
ǼǂǵǷŤř ǼǮǪǕ ǻ ǴǭƘǲǪǆǝ ÛǌǾƮǭ Ƿ ƠǭȆƽ ǴǪƪǭ 
ǯƗƸǽƗ ǌǾƮǭ ƠǁƗƴǶƛ ǼǮǪǕ ǰǮƪǱƗ

Ħĩĩ  Ƙơ ĦĨĨ  ƟƘƮǞǅ ,ĤĦĬĤ ƺǾǽƘř ,ǫǸƽ ǳƷƘǮǁ ,Ǭƪǲř ǳƷǷƳ 

ĬĤ/ģħ/ĤĤ :ƿƸǽƶř

 ƠǾǝƗƸū ǻƴǖƛ Ħ ǻƘǵƳǷƸƢŨǩƗ Ƙƛ ƺǾǩǷƸƢŨǩƗ ƴǲǽƗƸǝ ǼǽƗƷƘŧ ǼƽƷƸƛ
ǼƛƋ ǌǾƮǭ ƹƗ ƳƷ Ǩǲǝ Ƿ ǰǾƖǩƘƢǝ Ǩǲǝ ǼǽƗƳƹ ŪǱƷ ƷƳ

 ǳƴǾŨš
 ƚƩǸǭ ƴǾǁƷǸƱ ƷǸǱ ƵǸǞǱ ƹƗ ǻƸǾūǸǪƩ Ƿ ǯŤǾƾŧƗ ƴǾǩǸơ ǜǡǸơ Ƙƛ ÛƘǶǱƋ ǼūƳǸǩƋ Ƹƛ ǳǷȆǕ ǼƛƋ ǔƛƘǲǭ ƷƳ ǼǽƘǾǮǾǁ ǻƗƹ‌ŪǱƷ ƳƗǸǭ ƷǸǊƭ :Ǜƴǵ Ƿ ǴǲǾǭƹ
 Ƿ ǰǾƖǩƘƢǝ Ǩǲǝ ǼǽƗƳƹ ŪǱƷ ƷƳ ƺǾǩǷƸƢŨǩƗ ƴǲǽƗƸǝ ǼǽƗƷƘŧ ǴǖǩƘǎǭ ǰǽƗ ƷƳ .ƳƳƸū‌Ǽǭ Ơƾǽƹ ǌǾƮǭ Ǵƛ ǻƴƩ ƟƘǭƴǅ ǯƴǭƋ ƳƷƗǷ Ƿ ǳƴǱƹ ƟƗƳǸƩǸǭ ũƸǭ

 .ƠǝƸū ƷƗƸǡ ǼƽƷƸƛ ƳƷǸǭ ǼƛƋ ǌǾƮǭ ƹƗ ƳƷ Ǩǲǝ
 ǰǽƗ .ƴǽƳƸū ǳƳƘǞƢƽƗ ÛƳǸƛ ǳƴǁ ƺǶƪǭ ƠǾǝƗƸū ƳǷƸƢŨǩƗ ĥ Ǵƛ Ǵŧ Ĥ LƴǾǞǭ Ǭƪƭ Ƙƛ ǼǽƘǾǮǾǁǷƸƢŨǩƗ ƷǸƢǥƗƷ Ŧǽ ƹƗ ƟƘǂǽƘǭƹƋ ǫƘƪǱƗ ǻƗƸƛ :ǼƽƷƸƛ ƿǷƷ
 ƸǾƥƘơ ƼŚƽ .ƴǽƳƸū ǴǾǶơ ǼǱƴǾǭƘǁƋ ƙƋ ƷƳ ƳƷ Ǩǲǝ Ƿ ǰǾƖǩƘƢǝ Ǩǲǝ ŪǱƷ ǷƳ ǧȆƮǱƗ ƹƗ ƙƘƾř ǻƘǵ ǴǱǸǮǱ Ƿ ƴǁ ǫƘƪǱƗ ǼǵƘŬǂǽƘǭƹƋ ƻƘǾǢǭ ƷƳ ǴǖǩƘǎǭ
 ƺǾǩƘǱƋ ƹƗ ǳƳƘǞƢƽƗ Ƙƛ ƚƽƘǲǭ ƴǱƘǭ ǯƘǭƹ ƸǒǱ ǴǎǢǱ ƹƗ ŪǱƷ ǨǭƘŧ Ǜƶƭ Ƹƛ NaCl ŦǮǱ ƠǒǪǙ ÛƘǵƳǷƸƢŨǩƗ ǰǾƛ ǴǪǅƘǝ ÛţƘƢǩǷ ƴǲǱƘǭ ǼơƘǾǪǮǕ ǻƘǵƸƢǭƗƷƘř

 .ƴǁ ǰǾǾǖơ ǧƘǽƷǸƢŧƘǝ ƼǱƘǽƷƗǷ
 ƳǷƸƢŨǩƗ ǰǾƛ ǴǪǅƘǝ ÛĬ min ƴǱƘǭ ǯƘǭƹ Ûħī V ţƘƢǩǷ ǰǾƖǩƘƢǝ Ǩǲǝ ǻƗƸƛ ŪǱƷ ǨǭƘŧ Ǜƶƭ ƠǶƩ ǼơƘǾǪǮǕ ǌǽƗƸǁ ǰǽƸƢǶƛ Ǵŧ ƳƗƳ ǯƘǂǱ ƨǽƘƢǱ :Ƙǵ‌‌ǴƢǝƘǽ
 ǰǽƗ ƷƳ ÛƠƽƗ ĥ g/L ŦǮǱ ƠǒǪǙ Ƿ  Ĩ cm ƳǷƸƢŨǩƗ ǰǾƛ ǴǪǅƘǝ Ûī min ƴǱƘǭ ǯƘǭƹ Ûħī  V ţƘƢǩǷ ƳƷ Ǩǲǝ ǻƗƸƛ Ƿ Ĥ/Ĩ  g/L ŦǮǱ ƠǒǪǙ Ƿ Ĩ cm

.ƴǭƋ ƠƽƳ Ǵƛ ĕ īģ Ƿ ĕīĨ ƚǾơƸơ Ǵƛ ƳƷ Ǩǲǝ Ƿ ǰǾƖǩƘƢǝ Ǩǲǝ ǻƗƸƛ COD Ǜƶƭ ǯƘǭƴǱƗƷ ǌǽƗƸǁ
 ƷƳ Ƿ ƠƽƗ ƙƘƾř ƹƗ ǰǾƖǩƘƢǝ Ǩǲǝ Ƿ ƳƷ Ǩǲǝ ƸǾǒǱ ǧǸǪƮǭ ǻƘǵ‌ŪǱƷ Ǜƶƭ ƠǶƩ ǻƸƥǸǭ ƿǷƷ ƺǾǩǷƸƢŨǩƗ ƴǲǽƗƸǝ Ǵŧ ƳƗƳ ǯƘǂǱ ǴǖǩƘǎǭ ǰǽƗ :ǻƸǾū‌ǴƪǾƢǱ

 .ƴǽƘǮǱ Ǜƶƭ ǼǽȅƘƛ ǯƘǭƴǱƗƷ Ƙƛ ƗƷ ŪǱƷ ƠƽƗ ƷƳƘǡ ǼǵƘơǸŧ ǯƘǭƹ Ɵƴǭ

ƳƷ Ǩǲǝ ÛǰǾƖǩƘƢǝ Ǩǲǝ ÛǼǽƗƳƹ ŪǱƷ ÛƺǾǩǷƸƢŨǩƗ :ǻƴǾǪŧ ǯƘūţƗǷ

 ǼƢǂǶƛ ƴǾǶǁ ǼŨǁƺř ǫǸǪǕ ǳƘŬǂǱƗƳ ÛƠǁƗƴǶƛ ǳƴŨǂǱƗƳ ƷƘǾǂǱƗƳ ÛǌǾƮǭ ƠǁƗƴǶƛ ǻƗƸƢŧƳ -Ĥ
ǼƢǂǶƛ ƴǾǶǁ ǼŨǁƺř ǫǸǪǕ ǳƘŬǂǱƗƳ ÛƠǁƗƴǶƛ ǳƴŨǂǱƗƳ ÛǌǾƮǭ ƠǁƗƴǶƛ ƴǁƷƗ ǼƽƘǲǁƷƘŧ ǻǸƪǂǱƗƳ -ĥ

ǯƘǁƘǥ ǼǦǁƺř ǫǸǪǕ ǳƘŬǂǱƗƳ ÛƠǁƗƴǶƛ ǳƴǦǂǱƗƳ ǼǮǪǕ ƟƘǾǵ ǸǊǕ ÛǌǾƮǭ ƠǁƗƴǶƛ ƴǁƷƗ ƻƘǲǁƷƘŧ -Ħ

ĬĤ/ģĤ/Ĥħ :ƠǝƘǽƷƳ

 ĦǼǱƗƸǶơ ǻƸǵƘǒǭ ǛƸǁƗ ÛĥǼǞǽƸǁ ƸƩƘǵ ÛĤƳƗŤǱ ǻƳǸǖƾǭ ƘǉƷƴǮƮǭ
 massoudi@sbmu.ac.irǌǾƮǭ ƠǁƗƴǶƛ ǳǷƸū ÛƠǁƗƴǶƛ ǳƴǦǂǱƗƳ ÛǼƢǂǶƛ ƴǾǶǁ ǼǦǁƺř ǫǸǪǕ ǳƘŬǂǱƗƳ ÛǤƪǲǩǷ ÛǯƗƸǶơ :ǧǸƖƾǭ ǳƴǲƾǽǸǱ
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ĦĨĩ

ǴǭƴǢǭ
 Ɵƴǁ  Ǵƛ  ŪǱƷ  ǼǎǾƮǭ  Ơƾǽƹ  ƟƗƸƥƗ  ÛƸǾƱƗ  ǴǵƳ  ƴǲš  ƷƳ.....
 ǼƢƱƘǲǁ ǼǽƘƜǽƹ ƠǾǞǾŧ ƘǶǲơ ǴǱ ǯƋ ƷǸǊƭ .ƠƽƗ ǴƢǝƘǽ ǀǽƗƺǝƗ
 ƸƥƗ  ǼƛƋ  ǬƢƾǾƽǸŧƗ  Ƹƛ  ǴŨǪƛ  Ûƴǲŧ‌‌Ǽǭ ǨƢƲǭ ƗƷ  ǼƮǎƽ ǻƘǵ‌‌ƙƋ
 ƟƘƜǾŧƸơ ƹƗ ǼūƷƺƛ ǀƲƛ .(Ĥ) ƴǵƳ‌‌Ǽǭ ƸǾǾǚơ ƗƷ ǯƋ Ƿ ƳƷƗƶū‌Ǽǭ
 ƳƗǸǭ  ÛƴǱƳƸū‌‌Ǽǭ  ǼǖǾƜǍ  ƙƋ  ƷƳ  ǼūƳǸǩƋ  ƳƘƪǽƗ  ƤǕƘƛ  Ǵŧ  ǼǩƋ
 ƳƷǸǭ ǼŬǱƘƱ Ƿ ǼƢǖǲǅ ƟƷǸǅ Ǵƛ Ǵŧ ƴǲƢƾǵ ǼǽƘǾǮǾǁ ǻƗƹ‌ŪǱƷ
 ǌǾƮǭ Ǵƛ  ǼŬǱƷ  ǻƘǵ‌‌ƙƘƾř ǴǾǪƲơ  .(ĥ) ƴǱƸǾū‌‌Ǽǭ ƷƗƸǡ  ǳƳƘǞƢƽƗ
 ǯƘǁ‌ǼŬǱƷ ƠǾǵƘǭ ǨǾǩƳ Ǵƛ Ƙǵ‌‌ŪǱƷ ƗƸǽƹ ÛƠƽƗ ťƘǱƸǎƱ ÛƠƾǽƹ
 Ƙǵ‌‌ƙƋ ǯǷƷƳ  Ǵƛ  ƷǸǱ  ƵǸǞǱ  ƹƗ  Û(Č)  ǳƳǸƛ  ǻƸǵƘǑ ǻƘǵ‌ǳƴǲǽȅƋ  ƹƗ
 ǻƘǵƴǲǽƗƸǝ  ƸǽƘƽ  Ƿ  ƺƢǲƽǸƢǝ  ǻƘǵƴǲǽƗƸǝ  Ƿ  ƴǲŧ‌‌Ǽǭ  ǻƸǾūǸǪƩ
 ¡(ĥħǷĎ ) ƴǲǽƘǮǱ‌‌Ǽǭ ǨƢƲǭ ƗƷ ǯƘǽƺƛƋ ƟƘǾƭ Ǵƛ ǋǸƛƸǭ ǼŨǽţǸǩǸǾƛ
 ǴǢǎǲǭ ƷƳ ƳǸƩǸǭ ƷǸǪǝ Ƿ ǯǸǝ ÛǯƘǾǵƘǭ ǻƗƸƛ ƴǱƗǸơ‌‌Ǽǭ ǰǾǲš‌Ǭǵ
 ǰǽƗƸƛƘǲƛ  .(Ĩ)  ƴǁƘƛ  ǼǮƽ  Ƿ  Ɨƹ‌ǀǶƩ  ÛƗƹ‌‌ǯƘǍƸƽ  ƙƘƾř  ǴǾǪƲơ
 ǻƷǷƸǉ ǳƴǱƸǽƶř ǻƘǵ‌‌ƙƋ Ǵƛ ǴǾǪƲơ ƹƗ ǀǾř Ƙǵ‌‌ǳƴǲǽȅƋ ǰǽƗ Ǜƶƭ

