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Wood Modification
Part 4: Acetylation
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 ���� ������Acetylation

    ��� ���� ������ � !� ���"# �� ��� ���� ������ $��� �%&�� ���'
� (�)"* �� ��� ��+",-
./�0 1(�� ��2�� .�34�:

•Stamm et al. (1947) 
•Tarkow (1950) 
•Goldstein (1961) 

    +"��* 5��!!6* ���� ���� $(�� �"*�� $�%-789: �%�� �� ;:Rowell    ;<� 8 	��(�=,7 8 
Militz ���0 >* 1(�� 	��(�=,7 8 .
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 ���� ������Acetylation

•  ���� $���� $�%-"��8 @8�0 �� (Esterification).�� .
•      >A��� @(���� $�7(�<'� >��'�8(+�7 $�%78�0 �� �7+�(+��� $�%���"�  $���� 	"��8[R-O-(C=O)-R’] 

+"7� >* B�C��.

Wood & Lignocelluloses + Anhydrides Esterified Wood

• Acetic anhydride
•Maleic anhydride
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Wood & Lignocelluloses + Acetic anhydride Acetylation
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 ���� ������ 	"��8 D'���=*Acetylation Reaction
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 ���� ������ 	"��8 D'���=*Acetylation Reaction
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H3C

H3C
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C
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=

C

O

E���� +�(+���
Acetic Anhydride

   �� @��F��� $�� �� ��� ���� ������ $��� �%-���0 ����-��E���� +�(+���+&�� >*  .

���� ������ $��� @��F��� �(�* >���,�& ���*
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+��� E���� ���
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���
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��� $�
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                 ���� ������ $��� @��F��� �(�* >���,�& ���*
Acetylating chemicals
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 ���� ������ $�%�A�H
Acetylation Phases
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  ���� ������ $�%�A�HAcetylation Phases

$��0
Gas phase

I��*
Liquid phase
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Catalysts

   G��J0 �� ���J0
Xylene or Xylol

 K8J"�
Benzol

    +�*� B�/ G��* $�
Dimethyl Formamid

 ��+���:
Pyridine

  ���� ������ (� �%�'�A����Acetylation Catalyst 
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                ������ (� @��F��� �(�* �L�� $�%�'�A����
  ����

Catalysts

     M�(�FA�� +���
Sulfuric acid

   N8( +���O
Zinc Chloride

    D�J�"* 1���O�:
Magnesium Perchlorate

    D�+� 1����
Sodium Acetate
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                 ���� ������ 	"��8 $��� $��%"-�: +�+P $�%�'�A����
New Catalysts

(c NQ    ��+�A8��: G��* N-methyl pyrrolidine

(b4Q       ��+���: �"�*� G��* $�4-methyldiamino pyridine

N (dQ    �"�+�A8��: G��* N-methyl pyrrolidinone
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  ���� ������ (� �%�'�A����Acetylation Catalyst 

(a   ��+���:Pyridine
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           ���� ������ 	"��8 +�8( >����:
Kinetic of Acetylation Reaction  .'�A���� 	!�

Catalyst role

   E���� +�(+��� 	"��8 $8( �� .'�A���� ��RS�

Pyridine 5%

Pyridine 90%

Without catalyst
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413 (140)18.9 ±3

393 (120)4 ±1.8 J�*
373 (100)0.7 ±0.2

413 (140)26.2 ±12.5

393 (120)17.6 ±7.4  ��"P �(� T��
373 (100)7.2 ±1.1

413 (140)28.4 ±3

393 (120)22 ±1.1  �=��� GU��
373 (100)1.6 ±2.3

413 (140)30.6 ±7

393 (120)13.1 ±1  G��) ���� >#��  ((Deal)

373 (100)2.5±3

  ��� X������ ������ $�*�

 (ºk/ ºC)

  ������ @+& D�)"� 1+&
  �+&(10-4/min-1)

           ���� ������ 	"��8 +�8( >����:
Kinetic of Acetylation Reaction  	"��8 $�*� 	!�

Reaction temperature
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Time (minutes)

      ��8 +�(� 	��J/�(WPG)                   (�YH (� E���� +�(+��� �� 	"��8 (� �=��� GU�� ��� (�
         $�*� (� 8 ���J0 .'�A����oK373 

           ���� ������ 	"��8 +�8( >����:
Kinetic of Acetylation Reaction   	"��8 ��*� 1+* 	!�

Reaction duration
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           ���� ������ 	"��8 +�8( >����:
Kinetic of Acetylation Reaction

      ��8 +�(� 	��J/�(WPG)       ���"� Z��A� (�(Populus nigra)         +�(+��� �� 	"��8 (�   
            $�*� (� 8 .'�A���� (�YH �8+� E����oC120 

              .�� @+& B�C�� N�F',�� ����& ( � 	"O�8!

