
  
  

���� ���� �	
� ��
��� �
�
� ��� �����	  

 ���� ���� 	
��1
��� �
�� 	
� ���	�   ����2  
1-  ����� ��� ��
�� ���� ��!"��� ����   

2-��#�� ��$�% �#�&� ��!"��� '��()   
Saeid_amoushahi@yahoo.com

*+�$�� ,$��):23/1/87                                               .�$04 ,$��)                         :1/3/78  
�����  

 ���� 5$�#6(�            � �9
�� '� �� ;< *�� *
�	�
=9� ;$9") ���> �9
�� ?��� ;
=@�;   	
A<� �#BC D�9� �� 	%�� .5$�    FG H$�I �� ����    ��J�> ?���
 � ;$9");     �� �� D����4 '9$ D�9�          K
LM) D�
M6N O��+ O�>� P�9) '� Q0� �� ;< 	$� �� ��   '�9) ��� ����� .  ����!&C   Q0�     �D�J���4 '9J$

         �?��� ;$� �� O�R#�� F��% �S
#&
� ;MG�� 	&T   ��UG F��� �� V9U�    W�� �� V9U� ��C ��UG  P�9) Q0� @ �C *$��  O�J>� O��+ ?�C  �J� ��9) J& 	
 	&%�� �X9� .      ) D	% @ O9MY� *ZM> �;��� ���	�� �D���G ;��� '9[6C �M��9N �X� H
RY) 5$� ���� \I
@ Q0� �]
��S�   �	J&&< O�J#&< ;MG�� 

����� *N�� �	% @*
6< ?�	N ��	R�  ���� ;A$�R� H$�I �� �S
#&
� ?�C  ;^��� @ 5

�) ?�Z� P��@� �� �C�!"$���� ?�C�	% 	��.  

  
  
���!  "�#$%��":   

_
#&
��O��+ O�>� �Q0� ��9
��    
Keywords: Investment casting, A356 Aluminum Alloy, Parameters casting, Mechanical Properties 

  

1-&'�('  
 @ F
`��� ;#�94 �a&� O�>� �
Z� �&��< ��9� '��� D���G ��

;�9`  ;#"` b��� ���+ ��9� ��9C �9cG '@	� Q9T �M#L� ?�C
�� �d�� 5��< @ 	��� . �@	G �� �Y�� ?���� F��G O�>�2  �)

4�#�  �� ��` �� f��� 	%�� .� O�>� g�6) �� �	% O�#&< �UA6)� �
 b�+ @ FM� '�
A<� @ Q� ��L� '9[6C �	&&< 	
A<� F��9N ��

 �� h
� ;� O�>� W�� @ ;#+�$ .�#A` O�>�1000�#�   �� f���
	
�� 	C�9� ��` . O�>� �� �Y�� ?��� ;#
A��� �� O�>� �9� 5$�

O��+ �� 	&$9` ]1[.  
  

 <��9� 5>@� 	
=9) ?��� �$�0> f$�&� �� QV�� 5$� �� Q� ��
 ;� ���Z� f$�&� �� @ �5
=9A�� 	
=9) ?��� �$@��� f$�&� �� ��9
�

��`�@�+ �� ��#M
+ '�9&N  ?�(% D�A
�l�) �� ��9C ;
Um) ?��� �C
�� ���U#�� ���9� �$�� @ Q
n�+ ;
Um) ?��� ���`]2[.  

  f+� @ Q0� *
M��d '	% KL"� �� ;#%0` '�d P��@� ��
'� �� ���U#�� O��+ O�>� �Y��;� b��L#�� ��     .@�

@�	
C  '	�
=9� �?@� �
I '9[6C �)�]M+ ?��� @ ��>� ?o�9=�#�
�9
���� ��
> @ 5
)
4 ; 	% ;#+�` ��<.  