 .ƴƽƷ‌‌Ǽǭ ƸǒǱ Ǵƛ
 ǼǽƘǾǮǾǁǸŨǽƺǾǝ Ƿ ǼǽƘǾǮǾǁ ÛǼŨǽƺǾǝ ƳƴǖƢǭ ǻƘǵƴǲǽƗƸǝ ƹƗ ǯǸǲŧƘơ
 ÛǼǱǸǽ  ǧƳƘƜơ  Ûƴǲŧ  Ǽǲǁ  ǼǝƘǅ ÛǼǽƘǾǮǾǁ  ƳƘǢǖǱƗ  ÛƚǾƽƸơ  ƴǲǱƘǭ
 ǼǽƘǾǮǾǁ Ǜƶƭ Û(ĩ) (ǼƮǎƽ ƙƶƩ) ǧƘǖǝ ǰƛƸŧ ǻǷƷ Ƹƛ ƙƶƩ
 ¡(Ī) ǯţǷƷƴǾǵ ƴǾƾŧƗƸř  ÛǯƹƗ  ÛƸǪŧ ƴǲǱƘǭ  ǳƴǲǲŧƴǾƾŧƗ  ǨǭƗǸǕ Ƙƛ
 Ƿ  ƻǸŨǖǭ  ƺǮƽƗ  Ƿ  ǯǸǾƽƗƸƢǪǾǝǸǱƘǱ  ƴǲǱƘǭ  ǼǽƘǂǙ  ǻƘǵƴǲǽƗƸǝ
 ǳƳƘǞƢƽƗ ƙƘƾř ƹƗ ŪǱƷ Ǜƶƭ ƠǶƩ ǼŨǽţǸǩǸǾƛ Ǵǽƺƪơ ƴǲǽƗƸǝ
 ƘǭƗ  ÛƴƽƷ‌‌Ǽǭ ƸǒǱ Ǵƛ ƸƥǸǭ Ƙǵ‌‌ƿǷƷ ǰǽƗ ǴšƸūƗ .(ī) ƠƽƗ ǳƴǁ
 ǯƗƹƷƗ  ǼŨǽţǸǩǸǾƛ  ǻƘǵ‌ƿǷƷ  .ƴǲƢƾǵ  ǴǲǽƺǵƸř  Ƿ  ǼǝƘŧƘǱ  ƚǪǙƗ
 ÛƴǱƸƥǸǭƸǾǙ  ǼŬǱƷ  ǻƘǵ‌ƙȆǉƘǝ  ƚǪǙƗ  ǻƗƸƛ  ƘǭƗ  ƴǱƗ‌ǳƳƘƽ  Ƿ
 ǻƗƸƛ  ÛǰǾǽƘř  ǼŨǽţǸǩǸǾƛ  Ǵǽƺƪơ  ƠǾǪƛƘǡ  Ƹƛ  ǳǷȆǕ  Ƙǵ‌ŪǱƷ  ƗƸǽƹ
 Ǵƛ Ƹƪǲǭ Ƿ ƴǲƢƾǵ ǼǮƽ ÛƴǲǽƗƸǝ ƷƳ ǳƳƘǞƢƽƗ ƳƷǸǭ ǻƘǵ‌ǬƾǾǱƘūƷƗ
 Ƿ ǯǸǾƽƗƴǾƾŧƗ ǻƘǵƴǲǽƗƸǝ .(Ĭ-ĤĤ) ƴǱƳƸū‌Ǽǭ ǰƪǩ ǯƴǁ ǬǾƪƭ
 ǼǒǾǪǙ ǰƪǩ ǼǽƘǂǙ ǻƘǵƴǲǽƗƸǝ ƘǭƗ ÛƴǲƜƽƘǲǭ ǼǽƘǂǙ ǻƘǵƴǲǽƗƸǝ
 ǯǸǾƽƗƴǾƾŧƗ  ƿǷƷ  Ƿ  ƠƽƗ  ǨŨǂǭ  ǯƋ  ǔǝƳ  Ǵŧ  ƴǲǲŧ‌Ǽǭ  ƴǾǩǸơ
 ǼơƘǾǪǮǕ  ǻƘǵ‌Ǵǲǽƺǵ  ƚǪǙƗ  ǴƢǝƸǂǾř  ǯǸǾƽƗƴǾƾŧƗ  Ƿ  ǼǽƘǾǮǾǁ

.(Ĥĥ) ƴǱƷƗƳƸƛ ƷƳ ǼǽȅƘƛ
 ǴǾǞǆơ  ƠǶƩ  ǼǽƘǾǮǾǁǷƸƢŨǩƗ  ǻƘǵ‌‌ƿǷƷ  ƹƗ  ƸǾƱƗ  ǻƘǵ‌ǧƘƽ  ƷƳ
 Ƙǵ‌‌ƠǽƳǷƴƮǭ ǀǽƗƺǝƗ Ƙƛ ǯƘǭƹ‌‌Ǭǵ Ƿ ƠƽƗ ǳƴǁ ǳƳƘǞƢƽƗ ǼŬǱƷ ƙƘƾř
 ǴƩǸơ  Ƙǵ‌ƿǷƷ  ǰǽƗ  ƹƗ  ǳƳƘǞƢƽƗ  Ǵƛ  ÛǌǾƮǭ  Ǵƛ  ƙƘƾř  ǴǾǪƲơ  ƷƳ

 ƘǶǱƋ  ƳƴǖƢǭ  ǻƘǽƗƺǭ  ǴƩǸơ  ǰǽƗ  ǨǾǩƳ  .(ĤĦ)  ƠƽƗ  ǳƴǁ  ǻƸƢǂǾƛ
 ÛƟƘǖǽƘǭ ǴǾǞǆơ ǯƘŨǭƗ ÛƠƾǽƹ ǌǾƮǭ Ƙƛ ǻƷƘūƹƘƽ ǴǪǮƩ ƹƗ ƿǷƷ
 ǯƘǭƹ  ÛǳƳƘƽ  ƟƗƺǾǶƪơ  ÛǻƹƗƴǱƗ‌ǳƗƷ  ƠǩǸǶƽ  ÛƟƗƴǭƘƩ  Ƿ  ƘǵƹƘū
 ƠƽƸơȅƘƛ ǴƢǾƾǱƗƳ Ƿ ƸƢǮŧ Ǭƪƭ Ƙƛ Ǽǲƪǩ ƴǾǩǸơ Û(Ĥħ) ǳƘơǸŧ ƴǱƘǭ
 ǼǽƘǾǮǾǁǷƸƢŨǩƗ ǻƘǵ‌ǻţǸǩǸǲŨơ ǻǷƷ Ƹƛ ƟƘǢǾǢƮơ ǰǽƗƸƛƘǲƛ .(Čċ)
 ǴǖƽǸơ Ƹƛ ƸƢǂǾƛ Ǵŧ ǴƢǝƘǽ ǀǽƗƺǝƗ ǼǩƋ ǻƘǵ‌ǳƴǲǽȅƋ Ǵǽƺƪơ ǻƗƸƛ
 ǨǭƗǸǕ  Ƿ  ƙȆǉƘǝ  ǴǾǞǆơ  ǻƗƸƛ  ǴƢǝƸǂǾř  ǻƘǵ‌ǻţǸǩǸǲŨơ
 (ǯƹƗ ÛƠǽƸǪŧǸŚǾǵ ÛǨǾƾŧǷƷƴǾǵ ǻƘǵ‌ǧƘŨǽƳƗƷ) ǻǸǡ ǳƴǲǲŧƴǾƾŧƗ
 ƳǸǁ‌Ǽǭ ǳƴǾǭƘǱ ǯǸǾƽƗƴǾƾŧƗǷƸƢŨǩƗ ÛƿǷƷ ǰǽƗ .ƠƽƗ ǳƴǁ ƺŧƸǮƢǭ
 ƷƳ ƳǸƩǸǭ ǼǮƽ ǻƘǵ‌ǳƴǲǽȅƋ ǀǵƘŧ Ƙǽ Ǵǽƺƪơ ǻƗƸƛ ƴǱƗǸơ‌Ǽǭ Ǵŧ
 ǳƳƸƢƾū ƷǸǍ Ǵƛ ƴǲǽƗƸǝ ǰǽƗ Ǵŧ ǻƷǸǍ Ǵƛ ÛƳǷƷ ƷƘŧ Ǵƛ ƙȆǉƘǝ
 ƙȆǉƘǝ  Û(ČĨ  )ǼǙƘƛƳ  Û(ČčǷČċ)ǼƩƘƾǱ  ƙȆǉƘǝ  ǴǾǞǆơ  ƷƳ
 Ƿ (Čē)Ūǲƽ ǧƘǙƵ ǴǱƘƱƷƘŧ Û(ČĒ) ǴǱƘƱ‌ǻǸǂƢƱƷ Û(Čĩ)ǯƘǾŧƘǭ
 Ǵŧ ƴǁ ǳƳƸƛ ƷƘŧ Ǵƛ (ČĔ) ǰǝƳ ǨƮǭ ǴƛƗƸǾǁ ǴǾǞǆơ ǻƗƸƛ ǰǾǲš‌Ǭǵ
 ǨƛƘǡ ƷƗƴǢǭ Ǵƛ ƗƷ ǳƴǲǽȅƋ ƳƗǸǭ ƠƾǱƗǸơ ƴǲǽƗƸǝ ǰǽƗ ƘǶǱƋ ǴǮǵ ƷƳ
 ƠƽƗ Ƙǵ‌‌ǯǷƸƢŨǩƗ ǴǾǞǆơ ǼǪǅƗ ǨǭƘǕ ƿǷƷ ǰǽƗ ƷƳ ÛƴǱƘƽƸƛ ǼǩǸƜǡ
 ǷƸǝ ǻƘǵƳǷƸƢŨǩƗ ǰǾƛ ǬǾǢƢƾǭ ǟƸƛ ǯƘǽƸƩ ǔƜǲǭ Ŧǽ ƹƗ ǯƋ ƷƳ Ǵŧ
 ǼŨǽƸƢŨǩƗ ǯƘǽƸƩ ǻƷƗƸǡƸƛ Ƙƛ .ƳǸǁ‌Ǽǭ ǳƳƘǞƢƽƗ ǳƳǸǩƋ ƙƋ ƷƳ ǴƢǝƷ
 ǧƘǾƽ ƷƳ ƳǸƩǸǭ ǻƘǵ‌‌ƠǾǩǷƸƢŨǩƗ ÛǰǾǖǭ ǨǾƾǱƘƢř ǛȆƢƱƗ Ŧǽ Ƙƛ
 ƘǾƭƗ Ƿ ƴǱƋ ƷƳ ǯǸǾƽƗƴǾƾŧƗ ǻƘǵ‌‌ǀǲŧƗǷ Ƿ ǳƴǁ Ǵǽƺƪơ Ƙǵ‌‌ǯǸǽ Ǵƛ
 ƹƗ ǼǞǪƢƲǭ ǻƘǵƸƢǭƗƷƘř Ǵƛ ƴǲǽƗƸǝ ǯƘǭƴǱƗƷ .ƴǵƳ‌‌Ǽǭ ƯƷ ƴơƘŧ ƷƳ
 ǼŨǽƸƢŨǩƗ ƠǽƗƴǵ ÛǨǾƾǱƘƢř ǛȆƢƱƗ ÛpH ÛƘǵƳǷƸƢŨǩƗ ǓǸǱ ǴǪǮƩ
 ǯƗƺǾǭ ÛǰǽƗ Ƹƛ ǳǷȆǕ .(čċ) ƳƷƗƳ ǼŬƢƾƛ ƘǵƳǷƸƢŨǩƗ ǰǾƛ ǴǪǅƘǝ Ƿ
 ƹƗ ǻƳƗƴǖơ .(Ĥħ) ƠƽƗ ǴƢƾƛƗǷ ƴǱƋ ƳǷƸƢŨǩƗ ǓǸǱ Ǵƛ Ƙǵ‌ǳƴǲǽȅƋ Ǜƶƭ
 Ƙƛ ƗƷ COD Ƙǽ Ƿ ŪǱƷ ǼǽƘǾǮǾǁǷƸƢŨǩƗ Ǵǽƺƪơ ǻƸǽƶř‌ǯƘŨǭƗ ǰǾǢǢƮǭ
 ¡(ĥĤ) ƻƘǮǩƗ ǻƘǵƳǷƸƢŨǩƗ ƴǲǱƘǭ ƴǱƋ ƳǷƸƢŨǩƗ ƟǷƘǞƢǭ ǻƘǵ‌ƠǾǵƘǭ
 ǰƛƸŧƸƜǾǝ (ACF:Active Carbon Fiber) ¡(ĥĥǷĤĥ) ƠǾǝƗƸū
 (ĥħ) Ti/TiRuO2  .(ĥĦ) ƠǾǝƗƸūǷ  Ti/Pt  ¡ACF  ¡(ĥģ)  ǧƘǖǝ
 ¡(ĥĨ)  (PbO2)  ƙƸƽ ƴǾƾŧƗ  ǻƳ Ƿ (BDD)  ƳǷƴǱƗ ǫƸƛ  ƻƘǮǩƗ
 ƙȆǉƘǝ ǴǾǞǆơ ǻƗƸƛ (Ĭ) ǰƛƸŧ Ƿ Ti/Pt, Ti- Ru- Sn-SbO2 
 ǻƘǵƸƢǭƗƷƘř ƹƗ ƳǷƸƢŨǩƗ ǓǸǱ Ǵŧ ƴǲƢǁƗƳ ƷƘǶǑƗ Ƿ ƴǱƳǸǮǱ ǴǖǩƘǎǭ
 ǔǡƗǷ ƷƳ .ƠƽƗ ǯǸǾƽƗƴǾƾŧƗǷƸƢŨǩƗ  ƴǲǽƗƸǝ  Ƹƛ  ƷƗƶūƸǾƥƘơ  Ƿ ƸƥǸǭ
 ǻƘǵ‌‌ǬơƗ ǧƘǢƢǱƗ ǴǪǾƽǷ Ǵƛ Ǵŧ ƠƽƗ ǼǱƘǾǭ ǀǲŧƗǷ Ŧǽ ƿǷƷ ǰǽƗ
 ǳƳƘǭ Ƙơ ƴǵ‌Ƴ‌Ǽǭ ƯƷ ǼǩƋ ƳƗǸǭ Ǵƛ ǧǸǪƮǭ ƹƘǝ ƷƳ ƙƋ ƹƗ ǯŤǾƾŧƗ
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ĦĨĪ

