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Effect of the coating material on the reflection factor and light yield of scintillation
strips has been studied. The light yield dependences on the pigment type, its concentra-
tion, and the coating material preparation techniques have been investigated. A novel
method has been developed and realized to introduce a powdered pigment into polymer
matrix at high pigment concentrations. This technique has been shown to provide co-ex-
truded scintillation strips with the light yield up to 9 ph.el. (exceeding about by 40 % the
foreign analogs).

IIpoBeneno msyueHve BIAUSHUSA BUAA MOKPHITUA HA KOd(h(DUIIMEHT OTPAKEHUA U CBETOBOM
BBIXOJ CIMHTHJJISIMOHHBIX CTPUIOB. McciaeqoBaHBI 3aBUCHMOCTH CBETOBOTO BBIXOZa  OT
TUIIA TUTMEHTa, ero KOHIeHTPAIlUM M cmocoba IIOJyUeHHs MaTepuaja IOKPbITHS. Paspabo-
TaH ¥ Peajn30BaH HOBBIM MeTOJ BBeJEeHUs IIOPOIIKOBOTO MUTMEHTa B HOJMMEPHYI0 MaTPUILY
B OOJBINMX KOHIEHTpanuAax. IloKasaHo, UTO 9TO IIO3BOJIUJIO IIOJYUYATh COIKCTPY3UOHHBIE
CTPUIIBI, KOTOPbIe MMEIOT CBEeTOBOM BBIXOA M0 9 ¢.s. (Ha 40 % GosbIlle, YeM aHAJOTU MUPO-
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BBIX ITPOMBBOJUTENIEIT).

The long-length profiled plastic scintilla-
tors (strips) are used widely now in nuclear
physics and high-energy physics experi-
ments. For example, in detectors used in
MINOS, DO, and OPERA experiments,
about 7 m long scintillation strips are used
as sensors [1-3]. The scintillation strips are
provided by a groove for a light guide and
a reflective coating. Such scintillators
should provide a maximum light yield. For
example, the OPERA detector strips should
provide the minimum light yield of 5 ph.el.
while a 8 or 9 ph.el. one is desirable [4].

The purpose of this work was to search
for the reflective materials to coat the long
strips that would provide the maximum
light yield in the specific geometry at a
high performance level and industry-favor-
able production technique.

The strip light yield as a function of the
reflective material type was studied using
samples of the OPREA detector strips having
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10.6%26.3 mm?2 cross-section and f=50 cm
length (L). AQOSr source and a Kuraray Y11
light guide of 1.2 mm diameter and 1 m
length were used. The strips were manufac-
tured by extruding the specially prepared
polystyrene (PS) blocks. A FEU-115M PMT
was used as the light receiver showing the
average quantum efficiency of 14 % in the
maximum emission region of the fiber. The
coating reflection factor was measured
using a FMSh-56 instrument at 400 nm
wavelength that answers approximately to
the emission maximum of the secondary ad-
mixture in the scintillating composition
used in the strip matrix.

As the light reflecting materials, alumin-
ized Mylar, synthetic paper TYVEK, metals,
and white paints and plastics are in wide
use in physical experiments [5]. It is just
the TYVEK that is used most often as a
reflector because it has a sufficient reflec-
tion factor and provides a high light yield
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Fig. 1. Reflection factors of coatings contain-
ing various TiO, kinds.

of the scintillator. It is to note, however,
that such a reflector is inconvenient to use
in long-length counters. A novel coating ob-
tained by chemical modification of the sur-
face is described in [5]. It is just the poly-
mer-based coatings applied by co-extrusion
technique immediately in the strip manufac-
turing process that are believed the most
practically feasible. This method provides a
reduced laboriousness and a favorable pro-
duction cost.

The light collection calculations in scin-
tillation strips [6] have shown that the light
yield is influenced to the greatest extent
by the scintillator material transparency
and the coating reflection factor (R). The
latter dependence is exponential, and a con-
siderable light yield increase is attained at
R> 90 %. In this work, the following fac-
tors influencing the coating reflection fac-
tor were studied: (I) the pigment type (TiO,,
MgO, Zn0O, BaSO,, Al,O3); (II) the pigment
concentration; (III) the coating thickness;
and (IV) the coating obtaining technique.

