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THE THIN FILM PVA - METHYL RED DOSIMETER
Abstract

In the paper the dose responses of the PVA with red methyl was investigated. Polyvinyl alcohol
(PVA) films containing methyl red (MR) were prepared by cast - drying of aqueous of the polymer
and the dye. Irradiations were performed in air at room temperature with a “Co gamma rays at the
dose rate of 0.9 kGy / h. The irradiated films were analyzed at room temperature by UV - VIS
JASCO -V - 350 Spectrophotometer. Dose - response of the films was described by the energy
transfer model. The sensitive of the films was determined. The film is useful for a high sensitive
dosimeter in the dose range from 1 to 140 kGy.

Keywords

Dose response, PVA film, methyl red

L. Physical background

Today, radiation technology and nuclear technology is increasingly widely used in fields such as
health, agriculture, geology, oil and gas, environmental, energy... Products radiation treatment
often characterized by determining the radiation dose (reference dose and dose enough to be
uniformly distributed in the product), high - dose technique for measuring the test targets.

The following overview of some commonly used dosimeters in radiation technology:

+ Thermal luminescence dosimeters (TLD): thermal luminescence dosimeters determine dose
ranges from several tens of mrad wide to 5.10° rad with accuracy of approximately five percent.
With low energy radiation TLD often "too sensitive" (higher doses of reality). With small doses (<
2rad) dosimeter can be used again after reading the dose. For large doses, they need to be new to be
reprocessed.

+ Chemistry dosimeters: chemical dosimeters are used to measure the volume of the reaction
products generated by irradiation, thereby determining the absorbed dose in the dosimeter. This
system is called chemical dose chemical standards. There are many types of different chemical
dosimeters used for measurement of dose. However, the need to select the appropriate dose for
each dose measurements, with certain accuracy. The typical chemical dosimeter badge is iron
sulfate dissolved in acid solution. When irradiated with 2 iron jons (Fe* ” in solution oxidize the 3
iron (Fe’"). Dose of ferrous sulfate was used as the standard dose in basic research as well as
industrial purposes Co® radiation source used in the dose range from 0 + 20kGy.
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+ Glass dosimeters: The absorption of ionizing radiation in glass silver - activated phosphate will
cause fluorescence or color center. The chemical may be black or recorded by spectrometers can be
used for fluorescence radiation. Measured dose range from 0 + 80kGy.

+ Plastic films dosimeters: The films can be used for dosimeters. In most cases, the absorbed
dose measured by changes in optical density of individual wavelengths and can be calibrated using
the standard curve.

+ Luminescence dosimeters: The organic and inorganic substances that glow when dissolved in
water or other fluid after irradiation. The entire measuring the emitted light intensity allowed
determination of absorbed dose of about 10° = 10°rad.

+ Ethanol monocloro benzen dosimeters (ECB): ECB standard solution including 24 percent
monocloro benzene, acetone and benzene 0.04 percent. When irradiation, chlorine ion
concentration will change, leading to changes in the electrical conductivity of the solution. When
used, the solution is stored in transparent glass tube, sealed 10mm diameter and 40mm high.
Conductivity measurements are usually performed at high frequency (48MHz).

+ Polymethyl methacrylate dosimeters (PMMA): plastic dosimeters are subject to change by
absorbing capacity (optical density) in the wavelength calibration of the absorbed dose of ionizing
radiation. Depending on the thickness that can be measured dose range between 100 krad to
10Mrad.

The aforementioned types of dosimeters measure only drawback is narrow dose range from 0 +
50kGy size and optical density is not stable (declining over time), only used for a short time. Study
effects of physical interaction of gamma radiation with thin polyvinyl alcohol (PVA) to
manufacture colored dosimeters used in radiation technology to meet the requirements on the
content of this article.

Polyvinyl alcohol is excellent matrix for radiochromic centres and widely used for high dose
dosimetry purpose [1 - 3].

An important feature of a dosimeter is its energy response, which is often expressed as a set of
exposure calibration factor at different absorbed energy. A desirable characteristic of the dosimeter
must be the minimal variation in sensitivity over a wide range of doses.