 ǀǲŧƗǷ ǴǪǾƽǷ Ǵƛ ǻƴǱƋ ǯŤǾƾŧƗ ǧƘǢƢǱƗ ǼǪŧ ƴǲǽƗƸǝ .ƳǸǁ ƴǾƾŧƗ
 ROx Ƿ ǼǩƋ ǳƴǲǲŧ‌ǀǲŧƗǷ R ǯƋ ƷƳ Ǵŧ ƴǵƳ‌‌Ǽǭ ƯƷ Ƹǽƹ ǼǭǸǮǕ

.(ĥĩ) (Ĥ ǴǩƳƘǖǭ) ƠƽƗ ǳƴǁ ƴǾƾŧƗ ǧǸǆƮǭ

R+XH2O→ROx + 2XH+ + 2Xe-                  (Ĥ)
 ǀǲŧƗǷ  Ǵƛ  Ǵŧ  ĥ  ǴǩƳƘǖǭ  ǴǪǾƽǷ  Ǵƛ  ƴǱƗǸơ‌Ǽǭ   R  ǰǽƗƸƛ ǳǷȆǕ

  .(ĥĩ) ƳǸǁ ǼǱƴǖǭ ÛƠƽƗ ǛǷƸǖǭ ǟƗƸƢƭƗ
               (ĥ)

 ǻǷƷ ƷƳ ÛƴǲǁƘƛ ƠǾǝƗƸū ǓǸǱ ƹƗ ǳƳƘǞƢƽƗ ƳƷǸǭ ǻƘǵƳǷƸƢŨǩƗ ƸūƗ
 ƷƳ ǯǸǾƽƗƴǾƾŧƗ ÛƳƷƗƳ ǼǽȅƘƛ ŦǾƢǾǩƘơƘŧǷƸƢŨǩƗ ƠǾǩƘǖǝ Ǵŧ ƴǱƋ
 ǯǸǾƽƗƴǾƾŧƗ ǀǲŧƗǷ ǧǷƗ ǴǪƭƸǭ ƷƳ .ƴƢǝƗ‌Ǽǭ ǟƘǞơƗ ƳǷƸƢŨǩƗ Ƭǎƽ
 ǻƘǵ‌‌ǧƘŨǽƳƗƷ  Ƙơ  ƳǸǁ‌‌Ǽǭ ǼŨǽƸƢŨǩƗ  ǴǾǪƲơ  ƴǱƋ  ƷƳ  H2O  ÛǻƴǱƋ
 ÛǫǷƳ  ǴǪƭƸǭ  ƷƳ  ǯƋ  ǧƘƜǱƳ  Ǵƛ  .ƴǽƘǮǱ  ƴǾǩǸơ  ƗƷ  ǨǾƾŧǷƷƴǾǵ
 ƴǱƋ  ƴǾƾŧƗ  ƷƳ  ȆƜǡ  Ǵŧ  ǼǱŤǾƾŧƗ  Ƙƛ  ǨǾƾŧǷƷƴǾǵ  ǻƘǵ‌‌ǧƘŨǽƳƗƷ
 ǧƘŨǽƳƗƷ ƹƗ ǯŤǾƾŧƗ ǧƘǢƢǱƗ ǯƘŨǭƗ Ƙƛ .ƴǵƳ‌‌Ǽǭ ǀǲŧƗǷ ÛƳƷƗƳ ƳǸƩǷ
 .ƳƸǾū‌‌Ǽǭ ǨŨǁ COx+1 ƸơȅƘƛ ƴǾƾŧƗ ÛƴǱƋ ƴǾƾŧƗ Ǵƛ ǨǾƾŧǷƷƴǾǵ
  :ƳǸǁ ƳƘƪǽƗ  ƠǩƘƭ ĥ ƷƳ  ƴǱƗǸơ‌‌Ǽǭ ǧƘǖǝ  ǯŤǾƾŧƗ  ƴǱƋ  Ƭǎƽ ƷƳ
 ƙƶƩ ǨǾƾŧǷƷƴǾǵ ǻƘǵ‌‌ǧƘŨǽƳƗƷ) ǼŨǽƺǾǝ ƙƶƩ ƟƷǸǅ Ǵƛ -Ĥ
 ǴŨƜǁ ƷƳ ǯŤǾƾŧƗ) ǼǽƘǾǮǾǁ ƙƶƩ ƟƷǸǅ Ǵƛ -ĥ ¡(OHº ǳƴǁ

 .(Ĥģ) ( MOx+1

  Ħ-ĩ ǻƘǵ‌ǀǲŧƗǷ Ƙƛ ǠƛƘǎǭ ÛǀǽƘƾŧƗ ǨƛƘǡ ǼǩƋ ƳƗǸǭ ƷǸǊƭ ƷƳ
 ǨǭƘŧ  ǛƸǆǭ  ƤǕƘƛ  (OHº)  ǧƘǖǝ  ǯŤǾƾŧƗ  ǼŨǽƺǾǝ  ƙƶƩ
 ƟȅǸǆƮǭ  ǨǾŨǂơ  ƷƳ  ǼǽƘǾǮǾǁ  ƙƶƩ  Ƿ  ƳǸǁ‌Ǽǭ  ǼǩƋ  ƳƗǸǭ

 .(Ĥģ) ƴǲŧ‌Ǽǭ ƠŧƷƘǂǭ ǼƛƘƲƢǱƗ ǯǸǾƽƗƴǾƾŧƗ
Cox (OH0) → COx+1/2 O2 + H+                   (Ħ)

(ħ)
                                                                      (Ĩ)

                                                               COx +R → COx+RO                                   (ĩ)
 ǻƗƸƛ ƗƸƩƗ ǨƛƘǡ ƿǷƷ Ŧǽ ÛǯǸǾƽƗƴǾƾŧƗ ǼŨǽƺǾǝ ƙƶƩ ƸǾƾǭ
 ÛǼǩƋ ǯţǷƷƴǾǵ ǻƘǵƴǾƾŧƗ Ƹř ǨŨǁ ƗƸǽƹ ÛƠƽƗ ƙȆǉƘǝ ǴǾǞǆơ
 Ǵƛ Ƹƪǲǭ ǼǽƘǵ‌ǳƴǲǲŧ‌ǴǪƱƗƴǭ ǰǾǲš Ǵǽƺƪơ Ǵŧ ƠƽƗ ƷƗƴǽƘřƘǱ ƘƢƜƾǱ
 ƳƗƴǖơ  Ƙƛ  ǻƴǖƛ  ǻƘǵ‌‌ǳƴǲǲŧ‌ǴǪƱƗƴǭ  ǨǾŨǂơ  Ƿ  ǼǩǸŨǩǸǭ  ƠƾŨǁ
 ǰǽƗ Ƙơ ƴǲƛƘǽ‌‌Ǽǭ ǴǭƗƳƗ ǼǩƗǸƢǭ ǻƘǵ‌‌‌ǀǲŧƗǷ ǰǽƗ Ƿ ƳǸǁ‌Ǽǭ ƸƢǮŧ ǰƛƸŧ
 ƚǪǙƗ ƺǾǩǷƸƢŨǩƗ .(Ĥģ) ƴǱǸǁ ǨǾŨǂơ ƙƋ Ƿ ǰƛƸŧ ƴǾƾŧƗ ǻƳ Ǵŧ
 ƸƥǸǭ ǻƘǵ‌‌ƿǷƷ ǨǾǩƳ ǰǾǮǵ Ǵƛ Ûƴǲŧ‌‌Ǽǭ ǛƸǆǭ ƗƷ ǻƳƘǽƹ ǻţƸǱƗ
 ǯǸǾƽƗƴǾƾŧƗǷƸƢŨǩƗ  ƻƘƽƗ  Ƹƛ  ƙƋ  ǴǾǞǆơ  ǻƗƸƛ  ǼǽƘǾǮǾǁǷƸƢŨǩƗ

