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&ÂÌ�Z°ÌV-�$�Y Ä*G�» :Ä] + 9{Y{ 30(Y+ µÂ;Z,» Z] LË�ÂB.Â� |Ì�Y d�Ì.ZeZ( �Âƒ? �{ {Y*2 h�s )Z&|Ì�Y Ä¸?�» ¾ËY �{

|-  Ë|6e �,�Y  Ì,» .�]Y�  ¾R+� Ä]  P.Y Ê.Â» d6�; LË *Y '7ÌG/e ¾ËY �{10:1 {+|? �{ +2)|Ì�Y d�Ì.ZeZ( Ê;*+ |��{ 
|- 9{ZB,�Y .QZ«+Y Ê&Z³d"�Ëa4 Q�Â� )�� Q�Â� Ä] + Ä6e�» ¾Ë|0s Ä¸?�» ¾ËY .h2 + {Y*Z»  P.Y 8+�y |0»*ZÌ; |0Ë2�" Ya.

 )|Ì.Âe)30(Y+ XZ¼eY *Y 9|00( d$;Z¼»  »ZY (d�Y .{+|? �{ *ZÌ; {�Â» Ê.Â» d6�; {�YÂ» *Y Êy�] �{40:1d�Y 9|- •�Y�³ ]10[.
e •+� Ä] 12 1{�( 8�Zy ' P.Y 1Y�Ì» 1{Â] HZ] Ä<�YÂ]d�Y ){ZË* Ê"�!» )€�;Y |0»*ZÌ; LIy �{ �Ì<G .�{ �ÌyY LÌ0Pe Äs�³

}ZÌG»d�Y Ä"�� Ä] 1+�G» Ê,$0� )Z& .Äe •+� *Y d�Y Q�Z6Y �OË{ •+� Ê» %�!» )�,¼( )€�;Y Ä( Ê0Ì:; |0('¾ËY Äs�³ 
d�Y )�,:Ì] 1Z»* Q|» |0»*ZÌ; •+� .YZ� LË *Y V4  »Z( )*Z�Y|m 'Ä.ZG» ¾ËY Ä] �N0» 7ÌG/e �{d|-  �Z?.

9%Y�e Ä*G�» &ÂÌ�Z°ÌV-�$�Y :eÌ�Z,4 |Ì�(+�|Ì& )*Z] �+�Ì.ZeZ( �Âƒ? �{ µÂ;Z,» + ¾R+� '30(Y+ *Y Ä¸?�» ¾ËY �{
|Ë{�³ |Ì.Âe ¾Ë�Ì�Ì¸³ + µ�Ë{ÂÌ] QHÂ!/» .Ä] �Â,(2� e& |0Ë2�" ¾ËY �{ 'ÊËZÌ¼Ì- {ÂmÂ» )Z&|0Ë2�" z¸RY �Ì_; Ä( ÊËZN;2 *Y

Ê» hÂ�/» |0Ë2�" z¸« 1YÂ0YÄ0Ì]] Ä] 7ÌG/e Ä»Y{Y �{ Ya. '{Â-d�  9|- Ä,yY{�4 ÊeZÌ¸¼Y |?Y+ ¾ËY {�P¸¼Y )*Z� .�ÌKZe +� ¾ËY *Y
d"�³ �Y�« Ê]ZË*�Y {�Â» �I,yY Q|- ¾Ì0f¼& + ¾R+� Ä]  P.Y Ê.Â» d6�; '30(Y+ 1Z»* Q|» 'Z»{ )Z&�,»Y�Z4.

¶°DY d§Z-�Z :�Y|m �{ �ÌyZe AYZ] 'Ê:0(Y+ �Â¸5» �{ µÂ;Z,» {Âm+ |- |$] Ä¸?�» �{ ¾Ë�Ì�Ì¸³ + µ�Ë{ÂÌ] *Z" +{ )*Z .�{ Ya.
|Ë{�³ 8�Zy zÌ(�e *Y ¾Ë�Ì�Ì¸³ )*Z�Y|m *Y  6« {Y*Z» µÂ;Z,» �Z( Ä»Y{Y.

