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Investigation of Polymeric Films Based on
Brilliant Green Dyed Poly (Vinyl Alcohol)
and Poly (Vinyl Butyral) for Use in High Dose
Processing Dosimetry
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YED POLYMER FILMS prepared by simple technique

of casting aqueous solution of poly vinyl alcohol (PVA)
or poly vinyl butral (PVB) containing Brilliant Green (BG) on
horizontal glass plate were studied to be used for high dose
dosimetry. Both films were bleached with different rates on
exposure to gamma ray. Chloral hydrate was added to both
polymeric films and the effect of its concentration as well as
dye concentration on response was studied. Wavelength of
analysis is 633 nm. The radiation chemical yield (G-values)
was calculated in presence and absence of chloral hydrate. The
films exhibit negligible humidity effect during irradiation. Pre-
and post- irradiation stability was examined.
Keywords: Poly vinyl alcohol, poly vinyl butral, Brilliant

green, dosimetry

Radiation bleachable organic dyes were widely investigated (Ebraheem et al.,
2005). For dose monitoring in radiation processing, the polymeric dyed flexible
films are considered to be the most commonly materials used as dosimeters and
indicators (Abdel-Rehim and Abdel-Fattah, 1993) and for monitoring the
absorbed dose delivered by electron beams and gamma rays (Kovacs et al., 2002).
Many dyed films had been developed and investigated for possibility of using in
measuring absorbed doses in nuclear reactors, X- rays, gamma rays and electron
beam (Kovacs et al., 2000). Many other films containing a radiation sensitive
pH indicator dye with chloral hydrate have been prepared to be used as y-
radiation monitoring dosimeters and indicators (Soliman, 2005). Kattan et al.,
(2011) studied the using of Polyvinyl chloride (PVC) dyed with bromocresol
purple was investigated as a high-dose radiation dosimeter.

In the current work, a distinct comparison for responses behaviour of BG
dye in different polymer materials PVA and PVB were carried. The effect of dye



166 S.EID etal.

concentrations and chloral hydrate was studied; also pre and post irradiation
stability as well as humidity effect during irradiation was examined from
dosimetric point of view.

Materials and Methods
Preparation of stock solution of BG

Stock solution of BG dye prepared by dissolving 0.08 g of BG;
Cy7H34N,04S M. Wit= 482.63 g/mol, Sigma-Aldrich, Inc., USA in 50ml Ethanol.
The solution was kept well stirred for about 24 h to obtain a homogenous dye
solution. The structure formula of BG was represented in Fig.1.
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Fig.1. Structure formula of Brilliant Green.
Preparation of BG films

Films were prepared by dissolving either 9g PVA powder; average M.wt
25,000 fully hydrolysed 99-100% product of J.T baker chemical Co., USA in 180
ml double distilled water or 10.5g PVB; average M.wt 36,000 product of Wacker
Co., USA in 210ml n-butanol. Complete dissolution done by stirring for 3h at
about 60°C followed by continuous stirring for 24h at room temperature then left
to cool. PVB polymer solution was divided into seven parts each part is 30ml
volume. 2.2ml, 3.3ml and 4.4ml of the BG stock solution were added to the first
three parts. The rest four parts contain the same dye concentration 3.3ml and
(0.1g, 0.29, 0.3g, 0.4g) chloral hydrate was added. Seven films were obtained;
three of them contain (0.23phr, 0.35phr, 0.46phr) of BG dye without chloral
hydrate. The rest four films contain (7.4phr, 14.8phr, 22.2phr and 29.6phr) of
chloral hydrate and 0.35phr of dye. For PVA films, polymer solution was divided
into six parts each of its 30ml volume. BG was added to three parts of polymer
solution as (1.1ml, 2.2ml and3.3ml). The rest three parts contain the same dye
concentration 3.3ml and (0.1g, 0.2g, 0.3g) Chloral hydrate was added,
respectively. Six films were obtained; three of them contain (0.11phr, 0.23phr,
0.35phr) of BG dye. The rest three films contain (7.4phr, 14.8phr, 22.2phr) of
chloral hydrate and 0.35phr of dye. Each solution was poured on to 15x 15cm
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horizontal glass plate and dried at room temperature for about 48h. After drying,
the films were stripped from the glass plate then, cut into 1x l1cm pieces and
stored for different investigation. The thickness of the obtained film was found to
be 0.04 0+ 0.01mm (1o) for PVB and 0.042+ 0.01mm (1o) for PVA.

Instruments

The absorption spectra of un-irradiated and irradiated films were measured
throughout the wavelength range 200-800nm using a UVIKONS860 spectro-
photometer. The film thickness was measured using Digitrix-Mark Il thickness
gauge; precision+ 1um. Gamma irradiation was carried out in the ®°Co gamma
chamber 4000 A’ India. The absorbed dose rate in irradiation facility was measured
to be 3.75kGy/h using reference alanine dosimeter and the electronic equilibrium
conditions were maintained during irradiation, through stuffing the films in the
middle of5 mm thickness of poly methylmethaccrylate from both sides.

