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Temperature charts of Hevea brasiliensis during log steaming

and its effect on the board cracks
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Abstract The temperatures of Hevea brasiliensis logs
during the steaming process were determined and corre-
lated with the cracks of the boards. Thermocouples were
inserted at the center of the logs, and the temperatures were
recorded inside the material during steaming at 54, 75 and
92 °C. Logs were cut and the cracks of the boards were
measured. The results showed that: (1) the sigmoidal
logistic model explains the variation of temperature in the
logs; (2) the variation in the length of cracks between the
peripheral boards and those taken near the pith were 194.6,
150.6 and 138.8 % for the material steamed at 54, 75 and
92 °C, respectively; and (3) the board’s cracks were
smaller in the logs that reached the glass transition tem-
perature. A chart to determine the steaming logs time as a
function of the steam temperature and the desired tem-
perature inside Hevea brasiliensis logs was developed.

Temperaturverlauf beim Dampfen von Hevea brasilien-
sis Stammabschnitten und dessen Einfluss auf die Risse in
Brettern

Zusammenfassung Die Temperatur beim Dimpfen von
Hevea brasiliensis Stammabschnitten wurde bestimmt und
mit den Rissen in den Brettern korreliert. Thermoelemente
wurden bis zum Mark in die Stammabschnitte eingefiihrt
und die Temperaturen wihrend des Dimpfens bei 54, 75
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und 92 °C wurden gemessen. Die Stammabschnitte wurden
eingeschnitten und die Risse in den Brettern gemessen. Es
ergaben sich folgende Ergebnisse. (1) Die Temperatur im
Stammabschnitt verdnderte sich nicht linear (Sigmoid-
funktion). (2) Die Rissldnge unterschied sich zwischen
marknah eingeschnittenen Brettern und markfern ein-
geschnittenen Brettern um 194,6 % bei einer Dampfung
bei 54 °C, um 150,6 % bei 75 °C und um 138,8 % bei
92 °C. Die Risse in den Brettern waren kleiner bei den
Stammabschnitten, die die Glasiibergangstemperatur err-
eichten. Es wurde ein Diagramm zur Bestimmung der
Dampfungsdauer von Stammabschnitten in Abhingigkeit
der Dampfungstemperatur und der gewiinschten Temper-
atur in den Hevea brasiliensis Stammabschnitten
entwickelt.

1 Introduction

The growth stresses that occur in Hevea brasiliensis are
responsible for many defects during all phases of pro-
cessing the wood, resulting in yield loss of sawn wood
(Lim and Sulaiman 1999; Lim et al. 2003; Watcharakul-
dilok and Vitayaudom 2008).

Techniques that have been used to relieve the tensions
arising from growth stress include heating the logs in water
or the application of saturated steam (Calonego and Severo
2005; Severo and Tomaselli 2000; Skolmen 1967; Calo-
nego et al. 2010; Severo et al. 2010). The objective of these
treatments is to soften the wood to relieve the growth
stresses (USDA 1999).

Studies showed a reduction in growth stress of about
50 % in Eucalyptus saligna logs after 24 h of treatment in
hot water (Skolmen 1967), significant reductions in the
length and width of cracks (44 and 53 %, respectively) in
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Eucalyptus dunnii after 20 h of steaming (Severo and
Tomaselli 2000); reduction in the length and width of
cracks (about 34 and 48 %, respectively) in Eucalyptus
grandis logs after 24 h of steaming at 90 °C (Calonego and
Severo 2005); reductions of about 18.4, 27.7 and 43.4 % in
Eucalyptus grandis logs with 30-35 cm, 25-30 cm and
20-25 cm in diameter, respectively, after 20 h of steaming
at 90 °C (Calonego and Severo 2006). Log steaming under
this condition homogenized the end-cracking index among
boards taken from different diametrical positions from the
pith outward to the bark of Eucalyptus grandis (Severo
et al. 2010).

So far, there are no studies on the effect of steaming in
Hevea brasiliensis logs. However, Srivaro et al. (2008)
studied the effect of pre-steaming of lumber rubberwood
and concluded that the thermal-treatment at 90 °C for 7 h
caused a decrease of 11 % in the board’s end-cracks during
the drying process.

Hence, there is a need for specific studies to determine
the steaming time of logs and the temperature limits in
wood (Severo and Tomaselli 2000; Calonego and Severo
2006).

Nevertheless, humidity migration and heat transfer are
critical in many industrial processes of wood. Yet the
transport of heat and humidity are very complex due to the
heterogeneity and the porosity of the material (Calonego
et al. 2010). During the steaming, the sapwood absorbs
higher moisture content than the heartwood. The moisture
content facilitates the flow of heat and, therefore, increases
the temperature which softens the wood, thus demonstrat-
ing the differences in thermal properties between the two
types of wood (Lenth and Haslett 2003).

Simultaneously, heating in saturated steam results in
shorter treatment times than heating in dry environments.
The temperature in the center of the boards of Pinus res-
inosa reached 56 °C after 23 min of steaming at 85 °C, and
reached the same temperature after 47.8 min in an envi-
ronment with 23.7 % relative humidity and 85 °C (Simp-
son and Illman 2004).

