very similar to that of the LS cocktail

v" Quenching increases with the increase of the polycarbonate content



222Rn absorption properties

Partition coefficients and diffusion lengths

___PSm___ | K _

100% PS 0% PC
75% PS 25% PC
50% PS 50% PC
25% PS 75% PC

0% PS 100% PC

Compare to

K of the raw
material:

5.8 (15) <=

6.62(51)

6.6 (17)
6.8 (17)
5.5 (14)
5.2 (13) <>

26.2(25)

100% PS 0% PC
75% PS 25% PC
50% PS 50% PC
25% PS 75% PC

0% PS 100% PC

97.0 (23) <=
69.4 (18)

49 (14)

120.8(31)

1125 (45)«@=p> Residual PVA?

112.9 (46)<>

52.1(10)

Error introduced
by non-spherical
PSm?

v The production of PSm of polycarbobnate changed the radon absorption properties

v" The change is more pronounced for the partition coefficient K and less pronounced for L,




Conclusions

v" PSm of PS, PC and mixtures of PS/PC can been prepared by the
evaporation/extraction method

v’ Different polarity of PS and PC cause formation of PSm of different shape:
spherical for PS and pseudo-spherical for PC.

v' PC and PS are not miscible and in PSm of both are segregated.

v’ Efficiency of PSm of PC is slightly lower due to quenching effect caused by PC.

v The 222Rn absorption properties of PSm made from 100% polycarbonate differ

from the %2?°Rn absorption properties of the polycarbonate material.
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Table 7: Partition coefficients (X)) for ““Rn form air of PS foils with different Table 8: Diffusion lengths (Lp) of ““Ra in 100% polystyrene or 100% polycarbonate foils.
polystyrene/polycarbonate composition (%). The values are for 21°C. The values are for 21°C.
PS composition: polvsterene/polvearbonate Partition coefficient (solubility) PS5 composition: polvsterene/polyvcarbonate Diffusion length (Lp), pm
concentration (%) concentation (%)
0/100 11.7(28) 0/100 259(61)
25/75 7.3(17) 100/0 S1(17)
50/50 4.1(13)
75/25 5.0(11)
100/0 14.9(30)
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= Table 1
Applied Radiation and Isotopes Lp and K for “**Rn from air® for Makrofol N and DE foils.
Lonvn e - Type of foil Diffusion length, Ly (pm) Partition coefficient from air,
K

Determination of 2*2Rn absorption properties of polycarbonate foils by @mm
liquid scintillation counting. Application to ?2?Rn measurements Makrofol N 389+ 1.3 112 + 12

K. Mitev **, P. Cassette ", S. Georgiev ®, 1. Dimitrova®, B. Sabot"”, T. Boshkova?, 1. Tartés”, Makrofol DE 521+ 1.0 26.2+2.5
D. Pressyanov *

2 Faculty of Physics, Sofia University “St. Kliment Ohridski”, 1164 Sofia, Bulgaria a
b CEA, LIST, Laboratoire National Henri Becquerel, LNE-LNHB, Gif-sur-Yvette F-91191 France ThE \l"ﬂll..lES BI'E f[l[' 2“ nt.



Final remarks:

» It will probably be beneficial if we gain more information about the

production way of different polycarbonate- based products: pellets, CDs,
DVDs, foils or even powder, since this information may be related to the

noble gas absorption properties.

» It will be perhaps useful to test same material (e.g. Makrofol DE)
produced in different ways: extrusion, meltcasting, extraction-
evaporation, etc., because these might enhance or suppres noble gas

absorption properties.

Thank you.



