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What is wood modification?

• Improving the performance of wood by modifying its molecular 
structure

• Potential property improvements
• Durability
• Moisture resistance
• Dimensional stability
• Paint adhesion
• Colour
• End of life!!

• Create new markets for local timber
• Compete against imported hardwoods
• Promote sustainable timber sources



What is wood modification?

• The alteration of wood at the molecular level to 
achieve a desired property change

• Active modification relies upon a chemical change 
induced by reactive chemistry, physical, or biological 
means

• Passive modification does not alter the chemical 
constituents of wood, but changes the wood 
permanently by a treatment (impregnation-
polymerisation)



Properties of Wood modification

• It is an essential requirement that the wood 
should not exhibit toxicity in service

• The modified wood should not release toxic 
materials at the end of service (e.g. when 
recycled or in worst case, incinerated)

• For biological resistance, the mode of action 
of the modified wood should be non-toxic 
(non-biocidal)
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Properties of Wood modification

• It should have enhanced properties, such as:

• Greater moisture stability

• Greater dimensional stability

• Improved durability

• Coating stability

• Colour of material

• Local sustainability



Types of wood modification





Acetylation

• Uses acetic anhydride without catalyst

• Acetic acid produced as a by-product

• Presence of acetic acid beneficial up to 
about 30% in anhydride by volume 
because it swells the cell wall

• Excess acetic acid must be removed 
from anhydride

• Acid by-product must be removed from 
wood

• Process uses radiata pine



Commercialisation Background

• Titan Wood Limited was formed on April 17th 2003 by Accsys Technologies PLC

• From 2003 – 2006 technology development and design of a large scale 
production plant

• 2006 – 2007 construction of the plant

• 2007 production commenced

• This is the world’s first plant producing acetylated wood on large scale at a 
commercially viable cost



Acetylation process



Branding

From sustainable sources

Durability class 1

Extraordinary dimensional stability

Measurable and guaranteed performances

Natural color and strength properties 

High UV resistance

100% recyclable

Environmentally friendly (non toxic)



Widely used in solid form



But what about fibres? 

Treatment of fibres, chips and flakes



What is wood modification via acetylation method?

A c etylated wood e lement



Different commercial tracks

• Fibre

• Chips



Performance of Medite Tricoya Extreme?



Medite®Tricoya® Extreme Medite®Tricoya® Extreme

Stability tests on Medite Tricoya Extreme



Fabricating

The panel may be cut, machined and used in 
exactly the same way as the rest of the Medite 
(MDF) range.

Coating

Conventional water-based paint coatings may be 
used to decorate the panel.

Laminating

Melamine papers, high pressure laminates and foils 
can be adhered to the product.

Sanding

The acetylated wood fibreboard panel is delivered 
ex-mill with a 150 grit sanded finish and can be 
sanded with fine sandpaper to achieve a smooth 
finish.

Processing tests have been done on Medite Tricoya Extreme?

Gluing

Since acetylated MDF is drier than other wood panel 
products and absorbs water in a different manner, 
curing times of adhesives may be different. 
Recommended adhesives are PU, Epoxy, PRF and EPI.

Fixing

Due to some residual acetic acid in the panel, stainless 
steel fasteners & fixings with A2 or A4 (EN1008-1) 
quality or AISI type 304 or 316 should be used

Fire rating

Panels achieve a fire class rating of euro class D within 
the Euro classification as with most wood-based panel 
products



Facade Cladding- Switzerland



Acetylation other fibres:
Oil Palm Empty Fruit Bunch
Coir 

• 15-18% WPG

• Use in WPC

• Greater matrix interaction
• Interfacial shear strength



Acetylation other fibres:
Hemp and Flax

• Reduced EMC

• Removal of waxes

• Smoother fibre surfaces

And many other species:
Sisal, kapok, jute etc.



Thermal modification

• First study dates back to 1916

• No commercial interest until relatively 
recently

• First commercialised in Finland 
‘Thermowood’ (sales over 31,000 m3 in 
2004)

• Also processes developed in France: 
‘Retified wood’ and Quebec ‘La Bois 
Perdure’



TMT production

• Produced on a global level

• 2010 estimates

http://holz.fordaq.com/fordaq/news/TMT_Thermoholz_Frankreich_29275.html



Thermally modified wood

• Usually involves heating wood at temperatures of 180 deg C up to 
240 deg C in the absence of air

• Can be done under a steam blanket (hygrothermal modification), 
under nitrogen, or in a vacuum

• Thermal modification results in degradation of the hemicelluloses 
primarily

• Cracking/splitting an issue

• Loosening of knots



Thermal modification

• Thermally modified wood is dark brown

• Wood becomes brittle (non load bearing)

• Wood has low abrasion resistance

• Wood splits easily
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Thermal modification

• Main applications are for cladding

• Wood is slightly acidic, due to 
production of acetic acid from 
degradation of hemicelluloses –
requires stainless steel fixings

• Wood has improved dimensional 
stability

• Slightly improved decay resistance, 
but thermally modified wood is not 
suitable for ground contact 
applications



TMT in use



Fibres from solid TMT



TMT of chips

• Option for processing

• Typical weight losses

• Strength reduction



Fibre examples

• Few examples on modifying 
wood fibres.

• HOWEVER..

• This was proposed in 1999 
(European Panel Products 
Symposium, Llandudno, UK)



What is Hygrothermal Treatment

• Treatment of materials using 
steam at:

• Elevated temperature.
• Elevated pressure.

• Avoids the use of potentially 
harmful chemicals.

• Produces a more dimensionally 
stable material.

