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Abstract: The preservation of cultural artifacts, particularly those made of wood, is a 
significant concern for conservators due to their susceptibility to damage from 
xylophagous organisms, fungi, and bacteria. This study investigates the use of gamma 
radiation to cure polymeric resins for the consolidation of three wood species: cedar 
(Cedrela spp.), canafistula (Peltophorum dubium), and ivorywood (Balfourodendron riedelianum). 
Various resins, including polyester LP 8847® combined with styrene, were subjected to 
gamma radiation to induce cross-linking without the need for catalysts. The results 
demonstrated that gamma radiation effectively cured the resin, filling wood pores and 
enhancing structural integrity. The analysis of apparent density showed that cedar, 
canafistula, and ivorywood exhibit different absorption capacities, with cedar absorbing 
the most resin and canafistula the least. Optical and Scanning Electron Microscopy 
confirmed the efficient penetration of resin into the wood samples, indicating that gamma 
radiation can be a viable technique for wood consolidation and protection against 
degrading agents 

Keywords: gamma radiation 1, polymeric resins 2, wood conservation 3, cultural heritage 
preservation 4. 
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Restauração de artefatos de madeira 
de valor cultural, utilizando resinas 
poliméricas curáveis por radiação 
gama 

Resumo: A preservação de artefatos culturais, particularmente aqueles feitos de madeira, 
é uma preocupação significativa para os conservadores devido à sua suscetibilidade a 
danos de organismos xilófagos, fungos e bactérias. Este estudo investiga o uso de radiação 
gama para curar resinas poliméricas para a consolidação de três espécies de madeira: cedro 
(Cedrela spp.), canafistula (Peltophorum dubium) e ivorywood (Balfourodendron 
riedelianum). Várias resinas, incluindo poliéster LP 8847® combinado com estireno, 
foram submetidas à radiação gama para induzir reticulação sem a necessidade de 
catalisadores. Os resultados demonstraram que a radiação gama curou efetivamente a 
resina, preenchendo os poros da madeira e aumentando a integridade estrutural. A análise 
da densidade aparente mostrou que o cedro, a canafistula e o pau marfim apresentam 
diferentes capacidades de absorção, com o cedro absorvendo mais resina e a canafistula, 
menos. A microscopia óptica e eletrônica de varredura confirmou a penetração eficiente 
da resina nas amostras de madeira, indicando que a radiação gama pode ser uma técnica 
viável para consolidação da madeira e proteção contra agentes degradantes.  

Palavras-chave: radiação gama 1, resina polimérica 2, conservação de madeira 3, 
preservação do patrimônio cultural, 4. 
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1. INTRODUCTION  

The protection of cultural artifacts, particularly those made of wood that are 

susceptible to damage by xylophagous organisms, fungi, and bacteria, is a constant concern 

for conservators and restorers. Generally, various coatings based on resins and adhesives, 

ranging from natural products to synthetic polymers, have been employed for the 

preservation of these cultural artifacts. Gamma radiation, specifically derived from Cobalt-

60, emerges as an innovative technique, offering advantages over traditional methods, such 

as instant efficacy, absence of chemical residues, and the ability to penetrate deeply into 

treated objects, promoting the disinfection of pests and pathogens without damaging the 

material [1, 2, 3, 4, 5, 6]. 

This study focused on the investigation of polymeric resins cured by gamma radiation 

for the consolidation of three wood species: cedar (Cedrela spp. P. Browne), canafistula 

(Peltophorum dubium), and ivorywood (Balfourodendron riedelianum), with the aim of 

applying them in the conservation and restoration of cultural heritage artifacts. These wood 

samples were selected due to their widespread preference among artisans, owing to their 

popularity, frequency of use, and significance in the crafting of sacred images by master 

artisans, both in past centuries and in the present day [6]. 

The studied and characterized resins were as follows: polyester LP 8847®; methyl 

methacrylate (MMA) monomer; polyester LP 8847® (33%) with styrene monomer (SM) 

(67%); and polyester LP 8847® (50%) with MMA (50%), all of which were cured through 

irradiation. The unsaturated polyester resin LP 8847® is an isophthalic resin that exhibits 

excellent chemical and thermal properties as well as good resistance to hydrolysis [7]. This 

type of resin is capable of producing high-performance composites when combined with 

reinforcing materials, which are used in various applications [8]. 
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The research determined the optimal gamma irradiation conditions for curing the resin 

without compromising the material's structure. The post-irradiation resins were 

characterized, and the unsaturated polyester resin LP 8847 with styrene was selected for 

additional testing for impregnation into the wood samples. 

