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Abstract—The aim of this work was to determine the influence of X-
rays on the thermal properties of poly(methyl methacrylate), typically
used as a basic material in the technology of polymer optical fibers. The
thermal properties of the investigated polymers were evaluated using
thermogravimetric analysis (TGA).

Optical fibers used in sensors, provide a medium that

allows measurement of a radiation dose in real time. They
offer many advantages over conventional methods. An
important advantage is their resistance to electromagnetic
interference and chemical impact. At the same time, they
can be placed at a large distance from an electronic
control system, which makes particularly useful in areas
with high levels of radiation [1].
Depending on the radiation type and dose, the properties
of polymer optical fibers may be changed. The most
obvious effect is an increase in attenuation and a change
in their physicochemical and mechanical properties [2-4].
Radiation effects depend not only on the length of a
transmitted wave but also on the type of material from
which the fiber is made. The fibers, which have low
attenuation, are more sensitive to radiation. It may cause
different effects, particularly it may result in degradation
of the fiber or its crosslinking, which usually adversely
affects transmission in the fiber. The effect of ionizing
radiation is reduced in the case of compounds, which in
their structure contain aromatic groups and double bonds
[5-6]. This work is focused on identifying the radiological
impact on commercially available poly(methyl
methacrylate) (PMMA). Most of the papers relating to X-
rays, deal with their impact on optical properties of
PMMA optical fibers. Our work concerns the radiological
impact on thermal properties of PMMA. This is especially
important because it determines the thermal strength of
PMMA optical fibers.

Three samples of commercially available PMMA
(PLASTIC GROUP) were analyzed. All samples were
subjected to X-ray radiation for 4 hours. Three doses of
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radiation were applied: 243Gy, 419.7Gy and 493.1Gy
(Table 1).

Table 1. The conditions and results of X-rays radiation.

Sample no. 1 Sample no. 2 Sample no. 3
voltage and 50kV, 100kV, 150KV,
incandescence current

10mA 10mA 10mA
of X-ray tube
exposure time [h] 4 4 4
Kerma in the air [Gy] 243 419.7 493.1

In order to investigate the effect of radiation on thermal

properties of polymer, TGA (Thermal Gravimetric
Analysis) and DTG (Differential Thermal Gravimetry)
analyses were performed. Mass samples were about
10mg.
Thermal analysis was carried out on a STA 449 Jupiter
F1, Netzsch (Selb, Germany) under the following
operation conditions: heating rate 10°C min®, dynamic
atmosphere of helium (40mL min™) in the temperature
range of 40-600°C, sample weight of about10 mg, sensor
thermocouple of the S TG-DSC type.

All samples were subjected to thermogravimetric
analysis, as a result of which it was possible to analyze
the initial weight-loss temperature and decomposition
temperatures. The analysis was performed in three ranges
of mass loss: 0.01-0.05%w/w (Table 2), 0.1- 0.5%w/w
(Table 3) and 1-5%w/w (Table 4). For comparison,
unirradiated PMMASs (sample no. 4) are placed in the
tables.

Table 2. Determination of weight loss temperature from 0.01w/w% to
0.05w/w%.

Sample Mass loss [%w/w] and temperature at which it occurs [°C]

no.
0.01 0.02 0.03 0.04 0.05
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1 147.4 150.0 151.1 155.2 155.9
2 335 33.6 33.7 33.8 33.9
3 36.5 36.9 37.0 37.1 37.2
4 110.0 113.1 115.1 118.3 120.0