 ǻǸǡ ǻƘǵ‌ǯƗƴǾƾŧƗ ǼŨǽƸƢŨǩƗ ƴǾǩǸơ Ǵŧ ƠƽƘǵ‌‌ǳƴǲǽȅƋ ǬǾǢƢƾǭƸǾǙ
 ǼǮƽ ǼǩƋ ƳƗǸǭ Ǵǽƺƪơ ǻƗƸƛ ǻƸơƸƜƢǖǭ ƴǲǽƗƸǝ Ƿ ƳƸǾū‌‌Ǽǭ Ƹƛ ƷƳ ƗƷ
 ǯǸǾƽƗƴǾƾŧƗǷƸƢŨǩƗ  Ǵƛ  ƠƜƾǱ  ƗƷ  ǻƸƢǶƛ  ƨǽƘƢǱ  ǰǾǲš‌Ǭǵ  .ƠƽƗ
 Ǵƛ  ǼǽƘǾǮǾǁǷƸƢŨǩƗ  ǻƘǵ‌‌ƿǷƷ  .(ĥĩ)  ƴǽƘǮǱ‌‌Ǽǭ  ǬǵƗƸǝ  ǬǾǢƢƾǭ
 ǴƢǝƸū ƷƘŧ Ǵƛ ǼŬǱƷ ǻƘǵ‌ƙȆǉƘǝ ǴǾǞǆơ ƷƳ ǻƺǾǭƋ‌ƠǾǢǝǸǭ ƷǸǍ
 ƳǸƱ ǴǖǩƘǎǭ ƷƳ ǯƗƷƘǦǮǵ  Ƿ Daneshvar  ǧƘƦǭ ǯƗǸǲǕ Ǵƛ ÛƴǱƗ‌ǳƴǁ
 ēċ -Ĕċ  A/m2ǯƘǽƸƩ ǴƢǾƾǱƗƳ Ƙƛ ē min ǯƘǭƹ Ɵƴǭ ƷƳ ƴǲƢƾǱƗǸơ
 ǀǢǱ ǻǸƢř Ƿ Ǭǂř ƠŧƸǁ ƙƘƾř ŪǱƷ Ɵƴǁ ƹƗ ĕ Ĭħ ǯƗƺǾǭ Ǵƛ
 ǻƘǵƳǷƸƢŨǩƗ  Ƙƛ  ǼǽƘǾǮǾǁǷƸƢŨǩƗ  ƿǷƷ ǴǪǾƽǷ Ǵƛ  ƗƷ  ƺǽƸƜơ  ǯƘǶƩ
 ǯƘǭƹ ÛǴǖǩƘǎǭ ǰǽƗ ƷƳ ǴƩǸơ ǨƛƘǡ ǴƢŨǱ .(ĥĪ) ƴǲǽƘǮǱ Ǜƶƭ ǰǵƋ
 ǴǖǩƘǎǭ ƷƳ Ǵŧ ƠƽƗ ŪǱƷ Ǜƶƭ ǻȅƘƛ ǼǽƗƷƘŧ Ƿ ǰǾǽƘř ǀǲŧƗǷ
 Ƙƛ  Ǭŧ  ǯƘǭƹ  Ɵƴǭ ƷƳ  ȅƘƛ  ǼǽƗƷƘŧ  Ǵƛ  ǯƴǾƽƷ  Ǜƴǵ ƺǾǱ  ƸǉƘƭ
 ǯƗƷƘŨǮǵ Ƿ Jia ÛƸŬǽƳ ǻƗ‌‌ǴǖǩƘǎǭ ƷƳ .ƠƽƗ ƠǾǝƗƸū ǻƘǵƳǷƸƢŨǩƗ
 (ACF) ǧƘǖǝ ǰƛƸŧ ƸƜǾǝ ǻƘǵƳǷƸƢŨǩƗ Ƙƛ ǼǽƘǾǮǾǁǷƸƢŨǩƗ ƿǷƷ Ƙƛ
 ŪǱƷ ƹƗ ĕĔċ ¡čĨ V ţƘƢǩǷ Ƙƛ Ƿ ĩċ min ǯƘǭƹ Ɵƴǭ ƷƳ ƴǲƢƾǱƗǸơ
 ƴǲǽƗƸǝ ǼǽƗƷƘŧ ǴšƸū .(ĥģ) ƴǲǽƘǮǱ Ǜƶƭ ƗƷ COD ƹƗ ĕ ēċ Ƿ
 ƴǱƗǸơ‌Ǽǭ Ǵŧ  ƳǸƛ  ǼǱȅǸǍ ƷƘǾƾƛ  ǀǲŧƗǷ  ǯƘǭƹ  ƘǭƗ  ÛƳǸƛ  ƙǸǪǎǭ
 ǯƗƷƘŨǮǵ Ƿ Radha .ƴǵƳ ǀǽƗƺǝƗ ƗƷ ƴǲǽƗƸǝ ǼơƘǾǪǮǕ ǻƘǵ‌Ǵǲǽƺǵ
 ƙȆǉƘǝ ǼǩƋ ƳƗǸǭ ǼǽƘǾǮǾǁǷƸƢŨǩƗ ǀǵƘŧ ƠǶƩ Ǵŧ ǻƗ‌‌ǴǖǩƘǎǭ ƷƳ
 ƴǉ ƳȅǸǝ ƳǷƸƢŨǩƗ Ƿ ƴǱƋ ǯƗǸǲǕ Ǵƛ ƠǾǝƗƸū ƳǷƸƢŨǩƗ Ƙƛ ǼƩƘƾǱ
 ĕĩē Ƿ ŪǱƷ ĕĔĩ  ƴǲƢƾǱƗǸơ  ÛƴǱƳƗƳ  ǫƘƪǱƗ  ƴơƘŧ  ǯƗǸǲǕ Ǵƛ  ŪǱƹ
 Ǜƶƭ ċ/ĩ A ǯƘǽƸƩ Ƙƛ ĩċ min ǀǲŧƗǷ ǯƘǭƹ ƷƳ ƗƷ COD 
 ǼŨǽţǸǩǸǾƛ ǻƸǽƶř‌Ǵǽƺƪơ ǫƴǕ Ǵƛ ǴƩǸơ Ƙƛ ǰǽƗƸƛƘǲƛ .(Čč) ƴǲǽƘǮǱ
 ǻƘǵ‌ƿǷƷ  ƚƽƘǲǭ  ǼǽƗƷƘŧ  ǫƴǕ  Ƿ  Ơƾǽƹ  ǌǾƮǭ  ƷƳ  Ƙǵ‌ŪǱƷ
 ƹƗ  ǳƳƘǞƢƽƗ  ǫǷƺǩ  ÛƙȆǉƘǝ  ƹƗ  ŪǱƷ  Ǜƶƭ ƷƳ  ǴǾǞǆơ  ǧǷƗƴƢǭ
 ȆǭƘŧ ǼŬǱƷ ǻƘǵ‌ƙƘƾř ƹƗ  ŪǱƷ Ǜƶƭ ƠǶƩ ƚƽƘǲǭ ǼǁǷƷ
 ǼǽƘǾǮǾǁǷƸƢŨǩƗ  ǻƘǵƴǲǽƗƸǝ  ǻƘǽƗƺǭ  Ǵƛ  ǴƩǸơ  Ƙƛ  .ƠƽƗ  ƳǸǶǂǭ
 ƸǒǱ  Ǵƛ  ÛƙȆǉƘǝ  ƹƗ  ŪǱƷ  Ǜƶƭ  ǻƘǵ‌ƿǷƷ  ƸǽƘƽ  Ǵƛ  ƠƜƾǱ
 ƸƥǸǭ  ÛƴǭƋƷƘŧ  ǼǁǷƷ  ǯƗǸǲǕ  Ǵƛ  ƴǱƗǸƢƛ  ƴǲǽƗƸǝ  ǰǽƗ  Ǵŧ  ƴƽƷ‌Ǽǭ
 Ǵƛ ǋǸƛƸǭ ƟȆŨǂǭǷ ƳƳƸū ƫƸǎǭ Ơƾǽƹ ǌǾƮǭ Ƙƛ ƷƘūƹƘƽ Ƿ
 ǴǖǩƘǎǭ ǰǽƗ ƹƗ Ǜƴǵ ǰǽƗƸƛƘǲƛ .ƴǽƘǮǱ ǛƸǍƸƛ ƗƷ Ƙǵ‌ƿǷƷ ƸǽƘƽ
 ƿǷƷ  ƹƗ  ǳƳƘǞƢƽƗ  Ƙƛ  ǼƛƋ  ǻƘǵ‌‌ǌǾƮǭ  ƹƗ  ǼǩƋ  ǻƘǵ‌‌ŪǱƷ  Ǜƶƭ
 ƷƳ ƴǾǩǸơ ƻƘƽƗ Ƹƛ ƠǾǝƗƸū ǻƴǖƛ Ď ǻƘǵƳǷƸƢŨǩƗ Ƙƛ ƺǾǩǷƸƢŨǩƗ
 Ǵƛ ŪǱƷ ǨǭƘŧ Ǜƶƭ ǰƢǝƸū ƸǒǱ ƷƳ Ƙƛ Ƿ ǷƸǪŧǸŚǾǵ ƴǾƽƗ ǻƘƩ
 ǼŬǱƷ  ǨǭƘǕ  ƹƗ  ǯƋ  ƷƳ  Ǵŧ  ƠƾƛǸǪǎǭ  ǯƘǭƹ  Ǵƛ  ǯƴǾƽƷ  ƷǸǒǲǭ

R+XH2O→ROx+1/2CO2+2XH++2Xe-

COx+1→COx+1/2 O2

2R+Cox (OH0) → ½ ROO +H++ e- + COx
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ĦĨī

 ǳƳƘǞƢƽƗ ǼǩƋ ŪǱƷ ǻƘǵ‌‌ǄƱƘǁ ǯƗǸǲǕ Ǵƛ ƳƷ Ǩǲǝ Ƿ ǰǾƖǩƘƢǝ Ǩǲǝ
.ƠƽƗ ǳƴǁ

Ƙǵ‌ƿǷƷ Ƿ ƳƗǸǭ
 ƷƳ  Ƿ  ǼƛƸƪơ  ƟƷǸǅ  Ǵƛ  ČĎēē  ǯƘƢƾƛƘơ  ƷƳ  ǴǖǩƘǎǭ  ǰǽƗ.....
 ǳƴŨǂǱƗƳ  ƙȆǉƘǝ  Ƿ  ƙƋ  ǳƘŬǂǽƘǭƹƋ  ƷƳ  ǼǵƘŬǂǽƘǭƹƋ  ƻƘǾǢǭ
 ǼǽƘǾǮǾǁǷƸƢŨǩƗ ƷǸƢǥƗƷ ǯǷƷƳ Ƿ ǼƢǂǶƛ ƴǾǶǁ ǳƘŬǂǱƗƳ ƠǁƗƴǶƛ
 ǰǽƗ ƷƳ ǳƳƘǞƢƽƗ ƳƷǸǭ ƙƘƾř .ƴǽƳƸū ǫƘƪǱƗ ǴƢƽǸǾřƘǱ ƟƷǸǅ Ǵƛ
 Ǩǲǝ  ǧǸǪƮǭ  ċ/čĨ  mL  ǧȆƮǱƗ  ƹƗ  ŦǾƢƢǲƽ  ƷǸǍ  Ǵƛ  ǴǖǩƘǎǭ
 ƷƳ ǄǩƘƱ ǰǾƖǩƘƢǝ Ǩǲǝ ċ/Ĩ g) ¡(Phenolphthalein) ǰǾƖǩƘƢǝ
 Ƿ C20H14O4 ǼǽƘǾǮǾǁ ǧǸǭƸǝ Ƙƛ (ĕĔĒ ŦǾǪǾơƗ ǨŨǩƗ Čċċ mL
 ǼǽƘǾǮǾǁ ǧǸǭƸǝ Ƙƛ (Phenol red)  ǄǩƘƱ ƳƷ Ǩǲǝ Ĩ  g ǧȆƮǱƗ
 Ƙǵ‌ŪǱƷ ǰǽƗ .ƴǽƳƸū ǴǾǶơ ǼǱƴǾǭƘǁƋ ƙƋ ƸƢǾǩ Ŧǽ ƷƳ C19H14O5S
 .ƴǱǸǁ‌Ǽǭ ǳƳƘǞƢƽƗ ƸūƘƽƘǲǁ ǯƗǸǲǕ Ǵƛ Ǵŧ ƴǲƢƾǵ ǼǩƋ ƟƘƜǾŧƸơ ƹƗ
 ÛǻƴǾƽƗ ǻƘǵ‌ǌǾƮǭ ƷƳ Ǵŧ ƠƽƗ ǬǶǭ ǻƘǵ‌ǛƸǖǭ ƹƗ ǰǾƖǩƘƢǝ Ǩǲǝ
 ƠƽƗ ŪǱƷ‌Ǽƛ Ƿ ǼǱƗǸǙƷƗ ÛŪǱƷ‌Ǽƛ ƚǾơƸơ Ǵƛ ƴǽƴǁ ǻƹƘƛ Ƿ ǻƹƘƛ

