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Brazilian weather conditions have been affected 
directly tangible materials

Natural disasters

Insects

Fungi attack

Biodeterioration
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Multipurpose Gamma Irradiation Facility

Gamma Irradiation
Cobalt-60

Radiation Technologies available at IPEN 
EB Accelerators

Brazilian technology - 2004 : 
1000kCi 
Category IV (IAEA -SSG-8)

JOB 188 – 1,5 MeV  37.5kW
Radiation Dynamics, Inc. (RDI),

R&D

0.7MeV-20kW-Mobil Unit   
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JOB 307 - 97.5 kW, 1.5MeV
Continuous treatment system 

(300 m/min)
Commercial aplications
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JOB 188 

1.5 MeV 

37.5kW

JOB 307

97.5 kW

1.5MeV



E-beam Irradiation Facility

● Electron Beam Accelerator JOB 188 
(Dynamitron®) 

● energy 1.5 MeV
● beam current 25 mA
● scan 60 to 120 cm
● beam power 37.5 kW

● irradiating and sterilizing medical products
● silicon wafer processing
● food
● composites modification
● polymer modification
● shrink wrap sheet products
● tire and rubber pre-cure treatment
● chemical or biological wastes
● other products
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*Virus
Inactivation

Biocidal action
*Eliminates/inhibits/sterilizes... 
insects and Microorganisms 
such as bacteria and fungi

a) Physical effects
b) Chemical effects
c) Biological effects

Irradiation or radiation processing
Polymerization
Cross-linking
Grafting

Applications:
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Imagens: https://www.imagepermanenceinstitute.org

Films Timeline

https://www.imagepermanenceinstitute.org/webfm_send/302
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Brazilian weather conditions 
affect photographic and 
cinematographic collections. 

Fungi contamination main  
causes of biodeterioration in 
photographic and 
cinematographic collections. 

Vinegar Syndrome
Chemical deterioration, 
Substrate: buckle, shrink and 
brittle.
Production of acetic acid 
(vinegar)
Deacetylation

Weather Fungi Vinegar 
Syndrome
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Typical deterioration in cellulose acetate films



http://www.micrographics.co.nz/wp-content/

https://www.nfsa.gov.au/preservation/prese
rvation-glossary/vinegar-syndrome
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Vinegar Syndrome Examples

http://www.micrographics.co.nz/wp-content/uploads/2019/05/Vinegar-Syndrome-Table-3.png
https://www.nfsa.gov.au/preservation/preservation-glossary/vinegar-syndrome
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FEG-SEM micrographs
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UV-Vis spectrophotometer outcomes

❖ Limit for disinfection: 10 kGy
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Sample: Neg-F Sample: Cine-K. 



Thermogravimetry (TG)

❖ crosslinking dose: 50 kGy

Differential Scanning Calorimetry (DSC)

Thermal analysis
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Conclusions
● 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 50 kGy in order to increase shelf life of cultural heritage materials.

However, a specialized restoration process is required after irradiation process.
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