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Thermal processing of bamboo for
enhancing properties and improved utilization

Introduction

amboo is world’s fastest

growing plant. It is light,

strong, versatile,
environment friendly, self-
renewing resource, and highly
productive. Bamboo as a
traditional building material is
being used throughout the world,
particularly in tropical and sub-
tropical regions in construction in
rural areas. However, it also has
certain limitations in the context of
durability, on account of fungal &
insect attacks. Bamboo when used
for structural and various other
applications need to be treated with
toxic preservative chemicals (e.g.,
CCA, CCB etc.) to prolong its
longevity. However, these
hazardous chemicals are slowly
losing their acceptability due to
environmental and health
concerns. The bamboo product
markets are therefore exploring a
eco-friendly method for enhancing
service life. Thermal treatment is a
non-hazardous method for value
addition of bamboo. Thermal
modification of bamboo improves
certain technological properties
including dimensional stability,
water uptake and durability. More
recently, the interest in heat
treatment processes has also been
renewed due to the declining
production of durable timbers,
increasing demand for sustainable
building materials, deforestation of
especially sub-tropical forests, and
increased introduction of
governmental restrictive
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regulations reducing the use of toxic chemicals. Thermal modification
of lignocellulosic materials such as wood, bamboo etc. has shown great
potential as an alternative to chemical preservative treatments in many
lifestyle products such as furniture etc.

Thermal modification of bamboo is a promising and
environmentally friendly (chemical free) treatment technique for
preserving the bamboo. The process is carried out at high temperatures
in a controlled environment such as under a steam blanket
(hygrothermal modification), under nitrogen, vacuum or using hot oils.
Important parameters of heat treatment process include temperature,
duration, atmosphere, species, initial condition etc. Thermal
modification of bamboo is entirely different process than seasoning of
bamboo. Seasoning or drying of bamboo is a process of bringing down
its moisture to level closer to equilibrium moisture content in service
(~12+2%). Seasoning is done following controlled schedules to avoid
deformations, cracks, and splits. Seasoning also improves fungal
resistance and insect attack to some extent. Studies on the effect of heat
treatments of different bamboos on various physical, mechanical,
chemical and biological properties have been carried for developing the
protocol of treatments for producing value-added products.

Thermally modified bamboos have huge market and export potential
for many value-added products such as furniture, home accessories,
handicraft items etc. This may also encourage other local entrepreneurs
to take up value-added products from bamboo and create local
employment opportunities. IWST has carried out study on thermal
modification of some of the locally grown bamboo species, namely
Bambusa bambos, Dendrocalamus stocksii, Dendrocalamus strictus,
Thyrsostachys oliveri etc.

Thermal modification under partial vacuum

After proper selection of the air-dried culms, defect free sample of each
bamboo species were prepared and subjected to thermal modificationina
controlled closed chamber (Fig. 1). Bamboo culms were thermally
modified at different temperatures in the range of 140-220°C for different
durations up to 4 hours under partial vacuum condition. The presence of
air or other oxidative medium can accelerate the degradation process of
woody components of bamboos during heat treatment; hence the process
isusually carried outina protective partial vacuum.

Thermally modified bamboos showed uniform brownish surface and
culm wall color, which darkened with temperature (Fig. 2). Heat
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treatment protocols were developed for thermal
modification of bamboos under vacuum. Density of
heat-treated bamboos did not reduce significantly up
to 180°C. However, heating temperatures >200°C were
found to be detrimental for density depending on
bamboo and severity of temperatures. The thermally
modified bamboos exhibited reduced EMC (50-60%),
water uptake capacity (by 40-60%) and improved
dimensional stability (50-55% in wall thickness).
Flexural stiffness (MOE) was found to be almost
unaffected with increasing treatment temperatures
(up to 200°C), maximum reduction of 7-10% was
observed in different bamboos at higher temperature.
However, flexural strength (MOR) of bamboos
reduced by 15-40% with increasing treatment
temperatures (up to 220°C) and correlates with weight
loss during thermal modification. Thermally
modified bamboos have improved decay
resistance due to heat treatment. Composite
boards such as laminated bamboo lumber
(LBL), scrimber bamboo lumber etc. can be
produced using strips and crushed thermally
modified bamboo (Fig. 3). Thermally modified
bamboos can be used for different valued-
added applications such as furniture, flooring
tiles, bamboo boards and strip-based panel
products in structural and non-structural industry
sectors.

Fig. 1 Vacuum

Fig. 2 Control and

Fig. 4 Effect of hot linseed oil
treatment in colour of D. brandissi

Fig. 3 Bamboo

vacuum results in mass loss due to partial
degradation of some of constituent polymers at
high temperature whereas in hot oil treatment, a
slight increase in weight is observed due to oil
uptake. As observed in vacuum heat treatment, hot
linseed oil treatment also induces uniform dark
colourations (Fig. 4). Thermally modified bamboo is
less hygroscopic and exhibits good dimensional
stability. The degree of dimensional stability is
determined by calculating the volumetric swelling
coefficientand Anti swelling efficiency (ASE). Due to
heat treatment of bamboo there is the reduction of
volumetric swelling coefficient. ASE increases with
heat treatment severity and weight loss. Heat
treatment increases dimensional stability which
dependsupon treatment severity (Fig. 5).
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Summary