 ƷƳ  Ǵŧ  ǳƳǸƛ  ǰǾƖǩƘƢǝ  ǯǸǞǩǸƽ  ǻƘǵƸūƘƽƘǲǁ  ǴƢƽƳ  ƹƗ  ƳƷ  Ǩǲǝ  Ƿ
 ǼǭƘǮơ  .ƠƽƗ  ƺǭƸǡ  Ƿ  ƳƷƹ  ƚǾơƸơ  Ǵƛ  ǼǽƘǾǪǡ  Ƿ  ǻƴǾƽƗ  ǌǾƮǭ
 .ƳǸƛ ǯƘǮǩƋ ťƸǭ ƠŧƸǁ ǴƢƱƘƽ ǳƳƘǞƢƽƗ ƳƷǸǭ ǼǽƘǾǮǾǁ ƟƘƜǾŧƸơ
 .ƠƽƗ ǳƴǭƋ Č ǧǷƴƩ ƷƳ ǳƳƘǞƢƽƗ ƳƷǸǭ ǻƗƹ‌ŪǱƷ ƳƗǸǭ ƟƘǆƲǂǭ
 ǻƗ‌‌ǴǂǾǁ ǴǒǞƮǭ Ŧǽ ǨǭƘǁ ƺǾǩǷƸƢŨǩƗ ƴƭƗǷ Ǵƛ ǋǸƛƸǭ ƟƗƺǾǶƪơ
 Ƙƛ  Čħ×ČČ/Ĩ×ČČ/Ĩ  cm  ǳƹƗƴǱƗ  ƷƳ  ǨǾǎƢƾǭ  ƚǖŨǭ  ǨŨǁ  Ǵƛ
 ƹƗ  ƴơƘŧ  Ƿ  ƴǱƋ  ƳǷƸƢŨǩƗ  ƳƴǕ č ǯƋ  ƷƳ  Ǵŧ  ƳǸƛ  Č  LƸƥǸǭ  Ǭƪƭ
 Ǵƛ  Ƿ  ƴǲƢǝƸū  ƷƗƸǡ  Č  ×Č×ČĎ/Ĩ  cm   ƳƘǖƛƗ  Ǵƛ  ƠǾǝƗƸū  ƼǲƩ
 ǬǾǢƢƾǭ Ǵƛ ƙǷƘǲƢǭ ǟƸƛ ǧƴƜǭ ƼǱƗƸơ Ŧǽ Ǵƛ ǻţƸǱƗ ǰǾǭƘơ ƷǸǒǲǭ
 Ƹƛ ǋȆƢƱƗ ƳƘƪǽƗ ƷǸǒǲǭ Ǵƛ ƷǸƢǥƗƷ Ǩŧ ƼŚƽ .ƴǱƴǽƳƸū ǨǆƢǭ
 ǋǸƛƸǭ pH .(Ĥ ǨŨǁ) ƠǝƸū ƷƗƸǡ ǼƾǾǍƘǲǚǭ ǯƹ‌Ǭǵ Ŧǽ ǻǷƷ
 NaOH ǧǸǪƮǭ ƹƗ ǳƳƘǞƢƽƗ Ƙƛ ǰǾƖǩƘƢǝ Ǩǲǝ ŪǱƷ ǻǷƘƭ ƙƘƾř Ǵƛ
 ǬǾǒǲơ  ĩ/Ĩ  ǳƳǷƴƮǭ  ƷƳ  ƳƷ  Ǩǲǝ  Ƿ  Ĭ  ǳƳǷƴƮǭ  ƷƳ  ǧƘǭƸǱ  Ŧǽ
 ƙƘƾř  ƹƗ  Ĕċċ  mL  Ƙƛ  ǯƺƲǭ  ǀǽƘǭƹƋ  ƹƗ  ǴǪƭƸǭ  Ƹǵ  ƷƳ  .ƴǁ
 ¡(ħē  Ƿ  Čč¡čħV)  ţƘƢǩǷ  ǻƘǵƸƢǭƗƷƘř  ƸǾƥƘơ  Ƿ  ƴǽƳƸū  Ƹř  ǼŬǱƷ
 (ĕĬĬ) ƠǾǩǷƸƢŨǩƗ ƠǒǪǙ Ƿ (Ĕ Ƿ Ē¡Ĩ¡Ħcm) ƳǷƸƢŨǩƗ ǰǾƛ ǴǪǅƘǝ
 ǴǎǢǱ  ƹƗ  ŪǱƷ  ǨǭƘŧ  Ǜƶƭ Ƹƛ  (ĥǷ  Ĥ/Ĩ  ¡ģÛĤ/Ĩ  g/L)  NaCl

 ÛƠǲŬǭ ǴǪǾǭ -Ħ ÛƴơƘŧ-ĥ ÛƴǱƋ -Ĥ) ǴǖǩƘǎǭ ƷƳ ǳƳƘǞƢƽƗ ƳƷǸǭ ǼǽƘǾǮǾǁǷƸƢŨǩƗ ƷǸƢǥƗƷ ǻƘǮǱ :Ĥ ǨŨǁ 
(ǬǾǢƢƾǭ ǟƸƛ ǔƜǲǭ -ĩ ÛǼƾǾǍƘǲǚǭ ǯƺǮǵ -Ĩ ÛƷǸƢǥƗƷ -ħ

ǼǝƸǆǭ ǻƗƹ‌ŪǱƷ ƳƗǸǭ ƟƘǆƲǂǭ :Ĥ ǧǷƴƩ
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ĦĨĬ

 ƹƗ  ƟƘǂǽƘǭƹƋ  ǼǍ  ƷƳ  .ƴǽƳƸū  ǼƽƷƸƛ  ƚƽƘǲǭ  ƴǱƘǭ  ǯƘǭƹ  ƸǒǱ
 ǻƘǵ‌‌ǯƘǭƹ ƷƳ ÛŪǱƷ ǨǭƘŧ Ǜƶƭ Ǵƛ ǯƴǾƽƷ ǯƘǭƹ Ƙơ ƷǸƢǥƗƷ ǯǷƷƳ
 ǠƛƘǎǭ ƸǒǱ ƳƷǸǭ ǻƘǵƸƢǭƗƷƘř .ƴǭƋ ǨǮǕ Ǵƛ ǻƷƗƳƸƛ‌‌ǴǱǸǮǱ ǜǪƢƲǭ
 Ƙƛ pH) ƙȆǉƘǝ Ƿ ƙƋ ƟƘǂǽƘǭƹƋ ǻƗƸƛ ƳƷƗƴǱƘƢƽƗ ǻƘǵ‌‌ƿǷƷ Ƙƛ
 ƿǷƷ Ƙƛ  COD  ¡Corning 120  ƸƢǭ pH  ǳƘŬƢƽƳ ƹƗ  ǳƳƘǞƢƽƗ
 ǰǾǩƘƢǝ  Ǩǲǝ  ŪǱƷ  Ƿ  Open Reflux-Colorimetric-5220B
 ǳƳƘǞƢƽƗ Ƙƛ ħĎČǷ ĨĨč nm ǻƘǵ‌ƧǸǭ ǧǸǍ ƷƳ ƚǾơƸơ Ǵƛ ƳƷ ǨǲǝǷ
 (ģ/ģģĤ ǄǾƲǂơ ƴƭ Ƙƛ DR5000 ƸƢǭǸƢǝǷƸƢŨŚƽƗ ǳƘŬƢƽƳ ƹƗ
 ƴǽƳƸū ƷƗƸŨơ ƷƘƛ Ħ ƟƘǂǽƘǭƹƋ ƹƗ ǫƗƴŧ Ƹǵ .(ĥī) ƴǁ ǻƸǾū‌ǳƹƗƴǱƗ
 ƳƷ Ǩǲǝ Ƿ ǰǾƖǩƘƢǝ Ǩǲǝ ŪǱƷ ǨǭƘŧ Ǜƶƭ ǯƘǭƹ Ƹƛ ƘǵƸǾǚƢǭ ƸǾƥƘơ Ƿ
 ǻƘǵƷƗƳǸǮǱ Ƿ ǰǾǾǖơ SPSS (Version18) ƷƗƺǝƗ‌ǫƸǱ ƹƗ ǳƳƘǞƢƽƗ Ƙƛ

.ƴǁ ǬǾƽƸơ Excel ƷƗƺǝƗ‌ǫƸǱ ƹƗ ǳƳƘǞƢƽƗ Ƙƛ ǋǸƛƸǭ

Ƙǵ‌ǴƢǝƘǽ
 ƹƗ  ǳƳƘǞƢƽƗ  Ƙƛ  ƺǾǩǷƸƢŨǩƗ  ƴǲǽƗƸǝ  Ûǳƴǁ  ǫƘƪǱƗ  ǴǖǩƘǎǭ  ƷƳ.....
 ƳƷ  Ǩǲǝ  Ƿ  ǰǾƖǩƘƢǝ  Ǩǲǝ  ǼǽƗƳƹ  ŪǱƷ ǻƗƸƛ  ƠǾǝƗƸū  ǻƘǵƳǷƸƢŨǩƗ
 Ƿ  NaCl  ŦǮǱ  ƠǒǪǙ  ÛţƘƢǩǷ  ǻƘǵƸǾǚƢǭ  ƸǾƥƘơ  .ƴǽƳƸū  ǳƳƘǞƢƽƗ
 ƳƷǸǭ  ǯƘǭƹ  ƻƘƽƗ  Ƹƛ  Ǜƶƭ ǯƘǭƴǱƗƷ  Ƹƛ  ƘǵƳǷƸƢŨǩƗ  ǰǾƛ  ǴǪǅƘǝ
 ƨǽƘƢǱ Ǵŧ ƠǝƸū ƷƗƸǡ ǼƽƷƸƛ ƳƷǸǭ ŪǱƷ ǨǭƘŧ Ǜƶƭ ƠǶƩ ƹƘǾǱ
 ǼƽƷƸƛ ƷǸǒǲǭ Ǵƛ  .ƠƽƗ ǳƴǁ ǳƳƗƳ ǀǽƘǮǱ ĥ -Ī ǻƘǵ‌ǨǦǁ ƷƳ
 ƳƷǸǭ ħī ǷĤĥÛĥħV ţƘƢǩǷ ǳƳǷƴƮǭ Ħ ƷƳ ƟƘǂǽƘǭƹƋ ÛţƘƢǩǷ ƸƥƗ
 ƳƷǸǭ ǯƘǭƹ Ƹƛ ţƘƢǩǷ ƸǾƥƘơ Ħ Ƿĥ ǻƘǵ‌ǨǦǁ. ƠǝƸū ƷƗƸǡ ǼƽƷƸƛ
 ƹƗ Ǵŧ ƷǸǍ ǯƘǮǵ .ƴǵƳ‌Ǽǭ ǯƘǂǱ ƗƷ ŪǱƷ ǨǭƘŧ Ǜƶƭ ǻƗƸƛ ƹƘǾǱ
 ǷƳ ƷƳ ǳƴǁ ǧƘǮǕƗ ţƘƢǩǷ ǀǽƗƺǝƗ Ƙƛ ÛƳǸǁ Ǽǭ ǳƴǵƘǂǭ Ƙǵ‌ǨǦǁ
 Ƹǵ Ǜƶƭ ƳǷƸƢǦǩƗ ƹƗ ǴǪǅƘǝ Ƹǵ ƷƳ Ĥĥ - ħī VƹƗ ƳǷƸƢǦǩƗ Ƹƽ
 ƳǸƱ Ǵƛ  ƗƷ  ǻƸƢǮǥ ǯƘǭƹ ÛƳƷ Ǩǲǝ  Ƿ ǰǾƖǩƘƢǝ  Ǩǲǝ  ŪǱƷ ǓǸǱ  ǷƳ

