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ABSTRACT 

The thermal modification process essentially involves a controlled degradation of the 

wood, primarily resulting in the degradation of hemicelluloses. In this study, thermal 

modification at temperatures of 160, 180 and 210 °C was used in superheated steam. 

Examined wood samples were iroko (Milicia excelsa (Welw.) C.C. Berg) and padauk 

(Pterocarpus soyauxii Taub.). Testing of bending properties was done according to the 

Standard ČSN 49 0116 (ASTM 04.10 WoodD143-09). The samples were loaded by three-

point bending. Chemical analysis of total extractives and phenols content, pH and Ec 

changes and ash content.  

The results show that with the increasing temperature of the thermal modification process, 

the modulus of rupture and density decreases. The force and deflection at the limit of 

proportionality increased. The thermal modification process affected the chemical 

characteristics of both species. The distribution of total extractives and phenols varied 

strongly for iroko, but for padauk decrease with increased treatment temperature and time 

was observed. Having a more detailed assessment of wood chemical changes and 

degradation products from structural and non-structural wood components and their 

resistance to biological attack is necessary for the future development of sustainable 

technologies for the thermal treatment of iroko and padouk. 

INTRODUCTION 

Commercial tropical timber species such as iroko (Milicia excelsa (Welw.) C.C. Berg) 

and padauk (Pterocarpus soyauxii Taub.) possess increasing demand in various wood 

products applications (International Tropical Timber Organization (ITTO) 2018a, b) that 

requires to develop modern timber processing technologies. Iroko is widespread in 

tropical and subtropical Africa. The colour of Iroko is usually yellow to golden or medium 

brown. It is very durable and resistant to rot and insect attack. Padauk can be found in 

central and tropical west Africa. Its colour can vary, ranging from pale pinkish-orange to 

deep brownish red. Padauk has excellent decay resistance and is rated as a durable to very 

durable species. It is also resistant to termite attacks and of another type of insect attack.  
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The colour and texture are favoured to use these two wood species in musical instruments, 

luxury furniture and other high-value products. However, new information came that 

extractive rich padauk wood species can have a negative impact on human health and 

cause dermatitis and allergic reactions via dust dispose of (Kiec-Swierczynska et al. 

2004). For softwood species, it has been shown that thermal modification can reduce the 

number of extractives and lead to the formation of less toxic substances (Poncsak et al. 

2009; Esteves et al. 2011).  

 

Thermally modified timber (TMT) is, according to CEN (2007), wood at which the 

composition of the cell wall material and its physical properties are modified by exposure 

to a temperature higher than 160ºC and conditions of decreased oxygen availability. The 

wood is altered in such a way that at least some of the wood properties are permanently 

affected through the cross-section of the timber. This product is related to heat-treated 

wood, but to distinguish it from heat sterilisation at a lower temperature (≈55C) with the 

purpose of killing pests in solid wood materials and preventing their transfer between 

continents and regions. Main disadvantage of thermal modification is loss of strength due 

to the degradation of wood constituents such as extractives, however, as advantages the 

biological resistance against some micro-organisms and insects could be improved, 

swelling and shrinking reduced up to 50-90 % and equilibrium moisture content could be 

reduced too (Karlsson et al. 2012, 2014; Navi and Sandberg 2012).  

 

For many tropical species, there is a lack of information about changes in properties 

during thermal modification. Therefore, the purpose of this study was to understand the 

influence of thermal modification on bending properties and changes of chemical 

structure of iroko and padauk. 

EXPERIMENTAL 

Iroko (Milicia excelsa (Welw.) C.C. Berg) and padauk (Pterocarpus soyauxii Taub.) was 

harvested in Gabon (Sablík et al. 2016). The dimension of specimens was 20 x 20 x 300 

mm. Moisture content before thermal treatment was 3±1%. Thermal modification 

achieved according to ThermoD® (International Thermowood Association 2003) process 

in the thermal chamber with filled kiln capacity 0.8 m3.  

The scheme of technological parameters of thermal modification process provided in 

Table 1. 

Table 1: Scheme for thermal modification 

Test 

group 

No. 

Heating Thermal 

modification 

Cooling Total 

time 

[h] 

No. of 

specimens 

Time 

[h] 

Temp[°C] Time 

[h] 

Temp[°C] Time 

[h] 

Temp[°C]  

Iroko  

1 0 20 0 20 0 20 0 30 

2 11.6 160 3.0 160 3.9 50 18.5 30 

3 14.8 180 3.0 180 5.8 50 23.6 30 

4 18.6 210 3.0 210 7.2 50 28.8 30 

Padauk  

5 0 20 0 20 0 20 0 30 

6 10.0 160 3.0 160 2.3 50 15.3 30 

7 11.7 180 3.0 180 4.1 50 18.8 30 

8 15.1 210 3.0 210 4.5 50 22.6 30 
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Testing of bending properties has been done according to the standard ČSN 49 0116 

(ASTM 04.10 WoodD143-09). The samples were loaded by three-point bending in a 

universal testing machine UTS 50 (TIRA, Germany) according to EN 310. The loading 

speed was 3 mm/min. Loading forces were measured using data logger ALMEMO 2690-

8 (Ahlborn GmbH, Germany). 

 

The data used to create a force-deformation diagram, in which we applied the method of 

accurate identification of boundary points developed by authors (Gaff et al. 2016, 2017). 

