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To evaluate the effects of chemical changes during thermal modification 
on the resistance of wood against photodegradation, heat-treated 
specimens of rubber wood (Hevea brasiliensis) were exposed to ultraviolet 
light for 384 h. The color changes in the exposed wood surfaces were 
analyzed using a colorimeter; the chemical changes were monitored using 
Fourier-transform infrared spectroscopy (FTIR). The photoweathering 
performances of rubber wood treated at 155 °C for 2 h, 155 °C for 6 h, and 
185 °C for 2 h were similar to that of untreated wood, as the lignin did not 
undergo profound chemical transformation under mild modification 
conditions. However, compared to untreated rubber wood, the photoaging 
performances of rubber wood treated at 185 °C for 6 h and 215 °C for 2 h 
were notably changed. The transformation process was confirmed by 
FTIR. A good linear relationship between color change and lignin 
degradation was observed after mild, but not severe, heat treatment. The 
concentration of carbonyl groups in the wood specimens generally 
increased during photoaging, although not all samples showed a good 
correlation between color change and the concentration of carbonyl 
groups. Only the photochromic performance of wood changed notably 
when lignin was extensively modified under severe heat-treatment 
conditions. 
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INTRODUCTION 
 

Heat treatment is an environmentally friendly process for modifying wood without 

adding any chemical agents. During thermal modification, various reactions lead to a 

decrease in amorphous polysaccharide content and the condensation and demethoxylation 

of lignin. The chemical changes decrease equilibrium moisture content (Jämsa and 

Viitaniemi 2001; Wang and Cooper 2005; Esteves et al. 2008a) and increase dimensional 

stability and durability (Popper et al. 2005; Hakkou et al. 2006), but the literature has 

shown that the strength properties decrease compared with those of untreated wood 

(Boonstra et al. 1998; Jämsä et al. 2000; Vernois 2001). Furthermore, the wood color is 

darkened and modified after heat treatment, which can be attributed to the formation of 

colored degradation products from hemicelluloses and extractives (Esteves and Pereira 

2009). 

Hevea brasiliensis (rubber wood) is planted in many countries for the production 

of rubber latex. After approximately 30 years, a decline in rubber latex production makes 

further tapping of the trees uneconomical. Felled rubber trees are mostly used for making 

furniture and panel products, such as plywood, particleboard, and fiberboard (MDF). In a 
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previous study (Li et al. 2011), heat-treated rubber wood had a beautiful teak-like 

appearance, with a brown color and prominent texture, which made the material very 

suitable for decoration.  

However, the brown color of uncoated thermally modified wood is not stable during 

long-term weathering, mainly because of photodegradation (Jämsä et al. 2000; Nuopponen 

et al. 2004; Huang et al. 2012; Yildiz et al. 2013). Ultraviolet (UV) light is considered the 

primary cause of the weathering and discoloration of wood. Among the main components 

of wood, lignin contributes 80% to 95% of the total UV absorption coefficient of wood, 

while carbohydrates contribute 5% to 20%, and extractives contribute approximately 2% 

(Norrström 1969). The degradation begins with the absorption of UV light by α-carbonyl, 

biphenyl, and ring-conjugated double bond structures in lignin (Lin and Kringstad 1970). 

The absorption of light by lignin leads to the formation of radical species with long 

lifetimes, whose subsequent radical reactions cause the wood color changes. Some studies 

have shown that the color stability of heat-treated wood is better than that of untreated 

wood due to chemical changes in the lignin, such as an increase in the lignin percentage or 

the formation of phenolic compounds in the heat-treatment process (Ayadi et al. 2003). 

Yildiz et al. (2011) reported that heat treatments delayed and decreased the rate of color 

change caused by weathering factors but did not completely prevent color change. 

However, according to Srinivas and Pandey (2012), thermal modification of wood does 

not induce resistance against UV light. 

The present study was performed to examine the color changes in heat-treated 

rubber wood during photodegradation and to evaluate whether chemical changes during 

thermal modification improve the resistance of the wood against photodegradation. For 

this purpose, the color changes on exposed wood surfaces were analyzed using a 

colorimeter, and the chemical changes were monitored by Fourier-transform infrared 

spectroscopy (FTIR).  