The clear PVA films was studied for high dose dosimetry in [4]. The dyed PVA with multi -
wavelengths in absorbance spectrum of the was also studied [5].

In the work the dose - response of PVA film dyed by methyl red is introduced. The sensitivity of
the film is determined in a wide range of doses.

According the energy transfer model, an interested dosimeter is considered as a collective acting
aggregate of numerous identical sensitivity elements. The sensitive elements are uniformly
distributed in the dosimeter [6].

The gamma irradiation leads to the formation of activated elements from the sensitive ones. The
correlation between number of activated element n(D) at absorbed dose D, dose rate D and the
number of the radiation sensitive elements and C can be written as follows

n(D)= n,[1—exp(-k, g)]+ NyeXP(-K, g) Q)
and
pC
- P~ 0
= 2)
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where kj 1s the probability that one sensitive element will be activation and detectable per unit of
time in irradiation process; ns and ny are the numbers of activated elements at D=0 and D=0,
respectively; p and q is probability that one sensitive element will be activated and reactivated per
unit of time, respectively and

ko=p-q ()

The formula (1) is the dose - response of the film dosimeter in the electron equilibrium during
irradiation.

The dose - response of the films can be also described by the theory of track structure:

n(D)=clt-exp(-). (4

37

Where Ds; is the dose at which dose - response get 63 percent of saturation level. It was show
that

Dy, = E_o )

II. Experimental

Polyvinyl alcohol (- CH,CHOH -);50p was dissolved in ionized water. The mixture was
added by 0.005g methyl red (CH3),NC¢H4N:NC¢H4,COOH, heated and stirred at 80°C for
30 min to make an homogeneous solution containing 1.5 percent PVA by weight. The
resulting mixture was poured on a flat glass plate to form 15 - 20um thick film by
naturally drying at the room temperature.

The films of 3 pieces with dimensions of 40x10mm are prepared and put in polyethylene
pouches for use.

The dyed PVA films were irradiated under gamma rays of “Co source of the Irradiation Centre
in Cau Dien district. Irradiation was carried out at doses from 1 to 140 kGy with dose rate of
0.9kGyh ™. The electron equilibrium was achieved by using PMMA sandwiched slabs.

The absorbances A, and A, of the films before and after irradiation respectively were measures
by spectrophotometer UV - VIS JASCO - V - 350 (JASCO, Japan) with wavelength accuracy +
0.2nm.

A ratio of specific absorbances Ay is used for correction of film thickness variation
A

_t A
AR_AO AOD()

t

where t is thickness of the film.

It can be shown that to a first - order approximation the film density and absorbance
consequently, is proportional to the number of activated elements n(D) as follows

A(D)=an(D), (7)

where a is a proportional coefficient.

So n(D) and hence A(D) can be described by formula (1).

The sensitivity of the film is defined as follows

kO
k==2.(8)
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Table 1. Ratio between the optical density after irradiation (OD),,
and before irradiation (OD)y: (OD)g = (OD). / (OD),
Optical density Optical
(OD) density
(OD), (OC). | ratio (OD)
1 0.070 0.070 1.000
10 0.076 0.086 1.125
20 0.077 0.096 1.250
30 0.077 0.096 1.250
40 0.080 0.110 1.735
50 0.077 0.116 1.500
60 0.077 0.116 1.500
70 0.080 0.130 1.625
80 0.060 0.100 1.667
90 0.066 0.113 1.714
100 0.070 0.130 1.857
110 0.070 0.130 1.857
120 0.080 0.150 1.857
130 0.070 0.140 2.000
140 0.070 0.150 2.143

Dose
(kGy)

From table 1 data indicate that OD ratio of PVA film form - methyl red increase steadily. This
can be explained by ny = 0, (ny = n (D = 0)) do not have the active element, ie at D = 0, the
contribution of the active element is not significant. This also depends on the nature of the pigments
and the ability of the radiation sensitivity of the radiation dose.