  



2                                                                                                            �mmL) �6MN ;��� Fm+       �AM�� ��9� ��	&(� / O��O@�  / ���6%���(T /  ��(�1387   

  
  
  
  
  
  
  
  
  

  
;�9` Q0� *
M��d O��+ O�>�  '@�� �� �� ��9$ �$ @ �=9SM� ?�C

�� ���� D��
� 	%�� . �� O��+ O�>� _
)�6% ��#��� ;� ;�9) ��
FS%) 1( ]3[  *�� ��� QV�� 5$� P�9) K
ML) D�
M6N ��

 F��� ;� V9U� �?��� ;$� �� O9MY� �� '9$�9U$� FG���
��UG ��UG ���9$� �� �Y�� V9U� ��C  P�9) Q0� @ �C
*$�� �� ����� O��+ O�>� ?�C ��
`.  �FLML#� ;#AC O	� @�
PCM ��� r���� _6< ;� s9+ FG��� �� _$ �C ?��� 

�� ;���� '�9) ?�O�#&< ;MG�� H
RY) ?��� ���   *N�� �	&&<
�96� 5

�).  

)*�' +$�� �, �
*�
.*,  
       ;JMG�� 5J$� �� ��J� r���J� �� ���U#J�� �J�)3� 4� 5  @6 (  H��J��

;����) 1 ( O��!#�� @     '��� ?��� '� �� ?�
`        ;J���� ;J
=@� ?�JC)2 (
	% 	C�9� F��G.  

 ���< h&<�@ �A<  X  ;J
=@� *JZM> ;� �	% Q0� *ZM> *�A� 
�� 	%��.  

)1  (                                                                 ck
dt

dc
1

0t
��

�

  

t
Vd
MiK

K
p

f
1 �
�

  

)2 (                                                             t
Vd

iKfM)x1ln(
p�

���  

 D��

v) ;< �)�9� ��� �x1ln ��   ���J` ��� '��� �AG ��
        O�#&< ?��� ;$� �� '9$�9U$� ����� ��@	Y� '� ��    ��9J� �	&&<

     �� P� �
% _6< ;� @   �*N�� *��X '�9) K1    O�R#�� �$�n @ �
 ���Kf��< 5

�) �� .  

��� /�%�!  
          ��J��&� ?�J� �J� O9SM� �$ '9$ h&<�@ Q0�      ?@� �J� �*$�J�

   *�� O��+ O�>� W�� .   ��� �� ���U#�� ��   ��� r�]6 [   ;J���� H����
)3 ( O��!#�� @     '��� �� '� �� ?�
`        ;J���� ;J
=@� ?�JC)4 (  FJ��G

	% 	C�9�.  
)3     (                                   

V
M

q
q

Kc
q
q

K
dt
dc

da )1(= **
  

)4 (                                     
V
MK

x a��� )1ln(  

5JJ$� ��  '9JJ$�9U$� ;JJMG�� '9JJ[6C *JJ=�G �JJ`� ?��JJ� ;JJ$� �� 
 D��JJJ

v)� �x1ln �� ;JJJMG�� ���JJJ` �JJJ�� '�JJJ�� �AJJJG �JJJ� 

O�#&<           *�AJ� �
% �(#&� �9� 	C�9� Q0� h&<�@ *N�� �	&&<
    �� D@�U#� F�d *=�G ;�  	J%�� .           PJ� �
J% _J6< ;J� �J+�I ��

��       Q0J� *J��X '�9)Ka           �9J6� 5
J
�) �� Q0J� h&J<�@ ?��J�  .
�����   ���� '�"� �C   @ ;< *��         O�J�+ O�J>� ?@� �J� Q0� h&<�

                  ��J![
C ;JMG�� 5J$� @ ��9J� f$�J� ��
AJ� FJG��� �$�� ;� *�A�
O�#&< �9� 	C�9L� *N�� �	&&<]6[.  

���.0 �, �
*�
.*,  
             W�� �� ?��� ;$� �� V9U� @ D��UG F��� �� V9U� D��UG ��

 �� D��UG  O�#&< 	��9)    	J%�� *N�� �	&&< .     ;J� ;J�9) �J�   r���J�
   �� D��UG �� ���  �BS�@�<)3� 4�6   @ 7 (   ;���� H����)5(  ?���

 ;���� D��UG �� V9U�)6 (	% 	C�9� F��G.  
)5(  
)6(  

 ;���� H���� ��� r���� ;� ;�9) �� @)7 ( W�� �� V9U� ?���
 ;���� D��UG)8 (�� F��G �9%.  