 
 
EXPERIMENTAL 
 
Materials 

Five 28-year-old rubber trees (Hevea brasiliensis), clone 7-33-97, were felled from 

an experimental field of the Chinese Academy of Tropical Agricultural Sciences, Hainan 

Province, China. The trunks were obtained from approximately 1.3 m above the ground 

and sawed into logs with a length of 1.2 m. Quarter-sawed boards with dimensions of 1100 

mm (longitudinal) × 110 mm (radial) × 26 mm (tangential) were cut from the logs and then 

kiln-dried at 60 °C to prevent molding. 

 

Thermal Modification 

Nine quarter-sawed boards were piled in the middle of a heat-treatment kiln with a 

capacity of 0.3 m3, and the remaining space of the kiln was piled up with rubber wood 

boards with approximately the same dimensions, to fill the treatment kiln. The treatment 

started at an initial temperature of 55 °C, and the temperature was increased to 130 °C with 

an increase of 5 °C every hour. Then, the temperature was increased to 155 °C, to 185 °C, 

and to 215 °C with increases of 10 °C every hour and maintained for a set period. 

Meanwhile, steam was continuously introduced into the kiln as a shielding gas when the 

temperature reached 130 °C. Five treatment conditions were selected for parallel testing: 

treatment at 155 °C for 2 h and 6 h (hereinafter referred to as 155-2 and 155-6, 



 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Li et al. (2020). “UV & color of thermally mod. wood,” BioResources 15(3), 5179-5197.  5181 

respectively), treatment at 185 °C for 2 h and 6 h (hereinafter referred to as 185-2 and 185-

6, respectively), and treatment at 215 °C for 2 h (hereinafter referred to as 215-2). The heat-

treated boards were placed in an indoor environment for 3 months to equilibrate their 

conditions. 

Six rubber wood samples of size 50 mm (longitudinal) × 50 mm (radial) × 20 mm 

(tangential) were prepared for evaluation of weight loss (WL). The weight loss after 

thermal modification was calculated according to Eq.1, 

WL = (W0 - W1) / W0 × 100%       (1) 

where W0 and W1 represent the oven-dry mass of the wood specimens before and after 

thermal modification, respectively. 

 

Preparation of Specimens 

Test specimens with sizes of 60 mm (longitudinal) × 20 mm (radial) × 5 mm 

(tangential) were cut from the sapwood portions of the thermally modified rubber wood 

boards, and untreated rubber wood boards were regarded as a control (hereinafter referred 

to as CK). The radial sections were used for the color and FTIR analyses. 

 

Accelerated UV Aging 

Twenty specimens of each treatment condition were exposed to UV light from 

UVA-340 lamps with a radiation intensity of 0.89 W/m2 at room temperature. The 

irradiation was interrupted after 1 h, 2 h, 4 h, 8 h, 16 h, 24 h, 48 h, 96 h, 144 h, 192 h, 288 

h, and 384 h of treatment, to test the color changes caused by the UV light irradiation.  

Another thirty-six specimens of each treatment condition were exposed to the same 

light conditions, and six pieces were taken out after 2 h, 8 h, 24 h, 96 h, 192 h, and 384 h 

of irradiation for FTIR analysis. 

 

Color Measurement 
The color changes resulting from the UV light irradiation were monitored using a 

colorimeter with a 10° standard observer and D65 standard illuminant (SC-80C, 

Kangguang Optical Instrument Co., Ltd., Beijing, China) before and after exposure to light 

using the CIE L*a*b* color space. In the CIE L*a*b* system, the parameters L*, a*, and 

b* were measured, where L* represents the lightness, varying from 100 (white) to 0 (black), 

a* represents the red (+) to green (-) chromaticity coordinates, and b* represents the yellow 

(+) to blue (-) chromaticity coordinates. The total color change (ΔE*), was computed using 

Eq. 2, 

ΔE* = [(ΔL*)2 + (Δa*)2 + (Δb*)2] 1/2      (2) 

where ΔL*, Δa*, and Δb*, are the changes between the unirradiated and irradiated samples. 