III. Results and discussion

* Fading effect (effects of reduced optical absorption)

Investigate the stability over time of the specific dose, after the end of irradiation, the PVA film
form methyl red dye are preserved at the temperature and humidity environment. After each
sample was measured on the optical density of a time to monitor the impact of the environment on
them. This examination takes place within 30 days.

The test results decline optical density of PVA film methyl red in 100kGy dose given in Figure 1

LRLE

8 Experinienial

0.18 =

Thevretical

Optical density
£

010
0.08 =
Times (Date)
Fig.1. The stability over time optical density of PVA film - methyl red
as shown in the dose 100kGy
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From the graph above shows, the optical density decrease during the first 10 days, then relatively
stable. So dosimeters can use any period after irradiation
* Absorption spectra and doses response of PVA film methyl red
The specific absorption spectra of the PVA film dyed by methyl red before and after irradiation
introduced in fig.2 and fig.3.
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Note that the form of the spectra are strongly changed at high doses (Figures 4 - 7)
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Fig.6: The absorption spectra of PVA - methyl red film
at D=120kGy(1) and D=140kGy(2)
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Fig.7: The absorption spectra of PVA - methyl red film at D=100kGy(1),
120kGy(2), 130kGy(3) and 140kGy(4)

From the figure above shows the absorption peak of PVA film methyl red samples before and
after irradiation is the absorption peak of methyl red dye at 425nm wavelength corresponding to the
peak dose is absorbed OkGy and is 0.547. When the dose is increased, the absorption peak shifts,
peak absorption of the dye initially formed gradually disappeared and a new peak with the peak
value of the reduced absorption. So, when increasing the dose of irradiation reduced absorption
peak (absorbance density decreases as the dose increases).

From the table 1 and following formula (1) is given to dose - response of PVA film methyl red
with following coefficients:

n,=4.3550 + 1.8730

ny=1.0277 £ 0.0309

k=0.0027 £ 0.0018

R"2 =0.9856
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Fig.8: The dose - response of the PVA - methyl red film

IV. Conclusion

The PVA - methyl red films can be used as high - dose dosimeter and monitor. It’s dose -
response under gamma irradiation described by the energy transfer model with the sensitivity k =
0.0027kGyh ™.
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The research results allow the use of PVA film dyed by methyl red for dosimetry in radiation
processing at any time.
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DEVELOPMENT OF A MULTI - LAYER PERCEPTRON (MLP) MODEL FOR AIR
TEMPERATURE PREDICTION IN COAL LONGWALL MINING FACES:
A CASE STUDY AT KHE TAM COAL MINE

ABSTRACT

This study evaluates the effectiveness of different optimization algorithms for predicting air
temperature in longwall mining faces at an underground coal mine operated by Duong Huy Coal
Company — Vinacomin, Quang Ninh Province, Vietnam. Three optimization algorithms, namely
Particle Swarm Optimization (PSO), Genetic Algorithm (GA), and Bayesian Optimization (BO),
were employed to optimize the hyperparameters of a Multilayer Perceptron (MLP) neural network
model. The resulting hybrid models were denoted as PSO - MLP, GA - MLP, and BO - MLP,
respectively. A total of 153 datasets were collected from longwall faces operating at different
mining depths and under various operating conditions. The datasets included key factors
influencing air temperature in the mining faces. Model performance was evaluated using the
coefficient of determination (R?), Root Mean Square Error (RMSE), and Mean Absolute Error
(MAE). The results demonstrated that the PSO algorithm provided the most effective optimization
when integrated with the MLP model, significantly improving prediction accuracy compared with
the other optimization techniques. Among the developed models, the PSO - MLP model achieved
the best predictive performance, with RMSE = 0.12, R* = 0.97, and MAE = 0.10. The findings
confirm the potential of artificial intelligence - based hybrid models for predicting air temperature
in longwall mining faces and highlight their applicability in improving environmental management
and ventilation safety in underground coal mining operations.

Keywords

Longwall face air temperature;, Multilayer Perceptron (MLP); Bayesian Optimization (BO);
Genetic Algorithm (GA); Particle Swarm Optimization (PSO); Khe Tam Coal Mine.
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