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Crosslinking Poly(e-caprolactone) with benzoyl
peroxide by thermal method for making radiotherapy
masks

Ali Almasganj* and Seyyed abbas Mousavi

Faculty of Chemical and Petroleum Engineering, Sharif University of Technolo-
gy, Postal Code 1458889694, Tehran, Iran

Research subject: External radiotherapy is a major method of treat-
ing cancer. For just hitting the cancer cells by emitting rays, masks are
used to stabilize the patient’s body in the right position during the ra-
diotherapy, so that the rays are not emitted to the healthy tissues of the
patient’s body. Due to the unique properties of these masks, suitable
polymeric materials must be used to produce them, which has initially
been investigated using a variety of thermoplastic polymers.
Research approach: In the following, polycaprolactone is proposed as
the main material for making the mask. Due to its low tensile strength,
this material alone is not suitable for the intended use. Therefore, the
material was cured with different percentages of benzoyl peroxide (BPO)
to increase tensile strength by crosslinking the polymer. The properties
of the cured samples were investigated using the tests of gel content,
shape memory, unidirectional tensile strength and, DSC diagrams.
Main results: With increasing BPO, the percentage of gel content and
shape memory of the cured samples increased. All cured samples had
a high percentage of shape recovery, the highest of which belonged
to samples containing 2 and 3 wt. % of BPO. By examining the tensile
strength test diagrams, it was observed that by increasing the amount of
BPO from 0.5 to 2 wt. % in the cured samples, the tensile strength at the
breaking pointincreased to 10 MPa. Shape recovery and tensile strength
at the breaking point were 94% and 10 MPa for both cured polycapro-
lactone samples with 2 wt. % of BPO and the Orfit mask, which were
very similar in this respect. Finally, a mixture of PCL with 2 wt. % of BPO
is proposed to make a radiotherapy mask.
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Figure 1 Radiotherapy mask before molding on the patients face (face mask)
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Figure 5 Schematic illustration of the shape memory effect in polymers [25]
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Figure 6 Typical stress versus strain curve for a shape memory polymer [25]
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Table 1 Gel content of the samples based on the tests performed with Soxhlet

Samples Sample weight without | Sample weight without filter Gel
filter paper (initial paper after washing with solvent | content
weight in grams) (secondary weight in grams)

The PCL sample 0.206 0.002 ~ %1

containing 0.5 wt. %

of BPO

The PCL sample 0.222 0.179 %380.6

containing 1 wt. %

of BPO

The PCL sample 0.180 0.145 %80.5

containing 2 wt. %

of BPO

The PCL sample 0.215 0.184 %85.6

containing 3 wt. %

of BPO

Sample of Orfit 0.235 0.183 %78.4

Company
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Table 1 Gel content of the samples based on the tests performed with Soxhlet

Samples Initial length (mm) Shape fixity (Rf) | Shape recovery (Rr)
The PCL sample containing | 15 ~ %100 %75

0.5 wt. % of BPO

The PCL sample containing | 15 ~ %100 %388

1 wt. % of BPO

The PCL sample containing | 15 ~ %100 %94

2 wt. % of BPO

The PCL sample containing | 15 ~ %100 About %100

3 wt. % of BPO

Sample of Orfit Company 15 ~ %100 %94
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Figure 7 Results of unidirectional tensile strength test for sample of Orfit company mask and cured PCL samples
containing different weight percentages of BPO
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Figure 8 DSC test diagram for polycaprolactone sample without BPO
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Table 3 Results from DSC diagrams for samples containing %0 and 2 wt. % of BPO

BPO (wt. %)

T, (°C)
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