The center position of the specimens was taken as the measurement point, and each 

test piece was measured three times to obtain an average value. 

 

FTIR Analysis 

The FTIR spectra of the unirradiated and irradiated samples were measured using 

an FTIR spectrometer (Tensor-27, Bruker, Karlsruhe, Germany). The specimens were 

dried at 103 °C for 24 h in an oven before testing and then cooled. Powder samples were 

obtained by scraping the top layer of the irradiated surface of the specimens using a sharp 

blade and were then mixed with KBr in a weight ratio of 1:100 to form a pellet. The FTIR 
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spectra were collected from 4000 cm-1 to 400 cm-1 at a spectral resolution of 4 cm-1. 

 
RESULTS AND DISCUSSION 
 
Color Changes 

The color of heat-treated rubber wood changed according to different treatment 

conditions. Higher temperatures and longer treatment times caused greater declines in L*. 

The reduction of L* value approximately linearly related to WL. And the most significant 

decrease in L* occurred in specimens treated at 215 °C for 2 h, a decrease of nearly 50% 

compared with the untreated samples. The values of a* and b* increased at the beginning 

of the treatment, and both declined after reaching a maximum, which agreed with previous 

studies (Bekhta and Niemz 2003; Brischke et al. 2007; González-Peña and Hale 2009). 

The maximum in a* was 14.85 (185-2) and in b* was 25.60 (155-6). At the most severe 

treatment (215-2), the a* value was still increased compared with untreated specimens, 

while the b* value was decreased. The colors of the rubber wood samples changed from 

light yellowish-white to dark brown as the treatment conditions became severe, which was 

because complex chemical reactions occurred at high temperature, causing the degradation 

of amorphous carbohydrate and the condensation of lignin (Sundqvist 2004; Esteves and 

Pereira 2009).  

 

Table 1. WL and Color Parameters of Thermally Modified Rubber Wood 
Samples 

Sample WL L* a* b* 

CK - 72.90 7.05 20.27 

155-2 0.55% 69.19 11.77 24.54 

155-6 1.21% 62.28 10.75 25.60 

185-2 2.58% 55.58 14.85 25.07 

185-6 4.68% 47.25 12.91 24.29 

215-2 11.66% 36.59 11.67 15.76 

 

As shown in Fig. 1, samples (untreated specimens, 155-2, 155-6, and 185-2) having 

an initial L* value greater than 50 showed rapid decreasing lightness during the beginning 

period of UV exposure.  
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Fig. 1. Variation in the lightness parameter L* in the UV aging test 
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For untreated samples, the rapid decline period lasted for 48 h, then the decrease 

was slight, and for samples treated at 155 °C for 2 h and 6h, and 185 °C for 2 h, the rapid 

declining period ended in the first 24 h, then increased or stabilized. Wood materials under 

photo-irradiation become generally darkened, as was observed for untreated rubber wood 

in the present study, and this is commonly attributed to the degradation of lignin and other 

non-cellulosic polysaccharides (Hon and Chang 1985; Grelier et al. 2000; Petric et al. 

2004). Compared to the reports by Pandey (2005a), the monotonous decrease of L* value 

in untreated rubber wood was just like extractive-free wood, rooted in the absence of 

colored extractives probably. The reversal of L* value in mildly treated samples (155-2, 

155-6, and 185-2) was just like unextracted wood, rooted in the chromophore groups 

produced in heat treatment. Samples (185-6 and 215-2) having an initial L* value less than 

50 showed rapid increasing lightness during the beginning 48 h of photoaging and then 

increased slowly, similar to those of wood species abundant in extractives might become 

bleached before the browning. 

