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Wood Preservation and Modification

Part 2: Methods
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Wood Modification Methods

 �������Chemical

 ������Thermal

   �������Mechanical

   ������Enzymatic
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 ��!�

Chemical Modification
������� ����

     ��� "#�� $� �� ��� "%�&�' (�)�� $� *�!+ 	
� ,�� ������� 	-)�� $�  ./�0���) "���1 2� "#�' ����
     ##�3 �# �1 ,�� 4�5���) %���6  7��8� 2� �9-� 2) .'� :� :�%� ��.
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Grafting
         =�� 2� ������� .�1�� ���>�
         �?�%�� 2� �1��@/� :#�# %���6

Substitution
 �-��?��A =�� 2� ������� .�1�� ���>�
���3 �� ���1��3 �� 7�/)��%�1 ���1��3

Blocking
 2)�B� =�� 2� ������� .�1�� ���>�)���� ( :#�)

�E�F ��1%���6 G��H &� 7�/)��%�1 ���1��3

Cross linking
 IJ� =�� 2� ������� .�1�� ���>�
 G��H &� 7�/)��%�1 ���1��3

�E�F ��1%���6

Reactions
 ���� �H �# �1 	-)�� K����
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Polymer chain breakdown
�@/� "��9�& ./�� L������� =�� 2� ��� ���� M��8� ,��N��� &� ��� ��1����� �# �0�B' "����# ��1�
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 ������� ���8-)�� M����B�
Chemical Reaction Requirements

.I�������#��� O�P� Penetration of Chemicals

.II  �1�?8-)��Reactants 

.III 	-)�� Q����Reaction Condition

.IV   ��� K��Wood type

.V    	-)�� R�9�� %��S�Proof of Reaction

.VI2N+� ��) 2� ������� #��� T�&��
 Distribution of bonded chemicals
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  R��� � O�P�
 Penetration & Swelling

Penetration
 ���� ��� :��# 2� ������� #��� :#�# O�P�

������� 	-)�� R�9��

      "%--) R��N� "#��
Bulking agents

1 .#&�' R��N� �� ��� %���N� 2) ������ "#��.

   ./�0���)
Catalyst

2 .��� R��� R%F M��� �#

 *�� V1
Co-solvent

3 . R��� (X' %-���N� "#�� �# �1 2) ����� �#
%�#�3 ���.
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R���
 Swelling

Chemical aspects
������� #���

Anatomical aspects
��� �Y��8� ��NZ�'

Swelling agent
 R��N� ������� #���)	-)�� ( "%--)

Catalyst
./�0���)

Co-solvent
*�� V1 "#��

Density
��� 2N�/��#

Cell wall thickness
�0�B' ��1 "����# .��
E

Pits
�0�B' "����# J+�-�
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Consequences of Chemical reactions
           ��� �# ������� ���8-)��  ��1%���6

Bulking
V9� 	���+�

Weight gain
:&� 	���+�
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Consequences of Chemical 

reactions
        ������� ���8-)�� %���6

Bulking
V9� 	���+�

Weight gain
:&� 	���+�

WPG (%)= (W2-W1)/W1 × 100

WPG= Weight Percent Gain (%)

W2= Weight after treatment (gr , Kg)

W1= Weight before treatment (gr, Kg)

SWPG (%) = (V2 – V1) / V1 × 100

S
WPG

= Swelling coefficient (%)

V2= Volume after moisture conditioning (cm3)

V1= Volume before moisture conditioning (cm3)

ASEWPG (%) = (S2 – S1) / S1 × 100

ASEWPG = Anti-Swelling Effect (%)

S2= Swelling Coefficient after treatment (%)

S1= Swelling Coefficient before treatment (%)

ASE:
   �3%�8)�� %E �[�Anti-Swelling  Effect                     

                          �3%�8��1 %E �[�Anti-shrinkage Effect

            #�!�� .�X[ �[�Dimensional Stabilization Effect
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Volumetric Swelling Coefficient
 ��9� R��� (���E(S) �# 	-)�� &� ���� \�) ���  BN
� #���

     ,B���� %�/)�4.10.7

     7�N� M����'����4.54.1

     7��N���B��)�4.64.5

   ,B�6��6 %�/)�5.25

   ,�-0��)�6.77

   ,��%�1��B) �6�6.95.9

  ��1010

   %�1%0� R�+ *�BY�12.312.3

    $�N'� %��%���12.31.5

      7�N� M����' ����52.65.1

150 lb/in2, 120 ºC, 

1 h

    ��8+ .Y� �����

Soaking at 25ºC, 

48h

   :%������Z

    ������� "#��

       ��9� R��� (��E(S)  \�) 
N
o
n
-p
o
la
r

�
X]
^ �
�_

P
o
la
r

�
X]
^

Bulking agent
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Volumetric Swelling Coefficient
 ��9� R��� (���E(S) :#�) #��� �[� &� ���� \�) ��� ���N/�0���)	-)�� �H �#  BN
� 