  (ŦǮǱ ǯƳǷƺǝƗ ǯǷƴƛ) Ĭ Ƿ Ī ¡Ĩ ¡Ħ cm ǜǪƢƲǭ ǨǅƗǸǝ ƷƳ ǀǲŧƗǷ ǯƘǭƹ ƻƘƽƗƸƛ ǰĠƖǩƘƢǝ Ǩǲǝ ŪǱƷ Ǜƶƭ Ƹƛ ţƘƢǩǷ ƸĠƥƘơ :ĥǨǦǁ

    (ŦǮǱ ǯƳǷƺǝƗ ǯǷƴƛ) Ĭ Ƿ Ī ¡Ĩ ¡Ħ cm ǜǪƢƲǭ ǨǅƗǸǝ ƷƳ ǀǲŧƗǷ ǯƘǭƹ ƻƘƽƗ Ƹƛ ƳƷ Ǩǲǝ ŪǱƷ Ǜƶƭ Ƹƛ ţƘƢǩǷ ƸĠƥƘơ :Ħ ǨǦǁ
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Ħĩģ

 ǴǪǅƘǝ ƷƳ ÛǰǾƖǩƘƢǝ Ǩǲǝ ŪǱƷ ǻƗƸƛ Ǵǥ ǻƷǸǍ Ǵƛ .ƴǵƳ‌Ǽǭ ǃƘǆƢƱƗ
 Ƙƛ ǴǪǅƘǝ ǰǾǮǵ ƷƳ Ƿ ĥĩ min ǀǲŧƗǷ ǯƘǭƹ Ûħī vţƘƢǩǷ Ƙƛ Ħ cm
         .ƠƽƗ ǴƢǝƘǽ ǀǽƗƺǝƗ ĬĨ min Ǵƛ ǀǲŧƗǷ ǯƘǭƹ Û Ĥĥ V ţƘƢǩǷ

 Ħ cm  ǴǪǅƘǝ ƷƳ ÛƳƷ Ǩǲǝ ŪǱƷ ǻƗƸƛ ǴƛƘǂǭ ƷǸǍ Ǵƛ ǰǾǲš‌Ǭǵ
 Ƙƛ  ǴǪǅƘǝ  ǰǾǮǵ  ƷƳ  Ƿ  Ħģ  min  ǀǲŧƗǷ  ǯƘǭƹ  Ûħī  V  ţƘƢǩǷ  Ƙƛ
 .ƠƽƗ ǴƢǝƘǽ  ǀǽƗƺǝƗ  Ĥģĥ  min   Ǵƛ  ǀǲŧƗǷ ǯƘǭƹ Ĥĥ  V  ţƘƢǩǷ
 ǯƘǭƴǱƗƷ   Ħcm ǴǪǅƘǝ ƷƳ Ƿ ħī V  ţƘƢǩǷ ƷƳ ƸŬǽƳ ƟƷƘƜǕ Ǵƛ
 ǴƛĤĥ  VţƘƢǩǷ Ǵƛ ƠƜƾǱ ƳƷ Ǩǲǝ Ƿ ǰǾƖǩƘƢǝ Ǩǲǝ ǻƘǵ‌ŪǱƷ Ǜƶƭ
 ƺǾǩƘǱƋ ƹƗ ǳƳƘǞƢƽƗ Ƙƛ ÛƠƽƗ ǴƢǝƘǽ ǀǽƗƺǝƗ ĕ ĪģǷ ĕ ĪĥƚǾơƸơ
 ƳƷǸǭ ǯƘǭƹ Ƹƛ ƘǵƳǷƸƢŨǩƗ ǴǪǅƘǝ Ƿ ţƘƢǩǷ ƸƥƗ ǨǽƷǸƢŧƘǝ ƼǱƘǽƷƗǷ
 ģ/ģĨƬǎƽ ƷƳ  ƳƷ Ǩǲǝ Ƿ ǰǾƖǩƘƢǝ Ǩǲǝ ŪǱƷ ǨǭƘŧ Ǜƶƭ ǻƗƸƛ ƹƘǾǱ
 Ĩ- Ī cm  ǴǪǅƘǝ Ƿ ĥħ VţƘƢǩǷ ǨƛƘǢƢǭ ƸƥƗ ǰǾǲš‌Ǭǵ .ƠƽƷƗƳ‌Ǽǲǖǭ

 Ǽǲǖǭ  ǰǾƖǩƘƢǝ  Ǩǲǝ  ŪǱƷ  ǨǭƘŧ  Ǜƶƭ ǻƗƸƛ  ƹƘǾǱ  ƳƷǸǭ  ǯƘǭƹ  Ƹƛ
 Ǜƶƭ Ƹƛ ƘǵƳǷƸƢŨǩƗ ǰǾƛ ǴǪǅƘǝ ƸǾƥƘơ Ĩ Ƿ ħ ǻƘǵ‌ǨǦǁ .ƠƽƷƗƳ
 Ǵŧ ǴǱǸū‌ǯƘǮǵ ÛƴǵƳ‌Ǽǭ ǯƘǂǱ ƗƷ ǜǪƢƲǭ ǻƘǵţƘƢǩǷ ƷƳ ŪǱƷ ǨǭƘŧ
 Ƙơ Ħ cm ƹƗ ƘǵƳǷƸƢŨǩƗ ǰǾƛ ǴǪǅƘǝ Ǵŧ ǼǭƘŬǲǵ ÛƳǸǁ‌Ǽǭ ǳƴǵƘǂǭ
 ǀǽƗƺǝƗ ƺǾǱ ǀǲŧƗǷ ǯƘǭƹ ÛţƘƢǩǷ Ǵƛ ǴƩǸơ Ƙƛ ÛƴƛƘǽ‌Ǽǭ ǀǽƗƺǝƗ Ĭ
 ǀǽƗƺǝƗ Ƙƛ Ǵŧ ǻƷǸǍ Ǵƛ ÛƴƛƘǽ‌Ǽǭ ǀǵƘŧ ŪǱƷ Ǜƶƭ ǯƘǭƴǱƗƷ Ƿ
 ǀǲŧƗǷ ǯƘǭƹ ĥħ V  ţƘƢǩǷ ƷƳ Ĭ Ƙơ Ħ cm ƹƗ ƘǵƳǷƸƢŨǩƗ ǰǾƛ ǴǪǅƘǝ
 ĩī Ǵƛ ħĩ min ƹƗ Ƿ ǰǾƖǩƘƢǝ Ǩǲǝ ŪǱƷ ǻƗƸƛ Īģ min Ǵƛ ħĥ ƹƗ

.ƠǝƘǽ ǀǽƗƺǝƗ ƳƷ Ǩǲǝ ǻƗƸƛ
 ŪǱƷ ǨǭƘŧ Ǜƶƭ ǻƗƸƛ ǀǲŧƗǷ ǯƘǭƹ Ƹƛ NaCl ŦǮǱ ƠǒǪǙ ƸƥƗ
 .ƠƽƗ ǳƴǁ ǳƳƗƳ ǯƘǂǱ ǜǪƢƲǭ ǨǅƗǸǝ ƷƳ Ī Ƿ ĩ ǻƘǵ‌ǨǦǁ ƷƳ
 ǧǸǪƮǭ ƳƗǸǭ ǀǽƗƺǝƗ ÛƳǸǁ‌Ǽǭ ǳƴǵƘǂǭ Ƙǵ‌ǨǦǁ ƷƳ Ǵŧ ƷǸǍ ǯƘǮǵ

شكل4: تاثیر فاصله بین الکترودها بر حذف رنگ فنل فتالئین بر اساس زمان واکنش در ولتاژهای مختلف V 12، 24 و 48  

شكل 5: تاثیر فاصله بین الکترودها بر حذف رنگ فنل رد بر اساس زمان واکنش در ولتاژهای مختلف v  24 ،12و48   
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ĦĩĤ

 Ǵƛ ÛƴǵƳ‌Ǽǭ ǀǵƘǥ ǜǪƢƲǭ ǨǅƗǸǝ ƷƳ ƗƷ ǀǲŧƗǷ ǯƘǭƹ ÛƙƋ ƷƳ
 ¡ĥ  Ƙơ  ģ/Ĩ   g/LƹƗ  NaCl  ŦǮǱ  ƠǒǪǙ  ǀǽƗƺǝƗ  Ƙƛ  Ǵǥ  ǻƷǸǍ
 Ħ cm ǴǪǅƘǝ ƷƳ ƳƷ Ǩǲǝ ŪǱƷ ǨǭƘŧ Ǜƶƭ ǻƗƸƛ ǀǲŧƗǷ ǯƘǭƹ
 ŪǱƷ ǨǭƘŧ Ǜƶƭ ǻƗƸƛ ǴƛƘǂǭ ƷǸǍ Ǵƛ Ƿ ĕħĨ ÛƘǵƳǷƸƢŨǩƗ  ǰǾƛ
 ŪǱƷ Ǜƶƭ ǯƘǭƴǱƗƷ ǰǽƗƸƛƘǲƛ Ƿ ƴƛƘǽ‌Ǽǭ ǀǵƘŧ ĕħĥ ÛǰǾƖǩƘƢǝ Ǩǲǝ
 Ǩǲǝ  ŪǱƷ  ǨǭƘŧ  Ǜƶƭ  ǻƗƸƛ  ǌǽƗƸǁ  ǰǽƸƢǶƛ  .ƴƛƘǽ‌Ǽǭ  ǀǽƗƺǝƗ
 Ǵŧ ƴǁ ǨǅƘƭ  ĥ g/L ŦǮǱ ƠǒǪǙ Ƙƛ Ƿ Ĩ cm ǴǪǅƘǝ ƷƳ ƳƷ
 g/L ŦǮǱ ƠǒǪǙ Ǵƛ ƠƜƾǱ Ƿ ƳǸƛ ī min ǯƋ ƷƳ ǀǲŧƗǷ ǯƘǭƹ
 Ǜƶƭ ǻƗƸƛ ǴǲǾǶƛ ǌǽƗƸǁ .ƳƗƳ ǯƘǂǱ ƗƷ ǻƸƢǶƛ ǯƘǭƴǱƗƷ ĕĩģ ¡ģ/Ĩ
 Ƿ Ĥ/Ĩ  g/L   ŦǮǱ  ƠǒǪǙ ǌǽƗƸǁ ƷƳ ǰǾƖǩƘƢǝ  Ǩǲǝ  ŪǱƷ ǨǭƘŧ
 Ƿ ƳǸƛ Ĭ min ǀǲŧƗǷ ǯƘǭƹ ǯƋ ƷƳ Ǵŧ ƴǁ ǨǅƘƭ Ĩ cm ǴǪǅƘǝ
 ǯƘǭƴǱƗƷ ĕĪģ ¡ģ/Ĩ g/L ŦǮǱ ƠǒǪǙ Ƙƛ ǴƛƘǂǭ ǌǽƗƸǁ Ǵƛ ƠƜƾǱ