)7   (  
)8     (  

  

0)2(
2

2
�

�
�

	
�

�
r
c

rr
cD p

t
R

D

q
C

Z
p

p
p 




�

�




�

�





�

�






�

�
�

o

o

�
�

l�
�

�



�

�




�

�

�
�

�	
�

� q
r
c

rr
qDS

2
2

2

t
R
Ds

S 


�

�



�

�
� 2�



O��+ O�>� P�9) D����4 '9
�� Q0� _
#&� ...                                                                                                                                                                         3  

 

 �$��R�ts @ tp;� ;�9) �� '��� �C ��  �=���) *ZM> �;
=@� *ZM> 
;ZY= *ZM> @ �� 5

�) ?� 	���` ]8[.�)�9� ��   \�� ;<

 D��

v)ts �$ tp ��� ����� ��@	Y� _$ �� '��� �AG �� 
���` .?���  tp ?��� @ D��UG �� '9$�9U$�ts �� '9$�9U$� 

O�#&< D��UG W�� �9� 	C�9� *N�� �	&&<.  
  
2-3�(4� 5!�   

_
#
&
� O9MY� �� ����� 5$� �� 	% ���U#�� �9
��� *�� . ?���
FG �	#�� �9
�� _6� ;� ���
#��  ;$9") ���> ?@� �� ?���

*+�` ����� *
�	�
=9� .'9$ O��+ O�>� �� O9MY� g�6) ��  ?�C
 D��@�4ReO4

- D�	�
=9� @ MoO4
2-��` Q0� 	$	� .��  ;MG��

�()  ?�����4 '9$ �@� ;MG�� �� @ D�	�
=9� '9$ �	#�� �� D��
	$��` f+� QV�� W�� .;� � ?@�G O9MY� �� �$�
6
% .@

�4�	$��` F��G �9
�� _6� D��.  
�h$��� � �C; ?��� _) D�9� *�� ;#+�` D�9� . g�6) ��

 \�G �� w�x �� �9
�� ?@�G O9MY� �� O��+ O�>� �&
�� ��	R�
 �AG �� *ZM> D��

v) ����� ��9� �#����4 ;� ;#A� KL"�

���	�� '��� �	% ?�
` *�� .D��

v) 5$� _6< ;���   '�9)
 �$��R�–In(1-x) @ ts @ tp'��� �� ��  �96� 5

�) �M#L� ?�C.  

'��� 5

�) ?���  ;$� �� '9$�9U$� FG��� �� _$ �C ;< �$�C
 D��UG W�� �� '9$�9U$� @ D���G �� '9$�9U$� �?���

O�#&< '��� ��@	Y� �� 	&#AC �	&&<  @ P� ;=���� �M#L� ?�C
 '9
��`� �$�nR2�@� y9�� ?���  P�2 �6 @ 8 5

�) 

	�	$��` . �� ����� ��@	Y� �<0=� s9+ FG��� �� _$ �C ?���
 ��� ;=����?���� �$�� ;� *�A� '9
��`� �$�n 5$�#"
� 

'��� '� �� ;< *�� ����� ��@	Y� �!��
� �C 5$� �;MG�� 
�� 	��9)O�#&< 	%�� *N�� �	&&< . ;< *�� 5$� ;�9) F��d ;#S�

 y9��� y9�� ;
M< \�� ��O�#&< FG��� ;�  ��� *N�� �	&&<
��0!� D�m#L� z�	�� �� P� ;=���� *�� . _$ �C �� 5$����&�

 ���� FG��� 5$� ��(0, 0) �� Q9AY� P� �� ;�R� _$ �9%.  