Increases in temperature and moisture content of the
wood are useful in order to soften the physical structure of
the material (Lenth and Kamket 2001; Romeiro de Aguiar
and Perré 2005). When the wood reaches its glass transition
temperature, its polymers are softened and thus, molecular
rearrangement and microstructure of the material occurs
and consequently the relief of internal stresses (USDA
1999; Lenth and Haslett 2003; Nakano 2005; Romeiro de
Aguiar and Perré 2005; Calonego and Severo 2005; Cal-
onego et al. 2010; Severo et al. 2010).

Furuta et al. (1997) showed that the glass transition
temperature of hemicelluloses, lignin and cellulose are
generally in the order of 40, 50 to 100 °C and above
100 °C, respectively. Hillis and Rozsa (1985) concluded
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that the hemicelluloses and lignin present glass transition
temperature of 80 and 100 °C. Irvine (1984) showed that
this property of lignin is between 60 and 90 °C and Kelley
et al. (1987) reported that the glass transition of lignin
occurs at temperatures between 60 and 70 °C.

However, the glass transition temperature of the wood is
the same as that of the lignin, which is between 60 and
200 °C, and a decrease of the moisture content of the wood
increases the glass transition temperature (Lenth and
Kamket 2001). In general, for green wood lignin, the glass
transition temperature is around 60 °C (Nakano 2006).

For Couratari guianensis wood with moisture content
above fiber saturation point, the glass transition tempera-
ture is around 95 °C (Romeiro de Aguiar and Perré 2005).
For Eucalyptus regnans, Eucalyptus marginata and Euca-
lyptus tetrodonta woods the glass transition temperature is
between 62 and 87 °C, 68 and 90 °C and 66 and 90 °C,
respectively (Irvine 1984).

Chan et al. (1989), in a study on Hevea brasiliensis
wood, concluded that the glass transition temperature of
lignin from dry wood and at 14.5 % moisture content were
128 and 77 °C, respectively. In the same conditions, the
hemicelluloses present values of glass transition tempera-
tures of 93 and 64 °C.

Thus, the aim of this study was to evaluate the tem-
perature of the Hevea brasiliensis logs during steaming and
its correlation with the end-cracks in the sawing process.

2 Materials and methods
2.1 Collection of material

This study utilized trees from 53-year-old Hevea brasili-
ensis ungrafted from the Miraculous Water Farm, located
in Tabapua, Sao Paulo, Brazil. After felling, the trees were
sectioned into 3.0 m logs. Thirty-three logs with diameters
of 34.6 &+ 4.4 cm were used.

The treatments to relieve growth stress included making
grooves in the logs. Two grooves were machined to a depth
equal to one-third of the radius of each log at 10 cm from
the crosscut section of the log, according to the method-
ology proposed by Sales (1986) and Kubler (1987).

A 3 cm disk was taken between each log to determine
the moisture content based on the oven-dry mass of the
material and its basic density. A balance with 0.1 g of
accuracy and an oven at a temperature of 103 + 2 °C were
used.

2.2 Log steaming and temperature determination

The procedure used to relieve growth stress was steaming
of the logs. The 3.0 m logs were steamed for 36 h at a
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Fig. 1 Schematic of installing thermocouples in the logs (a) and
boards obtained for analysis of cracks (b)

Abb. 1 a Schematische Darstellung der in die Stammabschnitte
eingefiihrten Thermoelemente und b Einschnitt der Bretter fiir die
Rissanalyse

temperature of 54 + 4, 75 = 4 and 92 + 3 °C and 100 %
relative humidity. The steamer was equipped with an
electric boiler with a steam-producing capacity of
30 kgf h™' and operating pressure of 8 kgf cm™2.
Thermocouples were installed in each log to assess the
temperature during steaming according to the methodology
developed by Calonego and Severo (2006) and Calonego
et al. (2010). Figure 1a shows this scheme more clearly.
The temperature behavior of each log and of the internal

environment of the chamber (steam) was monitored with

thermocouples attached to a Campell Scientific Datalogger,
during the steam treatment.

2.3 Crack analysis of the board

The steamed logs were cut into flat sawn boards in the For-
estry Institute of Sdo Paulo located in Manduri, Sdo Paulo,
Brazil. The logs were cut using a twin band saw and subse-
quently sawn into boards of 28 mm thickness. This proce-
dure was performed 10 days after the steaming treatment.
The boards presented an initial moisture content of 72.6 %.

To evaluate growth stress in H. brasiliensis logs, it was
determined how this stress had manifested in the lumber
through the end-cracking of boards. The lengths of end-
cracks was measured in the central and peripherals boards
taken from the logs after the sawing process, as shown in
Fig. 1B.

3 Results and discussion

The temperature behavior of each Hevea brasiliensis log,
with 0.54 g cm ™ of specific gravity and 86.6 % moisture
content, during steaming, was accurately ascertained.

At each minute of the 36 h of steaming, the temperature
in the center of the logs and of the steam was measured
according to the method presented in this study.