The parameter a* of the untreated rubber wood increased steeply during the initial 

24 h of photoaging and increased continuously in the following aging process. For samples 

treated at 155 °C for 2 h and 6 h, and at 185 °C for 2 h, the a* values increased in varying 

degrees in the initial period of aging. After 96 h of photoaging, the a* values of these three 

groups of samples (155-2, 155-6, and 185-2) were remarkably close to that of the untreated 

rubber wood. The color parameter a* of the rubber wood treated at 185°C for 6 h and 215 

°C for 2 h remained mostly stable throughout the aging process. 
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Fig. 2. Variation in the red-green parameter a* in the UV aging test 

 

The b* value of the untreated rubber wood continued to increase and then became 

stable after aging for 96 h. Notable increases in the parameter b* could be detected in the 

beginning 24 h of aging in the samples treated at 155 °C for 2 h and 6 h and at 185 °C for 

2 h. After 96 h aging, the b* values of untreated specimens and specimens treated at mild 

conditions (155-2, 155-6, and 185-2), which experienced increases to different degrees, 

were remarkably close to each other. The b* values of samples treated at 185 °C for 6 h 

and 215 °C for 2 h showed increases during the initial 24 h of the aging test, but to a 

relatively smaller extent than the other samples. 
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Fig. 3. Variation in the yellow-blue parameter b* in the UV aging test 

 

The total color difference (ΔE*) of each group increased steadily as the irradiation 

time increased, and the enormous changes occurred during the first 4 h of the aging process. 

The color changes in the untreated rubber wood during the phase from 4 h to 48 h were 

rapid but slowed after that. For the heat-treated rubber wood, the color changes became 

more moderate after 48 h of aging. The ΔE* value of the untreated rubber wood was 

considerably greater than that of each group of the heat-modified materials.  
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Fig. 4.  Variation in the total color change ΔE* in the UV aging test 

 

 

Table 2. Changes in Color Parameters after 384 h of Irradiation 

Sample ΔE* ΔL* Δa* Δb* 

CK 16.21 -5.57 10.07 11.30 

155-2 10.18 -3.01 5.97 7.43 

155-6 9.19 -0.89 7.12 5.49 

185-2 7.40 1.37 2.97 5.98 

185-6 8.33 6.81 2.43 3.28 

215-2 11.62 9.24 0.21 6.13 
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Fig. 5.  Photographs of untreated specimens and specimens treated at 155 C for 2 h, 185 C for 

2 h, and 215 C for 2 h before and after 384 h irradiated process 

 

The changes in the color parameters L*, a*, and b* and total color difference (ΔE*) 

at the end of the aging process are shown in Table 2. The photographs of untreated 

specimens and specimens treated at 155 °C for 2 h, 185 °C for 2 h, and 215 °C for 2 h 

before and after 384 h irradiation, which were recorded on a Canon Lide-110 scanner, are 

shown in Fig. 5. After 384 h of aging, L* values of untreated samples and samples treated 

at 155 °C for 2 h and 6 h decreased, while L* values of samples treated at 185 °C for 2 h 

and 6 h and 215 °C for 2 h increased. Parameters a* and b* of all samples increased, which 

might be due to the photo-oxidation of lignin generating new chromophore groups such as 

quinone leading to the increasing of a* and b*. Though samples treated at severe conditions 

(185-6 and 215-2) had lower increment of a* and b*, the greater ΔL* value resulted in 

higher total color difference (ΔE*). The rubber wood treated at 185 °C for 2 h, which had 

lower values of ΔL*, Δa*, and Δb*, had the lowest ΔE* value. It has been reported 

(Srinivas and Pandey 2012) that thermally modified rubber wood presents a greater ΔE* 

value than untreated wood, in which study rubber wood specimens were treated at 225 °C, 

obtaining a much darker appearance with a pretty low L* value, that would increase 

significantly under irradiation and produced a greater ΔE* than untreated rubber wood. 