¾-�ÌTÌ*\ ,�Z�Y3J :ZN0ËY �{Äe •+� *Y ¾Ë�Ì�Ì¸³ )*Z�Y|m )Y�] d�  9|- 9{ZB,�Y Ê0Ì:; .Ê³{Z� '•+� ¾ËY hZ5,;Y d¸Y
Ê» 12 ¾ÌËZ4 Ä0Ë�& +|-Z] .1Z»* Q|» �{ ¾Ë�Ì�Ì¸³80Äe  »Z( �Â# Ä] ÄGÌ«{ |Ë{  ¾Ì:;.

d)Â� '-Â8 M :V;Y�e |0Ë2�" Ê# �{ )|Ì.Âe 1Â]Z� %a? ÊËÂ:]2 *Y %|& ¾Ì.+Y d�Y 9{Â] 1ÂÌ�ZPÌBË�,�Y .ÊËÂ:]2 ¾Ì0f¼&
|Ë{�³ dyÂ� �{ 9|;Z¼Ì«Z] d�Ì.ZeZ( + ¾Ë��Ì¸³ 'µÂ;Z,» %a? Ä] �N0» .X�³ h2 *Y 9{ZB,�Y)45Ze60}ÂÌ�¸� Äm�{ (hÂ�� *Y

Ê» 3&Z( Y� eËI» ÊËÂ:]2 Z] 1ÂÌ�.Â»Y  ÌP:e + 9{�( )�Ì³Â¸m MZ6-Y h�s )Z&|Ì�Y {Y{ .e( �Y|G» 1{�( Ä"ZqY Z] ¾Ì0f¼&
Ê» Êt0y Y� 9|;Z¼Ì«Z] �O:0(Y+ 9{ZB,�Y {�Â» h2  yY{ Ä] |Ì�Y {�(]14[.•+� ¾Ì] �{YÂ& 1|Ì»{ Z] ÊËÂ:]2 •+� '{ÂmÂ» )Z&

Ì�] 1Z»|;Y�Ê» 3&Z( Y� ÊËÂ:]2 QZ$"{ {Y|$e + Ä,-Y{ ÊËHZ] �Z {Y{]15+14[.*Y '7ÌG/e ¾ËY �{ 9|- Ê?Y�# QÂ¸ËZ4 �{ '+� ¾ËY *Y
|- 9{ZB,�Y YÂ& 7Ë��e Z] ÊËÂ:]2 •+� .|Ë{�³ %ZB- gI»Z( Ê,yÂ� |Ì.Âe Ä] �N0» 'ÊËÂ:]2 Ä¸?�» Ä� *Y 9{ZB,�Y .�& *ZÌ; {�Â» 1Z»*

 {+|? �{ Ä¸?�»15] ÄGÌ«{ d�Y 9{Â.
]-Z»�M ¹Z^%Y SÂv% ZÅ:Ä0Ì]] 'Ä.ZG» ¾ËY �{­Y�Ây {�Â» �{ 1ÂÌ�ZPÌBË�,�Y V;Y�e �Â,(Y� {�P¸¼Y )*Z� {�Â» |;Z¼�4 )Z&
d�Y Ä,"�³ �Y�« Ê���] .w.Zy 35] {�P¸¼Y 9Â/; �{ Y� ÊËY�� Ä] �ÌKZe + 9{Y{  ÌP:e Y� Ä$.Z<» {�Â» |0Ë2�" z¸« �Â(a» �Â,(2�

HÂ!/» )*Z�Y|m + )*Z�Ê» ZBËY Q|ËZ¼; . »Z( �I,yY Z] )Z&�Â,(Y� MÂ; *Y �Â,(Y� ¾ËY)CSTR ()Z&�,»Y�Z4 ¾Ë�,¼]» + 9{Â]
|;Z» 1Z»* + �I,yY 1Y�Ì» 'Z»{ '�O:0(Y+ {YÂ» Ê.Â» d6�; *Y d�Y Q�Z6Y 12 {�P¸¼Y �] �Ya³�ÌKZe .QY�KY '�qZ? 7ÌG/e �{ Ya.

