
Barium ion (Ba2+) was introduced into the transparent resins
by copolymerization.  The phase diagram of the transparency of
the Ba2+-containing polymer in a three-component system was
determined and discussed.  The Ba2+-containing optical resins
with good visible light transparency almost absorb X-ray com-
pletely and absorb γ-ray partially, as well as exhibit good optical
properties and thermal stability.

People paid more attention to transparent resins because of
the excellent properties of the materials such as lightness, impact
resistance, and processability.1,2 With the extensive usage of var-
ious radiation, there has a great interest in the preparation of
radio-protective materials, especially in the study of the transpar-
ent radio-protective polymer.3–5 The heavy metals (such as Pb,
Ba, Ti, etc.) usually play a role in absorbing radiation.  Most
radio-protective resins are usually prepared with dispersing a
metal oxide into the polymer, the metal-containing polymer syn-
thesized by this method exhibits a good absorption to X-ray,6 but
it has poor strength and hardness.  Also, the metal oxide is easy
to dissipate from the materials, which will pollute the environ-
ment.  Introducing metal ion to polymer chains7,8 can mend the
shortcoming above mentioned, and improve some physical prop-
erties3,9 of polymer materials.

Styrene (St) is a kind of optical resin that possesses good
visible light transparency.  In the present paper, we introduced
barium ion into the polymer chains of styrene to prepare a series
of Ba2+-containing transparent resins.  The phase diagram of the
transparency of the Ba2+-containing polymer in a three-compo-
nent system was studied.  The Ba2+-containing transparent resins
not only exhibit a good radiation shielding properties, but also
have a high glass transition temperature and good optical proper-
ties, which have practical significance.

Barium dicinnamate (Ba(CA)2) was prepared,9 the structure
might be considered as:

Because Ba(CA)2 was not dissolved in St, methacrylic acid (MA)
was chosen to be a cosolvent and a monomer.  Thus barium dicin-
namate was dissolved in a solution mixture of methacrylic acid
and styrene to form a transparent solution. AIBN was added as an
initiator.  The resulted mixture was pre-polymerized at 57 °C for
20 min, then the content was cast and sealed into a mold consist-
ing of two glass plates and a silicone rubber gasket and was
copolymerized in bulk at 57–110 °C for 18 h.  The resulted sheets
were colorless and transparent with a thickness of 3 mm. 

The visible light transmittance (at 550 nm) of the sheets was
measured.  When the transmittance was above 50%, the sheets
were recorded as transparent ones; otherwise they were recorded
as nontransparent ones.  In a phase diagram of the three-compo-
nent Ba(CA)2 / St / MA was divided into 100 small triangles by
the lines that parallel the base and correspond to varying percents
of the component (see Figure 1).  According to the ratio of every
angular vertex, the three components were copolymerized, and the
transmittance of the copolymer was recorded.  Then, the triangles
including the transparent and the nontransparent points were fur-
ther divided into 25 smaller triangles, and the transmittance at
those points was recorded too.  Finally, a line was drawn
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between the transparent and nontransparent points, so the phase
diagram of the polymer transparency of the three-component sys-
tem Ba(CA)2 / St / MA was plotted and shown in Figure 1. It
indicates that the three-component system has a large transparent
phase area of the polymer, the content of Ba(CA)2 could be up to
32 wt%. Therefore we could obtain the optical resins with a high
content Ba(CA)2.

The UV–Vis spectra of the three-component copolymer
Ba(CA)2 / St / MA were measured (see Figure 2).  The visible
light transmittance (at wavelength 550 nm) of the polymer was
76–83%, which showed the good transparent properties.  The
onset wavelength in ultraviolet region was 310 nm, which illus-
trated that the Ba2+-containing polymers could absorb ultraviolet
light partially.  This is useful as an optical resin for shielding
ultraviolet in a visional field.

The X-ray and γ-ray absorbency of the transparent polymers
containing Ba2+ for different X-ray and γ-ray energies was meas-
ured (see Table 2).  Even if the content of Ba(CA)2 was low (5
wt%), the X-ray absorbency of the Ba2+-containing optical poly-
mers was up to a higher value (99.2%).  And with increasing
Ba(CA)2 content, the optical resins almost could absorb X-ray
completely.  It indicates that the optical resins containing Ba2+

have good absorption to X-ray.  In addition, the Ba2+-containing
optical resins could absorb γ-ray partially, and with increasing
Ba(CA)2 content, the γ-ray absorbency of this kind of transparent
polymer was increased. When the γ-ray energies were increased,
the γ-ray absorbency of Ba2+-containing optical resins was
decreased.

The glass-transition temperatures (Tg) and the decomposi-
tion temperatures (TG) of the transparent resins with different
Ba(CA)2 contents are shown in Table 1. The results indicate that
the glass transition temperatures and the decomposition tempera-
tures of the copolymer were all obviously improved with the
Ba(CA)2 content increasing from 0 to 20 wt%. We think there are
three reasons, firstly, Ba(CA)2 with two double bonds (C=C)
could be acted as a cross-linker. Tg of the copolymer will be

higher as cross-linkage increases. Secondly, owing to the strong
attraction of the metal ion-bonds in the polymer chains, the
motion of chains is limited. The molecular mobility and flexibili-
ty are reduced. Thirdly, the carboxyl group in MA unit participat-
ed in the interaction to Ba ion, which increased the interaction of
the molecular chains. Therefore, the Ba2+-containing optical
resins have higher glass-transition temperatures and decomposi-
tion temperatures. Introducing Ba2+ into optical polymers could
obviously improve the heat resistance of the copolymer and make
the transparent resins exhibit good thermal properties.

The physical properties of the Ba2+-containing optical resins,
such as the transparency and the thermal properties, almost did
not have changes after irradiation of X-ray and γ-ray for 1 h.
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