  
3-70�8' ! 9*��
   

����0 &��, �;�:  
 ?�C��� �� �����10 �25 @ 45D�9� ���!
#��� ;���  

;#+�` *�� . FS% ��)2( ��� y��)��–In(1-x)� ts  @tp �� 
 '9
��`� �$�n 5$�#"
� �� y9�� ;=���� @ \�� '��� �AG

*�� �	$��` 5

�).
  
  



4                                                                                                            �mmL) �6MN ;��� Fm+       �AM�� ��9� ��	&(� / O��O@�  / ���6%���(T /  ��(�1387   

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

�� ��� �C �� �X9� '9$�9U$� �$�n 5

�) ��  \�� �� '�9)
D��

v)Ind  �AG ��1/T�9#<�+   '9
��9
#<� ?o��� @ r��<�+

;� �� Q0� ��@� *��.  
- <=$� �;��
$4':  

*ZM> �� �����  ?�C60 �80 @ 120�M
�   ����� �#
= �� ��`
;#+�` *�� . FS% ��3 ��� y��)�� –In(1-x)� ts @ tp ��   

  

  
  

 �$�n 5$�#"
� �� y9�� ;=���� @ \�� '��� �AG
*�� �	$��` 5

�) '9
��`�.

�; �>?# �!, �  
 �?�C�@� �� �����150 @ 300*�� ;#+�` ����� ;R
d����@�  .

 FS% ��)4 ( ��� y��)��–In(1-x)� ts @ tp \�� '��� �AG �� 
 �	$��` 5

�) '9
��`� �$�n 5$�#"
� �� y9�� ;=���� @

*��.  



O��+ O�>� P�9) D����4 '9
�� Q0� _
#&� ...                                                                                                                                                                         5  

 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
   

  
  
  
  
  
  
  
  
  
  
  

���� ���� ����
� �;�:  
���	�� �� �����  ?�C7/0 - 5/0 7/1 – 1  @2 ;#+�` ����� �#6
M
� 

*�� . FS% ��)5(��� y��)��–In(1-x)� ts @ tp �AG �� 
 5

�) '9
��`� �$�n 5$�#"
� �� y9�� ;=���� @ \�� '���

*�� �	$��`.  

�{�9  	% ;#+�` �Z� �� *=�G ;� ��!#L$� D���d �S
��S�  
  
4-&A��
  "��B  
- ����� O��+ O�>� ?@� �� �9
�� Q0� ?��� '9
��9
#<� ?o��� 

22.5cal/mol��  	%��.  
-'�J�� �� PJ$��% ;J
M< ��  �?��� ;$� �� '9$�9U$� ;
=@� ?�JC 

 D��UG W�� �� '9$�9U$� l�#$�(� @ D��UG �� '9$�9U$� rB�
O�#&< *�� *N�� �	&&<.  

- .�� hC�<�$ \I
) *N�� � *ZM> � D���G ;��� h$�]+� 
O�#&< ;MG�� O�>� ;��� ���	�� �� '9$�9U$� �� *N�� �	&&<  ;$�

� FR#&� D��UG �� '9$�9U$� rB� ?�9�� �9% . 5$� �9Y�
 O@	� �� O�R#��)1 (�	% ���@� *��.  

- �&Y&� �
% P�9) –In(1-x)��� '��� �AG ��   *��X '�9)
 O@	� H���� �� ��� O�R#�� �$�n @ *N��)1 (�96� 5

�).  

- �&Y&� �
% P�9) tp�� '��� �AG ��   �$�n '�9)
 O@	� H���� �� D��UG �� '9$�9U$�)1 (�96� 5

�).  

-% P�9)  �&Y&� �
ts�� '��� �AG ��   �$�n '�9)
 O@	� H���� �� D��UG W�� �� '9$�9U$�)1 (�96� 5

�).  

