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Development of technologies and tools for efficient rubberwood lumber production

and development of downstream rubberwood products

Nirundorn Matan, Suratsavadee K. Korkua, Thunyawat Limpiti, Narumol Matan,
Sureurg Khongthong, Suthon Srivaro, Siraporn Sakphrom, Kamon Thinsurat, Prapan Leekul,
Tanawut Tantisopharak, Sataporn Jantawee, Taweesin Wongprot, Sumethee Songsamoe,

Monthian Setkit, Satjapan Leelatanon

Center of Excellence in Wood and Biomaterials,
School of Engineering and Technology,
Center of Excellence in Innovation of Essential QOil,
School of Agricultural Technology and Food Industry,
Walailak University, Thasala district, Nakhon Si Thammarat 80160, Thailand

Abstract

This research project aims to increase the production efficiency of the rubberwood processing in
the sawmill industries and to create innovative downstream products that are unique and different from
those that are already in the market. The project is divided into 3 sub-research projects:

The first sub-project is to develop real-time moisture measurement systems using resistivity and
microwave techniques and to develop an effective technique for stress relief of the kiln-dried lumber after
drying. The research team successfully built and tested both types of wood moisture measurement systems
at the laboratory level. The systems were successfully installed, as prototypes, in the rubberwood sawmill
industries. Internal stress relief within thick rubberwood lumber has been achieved by curing the dried
lumber just after kiln-drying at low temperature which could reduce the amount of steam used.

In the second sub-project, the research team successfully developed a rubberwood box treated
with essential oils for fruit transportation which can delay fruit ripening and can control mold growth. The
application of rubberwood box containing essential oils has been demonstrated to enhance antifungal
activity, improve shelf-life quality, and consumer acceptability of mangosteen during transportation and
storage. In the third sub-project, various qualities of rubberwood lumber have been improved by techniques
of polymer impregnation and cross laminating. The research team has been successful in the development
of the production processes. The prototype products have been manufactured including table and chairs
made of rubberwood impregnated polymer for outdoor uses and wooden building made of cross laminating
timber (CLT). The products have been field-tested and ready for further applications.

Finally, the research team has organized a research seminar on "Technologies and tools for
efficient rubberwood lumber production and development of downstream rubberwood products" on the
2" December 2020 at Walailak University in order to transfer knowledge and technologies to related sectors.
There were 39 participants including 9 participants from 3 government agencies and 30 participants from
14 companies. Results from the questionnaire revealed that the participants were satisfied with the overall
quality of the seminar at the high to highest level.

Keywords: Lumber moisture meter, Internal stress relief in lumber, Wooden box to delay fruit ripening for
export, Rubberwood CLT, Rubberwood impregnated with PMMA
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Real-time Moisture Content Monitoring System for Rubberwood Lumber

by Measuring Wood Electrical Resistance

Suratsavadee Koonlaboon Korkua, Siraporn Sakphrom and Kamon Thinsurat

Center of Excellence in Wood and Biomaterials,
School of Engineering and Technology
Walailak University, Thasala district, Nakhon Si Thammarat 80160, Thailand

Abstract

A real-time moisture content monitoring system for rubberwood lumber by measuring wood
resistance were developed in this research. Wood resistance was measured using a printed
circuit board also developed in this research which transforms resistance inputs into voltage
output. A type K thermocouple was used to sense a temperature in the drying chamber and
used as a corrective variable for accurate moisture content calculation. The voltage output
from the moisture content sensor was directly connected to FX3U-4AD module working as
an analog to digital converter before sending the digital signal to the PLC MISUBISHI - FX3U-
16M module. However, the signal from the thermocouple was converted to 4-20mA signal
prior to sending that signal to the FX3U-4AD module and then the PLC. The PCL used input
signals to calculate the percent moisture content (%MC) in rubberwood then output the
signal to the LCD Touch Screen Proface for real-time monitoring and recording purposes.
According to the %MC recorded data tested for the system validation, the accuracy and
stability of the developed system are in an acceptable range. The system is now installed in
the rubberwood drying factory in order to gather more data in a wide range of conditions for

system reliability test.