Results and Discussion

Absorption spectra

The absorption spectra of the BG/ PVB films containing 0.35phr BG and
22.2phr chloral hydrate were recorded before and after irradiation to different
doses are shown in Fig. 2. The absorption spectra shows main absorption band
in the visible region peaking at 633nm characteristic of a blue colour.

1.6 A 1

1.4 A Dose, kGy
1 0
20
50
100
150
200

250

1.2 4

1.0 A

0.8 A

No b~ wWwN

Absorbance

0.6 A

0.4 4

0.2 4

500 550 600 650 700 750 800

Wavelenght, nm

Fig. 2. The absorption spectra of (BG/ PVB) films unirradiated and irradiated at
different absorbed doses. [BG]= 0.35phr.
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The blue colour intensity of this band decreases gradually with the increase
of absorbed dose until complete bleaching at 250kGy. BG/ PVA films have the
same absorption band peaking at 633nm but differ in sensitivity towards y
radiation (i.e., PVA films are more sensitivity to y-radiation). This reflects the
sensitive to dye towards y-radiation.

Response curves

Fig. 3&4. represent the response curves of both BG/ PVB and BG/ PVA
films containing different dye concentrations. The response were established in
terms of change in absorbance per unit thickness (AA.mm™) at 633nm against
the absorbed dose (AA= A,-A;, where, A, and A, are values of absorbance at
633nm for un-irradiated and irradiated films, respectively). Each point on the
dose response curve represents the mean optical density measurement of 3
dosimeter films irradiated to the same dose. The curves show that the useful
dose range extend up to~70 kGy for BG/PVA film and up 250 kGy for BG/
PVB films. From the two Fig. we can conclude that PVA accelerates the
bleaching reaction of BG dye.
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Fig. 3. Change of absorbance at 633nm as a function of absorbed dose of (BG/
PVB) films containing different dye concentrations.
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Fig. 4. Change of absorbance at 633nm as a function of absorbed dose of
(BG/PVA) films containing different dye concentrations.
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Fig. 5. Change of absorbance at 633nm as a function of absorbed dose of (BG/ PVB)
films containing 0.35phr dye with different chloral hydrate concentrations.
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Fig. 6. Change of absorbance at 633nm as a function of absorbed dose of (BG/ PVA)
films containing 0.35phr dye with different chloral hydrate concentrations.

Fig. 5&6. show the response curve of BG/ PVB and BG/ PVA films
containing 0.35phr of BG and different concentration of chloral hydrate. In Fig.
5. all curves have the same trend but they differ in the slope value; slope of the
initial part of the curves. The slope increase with increase of the choral hydrate
concentrations in PVB films. The useful dose range extended up to 200kGy for
lowest chloral hydrate concentration but goes down to 50kGy to the highest
chloral hydrate concentration. In Fig. 6 it is clear that the increase in the chloral
hydrate may be contributed in the complex formation with BG, this retards the
bleaching reaction. Therefore, the slope decreases with the increase the chloral
hydrate concentration. From the two Fig. it is clear that, chloral hydrate have a
high effect on the bleaching process of both films, where it accelerates the
bleaching reaction in PVB films, while in case of PVA films chloral hydrate acts
as a shield for BG molecule.

Radiation chemical yield

The radiation-chemical yield is defined as a number of moles of dye
degraded by the absorption of 1 J of energy. The G-value is calculated from the
general relation (McLaughlin et al., 1989).

G{—Dvye) = AA/D.c.p.b (mol/])
Where, AA is the change in absorbance at Amay, b is the optical path length (cm),
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g is the molar extinction coefficient at Aya (L Mol ™ cm ™), p is the density of
the dosimeter (g.cm™) and D is the absorbed dose (Gy).

By using dye concentration in mol/L and the average value of A./b, the
molar extinction coefficient is calculated as 44153.52 L mol™ cm™ for PVB and
73668.03 Lmol™ cm™ for PVA where the density is 1.25 and 1.1 g cm-3 for
PVB and PVA, respectively. Table 1. represents the G-value for PVB and PVA
films containing different dye concentration.

TABLE. 1. The calculation G-value for both BG/ PVA and BG/ PVB at different
dye concentration.

Dye conc. (phr)- | G-value (BG/ PVB) (umol J™") | G-value (BG/ PVA) (umol J7)
011 | 0.099
0.23 0.0250 0.1293
0.35 0.0150 0.1710
0.46 00114 | e

From the Table .1 it could be noticed that G-value (BG/ PVB) films
decrease by increase the dye concentration and G-value (BG/ PVA) increase by
increase the dye concentration. For the same dye concentration; 0.35phr, the
G-value in PVA is higher than that in PVB films, this may be due to the number
of radiolysis products of PVA compared with that in PVB. Table 2. represent
the G-value of both PVA&PVB films containing different concentrations of
chloral hydrate and the same dye concentration; 0.35phr.