�# C8?	:  
 cO9MY� *ZM> � x���< h&<�@ �A< � i*��X �$�n   
 1K?��� ;$� �� '9$�9U$� �� *N�� *��X   
 fK?��� ;$� �� ��� O�R#�� �$�n   
 MO�>� ��� � pd ��V ��d �O��+ O�>  

Pp @ PO��+ O�>� {9mL� '�@   
 VO9MY� \�G � t'���  �KaQ0� *N�� *��X   
 Kdf+� *N�� *��X  �q*ZM>  �q*O���) *ZM>   
 Dp D��UG �� '9$�9U$� �$�n  
 r '9[6C ����� �� O�>� ��V F��� �� ���% t   
 RO��+ O�>� ��V ���% � q O�>� '�@ ;� *�A� Q0� ��	R� 

_"�� DsW�� �� '9$�9U$� �$�n   



6                                                                                                            �mmL) �6MN ;��� Fm+       �AM�� ��9� ��	&(� / O��O@�  / ���6%���(T /  ��(�1387   

  

  

)���'  
[1] M.J. Martin, A. Artola, M.D. Balaguer, M. Rigola, 
Activated carbons developed from surplus sewage 
sludge for the removal of dyes from dilute aqueous 
solution, Chem. Eng. J. 94, 231-239, 2003. 

 [2]Rajeshwarisivaraj, S. Sivakumar, P. Senthilkumar, 
V. Subburam, Carbon from cassava peel, an 
agricultural waste, as an adsorbent in the removal of 
dyes and metal ions from aqueous solution, Bioresour. 
Technol. 80, 233-235, 2001. 

 [3] F.G. Shin, M.W. Yipp, Analysis of the 
mechanical properties  and microstructure of bamboo-
epoxy composites, J. Mater. Sci. 24, 3483, 1989.

 [4] S. Senthilkumaar, P.R. Varadarajan, K. Porkodi, 
C.V. Subbhuraam, Adsorp-tion of methylene blue onto 

jute fiber carbon: kinetics and equilibrium studies, J. 
Colloid Interf. Sci. 284, 78-82, 2005. 

[5]. Peel, R. G., Benedek, A. and Crowe, C. M. “A 
Branched Pore Kinetic Model for Activated Carbon 
Adsorption.” AIch Journal, 27. 1, 26-32. 

[6]. Vagter, N. M. and Sandenbergh, K. F. “Disussion 
of the Adsorption Kinetics of Dicganoaurate and 
Dicyanoargentate Ions in Activated carbon.”  

[7]. Van Deventer, J. S. j, “Kinetic Model for the 
Reversible Adsorption of Gold Cganide on Activated 
Carbon.” Chem. Eng. Commune, 44, 257-274, 1987. 

[8]. Suzuki, M. and Kawazoe, K. “Batch Measurement 
of Adsorption Rate in an Agitated Tank.” Journal of 
Chemical Engineering of Japan, 7, 5, 346-350, 1974. 

 

 '9$�9U$� �$�n
 W�� ��

D��UG(Ds)

(cm2/sec)

 '���
 �� '9$�9U$�
D��UG W��  

(min)

 �$�n
 �� '9$�9U$�
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 O�R#�� �$�n
 ���(Kf)

(cm/sec)

*N�� *��X(K1)

(min)-1

� '�� '9$�9U$�
?��� ;$� ��  

(min)

P$��% ��9� �9#<�+
�����

8-10×8/860-455-10×5/345-303-10×5/40123/030-045  
8-10×9/590-605-10×6/260-453-10×3/30089/045-025
8-10×4/4120-905-10×6/190-604-10×4/20064/060-010

D���G ;���  
(0C)

8-10×2/2200-1206-10×3/2120-603-10×1/10030/060-00
8-10×9/5120-605-10×9/260-453-10×3/30089/045-0150
8-10×1/860-455-10×9/345-303-10×9/40133/0  30-0300

'� \C �@�  
(rpm)

JJJJJJJJJJJJ3-10×7/10046/0180-060
8-10×9/5120-605-10×9/260-453-10×3/30089/045-080
8-10×9/260-456-10×5/645-223-10×2/40114/022-0120

O9MY� *ZM>  
(ppm)

8-10×6/160-456-10×2/745-223-10×2/20133/022-07/0-5/0
8-10×9/5120-605-10×9/2  60-453-10×3/30089/045-07/1-1

9-10×1120-907-10×4/490-603-10×1/20075/060-02

O�>� ���	��  
(mm)
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