 d6�; *Y ¾R+� Ä]  P.Y Ê.Â» d6�;3:1 Ze 9:1�KY '*Y Ê;�¼& Q|- 200 Ze 600 *Y 30(Y+ )Z»{ 'ÄGÌ«{ �{ �+{45ZeC°65'
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 *Y eÌ�Z,4 |Ì�(+�|Ì& )*Z] �+�Ì.ZeZ( �Y|G»25/0Ze5/1*Y 30(Y+ 1Z»* Q|» ¾Ì0f¼& + |;Z¼�4 ¾R+� Ê;*+ |��{ 20Ze90ÄGÌ«{ 
d�Y Ä,"�³ �Y�« Ê]ZË*�Y {�Â» 30(Y+  Ë|6e |��{ �].3ËZ»*2Ä] *ZÌ; {�Â» )Z& Z] Ê"{Z!e gI»Z( o�# z.Z« �{ +  Ë�Â,(Z" •+� 

|- Ê?Y�# �Y�Pe Ä� .¾ÌO;ZÌ» Ä�ËZG» �{ ¾P;Y{ •+� *Y pËZ,;  Ì¸/e �Â_0» Ä] ¾Ì0f¼& �Y�"Y X�; + Z&SPSS|- 9{ZB,�Y .¾ËY �{
3ËZ»*2|6e 1Y�Ì» �] Ê"�!» d�Ì.ZeZ( 1Y�Ì» �Ì; + �+{ + Z»{ 'Ê.Â» d6�; )Z&�,»Y�Z4 *Y LË �& �KY Z& �{ 30(Y+  Ë4u<� 

d"�³ �Y�« Ê���] {�Â» W¸,5» Ê;Z»*.
Hv  Á I-Z$%:

"0-2ÂÌ  d)Â� ' Z-�!Y:{�Y|;Z,�Y Z] 12 7]Z<e + )|Ì.Âe µ�Ë{ÂÌ] dÌBÌ( ¾ÌÌ$e �Â_0» Ä]ASTM D6751 xYÂy Ê���] Ä] 
|- Ä,yY{�4 12 .µ+|m1Ä;Â¼; Z,�Y d.Z? Z] Ä�ËZG» �{ 9|- |Ì.Âe µ�Ë{ÂÌ] QZÌ�Â!y *Y )YÊ» 3ËZ¼; Y� {�Y|;|&{.

"Á3J 1-2!Y3%Z$�Y : ZN» S3� 3ÌDÂe "0-2ÂÌ  cZÌ6Â5) ÄT-Z#» ASTM D6751 

dÌ6Â5) &Â»�M 2!Y3%Z$�Y WÁ! �Z^» 2Á3G S�Y3%Y !Y3#» S3� ,�Ì\ 3GYÁ 

µZ$,-Y Ä<G; ASTM D92  «Y|?130 184 C°
LÌeZ¼0Ì� )+�;Y�³ ASTM D445 0/6-9/12/4mm2/s
1|- )�]Y Ä<G; ASTM D2500 -3-C°
•�Ë� Ä<G; ASTM D97 -0C°
„;� ASTM D1500 -5/1-

V» Ê³{�Ây ASTM D130 9�Z¼- �t(Y|?31a-
ÄeZB.Â� �,�(Zy D 874 ASTM �t(Y|?02/00/0wt.|��{ 
Ê¸( {�³Â³ D 5453 ASTM �t(Y|?05/00015/0wt.|�� 