In contrast to colored pigments that pro-
vide the light-tightness due to the visible
light absorption, titania and other white
pigments provide the light-tightness due to
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Fig. 2. Dependence of the strip light yield on
the TiO, kind in the coating material.

the light scattering. Table 1 presents the
refractive indices for the most widely used
white pigments and polymers. It is seen
from the Table that it is just TiO,, in par-
ticular, its rutile form, that shows the
highest refractive index and, therefore, of-
fers an advantage in the reflection.

In this connection, the rutile TiO, was
selected as the pigment. The commercial
TiO, is produced as powders of different
purity and dispersity grades as well as con-
centrates based on various polymers. The
following titania products were used in the
studies:

(I) TiO, powder of R103 and R104
brands produced by DuPont,

(II) TiO, powder of A20 brand from
Sumy Chemical Works,

(III) TiO, super concentrate on polysty-
rene basis from DuPont, SCPD brand (TiO,
content in the granules 60 %),

(IV) TiO, super concentrate on polyethyl-
ene basis from Schulmann, SCPE brand
(TiO, content in the granules 60 %).

The coating material was prepared on the
PS basis by adding titania and blending in a
worm extruder. The coating was applied in

Table 1. Refractive indices of white pigments and polymers

White pigment Refractive index Polymer Refractive index
TiO, (rutile) 2.73 Polystyrene 1.6
TiO, (anatase) 2.55
Antimony oxide 2.09-2.29 Polycarbonates 1.59
Zinc oxide 2.02
White lead 1.94-2.09 Polyethylene 1.5-1.54
Lithopone 1.84 Acrylates 1.49
Magnesium silicate 1.65
Barium sulfate 1.65 Polyvinyl chloride 1.48
Calcium carbonate 1.63
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Fig. 3. Dependence of the coating reflection
factor on titania concentration.

the course of manufacturing by co-extru-
sion. The reflective coating thickness was
300 pm as defined by the detector specifica-
tions. To increase the coating thickness is
undesirable because this results in an in-
creased dead zone of the detector.

At the first step, the dependences of re-
flection factor and light yield on the TiO,
kind. To that end, strips were made with
coatings containing the same concentration
(18 %) of different titania kinds. The strip
light yield and the coating reflection factor
values are shown in Figs. 1, 2. It is seen
that it is just the strips with a coating
containing TiO, powder of R104 brand pro-
duced by DuPont that show the highest re-
flection factor and light yield, while R103
brand provides very similar results. The ad-
vantage of those two types is due, first of
all, to the material high purity (96-97 %)
as well as to the high dispersity (particle
size about 0.2 pm). In Figs. 3 and 4, pre-
sented are measured the reflection factor
and light yield values for the strips contain-
ing 12 %, 18 %, and 24 % of R104 TiO, as
the best reflective material found in pre-
liminary experiments. The reflection factor
and light yield are seen to increase as the
TiO, concentration rises.

The reflection factor (and thus the light
yield) is known to be affected by the reflec-
tive material dispersity in the polymer ma-
trix. This instance becomes especially im-
portant at high pigment concentrations
when the agglomeration of the pigment par-
ticles is favored. The introduction of TiO,
in high concentrations by using the super-
concentrates is a rather easy solution, how-
ever, as it is seen from Figs. 1 and 2, such
coating are not the best ones. We have de-
veloped and realized the TiO, introduction
technique into the initial monomer followed
by the polymerization. That technique pro-
vides the use of a powder at high concentra-
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Fig. 4. Dependence of the strip light yield on
the TiO, concentration in the coating material.

tions and the maximum dispersity of the
material.