Sample Preparation

Analysis

Carbohydrates

Lignin

Solvent Extract

Analysis

MOE/MOR

Swelling

Board Manufacturing Sorption Studies

Dry to Ambient Conditions

Hygrothermal Treatment

5-60 minutes

150-200C

Thermomechanically Refined Spruce (Asplund)

170C

7 bar Steam



Treatment and Extractives

• Weight losses noted for most 
experiments.

• Increase in fibre acidity.

• Higher water extractives, ethanol 
extractives, acetone extractives.

• Toluene extractives unchanged.

0.00 20.00 40.00 60.00

Reaction Time [Minutes]

0.00

4.00

8.00

12.00

W
a
te

r 
c
o
n
te

n
t 
[%

]

190 deg C

180 deg C

170 deg C

160 deg C



Furfurylation

• Developed in the 1940’s

• Problems with process, which were 
solved in the 1990’s

• Now used to modify wood by Wood 
Polymer Technologies ASA (Norway)

• Marketed by Kebony Products DA



Furfurylation

• Furfuryl alcohol is derived from corn cobs or sugar 
cane residues

• Impregnation using conventional impregnation plant

• Curing in conventional kiln

• Relatively low capital cost



Products

• Visorwood, Kebony 30, 
Kebony 100

• Different levels of loading 
of the furfuryl alcohol

• Kebony 100 has the highest 
loading and is almost black 
in colour

• Virowood and Kebony 30 
have lower loading levels 
and are golden brown in 
colour



Products

• Kebony 100 is highly dimensionally stable and highly decay resistant, 
also highly resistant to biological attack in a marine environment 
(unusual for a modified wood)

• Kebony 30 has lower dimensional stability and decay resistance 
compared to Kebony 100

• Production is around 20,000 m3 per annum



Belmadur

• Manufactured by BASF (2006)

• Impregnation of wood with aqueous 
solution of m-DMDHEU (Methylolated
Dimethoyl Di-hydroxy Ethylene Urea)

• Impregnated wood is heat-cured in 
conventional kiln



Properties

• Wood is not discoloured

• Dimensionally stabilised

• Hard surface

• Moderate decay resistance

• Suitable for outdoor applications 
(such as garden furniture)
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Composites

Enzymes

Obtaining Enzymatic Treated Fibres



• The enzyme laccase will 

“activate” the fiber surface by 

oxidation of lignin thereby 

creating radicals.

• The auto-adhesive properties 

of the fibers are enhanced

• The radicals on fibers will 

crosslink during the hot-

pressing of fibers to boards 

and panels
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How does this work?



Where does modified wood 'sit'?

Durability Class Wood species Modified wood type

1 teak, iroko Accoya® Perennial Wood™, 

Kebony®, maple & beech, 

Plato® Norway spruce

Keywood™

2 European oak, iroko,

Western red cedar

Thermo®Wood D, Celloc® 

Norway spruce, Kebony® 

ash & radiata pine, Plato® 

Scots pine

3 Douglas fir, larch, Scots 

pine

Thermo®Wood S, Plato® 

radiata pine

4 Scots pine, radiata pine

5 radiata pine

Source: Andrew Pitman, TRADA (UK)



Modified wood and possible uses

Product range Possible treatment process

Garden Wood Thermally modified wood

Window Companies Acetylated wood / Polymer 

impregnated

Exterior Door Companies Acetylated MDF

Flooring Companies Modified wood / MDF / Polymer 

impregnated

Wet Room & Façade Panels Acetylated fibres

Building products etc. Acetylated / Heat modified wood

Automotive / Nautical industry Furfurylated wood

Architects /Gov. organizations Acetylated  /Heat modified wood

Furniture manufacture Acetylated / Furfurylated / Polymer

impregnated



Possible markets other than solid wood

• Plywood
• Exterior grade

• Marine use

• Veneers easily treated
• Acetylation

• DMDHEU

• Large market
• Est. 1.5 million m3 exterior grade / year

• Capture 1% of this market

• 15,000 m3 demand for modified veneers

• MDF / Fibreboard

• Fibres easily treated
• Acetylation

• Possible continual process

• Large market
• MDF 10 million m3 / yr

• 0.1% capture

• 10,000 m3 / yr



What modification treatments?

Solid wood Veneer Fibre

Acetylation
•Commercial production begun
•Fibre production to follow

Yes Yes

< 5 yrs

Yes

Furfurylation
•Wood /veneer treatments already 
possible
•No work to date on fibres

Yes Yes

<10 yrs

Possible

Belmadur / Indurite
•Wood / veneer work already 
demonstrated
•No published work on fibres

Yes Yes

<5yrs

Possible

Heat treatment
•Solid wood commercially available
•Fibres from off-cuts, process residues

Yes Yes

<5 yrs

Possible

<10 yrs

Likelihood



Developing new ideas

• new technologies generally breed new approaches to design

• new applications are conceived & developed

• architects and engineers often lead scientists in this

• nothing would have been achieved without all three contributing their 
knowledge & experience & working together



The way forward

• build upon the vast amount of past and current research into modified 
wood

• stimulate the connection between product development & 
professional development

• coordinate the relationship between academics, practicing 
construction professionals,, forest, timber and construction industry 
members and funding bodies



The future

• Greater incorporation of modified wood with conventional wood

• New hybrid structures

• Incorporporate smart technologies (self cleaning glass, PV coatings)

• Focus on design and performance



Looking for a good book to read?
Published by this COST Action

1: Introduction

2: Bio-based building materials

3: Non-wood bio-based building materials

4: Protection of the bio-based material

5: Performance of the bio-based materials

6: Performance of buildings

7: Test methods for biobased building materials

8: Modelling

9: Bio-based building materials meeting current and future 
requirements

10: Evaluation and standardisation