�,�Y  Ì,» Ê;*+ |��{ ¾ÌÌ$e �Â_0» Ä]Ä;Â¼; �{ {ÂmÂ» )Z& Z&)1ÂÌ�ZPÌBË�,�Y V;Y�e 30(Y+  Ë|6e |��{ (•+� *Y
|- 9{ZB,�Y )*Z³ Ê"Y�³ÂeZ»+�( .1Â,�GCÊ6<« MÂ; *Y 9{ZB,�Y {�Â» )mm32/0*m30(µ|» Z]CP9080 d»Z5q Z] +

Ê¼¸Ì"mx25/'0d�Y µ�Ë{ÂÌ] dyÂ� w,5» .MÂ; *Y )*Z³ %Y�³ÂeZ»+�(CP3800 d(�- dyZ� +Variand�Y .�Ì.Z;2
 {�Y|;Z,�Y *Y 9{ZB,�Y Z] dyÂ�EN 14103|- XZN;Y QYÂ;Z({ Z,{&  Ì,» Ê¸yY{ {�Y|;Z,�Y Z] +.Ä;Â¼;  P- �{  �Z? pËZ,; *Y )Y2

d�Y 9|»2 .Ä¸«  P- ¾ËY �{)Z&1'2'3'4'5+6�O;Z:; zÌe�e Ä] –n'LÌd.+Y  Ì,» 'dË�Zd,�Y  Ì,» 'd,Ì¼.Z4  Ì,» '1Z,{& 
Ì.  Ì,»Ê» d0.Â0Ì.  Ì,» + dd.Â0|-Z].

¶°�2:Ä%Â+%3%Z+T/ ¾UÁ! �Y S3� 3ÌDÂe "0-2ÂÌ  ,�Z\ '§Y�\ÂeZ»Á�1 I-Z$% �Y ,Y.

];1YÁ ¶-3^e 36!2 �  "Â%Z$» 'DÂ» d^T% �LY:3ËZ»*2 ¾ËY d6�; �{ Z& Ê.Â» )Z&3:1 Ze 9:11Z»* +|;Z» )Z&20Ê.Y 
90|- XZN;Y ÄGÌ«{ .ÄË�Ne Z] �{ µ�Ë{ÂÌ] xÂ¸y 1Y�Ì» �{ 1Z»* + Ê.Â» d6�; �KY 1ZÌ» )�Y{Z0$» %I,yY ' �Z? pËZ,; V;ZË�Y+

 u<�1%Ê» 9|&Z:» {Â- .Z0$» µ�Ë{ÂÌ] xÂ¸y 1Y�Ì» �] 1Z»* �{ Ê.Â» d6�;  ]ZG,» �KY ÄPÌ.Z? �{ d�Ì; �Y{ .Ä�ËZG» Z] ¾Ì0f¼&
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¾ÌO;ZÌ» pËZ,; �,�Y  Ì,» xÂ¸y ¾Ë�,:Ì] '¾P;Y{ •+� Ä] Z& Ê.Â» d6�; �{6:1 |;Z» 1Z»* +90|-  �Z? ÄGÌ«{ . P-3|��{ 
d6�; )Y*Y Ä] Y� 30(Y+ �Â¸5» µ�Ë{ÂÌ] Ê;*+Ê» 3ËZ¼; W¸,5» Ê.Â» )Z&|&{ .

Ê» Ä_?I» Z&�Y{Â¼; 7Ë�# *Y Ä( Ä;ÂO;Z¼&Ê» Ä,�Z(  Ë|6e |��{ 3ËY�"Y �] 12 �ÌKZe *Y Ê.Â» d6�; 3ËY�"Y Z] '{Â-{Â- .
Ä<�Y+ Ä] ¾Ì0f¼&30(Y+ 1{Â] Ê.{Z$e xÂ¸y |��{ dÌ�Z�? '{ÂmÂ» )Z&) Ë|6e |��{ (1Z»* �{ 1Z»* Ä] d6�; �eHZ] )Z&