N`   ,�%��@�6 7�N� 2.21.6

N,N`    ,�B��� 7�N� �# 0.30.5

   ,��� 7��� ���-0.12.1

N`   ,�B��� 7�N� 2.60.8

   ,��� 7��� �#511

 ��1010

  ,�B���110.5

    $�N'� %�'�11.18.8

 ,�%���611.313.1

    %��� R�+ 7�N� �#12.812.5

  ,�%��@�613.30

n`  ,��� 7���� 15.515.2

150 lb/in2, 120 ºC, 

1 h

    ��8+ .Y� �����

Soaking at 25ºC, 

48h

   :%������Z

   ./�0���)

       ��9� R��� (��E(S)  \�) 

N
o
n
-p
o
la
r

�
X]
^ �
�_

P
o
la
r

�
X]
^

Catalyst
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Co-solvents

Volumetric Swelling Coefficient
 ��9� R��� (���E(S) ��a� �# \�) ��� ���0�� BN
� 

:����?1�B��'2.30.5

M�N'� 7���2.44.2

�1 ,B��30.10.2

4`7�N�`2`:���N-60.41.5

:��3�B��'0.10.1

:�N���B) �#3.83.3

����N) 7��� 7�N�3.65

�1 :��?1-0.20.2

,N'�5.15.6

:�� �+��%�1��N�5.47.2

1�4`:�/)� �# 6.50.6

*���N�99.3

��1010

�0�'�B' 7�N�10.310

 �0�'�B'10.610.2

%��� R�+ 7�N� �#12.812.5

%�/)�P0�' 7�N� �#13.311.7

150 lb/in2, 120 ºC, 1 h

��8+ .Y� �����
Soaking at 25ºC, 48h

:%������Z

*�� V1

 ��9� R��� (��E(S)\�) 
N
o
n
-p
o
la
r

�
X]
^ �
�_

P
o
la
r

�
X]
^
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�1�?8-)��
Reactants

	-)�� �H �# 2N+� ��) 2� �������#���
Chemicals

%��� �B��F ���1��3 %A�� .
Functional groups 

%��� 4�5���) K�� &� � V�Y� 7��� ������� %���6.
 Covalent bonds

%��� 	-)�� %-���+ &� ���� �F�+ *�cY� :�%�.
 No byproducts

%��� 2N��# �-���6 =�A 2]d�.
 Low boiling point

%��� V) 2-��1 L�3%���Z :�%� L��' ��_.
 Non-toxic, no corrosion, low cost

 ��1��@/� �# 	-)�� ���1�?��A
 "%-1# 	-)��

Reaction sites

�N�� O�P�
 Penetration

�N�� 	-)��
 Better reaction

�8-)�� "#�� :%���� ��A��
 No-remaining 

chemicals

�0�B'
 Cellulose

�0�B' ��1
 Hemicellulose

,�-?�0
 Lignin

O

H

.II  �1�?8-)��Reactants 14
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	-)�� Q����
Reaction conditions

 	-)�� ,���6 ���#)ºC  120(

Low reaction temperature

 :%� .+���� ,���6 .F�') �[� �#
 "����# ��1��@/� �B�/)��%�1 ���1��3

�0�B' (
 Low hydrolysis

"#�' 	-)�� VN/�'
 No byproducts

./�0���)
 Catalyst

V��� 	-)��
Mild reaction 

condition

�3%���Z :�%�
 No corrosion

 ,���6 ���# �# 	-)�� 7��^
 Low reaction Temperature

��' ��_
 Non-toxic

��� �# (��
� :�%�
 No deterioration

VN/�' &� :%� e�6 7��^
 Easy cleaning

������� .���d� 	1�) :�%�
 No strength loss

"��
0# � e%�� ���>� �� f�� ���>� :�%�
 No color changes

��Z ���Z (/�
 Better glueability

��Z ���J6 f��
 Better paintability

�]Z ��
 No danger
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BO

PO

BO

BO

PO

PO

PO

PO

PO

BO

BO

BO

BO

PO

PO

BO

PO

PO

PO

BO

BO

PO

PO

PO

 �����

  #���

g�3�#

   �&��%��6 \�)