 ƸƥƗ ÛǨǽƷǸƢŧƘǝ ƼǱƘǽƷƗǷ ƺǾǩƘǱƋ ƹƗ ǳƳƘǞƢƽƗ Ƙƛ .ƳƗƳ ǯƘǂǱ ƗƷ ǻƸƢǶƛ
 Ǜƶƭ ǻƗƸƛ ƹƘǾǱ ƳƷǸǭ ǯƘǭƹ Ƹƛ ƘǵƳǷƸƢŨǩƗ ǴǪǅƘǝ Ƿ ŦǮǱ ƠǒǪǙ
 .ƠƽƷƗƳ Ǽǲǖǭ ģ/ģĨ Ƭǎƽ ƷƳ ƳƷ Ǩǲǝ Ƿ ǰǾƖǩƘƢǝ Ǩǲǝ ŪǱƷ ǨǭƘŧ
 Ĩ Ƙơ Ħ cm ǴǪǅƘǝ ƷƳ Ĥ/Ĩ g/L ŦǮǱ ƠǒǪǙ ǨƛƘǢƢǭ ƸƥƗ ǰǾǲš‌Ǭǵ
 ƳƷǸǭ ǯƘǭƹ Ƹƛ Ī Ƙơ Ħ cm ǴǪǅƘǝ ƷƳ ĥ g/L  ŦǮǱ ƠǒǪǙ ƺǾǱ Ƿ
  ĥ g/LŦǮǱ ƠǒǪǙ Ƿ ǰǾƖǩƘƢǝ Ǩǲǝ ŪǱƷ ǨǭƘŧ Ǜƶƭ ǻƗƸƛ ƹƘǾǱ
 ŪǱƷ ǨǭƘŧ Ǜƶƭ ǻƗƸƛ ƹƘǾǱ ƳƷǸǭ ǯƘǭƹ Ƹƛ Ĭ Ƙơ  Ī cm ǴǪǅƘǝ ƷƳ

 .ƠƽƷƗƳ Ǽǲǖǭ ģ/ģĨƬǎƽ ƷƳ ƳƷ Ǩǲǝ

ƤƮƛ
 ƚǽƸƲơ Ǵƛ ƴǱƗǸơ‌Ǽǭ ţƘƢǩǷ ǀǽƗƺǝƗ Ƙƛ ƴǲǽƗƸǝ ǯƘǭƴǱƗƷ ǀǽƗƺǝƗ.....
 ǼǽƘǾǮǾǁǷƸƢŨǩƗ  ǯǸǾƽƗƴǾƾŧƗ  ƸƥƗ  ƷƳ  ƙƘƾř  ƷƳ  ǼǩƋ  ǻƘǵ‌ǳƴǲǽȅƋ

                 48 v 3، 5، 7 و 9 با ولتاژ ثابت cm  بر حذف رنگ فنل فتالئین بر اساس زمان واکنش در فواصل مختلف NaCl شكل 6: تاثیر غلظت نمک

 48 v 3، 5، 7 و 9 با ولتاژ ثابت cm بر حذف رنگ فنل رد  بر اساس زمان واکنش در فواصل مختلف NaCl شكل 7: تاثیر غلظت نمک
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Ħĩĥ

 ǻƘǵ‌ǧƘŨǽƳƗƷ ƴǾǩǸơ Ƿ ǻǸǡ ǼŨǽƸƢŨǩƗ ǯƗƴǾǭ Ŧǽ ǨǾŨǂơ ǨǾǩƳ Ǵƛ
 ǳƳƗƳ ƠƜƾǱ ƸơȅƘƛ ǻƘǵţƘƢǩǷ ƷƳ H2O2 Ƿ OH°,O°,H+ ƴǲǱƘǭ ƳƗƹƋ
 .(ĥģ) ƴǵƳ‌Ǽǭ ǀǵƘŧ ƗƷ ƴǲǽƗƸǝ ǫƘƪǱƗ ǯƘǭƹ ƸǭƗ ǰǽƗ ƗƸǽƹ ÛƳǸǁ
 ǴƪǾƢǱ  ƷƳ  ÛǳƳƗƳ  ǀǽƗƺǝƗ  ƗƷ  ƴǱƋ  ǨǾƾǱƘƢř  ÛǧǸǪƽ  ţƘƢǩǷ  ǀǽƗƺǝƗ
 .(ĥĤ)  ƴǵƳ‌Ǽǭ  ǀǽƗƺǝƗ  ƗƷ  ǀǲŧƗǷ  ƠǕƸƽ  Ƿ  ƴǱƋ  ǯǸǾƽƗƴǾƾŧƗ
 Ǜƶƭ ƠǶƩ Ǵŧ ǻƗ‌ǴǖǩƘǎǭ  ƷƳ ƺǾǱ  ǯƗƷƘŨǮǵ Ƿ Daneshvar
 ǰǽƗ  Ǵƛ  ƴǱƳƗƳ  ǫƘƪǱƗ  ǼŨǽƸƢŨǩƗ  ƳƘǢǖǱƗ  ƿǷƷ Ƙƛ  ĥ  ǼƪǱƷƘǱ  ŪǱƷ
 ǴǎƛƗƷ ţƘƢǩǷ ǀǽƗƺǝƗ Ƙƛ ƙȆǉƘǝ ƹƗ ŪǱƷ Ǜƶƭ Ǵŧ ƴǱƴǾƽƷ ǴƪǾƢǱ
 ƹƗ ǼŧƘƭ ƺǾǱ ǯƗƷƘŨǮǵ Ƿ Dalvand ƿƷƗƺū .(ħ) ƳƷƗƳ ǬǾǢƢƾǭ
 ǨǭƗǸǕ  ƳƘƪǽƗ  Ƙƛ  ǼǽƘǾǮǾǁǷƸƢŨǩƗ  ƿǷƷ ƹƗ  ǳƳƘǞƢƽƗ  Ǵŧ  ƠƽƗ  ǯƋ
 ǻƸƥǸǭ ƷǸǍ Ǵƛ Ħģ min ƹƗ Ƽř ħģ V ţƘƢǩǷ ƷƳ ǳƴǲǲŧ ƴǾƾŧƗ
 ƴǽƳƸū ĤĬī ƺǭƸǡ  ǸǾƢŧƗ  ǻƷ ŪǱƷ ƹƗ  ĕĬĬ/ģħ Ǜƶƭ Ǵƛ  Ƹƪǲǭ

  .(ĥĥ)
 ǴǪǅƘǝ Ƿ ǯƘǽƸƩ ǴƢǾƾǱƗƳ ÛǧǸǪƽ ţƘƢǩǷ ǰǾƛ ÛƺǾǩǷƸƢŨǩƗ ƴǲǽƗƸǝ ƷƳ
 ǰǾƛ ǴǪǅƘǝ ǀǽƗƺǝƗ Ƙƛ .ƳƷƗƳ ƳǸƩǷ ǼŨǽƳƺǱ ǴǎƛƗƷ ƘǵƳǷƸƢŨǩƗ ǰǾƛ
 ǻƗƸƛ  ǰǽƗƸƛƘǲƛ  .ƴƛƘǽ‌Ǽǭ  ǀǽƗƺǝƗ  ǼŨǽƸƢŨǩƗ  ǯƘǽƸƩ  ÛƘǵƳǷƸƢŨǩƗ
 ƴƛƘǽ ǀǽƗƺǝƗ ƴǽƘƛ ţƘƢǩǷ ÛǰǾǖǭ ǯƘǽƸƩ ǴƢǾƾǱƗƳ Ŧǽ Ǵƛ ǼƛƘǽ‌ƠƽƳ
 Ǵŧ ƠƽƗ ǧǸǪƮǭ ƠǭǷƘǢǭ ǀǽƗƺǝƗ ƠǪǕ Ǵƛ ţƘƢǩǷ ǀǽƗƺǝƗ ǰǽƗ .(ħ)
 ÛƘǵƳǷƸƢŨǩƗ ǴǪǅƘǝ ǀǽƗƺǝƗ Ƿ ƠǾǩǷƸƢŨǩƗ ƷƗƴǢǭ ǯƴǱƘǭ ƠƛƘƥ ƸƥƗ ƷƳ
 Ƙǽ Ƿ ǯƘǭƴǱƗƷ ǀǵƘŧ ǰǽƗ .(ĥĦ) ƴƛƘǽ‌Ǽǭ ǀǵƘŧ Ǜƶƭ ǯƘǭƴǱƗƷ
 ǼǪƱƗƳ  ƙƶƩ  ǀǵƘŧ  ǨǾǩƳ  Ǵƛ  ƴǱƗǸơ‌Ǽǭ  ǀǲŧƗǷ  ǯƘǭƹ  ǀǽƗƺǝƗ
 ƴǁƘƛ ŦǾơƘƢƽƗǷƸƢŨǩƗ ƙƶƩ ǀǵƘŧ Ƿ ǨǾƾŧǷƷƴǾǵ ǻƘǵ‌ǧƘŨǽƳƗƷ
 Ǵƛ  ǀǲŧƗǷ  Ƿ  ǀǲŧ‌ǬǵƸƛ  ǻƘǵ‌ǯƘŨǭ  ÛǴǪǅƘǝ  ǯƴǁ  Ǭŧ  Ƙƛ  .(ħ)
 Ǜƶƭ ǯƘǭƴǱƗƷ Ƿ ǴƢǝƘǽ ǀǽƗƺǝƗ ÛƠǒǪǙ ǼǖǉǸǭ ǀǽƗƺǝƗ ƚƩǸǭ
 ǳƴǵƘǂǭ Ĩ Ƿ ħ ‌ǻƘǵ‌ǨǦǁ ƷƳ Ǵŧ ƷǸǍ‌ǯƘǮǵ .(ĥĦ) ƴƛƘǽ‌Ǽǭ ǀǽƗƺǝƗ
 ǓǸǱ ǷƳ Ƹǵ ǨǭƘŧ Ǜƶƭ ǻƗƸƛ ǫƹȅ ǯƘǭƹ ÛǴǪǅƘǝ ǀǵƘŧ Ƙƛ ƳǸǁ‌Ǽǭ
 Ƙǵ‌ǯǸǾǱƋ ǴǾǪƲơ ǔǽƸƾơ ǨǾǩƳ Ǵƛ ǳƴǽƴř ǰǽƗ Ǵǥ ƴƛƘǽ‌Ǽǭ ǀǵƘŧ ŪǱƷ
 Ƿ Dalvand .(ĥĤ) ƠƽƗ ƸƢǮŧ ǴǪǅƘǝ ƷƳ ƴǱƋ ƳǷƸƢŨǩƗ ǻǷƷ Ƹƛ
 ƹƗ ĤĬī ǸǾƢŧƗƷ ŪǱƷ Ǜƶƭ ƠǶƩ ƳǸƱ ǴǖǩƘǎǭ ƷƳ ƺǾǱ ǯƗƷƘŨǮǵ
 Ǵƛ Ĥ cm ƹƗ ƘǵƳǷƸƢŨǩƗ ǰǾƛ ǴǪǅƘǝ Ǵŧ ǼǱƘǭƹ ÛƴǱƳƗƳ ǯƘǂǱ ƙƘƾř
 ƹƗ ŪǱƷ Ǜƶƭ ǳƳƹƘƛ ÛƠǝƘǽ ǀǽƗƺǝƗ Ħģ min ƻƘǮơ ǯƘǭƹ ƷƳ Ħ