   	"��8 ��*� 1+* 	!�
Reaction duration

y = 2.9935Ln(x) - 4.3486

R2 = 0.9448
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           ���� ������ 	"��8 +�8( >����:
Kinetic of Acetylation Reaction

      ��8 +�(� 	��J/�(WPG)     \�( N�7 ��] (�(Fagus orientalis)     �� 	"��8 (�   
               $�*� (� 8 .'�A���� (�YH �8+� E���� +�(+���oC120 
              .�� @+& B�C�� N�F',�� ����& ( � 	"O�8!

   	"��8 ��*� 1+* 	!�
Reaction duration

y = 3.4502Ln(x) - 4.3864

R
2
 = 0.822
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           ���� ������ 	"��8 +�8( >����:
Kinetic of Acetylation Reaction

               NJA����"L�A ���* 8 ��� ���� @9�8 (��O�(
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           ���� ������ 	"��8 +�8( >����:
Kinetic of Acetylation Reaction
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   	"��8 ��*� 1+* 	!�
Reaction duration
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       ���� ������ $�7+"���/
Acetylation Processes

    ���"L�A ���* 8 ��� ���� ������ $��� $�+2�* >���,�& ���* 8 �7 \8(   ��"� �� $JA�
+�� ��/�0 (��^ @��F��� �(�* .  @��� 8 D%* \8( 8� �*�:

  \8(Rowell   	��(�=,7 8 )1985(  �=��*� @+6�* 1]��� _

  \8(Beckers  8 Militz)1994( +"�7 _
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       ���� ������ $�7+"���/
Acetylation Processes
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 +�(+��� (� ����8�/
M����

M���� +�(+��� >-`7�

	"O�8

���
�

 $
�7
 @
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 $
��
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P
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��

M���� +�(+���

M���� +�(+���

 ������ ��� $�7 @��a
@+&

��� $�7 @��a

M���� +�(+���

M���� +�(+���

+"���/    ��� $�7 @��a ���O ������ )Rowell، 1990 (

16



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

 �
��
� 
��
���
�

A
ce
ty
la
ti
on

+"���/  ��� ���O ������  )Becker 8 Militz،1994(
       ���� ������ $�7+"���/
Acetylation Processes

��A8� ba ��C��

 +�(+��� �� ���� ��-��
B�0 �� ��� E����

���� 1(��H

>-=7�

@+& ������ ���

E���� +�(+��� ���
�

�� �� �-�'&

 @��*� 8 @+& ������ ���
@��F��� $���

E���� +�(+������
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Acetylation Processes
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���� ������ +"���/ (� ��88�=��* T��*� ���(��
Application Microwave in acetylation

  	"��8 >��(�� 8 .#�� +&�� >* D%* $� ��=� +"���/ >h (�  .    �� @+& B�#� \8( ����+�+P (�
 ��& >* @��F��� ��88�=��* T��*� �� @��F��� �� ���� 1(��H \8(.

 ��88�=��* T��*� 	!�

   +""� >* i�F� ��� j�,#� �� T��*� .

     (��^ 1(��H ��RS� .6� ��*J,7 8 ��'=� 1(�� �� 	"��8 K��6*
    ��& >* B�C�� $�� .a��"=� 8 ��-�� .#�� �� 	"��8 8 ���0 >*.
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  M���� +�(+��� 	"O�8 .#�� �� ��8�`��* T��*� ��RS�

���� ������ +"���/ (� ��88�=��* T��*� ���(��
Application Microwave in acetylation
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            >A��� @(���� $�7(�<'� �+& ������
Acetylation of cell wall polymers

 >A��� @(���� $�7(�<'� �+& ������

  �+& ������ ��J�* 8 1+&
Acetylation rate

>"�JL��P ��J�*
Degree of substitution
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            >A��� @(���� $�7(�<'� �+& ������
Acetylation of cell wall polymers

��"L�A

JA��� >,7

 ���

JA����A�7

JA���
   D7 JA��� �� >�]�h >��*� (�

��& >* ������ >��a ��.

    @(���� $�7(�<'� �+& ������ ��J�* 8 1+&
>A��� $�7

 JA��� > �7JA��� >,7 > ��"L�A
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0.47 0.26 1.15 29.6 19.8 21.6 23.6

0.35 0.19 1.10 28.2 14.6 17.7 18.5

0.21 0.12 0.78 20 9 11.6 8.5

��"L�A JA����A�7   ��� GO ��"L�A JA����A�7   ��� GO

 >"�JL��P �P(�  G���� $�%78�0 ��J�* ( %)  +�(�
 	��J/�
  ��8

 )WPG% (

            >A��� @(���� $�7(�<'� �+& ������
Acetylation of cell wall polymers

 �7(�<'� $8( �� >����� $�%78�0 >"�JL��P ��J�*
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