Severo et al. (2016) reported that only hemicellulose was partially degraded when 

rubber wood treated at 180 °C, and the contents of lignin and extractives increased when 

treated at 200 °C or above. Therefore, it can be inferred that rubber wood treated at 155 

°C, and treated at 185 °C for 2 h, had a very slight modification, which was consistent with 

the low WL. And the mild treated rubber wood showed a similar performance with 

untreated rubber wood under UV irradiation in an alleviated intensity. For the rubber wood 

treated at severe conditions (185-6 and 215-2), amorphous carbohydrates were deeply 

degraded in the thermal modification process, associated with the generation of colorful 

extractives (Esteves et al. 2008b; Ahajji et al. 2009), and chromophore groups were also 

produced from the condensation of lignin (González-Peña and Hale 2009). These 

chromophoric species, which gave the severely modified rubber wood a much darker color 

than untreated wood, degraded substantially under UV light, leading to a dramatic increase 

of L* value. It is implied that the color stability of rubber wood is improved when samples 

are treated under mild conditions and weakened when samples are treated under severe 

conditions. 
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FTIR Analysis 

The differences in spectra between the heat-treated and untreated rubber wood were 

difficult to interpret because several reactions were occurring at the same time; 

nevertheless, several changes were observed (Fig. 6). The band located at approximately 

1737 cm-1 shifted to smaller wavenumbers, which might be due to the breaking of acetyl 

or acetoxy groups in xylan, according to Tjeerdsma and Militz (2005) and Kocaefe et al. 

(2008).  

 

4000 3500 3000 2500 2000 1500 1000 500

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

f

e

d

c

b

a

 
 

Fig. 6. FTIR spectra of thermally treated and untreated rubber wood: (a) untreated, (b) 155 °C for 
2 h, (c) 155 °C for 6 h, (d) 185 °C for 2 h, (e) 185 °C for 6 h, (f) 215 °C for 2 h 

 

Another change occurred between 1600 cm-1 and 1650 cm-1. In specimens treated 

at 155 °C for 2 h and 6 h and at 185 °C for 2 h, the spectrum split into a double peak as the 

absorbance at 1596 cm-1 increased. The band at 1596 cm-1 arises from aromatic skeletal 

vibrations plus C=O stretching (Sarkanen et al. 1967; Hergert 197l; Faix 1992). As the 

aromatic ring of lignin can hardly react when treated at mild conditions (155-2, 155-6, and 

185-2), it was more likely that some of the reactive sites might have undergone oxidation 

reaction at heat treatment, and led to formation of carbonyl groups. Because in the thermal 

modification process, there was a trace amount of oxygen in medium, coming from air and 

dissolved oxygen in water used to generate vapor. Reasonable speculation is that quinone 

compounds had been formed, since quinones are common products of phenol oxidation 

and have two peaks at around 1680 and 1600 cm-1. That was also compatible with the 

increase of color parameters a* and b* since quinones can cause an intense color at very 

low concentrations (Tolvaj and Faix 1995). The peak at 1596 cm-1 was weakened or 

covered when the specimens treated at 185 °C for 6 h and at 215 °C for 2 h, and the 

absorption band originally located at 1633 cm-1 shifted to 1623 cm-1. In the more severe 

treatment, quinone compounds might further react, and the values of a* and b* decreased. 

The band corresponding to benzene ring stretching vibrations (Faix 1991) shifted 

to high wavenumber as the treatment became more severe, from 1506 cm-1 (untreated, 155-

2, and 155-6), to 1508 cm-1 (185-2 and 185-6) and finally to 1512 cm-1 (215-2). Previous 

studies show that thermal modification induces changes in the lignin structures mainly 

through cleavage of the β-O-4 linkages, detachment of methoxy groups, and 
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recondensation reactions forming 5, 5’-biphenolic and diarylmethane structures (Funaoka 

et al. 1990; Tjeerdsma et al. 1998; Brosse et al. 2010; Esteves et al. 2013). As a result, the 

molecules of lignin become more condensed and much darker (González-Peña and Hale 

2009). Comparing the band shifting at 1633 and 1510 cm-1 when treated at varying degrees 

of heat treatment, it was reasonable to assume that such dramatic reactions mostly occurred 

at severe treatments (185-6 and 215-2).  

Figures 7 to 12 show the FTIR spectra of the heat-treated and untreated rubber 

wood after UV irradiation for different periods.  

