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Wood Modification

Part 8: Benzylation
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             ����������� ���  ! ��� "�#����$% &�'(  )*+
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Benzylation Reaction

             7�� ��� ��%� �'3C���! �� 2$� 9�������� .

R-O-R’

Wood – OH + NaOH Wood – ONa + H2O

Wood – ONa + Wood – O –ClCH2 CH2 + NaCl
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Room Temperature

105-120ºC

Reaction with swelling agent

Reaction with benzyl chloride
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Wood – Ö – H Wood – Ö
- +

H

Na – Ö – H Na

+

-+
+

Wood – Ö

Na

H – Ö – H +
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Benzylation Reaction

ÖH 
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Na+

H2C

Cl

Cl
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Na – Cl

Wood – Ö

+
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Benzyl chloride



Behbood Mohebby, Dep. of Wood & Paper Sciences, Faculty of Natural Resources, P.O. Box 46414-356, Noor- Iran  
Tel.: +98-122-6253101 (-3) , Fax: +98-122-6253499 ; @: mohebbyb@modares.ac.ir , W: www.tmu.ir/wood

 
��

� 
��

��
��

B
en
zy
la
ti
on

��� ������
Benzylation

��� ������ 	���!

      	���! ��� 7D��

            � '> ��� !+� �� ���  ��� E�F. G$C 

                  �-�* �5
% ! ��� ,��@ �5
% ��.'  2��� &��  ���  +� ���+'�

7



Behbood Mohebby, Dep. of Wood & Paper Sciences, Faculty of Natural Resources, P.O. Box 46414-356, Noor- Iran  
Tel.: +98-122-6253101 (-3) , Fax: +98-122-6253499 ; @: mohebbyb@modares.ac.ir , W: www.tmu.ir/wood

 
��

� 
��

��
��

B
en
zy
la
ti
on

3400 Cm-1, OH

1950-1800 Cm-1 , 
Benzen Ring

Monosubstituted
Benzyl groups

1730 Cm-1 , 
C=O Vibration

735 & 695 Cm-1 , 
Benzen Ring

Monosubstituted
Benzyl groups
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64.32.81.6

37.642.7

215.113.510.5

11716.414.3

90ºC100ºC110ºC
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           �5*'�. 	���! �����A ��+� K'-%+�  (%)                  	���! �' � ! ' � M�  ! ��� ������ 	���! 2N +�
 )Bazarnova   9�+'O=� ! 1998 (
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Benzylation Reaction

       	���! �' � ! ' � M�  �S�
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                    �; T  7*'O�4 U���������� ���  �� U+��V  ��H ���W��� 	�H�! TN +�      ���'� T=. 	�H�! ! �.   .
                 ��H X+'@ ,�; +'=�% ��� �� �4 Y=H '� ��% T  �+ ���  <�� .

                  ZH �5*'�. 	�H�! U'������A +��V  9	�H�! U' � ! ' � M�  	���*� '�  ��; T   .
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Benzylation Reaction

    ��� 2 �.' �A(Thermoplasticity)  

Thermal analysis

Quartz pin
25gr

Al-Pan
Dia. 5× H. 2.54mm

0-300 ºC
With 5 ºC interval

Thermomechanical Analysis Technique
(Thermomechanometry, TMA)
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ETAEmanation Thermal AnalysisEvolution of Radioactive 

Gas

DMADynamic  Mechanical Analysis

TPAThermoparticulate AnalysisEvolution of  Particles

TSThermosonimetry or ThermoacoustimetryAcoustic Properties

TEThermoelectrometryElectrical Properties

TMThermomagnetometryMagnetic Properties

TPThermoptometry or ThermomicroscopyOptical Properties

TMAThermomechanical Analysis 

(Thermomechanometry)

Mechanical Properties

TDThermodilatometryDimensions

DSCDifferential Scanning CalorimetryEnthalpy

DTADifferential Thermal AnalysisTemperature

DTGDerivative Thermogravimetry

TGThermogravimetryMass

Abb.TechniqueProperty 
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Benzylation ReactionThermal Analysis Techniques
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Benzylation Reaction

' � Z� 2%+��: ���'.4
Simultaneous Thermal Analysis (STA)

Fixing Screw

Power Button

Reset Button

Hold Button

Furnace Button

Furnace

Main Module
Balance Control Unit

Computer Controlled Interface

DC Amplifier

Balance Cover

Knurled Sleeve

Tare Assembly

Knurled Knob

Furnace Cover
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Benzylation Reaction

Beginning of 
Thermolysis

Ending of 
Thermolysis

Thermogram
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)    2��' �A M�;ºC/min5      2��=(  ���� +� (
Thermal softening curves of benzylated wood meals
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Benzylation Reaction

Beginning of 
Thermal Softening
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Thermomechanical Analysis Technique

(Thermomechanometry, TMA)
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)    2��' �A M�;ºC/min5      2��=(  ���� +� (
Thermal softening curves of benzylated wood meals
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Benzylation Reaction

Beginning of 
Thermal Softening
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Thermomechanical Analysis Technique
(Thermomechanometry, TMA)
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Benzylation Reaction

420280>300250Control

a) Pre-treatment: 40% NaOH, 2hr & Benzylation time: 1hr

b) Measured with TMA

c) Measured with TG

--1957536

--2458031

--2808027
Benzylated 
Wood 
Meal

4802602307551

4702602958038

420260>3008021

Benzylated 
Particles

End (ºC)Start (ºC)End (ºC)Start (ºC)