TABLE.2. The calculated G-values for BG/ PVA and BG/ PVB films containing
different concentrations of chloral hydrate.

Chloral hydrate (phr) | G-value (BG/ PVB) (umol J?) | G-value (BG/ PVA) (umol J7)
7.4 0.0558 0.0806
14.8 0.0784 0.0557
22.2 0.1062 0.0237
29.6 01453 |

From Table 2. it can be seen that G-value increase by increase chloral
hydrate concentration for BG/ PVB films. While it decrease by increase chloral
hydrate concentration for BG/ PVA films.

Effect of humidity during irradiation

The effect of relative humidity (RH) during irradiation on the response of
both BG/ PVA and BG/ PVB films were investigated by irradiating the films
containing 0.35phr BG and 22.2phr chloral hydrate to a dose of 50kGy at
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different relative humidity (0, 23, 54, 76, 92 and 100% RH). The different
relative humidity was maintained by using different saturated salt solution
(Levine et al., 1979). The films were stored before irradiation for three days
period under the same relative humidity conditions as when irradiated so, that
the equilibrium moisture content in dosimeter is established during irradiation.

Fig. 7. represents the variation in AAmm™ at 633nm for PVA&PVB films,
as a function of percentage relative humidity during irradiation, relative to that
at 33% one. It can be seen that for PVA films the relative absorbance increase
until 80% relative humidity with 2.5%, then it shows a decrease with 3.6% till
relative humidity. In addition, PVB films exhibit a slight decrease until 45%
relative humidity then a gradual decrease with 5% to 90% relative humidity.
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Fig. 7. Variation of response of (BG/ PVA) films as a function of relative humidity
during irradiation, Amax 633 and irradiation dose 50kGy.

Shelf life

Stability measurements before irradiation were made by storing (BG/PVA)
and (BG/ PVB) films in dark and light at temperature 25°C and measured the
absorbance of films spectrophotometrically at different interval times during the
pre-irradiation storage period of 30 days as shown in Fig. 8&9. It can be seen
that, after 30 days of conditioning at temperature 25°C, both films exhibit
excellent stability before irradiation where the variation in absorbance during
the 30 days storage period is less than+ 1% in light.

Egypt. J. Rad. Sci. Applic., Vol. 26, No. 1-2 (2013)



INVESTIGATION OF POLYMERIC FILM BASED ON BRILLIANT GREEN... 173

1.10
IS
=
o™ — . — Light
8 1.05 1 — 0 — Dark
=
[
[&)
3
fe . 00— — o0 — — 0" ——o0— __
- Edl S Sbe- NP -
3
<
£ 0.95 |
=
©
o
090 1 1 1 1 1 1
0 5 10 15 20 25 30 35

Time before irradiation, days

Fig. 8. Pre irradiation stability of BG/ PVB films stored in dark and light at room
temperature at A= 633nm.
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Fig. 9. Pre irradiation stability of BG/ PVA films stored in dark and light at room
temperature at A= 633nm.

Post irradiation stability

BG/ PVB and BG/ PVA films [BG]= 0.35phr and [chloral hydrate]= 22.2phr
irradiated to 50kGy were stored at dark and light at temperature 25°C. The
absorbance of 3 films at 633nm was measured at different interval time during the
post irradiation storage period of 30 days. Fig. 10&11. indicate that after
irradiation the response decreases gradually in absorbance with around 3% in
dark and 3.8% in light for PVVB through the first 10 days then stable till the end of
the storage period (30 days) for both films. The same trend observed in PVA
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films the response decrease gradually in absorbance with around 2% in dark and
4.8% in light through the first 10 days then stable till the end of the storage period
(30days).
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Fig. 10. Post irradiation stability of BG/ PVB films stored in dark and light at
room temperature at A= 633nm.
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Fig. 11. Post irradiation stability of BG/ PVA films stored in dark and light at
room temperature at A= 633nm.

Conclusion

BG/ PVB and BG/ PVA films were bleached under the effect of gamma
radiation. Different dye concentrations were prepared and the dose range was
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affected by concentration. Chloral hydrate was added to both polymeric films, it
was found that chloral hydrate accelerates the bleaching reaction in BG/PVB
films and inhibits the reaction in PVA films. The radiation chemical yield G (BG)
was calculated and its value increase with the increase of chloral hydrate in PVB
films while it decrease by increase chloral hydrate concentration in PVA films. G-
value is 0.106 in PVB film and 0.0237 in PVA films; the two films have the same
concentration of BG [0.35]phr and [22.2]phr chloral hydrate. Both films have
negligible humidity effect in range 0-50% RH as well as pre and post irradiation
stability after five days to the end of storage period.
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