In heat-treated and untreated samples, the bands at 1507 cm-1, 1461 cm-1, and 1250 

cm-1, which were assigned to lignin (Marchessault 1962; Harrington et al. 1964; Evans 

1991; Faix 1991; Collier et al. 1992), decreased clearly after irradiation. Especially the 

absorption band at 1507 cm-1, which mainly attributes to aromatic skeletal vibrations, 

almost disappeared after aging for 384 h, indicating degradation of lignin thoroughly. This 

result was accompanied by a simultaneous increase in the intensity of the band at 1737 cm-

1, which is assigned to unconjugated carbonyls (Faix 1992). The carbohydrate bands at 

1375 cm-1 (Liang and Marchessault 1959), and 898 cm-1 (Higgins et al. 1961; Marchessault 

and Liang 1962) were not greatly influenced by UV irradiation on the heat-treated or 

untreated rubber wood surfaces. It is well known that lignin is the main component of light 

energy absorption. The excited electronic states formed in lignin after light absorption can 

generate reactive radical species, which in turn react with oxygen to form chromophores, 

such as quinone structures (Argyropoulos et al. 1995; Müller et al. 2003). In the present 

study, the reduction of bands attributed to lignin and the enhancement of band at 1737 cm-

1 can be attributed to non-conjugated carbonyls characterized the photodegradation of 

lignin and formation of oxidation products, which is consistent with the reported studies 

(Hon and Feist 1986; Tolvaj and Faix 1995; Colom et al. 2003; Pandey 2005b). Aromatic 

skeletal of lignin in heat-treated rubber wood photodegraded in a similar pattern as 

untreated rubber wood.  

In untreated rubber wood, band at 1596 cm-1, a superimposed band that attributed 

to aromatic skeletal vibrations plus C=O stretching, increased, and a new peak was formed. 

As mentioned before, the enhancement at band 1596 cm-1 was mostly caused by the 

formation of conjugated carbonyls, since lignin degraded under UV light. Quinone 

compounds were probably produced according to previous studies, causing the color 

parameters a* and b* to increase sharply during the beginning 24 h of UV irradiation. After 

24 h irradiation, the absorbance at 1596 cm-1 was gradually weakened, which might be 

caused by the photodegradation of lignin and further oxidation of quinone structures 

(Muasher and Sain 2006); meanwhile the variations in a* and b* were greatly reduced 

compared to the beginning period. There was an absorption peak at 1596 cm-1 before 

irradiation in rubber wood samples treated at mild conditions (155-2, 155-6, and 185-2), 

which was similar to that of the untreated samples after short irradiation and was probably 

caused by the oxidation occurred in thermal modification as mentioned before. The 1596 

cm-1 peak in mildly modified samples decreased in a similar pattern under irradiation like 

untreated samples, and values of their color parameters a* and b* were close to that of 

untreated samples after 24 h irradiation. Therefore, it was reasonable to assume that similar 

reactions occurred in those specimens. In contrast, samples treated at 185 °C for 6 h and 

215 °C for 2 h showed significant differences in band shapes from 1600 to 1650 cm-1. 
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Fig. 7. FTIR spectra of untreated rubber wood aged in the UV aging test 
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Fig. 8. FTIR spectra of rubber wood treated at 155 °C for 2 h aged in the UV aging test 
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Fig. 9. FTIR spectra of rubber wood treated at 155 °C for 6 h aged in the UV aging test 
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Fig. 10. FTIR spectra of rubber wood treated at 185 °C for 2 h aged in the UV aging test 
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Fig. 11. FTIR spectra of rubber wood treated at 185 °C for 6 h aged in the UV aging test 

 

1800 1700 1600 1500 1400 1300 1200

-0.5

0.0

0.5

1.0

1.5

384 h

192 h

96 h

24 h

8 h

2 h

0 h

 
 

Fig. 12. FTIR spectra of rubber wood treated at 215 °C for 2 h aged in the UV aging test 

 