Eco-friendly process of thermal modification
involves heating of bamboo at high temperatures
under inert environment such as partial vacuum or
immersion in hot oil. These processes can serve as
alternative techniques that eliminate the usages of
hazardous chemical preservatives. Through this
chemical-free process, decay factors may be
eliminated along with improvement in dimensional
stability and resistance to water/moisture
absorption related problems. Thermally modified
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Fig. 5 Anti swelling efficiency
of hot oil treated D. stocksii

bamboos may be used for different valued-added
applications such as furniture, flooring tiles, bamboo

oven used for heat
treatment of bamboo
in laboratory

lumber from
thermally
modified bamboo

thermally
modified bamboos

Thermal modification by immersing in hot oil

Thermal modification of bamboo/wood can also
be carried out by heating in hot oils (e.g., linseed oil)
at150°C - 220°C by immerging specimens in a reactor
containing linseed oil. Use of hot oil facilitates easy
heat transfer and provides restricted oxygen
environment. Thermal modification of bamboo in

boards and strip-based panel products in structural
and non-structural industry sectors. Heat treated
bamboo has a huge market in country with untapped
potential due to slowly banning of toxic preservative
treated bamboo for environmental reasons.
Technical know-how of this domestically sourced,
affordable and eco-friendly technique of processing
is available with this Institute to produce thermally
modified bamboo for different applications.

®



€

Cera-Therm International

Blazing Since 2001
An ISO 9001-2015 Certified company.

LR '

Established in the year 2001, we, Cera-Therm International are the
reputed name among prominent manufacturers and exporters of
Bamboo & Cane Processing Machines and Industrial Heating
Equipment such as Furnaces, Dryers and ovens etc.

Rattan Cane Bamboo

m Straightening Machine m External Knot Removing Machine
®m Turning Machine m Semi Half Splitter

m Polishing Machine m Parallel Splitter

m Dust Extractor m Internal Knot Removing

m Steaming Machine m Flatening And Gushing

® Forming Table ® Multi-dayllight Hydraulic Press

No. 10/1, 1st Main Road, Vikasnagar,

Nagasandra P. O Tumkur Main Road,
Opp. METRO Station, Bengaluru, Karnataka 560073




e

EASY CLEAN, EASY GO.

\ '__Wéuldn't it be great if surfaces could keep themselves clean? Well,

:.;now they can. Presenting VIR’s Easy-to-clean range of laminates;
y "@erﬁre&stant stain-resistant and easy-wipe too. Now get rid

: . af stubborn splashes and stains in one go.

Qﬂ'm" EASY-TO-CLEAN TERMITE, BORER AND STAIN ’ _RESISTANT TO HYGIENIC

(@ ANTI-
& MAINTAIN FUNGUS RESISTANT RESISTANT “MOLD FORMATION k\ FINGERPRINT

A
VIR
LAMINATE 0, o

oo 00

1800 233 7952 | www.virlaminate.com | info@rushil.com




www.centuryply.com

oy
CENTURYPLY’

LAMINATES | PLY

Now With

VIRGKILL

Kills 99.99% Viruses

| = I'}
L |

| | ol
¥ ‘r

CenturyPly and CenturyLaminates come with specially designed
surface treatment - ViroKill Technology.

» Contains Activated Nanoparticles
» Ruptures and kills 99.99% viruses on surface contact
» Saves you from contamination

Raho Befikar

CENTURY PLYBOARDS (INDIA) LIMITED

Century House, P-15/1, Taratala Road, Kolkata - 700 088. Ph: (033) 3940 3950




\ ETUSKAR.

SPINDLELESS LOG PEELING MACHINE
(Available in 4-Feet and 8-Feet Size)

FEATURES:
+ HIGH SPEED LONG LIFE
+ EASY OPERATION Model No.
+ SPECIALLY DESIGN FOR 19 INCH DIA LOGS “' SL-100s
+ EASY PEELING SOFTWOOD & HARDWOOD [
==

¢+ THICKNESS TOLERANCE 0.075+/-

+ EASY MAINTENANCE

¢+ INBUILT DIGITAL & SERVO SYSTEM

+ AUTO TILTING SYSTEM P/BAR & KNIFE
+* DIGITAL CONTROL CUTTING SYSTEM
+* MAXIMIZING YIELD

¢+ HIGH PRODUCTIVITY

¢+ ONE YEAR WARRANTY

Designer & Manufacturer Exporter of PLYWOOD VENEER MACHINERY:

GURU AMAR INDUSTRY LIMITED

E-30,31, Industrial Area, Yamuna Nagar-135001 (Haryana) India. Tel: 01732-257577, 257520
Mobile: 098120-25062, 098122-00053 E-mail: guruamarindia@gmail.com. Website: www.guruamar.com

wood #good

Published by:

Institute of Wood Science and Technology, Bengaluru

Indian Council of Forestry Research & Education

(An Autonomous body under Ministry of Environment, Forest & Climate Change)
P.0. Malleshwaram, Bengaluru - 560 003, Karnataka, India

E-mail: dir_iwst@icfre.org | Website: https://iwst.icfre.gov.in

For copies, write to:

Head, Extension Division,

Institute of Wood Science & Technology, Bengaluru
P.O. Malleshwaram, Bengaluru - 560 003.

E-mail: extension_iwst@icfre.org

Designed by: Samvida Communications (OPC) Pvt. Ltd.
Contact: Meghana S Belavadi, meghana@samvida.biz, +91 9886201993