2. MATERIALS AND METHODS 

The unsaturated isophthalic polyester resin LP 8847® with styrene (SM) was supplied 

by the Reichhold group and subjected to gamma irradiation to induce cross-linking. Tests 

were conducted on wood samples of canafistula, cedar, and ivorywood species to evaluate 

the effectiveness of impregnation and consolidation. 

The wood samples (cedar, canafistula, and ivorywood), with dimensions specified in 

Table 1, were carefully prepared for the impregnation process in the reactor. Initially, the 

samples were subjected to a vacuum treatment at 20 mmHg in a closed reactor to ensure 

complete removal of air from the wood pores. The system was then pressurized with 

nitrogen at 5 atm, creating an inert atmosphere to prevent oxidation of the wood and resin 

during the process. The resin, contained in an external tank, was transferred into the reactor 

through a ¼-inch polyethylene hose, driven by positive pressure. This impregnation process 

ensured complete filling of the wood pores and was maintained for 24 hours to ensure 

thorough penetration of the resin throughout the samples. After this period, the excess resin 

was drained, and the samples were carefully removed from the reactor, ready for subsequent 

stages of analysis. These wood samples were wrapped in cotton fabric and subjected to 

gamma irradiation in the Cobalt-60 Multipurpose Irradiator, located at the Radiation 

Technology Center (CETER). The irradiation was conducted for a period of 5 hours, after 

which the process was interrupted to remove the cotton fabric with excess resin, before 

returning the samples to the irradiator to complete the necessary curing time. 
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The characterization of the samples involved analytical techniques such as Scanning 

Electron Microscopy (SEM), Optical Microscopy (OM), and Apparent Density Analysis. The 

measurement of the wood samples' density was performed using a precision balance, a 

container with one liter of water, and a holder to secure the wood sample. 

To determine the density of the wood samples, a precision balance, a graduated 

container with water, and a support were used. Initially, each dry sample was weighed. Next, 

the initial volume of water in the container was measured. The sample was then fully 

immersed in the water, and the new volume was recorded (Figure 1). The difference between 

the final and initial volumes corresponds to the volume of the wood sample. Finally, the 

density of each sample was calculated by dividing its mass by the determined volume. This 

simple and effective method allows for the calculation of wood density, a fundamental 

property for this study. This experiment was conducted at the Laboratory of Wood Anatomy 

and Properties of the IPA (LAPM/IPA), formerly known as the Forest Institute. 

Table 1: Dimensions of samples from three wood species. 

Canafístula Peltophorum Dúbium Taub. 
Pau- marfim Balfourodendron 

riedelianum 
Cedro Cedrela spp., P. Browne 

Length: 7.6 cm Length: 4.9 cm Length: 4.9 cm 

Width: 1.9 cm Width: 1.8 cm Width: 4.9 cm 

Thickness: 1.9 cm Thickness: 1.8 cm Thickness: 0.8 cm 

3. RESULTS AND DISCUSSIONS 

The Scanning Electron Microscopy (SEM) analysis (Figure 1) shows the surface 

morphology of the cut and fracture of the polyester resin sample with 33% styrene and 67% 

polyester. It can be observed that Figures 1B and 1C exhibit voids and roughness, while Figures 

1A and 1D display slight roughness without voids. The presence of styrene directly influences 

the formation of the polymer network, thereby enhancing the material's stability [9]. 
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In Optical Microscopy (OM) (Figure 2), the samples of wood were examined both 

before and after the impregnation with resin, consisting of 33% polyester LP 8847® and 

67% styrene. Optical microscopy revealed the presence of microfibers and macropores in 

the canafistula and ivorywood samples prior to impregnation. The impregnation with 

polyester/styrene resin resulted in the filling of macropores, as evidenced by the color change 

in the ivorywood. This change indicates a higher concentration of resin in the macropores. 