Keywords: Rubberwood, Lumber drying, moisture content real-time monitoring system,
Drying chamber
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A Real-time Microwave Moisture Content Monitoring System for Industrial Rubberwood

Lumber
Thunyawat Limpiti, Prapan Leekul and Tanawut Tantisopharak

Center of Excellence in Wood and Biomaterials,
School of Engineering and Technology,
Walailak University, Thasala district, Nakhon Si Thammarat 80160, Thailand

Abstract

This research presented a real-time microwave moisture content monitoring system
for industrial rubberwood lumber based on free-space technique. In the design process, the
relation between the dielectric properties of rubberwood lumber and moisture content was
initially studied to find the natural frequency that was at 1.25 GHz. The concept of this
system considered the measured reflection and transmission coefficients that the dielectric
properties varied as the change of moisture content. The advantages of this system are non-
destructive, moderate accuracy, less-time consuming, and real-time display that are suitable

for implementing in rubberwood lumber industries.

Keywords: Rubberwood Lumber, Dielectric properties, Free-space technique, Reflection
coefficient, Transmission coefficient
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Development of technique and equipment to effectively relieve internal stress
within 3-inch-thick kiln-dried rubberwood lumber

Nirundorn Matan, Sataporn Jantawee, Taweesin Wongprot and Jaipet Tomad

Center of Excellence in Wood and Biomaterials,
School of Engineering and Technology
Walailak University, Thasala district, Nakhon Si Thammarat 80160, Thailand

Abstract

This research aims to develop a technique to effectively relieve internal stress within
3-inch-thick kiln-dried rubberwood lumber. Additional equipment was designed to monitor
internal stress during the stress relaxation process. The study was divided into 3 parts i.e. stress
relaxation efficiency in kiln-dried lumber after drying at different humidity conditions, the
effect of reducing the temperature on the relaxation of internal stress and testing in industrial
drying kiln. It was found that increasing the relative humidity of the air inside the kiln at the
end of the drying process to 80% RH for a period of 4 hours effectively reduced the internal
stress by about 50%. By continuous monitoring the internal stress within the lumber in the
industrial sawmill, it was found that the highest negative restoring force was -100 N and the
highest positive restoring force was 410 N at the drying time of 300 h. The final restoring force
was relatively high indicting that the kiln-dried lumber contained high remnant internal stress
and could induce cracks within the lumber later after kiln drying. Therefore, the internal stress
relaxation process must be performed. Efficient internal stress relief can be achieved by curing
the kiln-dried lumber at low temperature under high air humidity conditions just after kiln
drying. This technique is economical to be applied for stress relief within relatively thick
industrial lumber since the amount of steam used to achieve the high RH condition is lower

at the lower curing temperature (Petty-patent filed).

Keywords: Rubberwood, Lumber drying, Internal stress in wood, Internal stress relaxation,
Internal stress measurement
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Innovative rubberwood crates containing essential oil vapors for controlling

the ripening of fruits
Narumol Matan, Sumethee Songsamoe, lyiola Oluwakemi Owolabi, Katthayawan Khunjan

Center of Excellence in Innovation of Essential Oil,
School of Agricultural Technology and Food Industry,
Walailak University, Thasala, Nakhon Si Thammarat, THAILAND 80160

Abstract

This study was aimed at controlling mould growth, postharvest ripening and quality of
fruit during transportation using rubberwood box containing essential oil. The work consisted
of 3 treatments and the control group namely, 0.8% of essential oil emulsion of peppermint
and lime oil at ratio 1:3 (POLO); of peppermint oil (PO); and of lime oil (LO) on rubberwood

box surface. Each box contained 8 kg of fruit (mango and mangosteen) transported within