Based on TGA analysis, it was found that the technical
PMMA exposed to an X-ray dose of 243Gy (sample no.
1) is thermally stable to a temperature of about 150°C.
The mass loss in the range of 0.01-0.05%w/w takes place
in the temperature range 147-160°C and is most likely
related to the evaporation of unpolymerized MMA. 1t is
also possible that depolymerization (for example PMMA
dimers or trimers) takes place in this area. For samples
no. 2 and no. 3, (the irradiated dose 419.7 and 493.1
respectively) it has been shown (Table 1) that this mass
loss begins at much lower temperatures (about 34°C for
sample no. 2 and 37°C for sample no. 3). Such a low
temperature indicates most likely the devastating impact
of X-rays. The same conclusions can be drawn based on
the results obtained for the mass loss in the range of 0.1—
0.5%w/w. Whereas for the sample no. 1, the mass loss
occurs at the temperature range 163.7-255.1°C, for the
sample no. 2, this range is 34-70.1°C and for the sample
no. 3 - 37.6-71.5°C (Table 2).

Table 3. Determination of weight loss temperature from 0.1w/w% to
0.5w/w9%.

Sample Mass loss [%w/w] and temperatures at which it occurs [°C]
no.

0.1 0.2 0.3 0.4 0.5
1 163.7 181.9 197.9 222.1 255.1
2 34.0 35.6 40.0 49.6 70.7
3 376 38.6 42.0 46.8 715
4 127.6 142.6 155.1 165.1 172.6

In the last discussed range of mass loss, taking place in
the area where proper decomposition of the sample
occurs, better thermal resistance of the sample no. 1. can
be clearly seen too.

It was also noted that a slight increase in the dose of
radiation does not make much impact on thermal
resistance of the sample. It can even be said that it has
slightly improved it(sample number 3). Despite this, both
for the sample no. 2 and no. 3, the initial devastating
effects of radiation are significant and visible in all three
discussed ranges of mass loss. For some measurement
points, the sample no. 3 exhibits higher temperatures than
the sample no 2 (difference several Celsius degrees). This
may indicate that a larger radiation dose does not
significantly affect the test samples. Nevertheless, it is
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worth, in further studies, seeing how big the devastating
impact of an even higher radiation dose is.

Table 4. Determination of weight loss temperature from 1lw/w% to
Sw/iw%.

Sample Mass loss [%w/w] and temperatures at which it occurs [°C]
no. N

1 2 3 4 5 T
1 277.0 | 286.6 | 290.7 | 2941 | 297.0 | 0.6-258.3
2 1944 | 3059 | 316.8 | 322.2 | 3257 | 1.2-262.9
3 202.4 | 2956 | 308.1 | 317.7 | 3238 | 1.2-2649
4 225.0 | 300.0 | 313.0 | 320.0 | 325.0 | 1.27-268

*Initial decomposition mass loss/temperature.

Particular attention should be paid to the fact that in all of
these three ranges of mass loss, the sample no. 1
(irradiation dose 243Gy) showed a significantly higher
heat resistance compared to the sample no. 4 (non-
irradiated PMMA). Only in the area of the initial
decomposition mass loss, the sample no. 4 exhibits
greater temperature resistance compared to the sample no.
1 (Fig. 1).
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Fig. 1. TG — thermogravimetric analysis of irradiated and
commercially available PMMA samples.

In conclusion, the results concerning a radiological
impact on thermal properties of PMMA were presented in
this study. Based on these results, it was found that a
small dose of radiation (sample no. 1) improves the
thermal properties of commercially available PMMA
(sample no.4). A significant difference can be noticed
when comparing the amount of mass loss at the initial
decomposition temperature of the sample. In the case of
the sample no. 1, T, is observed at a temperature of about
260°C, but with only 0.6%w/w of mass loss. In contrast,
the sample no. 4 (commercial PMMA) begins
decomposition at a similar temperature but with twice the
amount of mass loss. The reason for improving the
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thermal properties is probably the result of curing or
crosslinking the polymer by radiation. The samples no. 2
and no. 3 (irradiated with a radiation dose 419.7Gy and
493.1Gy, respectively) show significantly lower thermal
properties compared to the sample no. 1 and no. 4. On
this basis, it can be concluded that higher radiation doses
have destructive effects on the structure of PMMA,
resulting in deterioration of their thermal properties.
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