The formation of a homogeneous polymer matrix, confirmed by this optical microscopy 

technique, demonstrates the efficient penetration of the resin into the wood samples (Figure 

6). These results, along with the observation that the macropores were filled with resin, 

suggest that impregnation with radiocurable resins could be a viable technique for the 

preliminary treatment of sacred imagery pieces, providing protection against insect damage 

and consolidating areas damaged by such actions. 

Apparent Density of Wood Samples: The analysis of the apparent density of the wood 

samples impregnated with resin showed an increase in density after treatment, indicative of 

the effectiveness of the impregnation for structural reinforcement of the woods (Tables 2 

and 3). The results demonstrate a correlation between the density of the wood and the 

absorption of the radiocurable resin. This relationship indicates that the ability of each wood 

species to absorb the resin is influenced by its specific density. This finding is crucial for the 

application of these resins in the conservation of wooden artifacts, opening new possibilities 

for the preservation of cultural heritage. 

The analysis of the density of cedar (Cedrela spp., P. Browne), canafistula (Peltophorum 

dubium (Spreng.) Taub.), and ivorywood (Balfourodendron riedelianum (Engl.) Engl.) revealed that 

cedar falls into the very light category (> 0.40 g/cm³), while canafistula is classified as light 

(0.40 to 0.55 g/cm³), and ivorywood is categorized as dense (0.80 to 0.90 g/cm³), according to 

literature data [10, 11, 12]. Additionally, resin absorption tests indicated that cedar had the 

highest absorption capacity (11.3%), followed by ivorywood (10.8%), while canafistula 
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exhibited the lowest absorption (4.15%). It is important to note that the treatment with resin 

and radiation did not cause significant changes in the apparent density of the woods. 

Figure 2: SEM Images of LP 8847® Polyester: (A) Cross-section; (B) Fracture, 33% LP 8847® polyester 
with 67% styrene; (C) Cross-section; (D) Fracture, both with 2,500x magnification, cross-linked by gamma 

radiation 

  

 

  

 

Figure 5: Optical Microscopy of Pau-Marfim Sample – Surface: (a) Before irradiation without resin; (b) 
With resin and irradiated 
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Figure 6: Optical Microscopy of Cedar (Cedrela spp., P. Browne) Sample – Surface: (A) Before irradiation, 
without resin; (B) With resin and after irradiation 

  

 

Table 2: Apparent Density of Wood Samples, Non-Irradiated and Without Resin Impregnation 

Sample Species Dry weight (12%) Wet weight (12%) 
Apparent density 

(Kg/m³) 

1 
Ivory wood 

Balfourodendron riedelianum 
(Eng.) Eng.. 

21.2 23.81 0.8903 

2 
Canafistula Peltophorum 
dubium (Spreng.) Taub. 

16.64 23.94 0.6950 

3 
Cedar 

Cedrela ssp. P. Browne 
12.36 24.27 0.5092 

 

Table 3:Apparent Density of Irradiated Wood Samples with Resin Impregnation 

Sample Species Dry weight (12%) Wet weight (12%) 
Apparent density 

(Kg/m³) 

1 
Ivory wood 

Balfourodendron riedelianum 
(Eng.) Eng.. 

17.71 19.43 0.9114 

2 
Canafistula Peltophorum 
dubium (Spreng.) Taub. 

21.79 31.31 0.6959 

3 
Cedar 

Cedrela ssp. P. Browne 
15.02 23.25 0.6460 
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CONCLUSIONS 

Different types of resins were subjected to gamma radiation to achieve cross-linking 

(curing) without the need for catalysts. Among these resins, LP 8847®, combined with 

styrene and exposed to gamma radiation, was selected. This combination promoted complete 

curing of the resin, filling the wood pores and increasing its mass. The results demonstrate 

the potential of gamma radiation as an effective technique for wood consolidation, offering 

protection against degrading agents. However, the authors emphasize the need for further 

research to deepen the understanding of this technique and its applications in cultural 

heritage conservation. Future research may further explore the optimization of resin 

formulations and impregnation techniques to enhance the conservation and restoration of 

wooden sculptures with compromised structural degradation that cannot be restored using 

conventional methods. 
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