Due to the tendency of the data and according to rec-
ommendations by Calonego et al. (2010) the authors
selected a nonlinear sigmoidal logistic regression model to
represent the data pairs: y = Ay + (A; + Ap)/(1 + (x/
xo)P), wWhere: “A;”, “A,” “x¢”, “p” are the model con-
stants; “x” the logs steaming time in hours; and “y” the
temperature in the logs center in centigrade grade.

Figure 2 shows the adjusted models to estimate the
temperature in the center of the Hevea brasiliensis logs for
36 h of steaming at 54 =4, 75 £ 4 and 92 + 3 °C. In
these cases, the coefficients of determination (Rz) were,
0.98, 0.93 and 0.98, respectively, and it is shown that the
selected model can be used to explain the pairs of data.

Through the application of statistical models, it was
found, that at the end of the steaming at 54 &4, 75 £+ 4
and 92 + 3 °C, the Hevea brasiliensis logs had an internal
temperature of 45, 56 and 71 °C, respectively.

It can be seen that only Hevea brasiliensis steamed at
the greater temperatures reaches the glass transition tem-
perature of the wood. This temperature is approximately
between 60 and 90 °C as recommended by Irvine (1984)
and Kelley et al. (1987) for green wood in general, and is
similar to that proposed by Chan et al. (1989) who con-
cluded that Hevea brasiliensis wood presented glass tran-
sition temperature slightly below 77 °C when saturated
with water.
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Fig. 2 Logistic sigmoidal curve

adjusted to the temperature

behavior in the center of Hevea
brasiliensis logs during

)

steaming at various

&l

temperatures

Abb. 2 Regressionskurve
(Sigmoidfunktion), angepasst an
den Temperaturverlauf im

Markbereich von Hevea
brasiliensis Stammabschnitten

Temperature (°C
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Graphs to estimate the temperature at the center of the
log at various times and temperatures of steaming are
shown in Fig. 3 for Hevea brasiliensis with diameters of
34.6 £ 4.4 cm. As an illustration of how to use the graph,
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it is assumed that the target temperature of the log is 62 °C
and the steam temperature of the equipment is 85 °C. This
value gives a steaming time estimate of approx. 30 h
(Fig. 3, dashed line).
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Fig. 3 Graph to estimate the temperature in the center of Hevea
brasiliensis logs with diameters of 34.6 & 4.4 cm at various times
and temperatures of steaming

Abb. 3 Diagramm zur Schitzung der Temperatur im Markbereich
von Hevea brasiliensis Stammabschnitten mit einem Durchmesser
von 34,6 + 44 cm in Abhingigkeit der Diampfungsdauver und
—temperatur

Table 1 Cracks in the periphery and the center boards after sawing
of steamed Hevea brasiliensis logs

Tab. 1 Risse in marknah und markfern eingeschnittenen Brettern aus
geddmpften Hevea brasiliensis Stammabschnitten

Temperature of steam: 54+£4°C 75+£4°C 92+£3°C

Maximum in the center of the 45 °C 56 °C 71 °C

logs (temperature):

Boards N E N E N E
(mm) (mm) (mm)

Periphery 6 239a 11 162b 16 165b

Center 6 704a 11 406b 16 394b

Increasing end-cracks (%) 194.6" 150.6" 138.8"

N, repeat number; C.V., coefficient of variation; E, average length of
end-cracks in boards; different letters, significant difference by Tukey
test at 5 % of probability between temperature of steaming

" Significant difference by “F” test at 5 % of probability between
position of boards

Table 1 shows the average length of end-cracks in the
boards of Hevea brasiliensis steamed under different
temperature conditions.

It was found that the log steamed at 54 & 4 °C pro-
duces boards with higher end-cracks. The logs steamed
at greater temperatures presented a greater relief of
growth stresses, shown by the smaller difference between
the cracks’ length in the central and peripheral boards.
This result was expected because the relief of internal
stresses of wood is directly related to the softening of
the material (USDA 1999; Lenth and Kamket 2001;
Romeiro de Aguiar and Perré 2005; Calonego et al.
2010). This characteristic is related to the glass transition
temperature of lignin as recorded by several authors
among them Nakano (2005, 2006), Calonego et al.
(2010), Severo et al. (2010).

Similar results were obtained by Calonego et al. (2010),
who studied the effect of steaming on the board’s cracks of
Eucalyptus grandis and concluded that the material that
reached the glass transition temperature presented smaller
end-cracks and greater homogeneity between the periphe-
ral boards and those taken near the pith.

These results will allow the use of optimal steaming
time and temperature to avoid wasting energy and improve
the quality of Hevea brasiliensis wood during sawing.

4 Conclusion

This study shows the development of a chart to determine
the steaming time as a function of steam temperature and
desired temperature inside Hevea brasiliensis logs. It was
found that the sigmoidal logistic model explains the tem-
perature in the logs. The variation in the length of cracks
between the peripheral boards and those taken near the pith
were 194.6, 150.6 and 138.8 % for the rubberwood
steamed at 54, 75 and 92 °C, respectively. Finally, the
board’s cracks were smallest in the logs that reached the
glass transition temperature.
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