The parameters used for analysis: force at the limit of proportionality FE, deflection at the 

limit of proportionality YE, force at the modulus of rupture FP, deflection at the modulus 

of rupture YP. The evaluating bendability did by using the minimum bend radius and 

coefficient of bendability. The minimum bend radius RminB and the coefficient of 

bendability KbendB are based on the bending geometry. The minimum bend radius RminC 

and the coefficient of bendability KbendC are based on the basic bending equation (Gaff et 

al. 2016).  
 

For the assessment of the chemical changes during thermal modification process the 

extraction of extractives for the total amount was done in mini-Soxhlet extractor by 

acetone/water 95:5v/v and evaluated gravimetrically by percentage of the dry mass of 

wood (Willför et al. 2006). The total phenolics content was determined by Folin-

Chiocalteu assay (Julkunen-Tiitto 1985). The absorption was measured after 20 minutes 

at 735 nm against zero absorbance. Tannic acid (VWR Chemicals; 83510.260) was used 

for the standard curve, and the results are expressed in mg of tannic acid per gram of dry 

mass of wood (mgTA/g dry w.). The measurement of pH and Ec was done by pH meter 

Metrohm 744 after treatment of the sample with a sodium chloride solution to exchange 

protons in less accessible carboxylic groups in the wood by sodium ions (Sithole 2005). 

The ash content of the wood was determined gravimetrically after heating at 560°C in a 

muffle furnace and expressed in percentage of the dry mass of wood. The effect of 

individual factors evaluated using ANOVA, specifically utilizing Fisher’s F-test in 

STATISTICA 12 (Statsoft Inc., USA) and IBM SPSS 20 software (IBM 2014). 

RESULTS AND DISCUSSION 

The thermal modification of iroko and padauk affect the mechanical properties and 

chemistry of the wood significantly. The increasing processing time reduces the modulus 

of rupture and density but increases the values of force and deflection at the limit of 

proportionality. However, some increasing trend of the FP is evident for the temperature 

of 160°C.  

The average values of the monitored mechanical characteristics listed in Table 2. 
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Table 2: Mean values of the YE, YP, FP, FE, RminB, RminC, KohB, Kohn  

 

Thermal 

Modification  

YE [mm] YP [mm] FP [N] FE [N] Density 

[kg/m3] 

Iroko 

20 2.0  5.0 2079 996 615  

160 3.1 4.7 2180 1542 593  

180 3.0 4.5 2015 1518 591  

210 2.7 3.3 1397 1181 594 

 

Padauk 

20 2.6 6.0 3262 1749 676 

160 3.7 5.4 3314 2346 691 

180 3.4 4.5 2805 2174 797 

210 1.7 3.7 1875 1245 657 

Thermal 

Modification  
RminB  RminC  KohB  KohC  

Iroko 

20 1400 1007 0.01 0.02 

160 1555 1042 0.01 0.02 

180 1610 1079 0.01 0.02 

210 2210 1379 0.01 0.02 

Padauk 

20 1346 789 0.02 0.03 

160 1373 920 0.01 0.02 

180 1647 1103 0.01 0.02 

210 1996 1336 0.01 0.02 

 

The data about changes of some chemical properties for thermally treated timber 

presented in Table 3. The total extractives and phenols in untreated wood in our samples 

corresponds to previously studied data (Saha et al. 2013; Nagawa et al. 2015). It is well 

known that increasing temperature in thermal modification process affects the 

significantly chemical composition of the wood. The distribution of total extractives and 

phenols varied strongly for iroko but was relatively low at the most extensive treatment 

(Table 3). For padauk, the decrease in the amount of extracted phenols with treatment 

temperature and time was strongly evident. The unexpected phenomenon of similar pH 

was observed for padauk wood with an elevation of the thermal treatment time and 

temperature (Table 3). A significantly lower pH has been found in thermally modified 

than in untreated birch (O. Dagbro et al. 2011). In case of iroko, pH was in similar range 

as for birch, but the thermal treatment of iroko did not reduce the pH. A fairly high content 

of ash was found in the iroko samples (Table 3). Higher pH and ash content for iroko 

could be explained by biomineralization properties of that tree that leads to accumulation 

of mineral carbon. Calcium carbonate has been found in Iroko (ref) and such compound 

could work as a buffer agent for the formed acids during the thermal modification process 

(Cailleau et al. 2004).  
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Table 3: Results of chemical tests 

Thermal 

modification  
Total 

extractives 

[%] 

Total phenols  

[mgTA/g dry w.] 

pH Ec Ash content 

[%] 

Iroko 

20 7.8 27.5 5.5 108.0 2.0 

160 10.4 30.4 5.3 118.7 2.3 

180 8.1 24.6 5.2 127.7 1.9 

210 4.8 11.8 5.2 126.0 1.9 

Padauk 

20 11.1 27.4 3.7 213.7 0.2 

160 9.9 27.1 3.7 213.3 0.2 

180 9.5 22.5 3.8 208.3 0.3 

210 7.5 22.0 3.8 205.0 0.4 

 

CONCLUSIONS 

In our study, we found that thermal modification process significantly affects bending 

properties and acetone soluble extractives, phenols and ash content of iroko and padauk 

wood as well as pH. The more detailed assessment of wood chemical changes and 

degradation products from structural and non-structural wood components and resistance 

to biological attack seems to be a reasonable step for future development of the sustainable 

technology of iroko and padauk thermal treatment.  
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