 ��-A \�) )��� :��# (

 ��-A \�) )��� :��� (

   ����#�� \�)) ��� :��# (

  ����#�� \�)) ��� :��� (

 ���B�� g�N@�0�)�

 �%-��Z

  �����)

 :����

�#�3

 $��

 .
' ���+�

   h�' i�B�

  2��3

36030.4-

4032.6-

36024.6-

30020.7-

4026.936.5

4024.659.7

4035.568.3

4032.152.3

4034.267.3

2402246.4

24033-

18022-

24022.864.2

4029.742.2

4028.246.3

24028.353

326.246

6020.70

3020.50

1803261

601852.2

3527.341.1

4025.62.1

3021.80

 :��&) 2d�^# (   :&� 	���+� %��#(WPG)(%)    �3%�8)�� %E �[�(ASE)

  ��� K��Wood type 

 2��3 ���' 2� �� k��N� %��X� � ##�3 �� ��/Y� #�+ 2� �cY-� 2��3�1#�# V��!� �1.
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Proof of bonding
  %���6 R�9�� %��S�

Volume change
    V9� ���>�

Permanency against leaching
       ���� �� ����� �# .���d�

Infra-Red Evidence
      ���^ :�#�� �9-'  �H
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Proof of bonding
  %���6 R�9�� %��S�

1  .     V9� ���>�Volume change

Green volume
      %��� �� 	���+� :� �X' V9� �� �l)�%� ��� V9� !
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2.372.1310.1    $�N'� %��%���2.3722.8

2.412.179.9    $�N'� %��%���2.3919.5

2.392.1510    $�N'� %��%���2.3317.5

2.332.119.4    $�N'� %��%���2.3013.9

3.603.366.7   ,B�6��6 %�/)�3.7241

3.603.38.3   ,B�6��6 %�/)�3.6634.1

3.663.426.6   ,B�6��6 %�/)�3.6626.1

3.603.2410   ,B�6��6 %�/)�3.6021.1

3.483.246.9   ,B�6��6 %�/)�3.4215.9

    �X' V9�(in3)
   $8Z V9�

(in3)
    ���>� :���� (%)  �����   46 $8Z V9�

    ����� &�(in3)

    	���+� %��#
  :&� (%)

  V9� ���>�Volume changes 

����� � $8Z .0�� �# \�) ��� ��9� M����>�

%��� �� :� �X' V9� ����� n�X��d� ����� &� 46 ��� ��9� M����>�.
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  V9� ���>�Volume changes 

������� ����� .0�� �# ��-A \�) ��� V9� M����>�

91.40.910.1
M���)�N� 7�N�

580.67.6

360.741.2

28.70.260.39 7��N���B��)�

25.70.460.77

22.83.94

19.53.63.3 $�N'� %��%���

17.532.9

51.20.540.58

47.70.460.54

25.70.210.27
7�N� M����'����

12.40.160.14

36.28.99

34.38.48

28.86.47.2
,B�6��6 %�/)�

26.57.17.5

����� :&� 	���+�(%)
 ����� ��� V9� 	���+�

 "%�(cm3)

 "#�� �� 2X'�Y� V9�
 "%� "#��+�(cm3)

 .'� "%� 2N��X�� �0�B' ��1 "�P� �# �N8�� ������� "#��.

؟
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Proof of bonding
  %���6 R�9�� %��S�

1 .                V9� ���>�Volume change

2 .   ���� �� ����� �# .���d�)%���6 R��YN'�       (Permanency against leaching

Proofs of bonding
   %���6 R��YN'� %��S� ������

Extraction and leaching test
         :&� ,��!� � �1 *�� �� �N8/� =��

ASE after leaching test
        �3%�8)�� %E �[� �'��� =��(ASE)       ���� �� ��� %-� &� 46 
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7��N�����)�
 +NaOH

26.7---13.5

7��N���B��)�
 +NaH4OH

26.1---21.7

22.52.8-12.21.2
$�N'� %��%���

16.32.3-9.71

,B���� %�/)�273.8-11.71.6

386.810.812.5-
,B�6��6 %�/)�

29.25.2--4

47.29.6--9.7

23.56.5--1 7�N� M����'����

102.9--1

%1��02.34.711.20.6

:�-�`*�����
42B/)�' .F�' 

 	�20
(%)

:�-�
24 .F�' 

2B/)�'
 	�40
(%)

��
24 .F�' 

2B/)�'
 	�40
(%)

 ��
7 ��� 2H�_ &�� 

 ���� M�!]^
(%)

*�� :&� 	���+�(%)