1Z»* *Y �,¼( d�  30(Y+ XZN;Y ÄÌ.+Y )Z& .*Y Ê.Â» d6�; 3ËY�"Y Z]3:1 Ä] 6:130(Y+ 1{Â] Ê.{Z$e Ä<�YÂ] ' Ë|6e |��{ Z&
Ê» 3ËY�"Y 30(Y+ |]ZË)ÄÌeZ-Â.  �Y .(.Â» d6�; 3ËY�"Y *Y Ê3:1 Ä] 6:1 �{ 30(Y+  Ë|6e ¾ÌO;ZÌ» 1Y�Ì» '90*Y Y� ÄGÌ«{ 65Ä]

94 %Ê» 3ËY�"Y|&{ .d6�; ÄÌ¸( �{ Ä,6.Y *Y V4  Ë|6e 1Y�Ì» 'Ä$.Z<» {�Â» )Z&60Ê¼; 1Z:; Y� Ê;Y|0s �ÌÌye ÄGÌ«{ |&{.
d6�; {�Â» �{ *Y �eHZ] Ê.Â» )Z&6:1Ê» 3&Z( )|Ì.Âe µ�Ë{ÂÌ] xÂ¸y 1Y�Ì» '( |]ZËÊ» Y� 12 Ê¸�Y d¸Y Ä¾Ë|  1YÂe

{�( 1ZÌ] Q�Â� .Ä;Â¼; Ê.2 *Z" *Y Ä$.Z<» {�Â» )Z&)µ�Ë{ÂÌ] (Ê]2 + Ê.2 )Z&*Z" )*Z�Y|m Ä¸?�» *Y 9|;Z¼Ì«Z])µÂ;Z,» + ¾Ë�Ì�Ì¸³
{Y*Z» (d�Y 9|- ÄÌ]e .- µ�Ë{ÂÌ] �{  P.Y + ¾Ë�Ì�Ì¸³ �,:Ì] µI/;Y Ä] �N0» 30(Y+ �Â¸5» �{ µÂ;Z,» �Y|G» 3ËY�"Y |? Ze + 9|

Ê» �Y�« �ÌKZe d/e Y�;2 xÂ¸y Ê�Â�/»|&{.

¶°�3:,3ÌDÂe "0-2ÂÌ  '%�Á 36!2 �  ¾UÁ! Ä  ¶°DY 'DÂ» d^T% &Y0Ì» �ÌLZe.

];1YÁ ¶-3^e 36!2 �  Z»2 �LY :)Z»{ Ä� �{ µ�Ë{ÂÌ] xÂ¸y 1Y�Ì» d.Z? ¾ËY �{45'55+C°65Ê;Z»* u<� �Z]s +
Ê]ZË*�Y + Ê���] {�Â» W¸,5»d"�³ �Y�« .9|Ë|4 *Y )�Ì³Â¸m �Â_0» Ä] 'µ�Ë{ÂÌ] xÂ¸y ZË  Ë|6e |��{ �] Z»{ �KY Ä$.Z<» �{

Ê;Â]Z� )�e 1|- *Z" �ÌÌye + Z&|Ë�Ì�Ì¸³  P.Y 9{ZB,�Y {�Â»  P.Y •Âm Ä<G; *Y �,¼( 9�YÂ¼& 30(Y+ )Z»{ 'HZ] )Z&Z»{ �{
d�Y 9|- hZ5,;Y .,» {Ây Ä]Â; Ä] 1ÂÌ�ZPÌBË�,�Y V;Y�e 30(Y+Ê» )�� Ä¸?�» Ä� *Y  P: Êy�] + �Ì³Z»�³ Êy�] Ä( |-Z]

d�Y Y*Z»�³ .30(Y+ MÂ¼N» Ê¸( d.Z? �{ |0,�& �Ì³Z»�³ + 9{Â] Ê,6t» 1ÂÌ�YÂÌ,(Y )€�;Y )Y�Y{ {ÂmÂ» )Z& .Ê» � _,;Y Ya. Ä( {+�
 {{�³  Ë|6e |��{ 3ËY�"Y Ä] �N0» Z»{ 3ËY�"Y]16[.

