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PRESERVATION OF PHOTOGRAPHIC AND CINEMATOGRAPHIC
FILMS BY ELECTRON-BEAM IRRADIATION

P.A.S. VASQUEZ, M.L.E. NAGAI, M.J. A. OLIVEIRA, L. OTUBO,
E.S.R. SOMESSARI
Nuclear and Energy Research Institute— IPEN/CNEN/SP, Sao Paulo, SP, Brazil

The Nuclear and Energy Research Institute — IPEN through the Multipurpose Gamma Irradiation
Facility and the Electron Beam Irradiation Facilities has disinfected several tangible cultural collections
from the University of Sdo Paulo — USP. Brazilian weather conditions added to the actions of insects
and fungi promote biodegradation especially in cellulose-based materials. In this sense, ionizing
radiation is an excellent alternative to the traditional preservation process mainly because the biocidal
action. Electron beam irradiation also presents new possibilities for processing materials with greater
speed, despite having limited penetration. Adequate storage of photographic and cinematographic
materials is a challenge for experts from preservation institutions. Contamination by fungi is one of
leading causes of problem in this kind of collections. In addition, another common physicochemical
degradation affecting cellulose triacetate films causing deacetylation of polymer chain is called “vinegar
syndrome”. In this work are presented results of the effect of the electron beam irradiation on
photographic and cinematographic films using an electron beam accelerator with energy of 1.5 MeV
and beam power of 37.5 kW. Selected film samples were characterized by FTIR-ATR spectroscopy and
FEGSEM-EDS microscopy. Samples were irradiated with absorbed dose between 2 kGy and 200 kGy.
Irradiated samples were analyzed by UV-Vis spectrophotometry, FEGSEM, thermogravimetric
analysis (TG) and differential scanning calorimetry (DSC). Results showed that disinfection by electron
beam radiation can be achieved safely applying radiation absorbed doses between 6 kGy to 10 kGy with
no significant change or modification of main properties of the constitutive polymeric materials.
Electron beam irradiation, due to the effect of crosslinking is presented as an alternative to treat films
affected by “vinegar syndrome” applying absorbed dose of 80 kGy in order to increase shelf life of
cultural heritage materials.

REFERENCES

[1] AHMAD, I.R., CANE, D., TOWNSEND, J.H., TRIANA, C., MAZZEI, L., CURRAN, K., 2020. Are we
overestimating the permanence of cellulose triacetate cinematographic films? A mathematical model for
the vinegar syndrome. Polym. Degrad. Stab. 172, 109050.
https://doi.org/10.1016/j.polymdegradstab.2019.109050

[2] BLANTON, T.N., KADUK, J.A., JOHNSON, Q., 2014. X-ray diffraction characterization of a distorted
Debye-Scherrer film strip — the effect of deacetylation on cellulose triacetate and an improved structural
model for cellulose I1. Powder Diffr. 29, 108-112. https://doi.org/10.1017/S0885715614000141

[3] CHMIELEWSKA-SMIETANKO, D., GRYCZKA, U., MIGDAL, W., KOPEC, K., 2018. Electron beam
for preservation of biodeteriorated cultural heritage paper-based objects. Radiat. Phys. Chem.
https://doi.org/10.1016/j.radphyschem.2017.07.008

[4] CILIBERTO, E., GEMMELLARO, P., IANNUSO, V., LA, S., GIOVANNI, R., VISCUSO, E., NIEPCE,
J.N., 2013. Characterization and weathering of motion-picture films with support of cellulose nitrate ,
cellulose acetate and polyester Who. Procedia Chem. 8, 175-184.
https://doi.org/10.1016/j.proche.2013.03.023

[5] EYSSA, HM. OSMAN, M. KANDIL, S.A. ABDELRAHMAN, M.M., 2016. Effect of ion and electron

beam irradiation on surface morphologyand optical properties of PVA. Nucl. Sci. Tech. 26, 1-6.
https://doi.org/10.13538/j.1001-8042/nst.26.060306

[6] FEIL P., LIAO, L., CHENG, B., SONG, J., 2017. Quantitative analysis of cellulose acetate with a high
degree of substitution by FTIR and its application. Anal. Methods 9, 6194-6201.
https://doi.org/10.1039/c7ay02165h



https://doi.org/10.1016/j.polymdegradstab.2019.109050
https://doi.org/10.1017/S0885715614000141
https://doi.org/10.1016/j.radphyschem.2017.07.008
https://doi.org/10.1016/j.proche.2013.03.023
https://doi.org/10.13538/j.1001-8042/nst.26.060306
https://doi.org/10.1039/c7ay02165h

Parallel SESSION 12.B: Future Accelerator-based neutron sources
Paper No. 8 - back >

[71 1AEA, 2010. Radiation safety of gamma, electron and x ray irradiation facilities: specific safety guide,
IAEA safet. ed. IAEA, Vienna.

[8] IAEA - International Atomic Energy Agency, 2010. Radiation Safety of Gamma , Electron and X Ray
Irradiation Facilities. laea IAEA SAFET, 1-92.

[9] [IAEA - International Atomic Energy Agency, 2017. Uses of lonizing Radiation for Tangible Cultural
Heritage Conservation. IAEA, Vienna.

[10] SABHARWAL, S., 2013. Electron beam irradiation applications, in: Proceedings of PAC2013. Pasadena,
pp. 745-748.

[11] SUPRIYA, P., SRIDHAR, K.R., GANESH, S., 2014. Fungal decontamination and enhancement of shelf
life of edible split beans of wild legume Canavalia maritima by the electron beam irradiation. Radiat. Phys.
Chem. https://doi.org/10.1016/j.radphyschem.2013.08.007

[12] TOMSOVA, K., DUROVIC, M., DRABKOVA, K., 2016. The effect of disinfection methods on the
stability of photographic gelatin. Polym. Degrad. Stab. 129, 1-6.
https://doi.org/10.1016/j.polymdegradstab.2016.03.034



https://doi.org/10.1016/j.radphyschem.2013.08.007
https://doi.org/10.1016/j.polymdegradstab.2016.03.034