Thermal Degradation cThermal Softening bBenzylation 
a Temp. (ºC)

                  2.�! 	���*� ^�5
  ��+� '� ,�; ������ ��� �'� ,��@ 2%+��: 2AB�!
 )Kiguchi & Yamamato, 1991 (
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WPG 28% WPG 38%

WPG 51% Untreated

                    �!E �� 2;'. ,��-/� Z� �� ��@ �� ��@ M�+E 2_$�!�$�  !�5$�� 2�+��     2%+��: �; 
 )Kiguchi & Yamamato, 1991 (
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WPG 51%
Surface

WPG 51%
Core
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Benzylation Reaction

                     '� ������ M�+E �� ,�; �5@'� ��� ,��@ �5
% �'� ��6 2`�D )aV 51 %    �! 	���*�
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Benzylation Reaction

�4 �c> � �4+� �5
% �5�/.�� ! �4 �c> ��+� <�� �a��+�4 �c> � �4 +� �5
% �5�/.�� ! 7 '
` 2A��C��! <�� �a��+

   �4 �c> � �4
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 �+! �N�d � �4 +� �5
% �5�/.�� ! �4 �c> ��+� <�� �a��+
�4 +�

�4 �c> � �4 +� �5
% �5�/.�� ! 7 '
` 2A��C��! <�� �a��+

   �4 �c> � �4
��� ������ 	���!

Benzylation Reaction
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                     � '� �5
% �5�/.�� '� ,�; ������ ��� ,��@ �5
% �! 	�'� <�� �a��+   e+'1 ����� +    �� ,�31 2A����f
   (Tyromyces palustris))  Kiguchi & Yamamato, 1991(

Relationships between weight loss and specific gravity of benzylated particleboards  against brown rot fungus
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     ,�C. +'=�%2  b0.5961.320.5239.40

a        2��=(  ��� ,��@ �5
%)     �����4 \�* G�* &/�10 ( %
b    �'� �.�=. Akamatsu )     2�f�# i�� X'�Pinus densiflora (

     ,�C. +'=�%1  a0.7217.390.690.70

510.760.740.760.71

380.7460.760.39

210.74190.751.82

   ?�j
  �!    �! 	�'� (%)   ?�j
  �!    �! 	�'� (%)

Tyromyces palustrisTrametes versicolor 

                     ����� +� ^�5
  �'� �5�/.�� '� ,�; ������ ��� ,��@ �5
% �! 	�'�  �'� e+'1    �� ,�31 2A����f
   (Tyromyces palustris)   ��F� !(Trametes versicolor)   &��
% ,+!� 2N +� 60 �!+ 

 )Kiguchi & Yamamato, 1991 (
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1.780.93

3.120.70

12.640.53

Control

0.330.91

0.490.76

0.660.61

51

2.370.7638

5.960.7521

Weight Loss (%)Specific GravityWPG (%)

                     ����� +� ^�5
  �'� �5�/.�� '� ,�; ������ ��� ,��@ �5
% �! 	�'�  �'� e+'1   \�. 2A����f  
 )Kiguchi & Yamamato, 1991 (
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,�; ������ ��� ,��@ �5
% +� �5�/.�� ! �5�/�5�6� l!�  <�� �a��+

,�; ������ ��� ,��@ �5
% +� �5�/.�� ! 2�5
�/A l!�  <�� �a��+

                   ̂ �5
   �'� �5�/.�� '� ,�; ������ ��� ,��@ �5
% +� 2$�.'$  7 !'V 
 )Kiguchi & Yamamato, 1991 (

 
��

� 
��

��
��

B
en
zy
la
ti
on

��� ������ 	���!
Benzylation Reaction

26



Behbood Mohebby, Dep. of Wood & Paper Sciences, Faculty of Natural Resources, P.O. Box 46414-356, Noor- Iran  
Tel.: +98-122-6253101 (-3) , Fax: +98-122-6253499 ; @: mohebbyb@modares.ac.ir , W: www.tmu.ir/wood

 
��

� 
��

��
��

B
en
zy
la
ti
on

��� ������ 	���!
Benzylation Reaction

,�; ������ ��� ,��@ �5
% +� �5�/.�� ! 2.!+� 7 !'V  <�� �a��+

                   ̂ �5
   �'� �5�/.�� '� ,�; ������ ��� ,��@ �5
% +� 2.!+� 7 !'V 
 )Kiguchi & Yamamato, 1991 (

27



Behbood Mohebby, Dep. of Wood & Paper Sciences, Faculty of Natural Resources, P.O. Box 46414-356, Noor- Iran  
Tel.: +98-122-6253101 (-3) , Fax: +98-122-6253499 ; @: mohebbyb@modares.ac.ir , W: www.tmu.ir/wood

 
��

� 
��

��
��

B
en
zy
la
ti
on

��� ������ 	���!
Benzylation Reaction

28



Behbood Mohebby, Dep. of Wood & Paper Sciences, Faculty of Natural Resources, P.O. Box 46414-356, Noor- Iran  
Tel.: +98-122-6253101 (-3) , Fax: +98-122-6253499 ; @: mohebbyb@modares.ac.ir , W: www.tmu.ir/wood

      ��;'-. �5/@ ! \�$C5 

29