All experimental results are summarized
in Table 2. It is to note that the advantages
of Samples Nos.6 and 9 are due to a super-
high titania concentration in the coating
(24 %). In this case, some problems with
co-extrusion arise connected with the in-
creased viscosity of the coating resulting in
the non-uniform application. That is why
the Sample No.8 is more preferable. It con-
tains 18 % of TiO, and shows a little dif-
ference only from the Samples Nos.6 and 9
in light yield, while causing no problems
with uniform application on the scintillator.

Thus, in the work, presented are the
measurement data of the coating reflection
factor and the scintillating strip light yield
for various reflective materials. The light
collection in the strips is realized using the
fibrous spectrum shifters. The light yield
dependence on the pigment type and its con-
centration in the coating has been studied.
A novel technique has been proposed and
realized using the pigment introduction not
into polymer but into monomer followed by
the polymerization. This provided the scin-
tillating strips coated by co-extrusion, the
coating having high light reflection proper-
ties and providing a high light yield. The
samples obtained exhibit a light yield at-
taining 8.9 ph.el., i.e. higher by 40 % as
compared to the strips with TYVEK reflec-
tors and not less than those with chemically
modified surface. The co-extruded coating
seems to be the most feasible practically in
the mass production.

References

1. A.Pla-Dalmau, A.D.Bross, K.L Mellot, Ex-
truded Plastic Scintillation Detectors, in: DPF
Proc., January 1999 (Fermilab-Conf-99/095).

2. The MINOS Detectors, Technical Design Re-
port, NuMI-L-337 (1998).

Functional materials, 11, 4, 2004



News of Technology

Table 2. Effect of the reflective coating type on the reflection factor (R) and light yield” of the strips

Manufacturer Sample | Reflective material | Coating technique | R, % Light yield
No. To MINOS | to ph.el.
ISMA 1 TiO, SKPE 12 % Co-extrusion 91 1.10 -
2 TiO, SKPE 18 % Co-extrusion 92 1.18 7.6
3 TiO, SKPE 24 % Co-extrusion 94 1.20 -
4 TiO, SKPD 12 % Co-extrusion 90 1.09 -
5 TiO, SKPD 18 % Co-extrusion 93 1.20 -
6 TiO, SKPD 24 % Co-extrusion 95 1.42 8.35
7 TiO, R104 12 % Co-extrusion 92 1.21 -
8 TiO, R104 18 % Co-extrusion 96 1.39 8.20
9 TiO, R104 24 % Co-extrusion 97 1.48 8.90
10 TYVEK Enveloping 93 0.98 -
11 Modified surface Chemical 96 1.43 -
modification
MINOS 12 TiO, 12 % Co-extrusion 92 1.00 5.60
Chemo Technique 13 TiO, R104 15 % Co-extrusion 94 0.91 5.00
Pol.Hi.Tech 14 TYVEK Rreversal 93 0.85 4.76
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mono-energy electron beam
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3aJIesKHICTh CBITJIOBOTO0 BUXOAY CHUHTHJISAIIAHUX
CTPHMIIIB BiJi TMIIy CBITJIOBiIOMBAIOYOTO NMOKPMTTSI

Menvnuuyr C.B.

IIpoBeneHo BMBUEHHS BIJIMBY THUIY IOKPUTTA Ha KoedimieHT Big0MTTs Ta CBiTJI0BUIL
BUXI CHMHTUIANIAHUX cTpumniB. [ociimkeHo 3ajelXHIiCTh CBITIOBUXOJY CTPUIIIB Bif THUITY
mirmMeHTra, #Oro KOHIIEHTpAIil Ta cmoco0y OTpHMMAaHHA MaTepiany HOKpuTTA. PospobiieHo Ta
peaJyiizoBaHO HOBUIH cIIOci0 BBeJeHHS MMOPOIIKOBOTO IIrMEHTY Yy MOKDPUTTS Y BEJIUKUX KOH-
meHTpaniax. ITokazaHo, IO Ile HO3BOJIMJIO OTPUMYBATH KOEKCTPY3iHi cTpumu, IO MaioTh
cBiTioBuit Buxim mo 9 ¢.e. (ma ~40 % Oinbime, HiXK cBiTOBI aHagorm).
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