 �� \��
N'� &� 46 :&� 	1�)

  :&� 	1�)Weight loss 

�8N/� �[� �� ������� #��� �� "%� ���� ��-A \�) ��� $8Z :&� 	1�) BN
� ���0�� �� 

  %�� "#�) �%�6 T�9� n�+�� � %�� 2N+��� 	-)�� "����# �# #��� !
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29.94.766.4656.84.8655.360.7

21.65.560.46.6526.552.66.353.3 7�N� M����'����

014-13.8-13.7-13.5-

25.710.510.518.8�P-�17.5�P-�--

7��N�����)�
 +NaOH

020.320.316.8-16.7---

26.12.72.715.3�P-�14.4�P-�--

7��N�����)�
 +NaH4OH

014.114.113.9-14---

22.54.170.33.871.4470.64.169.2

16.35.1635.161.75.3615.360.2 $�N'� %��%���

013.8-13.3-13.6-13.3-

273.673.55.7545.258.15.656.6
,B���� %�/)�

013.6-12.4-12.4-12.9-

29.2662943.87.850.97.950.3
,B�6��6 %�/)�

015.8-15.8-15.9-15.9-

�����WPG1S1
2ASE1

2S2
4ASE2

5S3
4ASE3

7S4
8ASE4

9

  �6 �# �6 ���� ��Serial leaching  

 ��9� �3%�8)�� (��E(S) �3%�8)�� %E �[� � (ASE)%�� "%� ,��!� �� �# ��� 2H�_ G��H &� 2) .

     .'� "%�#�3 "%�8)�� ��� � %�� "%� ���� �� ��A# #���!
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ASE after leaching test
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Proof of bonding
  %���6 R�9�� %��S�

1 .                V9� ���>�Volume change

2 .   ���� �� ����� �# .���d�)%���6 R��YN'�       (Permanency against leaching

3 .      ���^ :�#�� �9-'  �HInfrared evidence
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�1 M����'���� �# �1%���6

R-O-C(=O)-NH-R

Wood-O-C(=O)-NH-R

-C-N

O

-C-

Carbonyl

=

-N-H

Amine
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WPG 0%

Pine

WPG 17.7%

Pine

WPG 47.2%

Hemicellulose 

from Pine

WPG 17.7%

Lignin

WPG 47.2%

1270 cm-1

C-N deformation in secondary substituted amines

R-O-C(=O)-NH-R
1730 cm-1

C=O stretching vibration

1550 cm-1

N-H deformation in secondary amines

770-780 cm-1

N-H deformation in secondary amines

3400-2950 cm-1

O-H stretching in
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Penetration depth
         .'� O�P� G�F &� �!��� #��� 	-)��6 .

Penetration depth
   O�P� G�F

Size
�1 2���� #�!��

 #�� �� �N�) O�P� :��# 2� q]' &�  .  ,�� �N3��� ��1 2���� �#
#�� �� �N8�� I�NZ� .

Heart- and Sap-wood
 :��� � :��# ���

     %-��� �� T�9� �N8�� ��� :��# �# ������� #��� &� �a!�.

Early and late wood
:���6 � &�_� ���

   .'� :���6 ��� &� �N8�� &�_� ��� �# 	-)�� .

Radial and Tangential walls
 �'��� � �F�!� ��1 "����#

  .'� �F�!� &� 	�� �'��� ��1 "����# �# #��� 	-)�� .

Cell wall layers
�0�B' "����# ��1 2�5

   .'�1 "����# ���' &� 	�� 2����[ 2�5 �# #��� T�9� .

Cell walls polymers
   �0�B' ��1 "����# "%�&�' ��1��@/�),�-?�0`��1�0�B' ��1 `�0�B' (

    �B6 &� 	�� ,�-?�0 �# #��� �-��?��A L��&� 	���+� ,���6 ��1%��# �#  
.'�1%���)�'.

.VI           2N+� ��) 2� ������� #��� T�&��
 Distribution of bonded 

chemicals
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 �-��?��A 2A�#(DS)7�N� M����'���� �� "%� ���� ��-A \�) ��� �# �B�/)��%�1 ���1��3 

17.70.410.0844.9

100.280.0476

47.20.890.2094.3

23.50.590.1175.1

5.50.170.0257.4

 :&� 	���+� %��#

(WPG)
,�-?�0�0�B'�0�1

 .X/�DS 2� ,�-?�0 DS  
�0�B'�0�1

                �B6 &� 	�� ,�-?�0 �# #��� �-��?��A L��&� 	���+� ,���6 ��1%��# �#    .'�1%���)�'  .
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