V;ZË�Y+ �Ì.Z;2 *Y  �Z? pËZ,;µ+|m 76# )2(Z0$» �KY 30(Y+  Ë|6e 1Y�Ì» �] 1Z»* + Z»{ Ä( d�Y 12 �O;Z:; u<� �{ Y� )�Y{1%
Ê» 3ËZ¼; |&{ .u<� �{ Z]0e '30(Y+  Ë|6e 1Y�Ì» �] 1Z»* �{ Z»{ Ê¸]ZGe �KY Ä,6.Y5%Z0$» �KY Ê» 1Z:; Y� )�Y{ |&{ . �Z? pËZ,;

¾ÌO;ZÌ» Ä�ËZG» *Y'¾P;Y{ •+� Ä] Z& µ+Y|m 76# )3+4(;ZÌ] )Z»{ �{  Ë|6e �Y|G» ¾Ë�,:Ì] Ä( d�Y �»Y ¾ËY �OC°651Z»* +90
Ê»  �Z? ÄGÌ«{{Â- .xÂ¸y |��{ dÌ�Z�? �Ì; d.Z? ¾ËY �{) Ë|6e |��{ (1Z»* �{ 1Z»* Ä] d6�; 1Z»* *Y �,¼( �eHZ] )Z& )Z&

d�Y  Ë|6e µ{Z$e Ä<G; Ä] 1|- LË{�; 12  Ì.{ ¾Ë�,¼]» Ä( d�Y 30(Y+ XZN;Y ÄÌ.+Y .e Z] Ä( Ä;ÂO;Z¼& ' 6« z.Z<» Ä] ÄmÂ
Ê» �Z_,;YÊ» 3ËY�"Y 30(Y+  Ë|6e |��{ 30(Y+ )Z»{ 3ËY�"Y Z] d"�|]ZË . P- �{ Ä¸?�» ¾ËY *Y  �Z? pËZ,;)4(d�Y 9|»2.

µ+|m2:Z»{ QY�KY Ê���] �{ �,�Y  Ì,» xÂ¸y 1Y�Ì» V;ZË�Y+ �Ì.Z;2 pËZ,;.
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×× έ΍Ω ͕όϣ
 ΢τγ έΩ˺%

×΢τγ έΩ έ΍Ω ͕όϣ̋%Ζγ 

µ+|m3:Z»{ Ä] d6�; µ�Ë{ÂÌ] xÂ¸y |��{ ¾ÌO;ZÌ» Ä�ËZG».

µ+|m4:1Z»* Ä] d6�; µ�Ë{ÂÌ] xÂ¸y |��{ ¾ÌO;ZÌ» Ä�ËZG»Z»{ QY �KY Ê���] �{.
¾ÌO;ZÌ» Ê���] �{ Ê;Z»* oÂ<� 

Z»{ �KY)ÄGÌ«{ (
8/74 C

3/82 B

6/88 B

7/90 A

20 
30 
60 
90 

Y V;Y�e 30(Y+  Ë|6e |��{ �] Z»{ QY�KY Ê���] �{ + Â¸«+†Y 1Z¼tY Y�Z( k�Âe Ê]]Z:» pËZ,; 'Y�¸( ¾R+� 1ÂÌ�ZPÌBË�,�
 1Y�ZP¼&)1996 ( 1Y�ZP¼& + �Â;Y +)2007(d�  9|- •�Y�³]18+17[. P-51Y�ZP¼& + �Â;Y pËZ,; Ä�ËZG» Ä] )2007 (+

d�Y Ä,yY{�4 �qZ? 7ÌG/e .Ê» Ä_?I» Ä( Ä;ÂO;Z¼& *Y �,¼( {ÂmÂ» %I,yY �t(Y|? {Â-9/1%Ê»|-Z].

¶°�4:,3ÌDÂe "0-2ÂÌ  '%�Á 36!2 �  Z»2 �ÌLZe.