Thailand by train (n=3) for 6 days at ambient temperature (~25+3°C). The quality of
rubberwood and fruits were evaluated before and after transportation. From the results, POLO
treatment on wood box was less subjected to fluctuations in the chemical compositions as
displayed by attenuated total reflectance-Fourier transform infrared spectroscopy. The
combination of POLO (1:3) could be applied as a fungicide coating on rubberwood surface for
enhanced antimicrobial activity and in preserving wood quality. Also, shelf-life quality and
consumer acceptability of fruit could be preserved during transportation and storage. Fruit
treated with POLO only attained stage 2 on ripening scale (pink blush on yellow background),
while the LO and control group were ripened to stage 4 (red) after transportation. Fruit treated
with POLO was more efficient in delaying mold growth, ripening, color changes, weight loss,
acidity, and total soluble solids when compared with other treatments. Total phenolic
contents were significantly higher (P < 0.05) with POLO after transportation. The application of
rubberwood box with essential oil could be formulated as a fungicide on mangosteen for

enhanced antifungal activity, improved shelf-life quality, and consumer acceptability of fruits.

Keywords: Rubberwood, essential oil vapour, fruits, ripening, antimicrobial
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Cross laminated timber made with rubberwood

Suthon Srivaro, Satjapan Leelatanon, Monthian Setkit, Nirundorn Matan, Sureug Khongtong

and Jaipet Tomad

Center of Excellence in Wood and Biomaterials,
School of Engineering and Technology
Walailak University, Thasala district, Nakhon Si Thammarat 80160, Thailand

Abstract

This research aims to investigate properties of cross laminated timber (CLT) made
with rubberwood. The study was divided into 2 parts, i) investigation of the effect of
manufacturing parameters on properties of cross laminated timber made with rubberwood
and i) Feasibility study of producing commercial size rubberwood-CLT panel using
equipment in plywood production line.

For the first part, the investigated manufacturing parameters included adhesive type
and amount, clamping pressure and rubberwood grade (Grade AB and Grade Q). It was found
that adhesive type had no effect on examined properties of rubberwood-CLT. Resin content
had a slightly effect on bonding property of the produced CLT panel. Clamping pressure
notably affected bonding strength (BS) and thickness swelling (TS) of the produced CLT
panel. BS and TS increased with increasing clamping pressure. The compressive strength in
major strength direction of CLT panel manufactured with rubberwood grade AB was higher
than that of rubberwood grade C while other properties (Density, water absorption, thickness
swelling and bonding strength) of both CLTs were similar. Compared to CLT panel made
with other wood species, it was found that rubberwood-CLT had equivalent or superior
properties.

For the second part, it was found that the commercial size rubberwood-CLT was
successfully manufactured using equipment in plywood production line. In addition, a
prototype building was also constructed with the produced CLT panel.

Keywords: Rubberwood, cross laminated timber, floor, wall, building
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The processing of high performance Rubberwood timber by impregnation of

polymer

Sureurg Khongtong, Suthon Srivaro and Benjama Meethaworn

Center of Excellence in Wood and Biomaterials,
School of Engineering and Technology

Walailak University, Thasala district, Nakhon Si Thammarat 80160, Thailand

Abstract

This research created the rubberwood for outdoor applications by polymer (PMMA)
impregnation technique. We used the in-house made instrument to imitate sap flow in order
to enhance monomer to embed inside wood microstructure. This would yield the
impregnated rubberwood with the practical sizes for the production of a set of outdoor
table and chair. It was found that the resulted rubberwood containing the optimum level as

well as the optimum distribution of polymer inside.

After the product that made of this treated rubberwood was used under the outdoor
operating condition, it was found that water resistance of this prototype reached about four
times greater than that of the original rubberwood timber placed under the same condition.
Moreover, there is far less amount of fungus growing on the surface and no fungus found
inside the wood structure for the pieces of polymer-impregnated rubberwood. The result of
static bending test also indicated that there is no decaying on the polymer-impregnated

rubberwood structure during the operating condition for 35 days.

Keywords: Rubberwood, Wood-plastic composites, polymer-impregnated wood