In order to investigate the details in photodegradation, the intensities of the carbonyl 

band located at 1737 cm-1, lignin band at 1510 cm-1, and carbohydrate reference band at 

1375 cm-1 were measured as reported in the literature by Pandey (2005b). The variations 

in the I1510/I1375 ratio throughout the irradiation time are shown in Fig. 13. The I1507/I1375 

ratio decreased rapidly during the initial period of the aging test. The curves of specimens 
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treated at 155 °C for 2 h and 6 h were very close to that of the untreated rubber wood, 

whereas the specimens treated at 185 °C for 6 h and at 215 °C for 2 h showed a slightly 

slower decline in the first 192 h of radiation. That might be due to the considerable number 

of extractives produced in severe modification (185-6 and 215-2), which had high 

antioxidant activities and hindered photodegradation of lignin (Ahajji et al. 2009; Shen et 

al. 2016). 

To investigate the relationship between the photochemical reactions and color 

changes, the correlations between the total color difference ΔE* and the rate of lignin 

degradation and between ΔE* and the nonconjugated carbonyl group content were 

determined (Fig. 14). A high correlation between ΔE* and lignin degradation (I1507/I1375) 

was discovered, and the correlation coefficient R2 values of the untreated specimens and 

the specimens treated at 155 °C for 2 h and 6 h and at 185 °C 2 h and 6 h were 0.9448, 

0.9083, 0.921, 0.939, and 0.8985, respectively. The R2 value for ΔE* and I1507/I1375 

decreased to 0.6359 for the specimens treated at 215 °C for 2 h, showing a diminished 

relation between color change and lignin degradation. It was concluded that fundamental 

changes were caused in the lignin of the rubber wood during heat treatment at 215 °C for 

2 h, compared to the specimens treated under other conditions or the untreated specimens, 

whose correlation performances were similar. 
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Fig. 13. Decay in lignin reference peak at 1507 cm-1 during the UV aging test 

 

It has been suggested that the formation of nonconjugated carbonyl functionalities 

plays an important role in color changes in wood (Kishino and Nakano 2004). Pandey 

(2005b) also reported that the color changes (ΔE* values) in chir pine and rubber wood 

during irradiation were linearly correlated with the degradation of lignin and formation of 

nonconjugated carbonyl groups, as determined by FTIR measurements. Similar results 

were observed by Wang et al. (2009).   
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Fig. 14. Correlations of ΔE* with the decay of lignin and formation of carbonyl groups during UV 
weathering of rubber wood: (a) untreated specimens, (b) specimens treated at 155 °C for 2 h, (c) 
specimens treated at 155 °C for 6 h, (d) specimens treated at 185 °C for 2 h, (e) specimens 
treated at 185 °C for 6 h, and (f) specimens treated at 215 °C for 2 h 
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Consistent with previous studies, nonconjugated carbonyl groups in all samples 

increased during UV irradiation; the difference was that the color change ΔE* and the 

increase in carbonyl groups showed poor correlations in several kinds of specimens. It 

seems that the relationship between color change and the concentration of nonconjugated 

carbonyl groups was not as strong as that between color change and the decay of lignin. 

 

 
CONCLUSIONS 
 

1. The color variation patterns of heat-treated rubber wood under UV irradiation was 

greatly influenced by the thermal modification conditions. 

2. When treated at mild conditions, the decline of L* value at the beginning period of 

irradiation and the various patterns of a* and b* were analogous to that of untreated 

samples, which might be due to the fact that the lignin and cellulose were barely 

modified by the heat treatment, as demonstrated by FTIR Spectra.  

3. When treated at severe conditions, the correlation between ΔE* and lignin 

photodegradation was destroyed, and the color performances of rubber wood under UV 

light changed fundamentally compared to untreated samples, which might be due to the 

deep modification of lignin and the generation of abundant extractives.  

4. In both treated and untreated samples, lignin degraded rapidly under UV light radiation, 

and non-conjugated carbonyl groups generated correspondingly. It seemed that the 

photostability of lignin was not improved, no matter treated at what conditions. 
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