];1YÁ ¶-3^e 36!2 �  _Ô$)Y c3� �LY :Ê.2 )Z&*Z" 1ZÌ» LË�,P.Y ){ zË�q 1{Â] ¾ÌËZ4 Ä<�YÂ])¾R+� (Ê]2 +) P.Y (
Ê» µÂ¸/»Z; �OË|PË �{ gI¼Y *Z" +{ ¾ËY '�Â,(2�|-Z] .:»  !" �{ Z]0e 30(Y+ Ê"Z( �I,yY 1+|] Ya. |&YÂy J� *Z" +{ ¾Ì] ­�,

{Y{ .)Z&�Â,(2� *Y 9{ZB,�Y  P:» ¾ËY ["� )Y�]CSTR d�Y 9|- ÄÌ�Âe ]4.[¾Ë�,¼]» *Y �I,yY Q|- Z&�Â,(2� *Y Ä,�{ ¾ËY �{

 ){Y*2 Äm�{ QY�ÌÌye []Z0» SSMSF

Z»{2167/248 083/124 **905/70
30(Y+ 1Z»*3556/1380 185/460 **963/262 

Z»{̅1Z»* 6278/30046/5*884/2
Z<y2442

¾ÌO;ZÌ» ÊËZ»{ oÂ<� 
)C°(

81C

9/83 B

5/87 A

45 
55 
65 
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Ê» hÂ�/» Ê?Y�#  »YÂY{Â- .Ê» Ä,yY{�4 12 Ä0Ì]] d.Z? Ê���] Ä] Ya.{Â- .3ËZ»*2 ¾ËY �+{ Ä� �{ Z&200'400+600�{ +4
u<�d�Y 9|- XZN;Y �Y�Pe �Z] Ä� Z] Ê;Z»* .

¶°�5:&Y�[-2 `�Âe S3� W!Y0\ I-Z$% Á ¶6ZG I-Z$% ÄT-Z#».

u<� �{ µ�Ë{ÂÌ] xÂ¸y 1Y�Ì» �{ 1Z»* + �+{ �KY 1ZÌ» Y� )�Y{Z0$» %I,yY 3ËZ»*2 pËZ,; V;ZË�Y+ ÄË�Ne1%Ê» 3ËZ¼;|&{ .�{
Z0$» 1Z»* �{ �+{  ]ZG,» �KY ÄPÌ.Z? Ê¼; �Y{]|-Z .¾ÌO;ZÌ» pËZ,; Ä�ËZG» Z] �+{ �{ �,�Y  Ì,» xÂ¸y ¾Ë�,:Ì] 'Z&rpm 600 �{ +
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Abstract   
Present work reports an optimized protocol for plant and the production of biodiesel 
through alkaline-catalyzed transesterification of waste cooking oil. The reaction 
variables used were methanol/oil molar ratio (3:1–9:1), Potassium Hydroxide catalyst 
concentration (0.25–1.50%), temperature (45–65   °C), and mixing intensity (200–600 
rpm). The evaluation of the transesterification process was followed by gas 
chromatographic analysis of the cooking oil fatty acid methyl esters (biodiesel) at 
different reaction times. A factorial design of experiments has been used as an analysis 
method. The study of the factors affecting the biodiesel purity shows that, within the 
experimental range considered, all of them have a positive effect on the biodiesel purity 
and therefore the biodiesel purity increases when the values of these variables increase. 
The biodiesel with best purity and quality was produced at methanol/oil molar ratio, of 
6:1; potassium hydroxide catalyst concentration, of 1.0%; mixing intensity, of 600 rpm 
and reaction temperature of 65 °C. The yield of the biodiesel produced under optimal 
condition was 94-95%. As a result of this research study, maximum conversion of free 
fatty acids esterification (95%) was obtained in 2 hours. Use of four separated tank for 
each production stage instead of two tanks that have been used in previous plant type 
(BDI-80), caused the output to be twice compared with other plants that have used two 
tanks. 

Key words: Biodiesel, Batch Pilot Plant, Transesterification Reactor, Optimization, 
Waste Cooking Oils. 