.(ĥĥ) ƠǝƘǽ ǀǵƘŧ ĕĪħ Ǵƛ ĕĬĬ
 ǧǸǪƮǭ ƷƳ ƳǸƩǸǭ ŦǮǱ ƠǒǪǙ Ǵŧ ƳƗƳ ǯƘǂǱ ǜǪƢƲǭ ƟƘǖǩƘǎǭ
 ǯƘǽƸƩ ƗƸǽƹ ÛƳƷƗƳ ǼǅƘƱ ƠǾǮǵƗ ƺǾǩǷƸƢŨǩƗ  ƴǲǽƗƸǝ  ǫƘƪǱƗ  ǻƗƸƛ
 ƸǾƥƘơ Ƙǵ‌ǳƴǲǽȅƋ Ǜƶƭ ǼǽƗƷƘŧ Ƹƛ Ƿ ƴǲŧ‌Ǽǭ ǰǾǾǖơ ƗƷ ƠǾǩǷƸƢŨǩƗ

 ǼǩƋ ƳƗǸǭ Ǵǽƺƪơ ƴǱƗǸơ‌Ǽǭ ƠǾǩǷƸƢŨǩƗ ǯƘǽƸƩ ǀǽƗƺǝƗ .ƳƷƗƶū‌Ǽǭ
 ƴơƘŧ ƷƳ H2 ƴǾǩǸơ ƴǲǱƘǭ ǼƜǱƘƩ ǻƘǵ‌ǀǲŧƗǷ ǼǊǖƛ ǰǾǲš‌Ǭǵ Ƿ
 ǰǾǭƘơ ǻƗƸƛ NaCl ŦǮǱ ƹƗ ǼǪŧ ƷǸǍ Ǵƛ .(ĥģ) ƴǂƲƛ ƳǸƜǶƛ ƗƷ
 ƳǸǁ‌Ǽǭ ǳƳƘǞƢƽƗ ǼǽƘǾǮǾǁǷƸƢŨǩƗ ǻƘǵƴǲǽƗƸǝ ƷƳ ǼŨǽƸƢŨǩƗ ƠǽƗƴǵ
 ǀǽƗƺǝƗ  ǧǸǪƮǭ  ƷƳ  NaCl  ŦǮǱ  ƠǒǪǙ  Ǵŧ  ǼǭƘŬǲǵ  .(ĥħ)
 Ƿ ǴƢǝƘǽ ǀǽƗƺǝƗ ƺǾǱ ǯƘǽƸƩ ǴƢǾƾǱƗƳ Ƿ ǼŨǽƸƢŨǩƗ ƠǽƗƴǵ ÛƴƛƘǽ‌Ǽǭ
 ǯƘǭƹ Ƿ ǰǾǖǭ ǯƘǽƸƩ ǴƢǾƾǱƗƳ ǰǾǭƘơ ǻƗƸƛ ǫƹȅ ţƘƢǩǷ ƹƗ ǴƪǾƢǱ ƷƳ
 ƗƷ  ǼǝƸǆǭ  ǼŨǽƸƢŨǩƗ  ǻţƸǱƗ  ǰǽƗƸƛƘǲƛ  ÜƳǸǁ‌Ǽǭ  ǴƢƽƘŧ  ǀǲŧƗǷ
 ǯǸǾƽƗƴǾƾŧƗ ǼǍ ƷƳ Ǵŧ ǼǪǅƗ ǻƘǵ‌ǀǲŧƗǷ .(ĥħ) ƴǵƳ‌Ǽǭ ǀǵƘŧ
 ƟƷƘƜǕ ƴǵƳ‌Ǽǭ ƯƷ NaCl ƷǸǊƭ ƷƳ ǼǩƋ ƟƘƜǾŧƸơ Ƙƛ ŦǽƴǱƋ

:ƹƗ ƠƽƗ
ƴǱƋ ƷƳ -Ĥ 

                                                                                                 ƠǽƸǪŧǸŚǾǵ ǨǾŨǂơ -Ĥ-Ĥ 

                                                                                                                                            ƟƗƸǪŧ ǨǾŨǂơ -Ĥ-ĥ
                          

                                                                                                                                           ǯŤǾƾŧƗ ǨǭƘŨơ Ĥ-Ħ
ƴơƘŧ ƷƳ -ĥ

                                                                                                                                         ǯţǷƷƴǾǵ ǨǭƘŨơ -
 ǬǾǢƢƾǭ  ƸǾǙ  ǯǸǾƽƗƴǾƾŧƗ  ƴǱƋ  Ƭǎƽ ŦǽƳƺǱ  Ƙǽ  ǧǸǪƮǭ  ƷƳ  -Ħ

.ƴǵƳ‌Ǽǭ ƯƷ ǼǩƋ ƟƘƜǾŧƸơ

                            
 Ǵƛ  Ƹƪǲǭ  ƠǾǩǷƸƢŨǩƗ  ƷƳ  ƷǷƸǪŧ  ǯǸǽ  ƷǸǊƭ  ÛǰǽƗ  Ƹƛ  ǳǷȆǕ
 ǼǍ  ƷƳ  ƗƸǽƹ  ÛƳǸǁ‌Ǽǭ  Ƙǵ‌ǳƴǲǽȅƋ  ǬǾǢƢƾǭ  ƸǾǙ  ǯǸǾƽƗƴǾƾŧƗ

:ƴǲǱƘǭ ǼơȅǸǆƮǭ ǼŨǮǱ ǧǸǪƮǭ Ŧǽ ƺǾǩǷƸƢŨǩƗ

.ƳǸǁ‌Ǽǭ ƴǾǩǸơ
 ǨǾǩƳ   Ǵƛ   Ƿ ƴǱƷƗƳ ǼǵƘơǸŧ ǼǪǾƱ ƸǮǕOH0 ,O0 ,CLOH0  ǻƘǵ‌ǧƘŨǽƳƗƷ 
ƸŬǽƳ ǻƘǵ‌ǯƗƴǾƾŧƗ ƴǲǱƗǸơ‌Ǽǭ ƳǸƱ ǯǸǾƽƗƴǾƾŧƗ ǻȅƘƛ ǨǾƾǱƘƢř ǰƢǁƗƳ 
 ƟƘƜǾŧƸơ Ƙǽ Ƿ ƴǲǲŧ Ǵǽƺƪơ ƗƷ ( Cl2 ,ClO2 ,O3 ,H2O2 ,O2 ,H2 )
ǴǽǸǱƘƥ Ƿ ( Cl2Ƿ O2 ) ǴǾǩǷƗ ǻƘǵ‌ǯƗƴǾƾŧƗ .ƴǲǽƘǮǱ ƴǾƾŧƗ ƗƷ ǼǩƋ 
 ƴǱǸǁ‌Ǽǭ ƴǾǩǸơ Ƙǵ‌ǧƘŨǽƳƗƷ ƚǽƸƲơ ƹƗ Ǵŧ (ClO2 ,O3 ,H2O2)
 ǀƲř  ƘǵƳǷƸƢŨǩƗ  ƹƗ  ƷǷƳ  ǌǾƮǭ  ǯǷƷƳ  Ƿ  ƴǱƷƗƳ  ǼǱȅǸǍ  ƸǮǕ
 ƟƘǖǩƘǎǭ .(ĥĨ) ƴǲǵƳ‌Ǽǭ ǫƘƪǱƗ ƗƷ ǯǸǾƽƗƴǾƾŧƗ ƴǲǽƗƸǝ Ƿ ƴǱǸǁ‌Ǽǭ
 ǻƺǾǭƋ‌ƠǾǢǝǸǭ ƷǸǍ Ǵƛ ƴǱƋ ǯƗǸǲǕ Ǵƛ ƠǾǝƗƸū Ǵŧ ƠƽƗ ǳƳƗƳ ǯƘǂǱ

Cl-+2OH-→OCl-+H2O+2e-

6 ClO- + 3H2O→ClO-
3+4Cl-+ 6H + 3/2 O2+ 6e-

4OH-→ 2H2O+O2+4e-

H2O+2e-→H2+2OH-

product Final dChlorinateOHCO R 22
species chloro-active ++ →

 Cl2, ClO2,O3,OH0,O0,CLOH0,H2O2,O2,H2,CO2 
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ĦĩĦ

 ƴǾǩǸơ  Ƙǵ‌ǳƴǲǽȅƋ  Ǜƶƭ ǻƗƸƛ  ƗƷ  ǼǱƘǾǭ  ǻƘǵ‌ƠǱƗƴǾƾŧƗ  ƴǱƗǸơ‌Ǽǭ
 ƹƗ ŪǱƷ Ǜƶƭ ǻȅƘƛ ǼǽƗƷƘŧ ÛǴǖǩƘǎǭ ǰǽƗ ƷƳ Ƽř Ü(ĥĩ) ƴǽƘǮǱ

.ƳǸǁ‌Ǽǭ ǳƳƗƳ ƠƜƾǱ ǟǸǝ ǳƴǲǲŧ ƴǾƾŧƗ ǨǭƗǸǕ ƴǾǩǸơ Ǵƛ ƙƘƾř
 ǻƘǵ‌ŪǱƷ Ǵƛ ǋǸƛƸǭ COD ÛŪǱƷ Ǜƶƭ ǻƸǾū‌ǳƹƗƴǱƗ Ƹƛ ǳǷȆǕ
 ǴǲǾǶƛ ǌǽƗƸǁ ƷƳ Ƿ ƟƘǂǽƘǭƹƋ ǫƘƪǱƗ ƹƗ ǨƜǡ ƳƷ Ǩǲǝ Ƿ ǰǾƖǩƘƢǝ Ǩǲǝ
 ŦǮǱ ǻƘǵ‌ƠǒǪǙ ƷƳ Ĩ  cm  ƳǷƸƢŨǩƗ  ǰǾƛ  ǴǪǅƘǝ  Ûħī  V  ţƘƢǩǷ
 Ƙƛ  ǠƛƘǎǭ  ǰǾƖǩƘƢǝ  Ǩǲǝ  ǻƗƸƛ  Ĥ/Ĩ  g/L  Ƿ  ƳƷ  Ǩǲǝ  ǻƗƸƛ  ĥ  g/L
 Ī ǨǦǁ ƷƳ Ǵŧ ƷǸǍ‌ǯƘǮǵ Ûƴǁ ǻƸǾū‌ǳƹƗƴǱƗ ÛƳƷƗƴǱƘƢƽƗ ǻƘǵ‌ƿǷƷ
 Ƿ ĕĨĨ ƳƷ Ǩǲǝ ǻƗƸƛ COD ǀǵƘŧ ǯƗƺǾǭ ÛƠƽƗ ǳƴǁ ǳƳƗƳ ǯƘǂǱ

 .ƴǁ ǨǅƘƭ ĕĩī ǰǾƖǩƘƢǝ Ǩǲǝ ǻƗƸƛ
 ƴǵƳ‌Ǽǭ ǯƘǂǱ ǴƛƘǂǭ ǻƘǵ‌ǀǵǷŤř Ƿ ǴǖǩƘǎǭ ǰǽƗ ƹƗ ǨǅƘƭ ƨǽƘƢǱ
 ŪǱƷ Ǜƶƭ ǻƗƸƛ ǼǽƘǾǮǾǁǷƸƢŨǩƗ ǻƘǵ‌ƿǷƷ ƹƗ ǳƳƘǞƢƽƗ ǯƘŨǭƗ Ǵŧ
 ǯƘǭƹ Ǭǵ ǻƳƘǆƢǡƗ ǻƘǵ‌ǼƽƷƸƛ ƳƷƗǸǭ ƚǪǙƗ ƷƳ ƘǭƗ ÛƳƷƗƳ ƳǸƩǷ
 ƳƘǶǲǂǾř ǰǽƗƸƛƘǲƛ ÜƠƽƗ ǴƢǝƸǽƶŚǱ ƟƷǸǅ ǼŨǾǲŨơ ǻƘǵ‌ǼƽƷƸƛ Ƙƛ
 ǋǸƛƸǭ ǻƘǵ‌Ǵǲǽƺǵ ƳƷǷƋƸƛ ƠǶƩ ǻƸƢǂǾƛ ƟƘǖǩƘǎǭ Ǵŧ ƳƳƸū‌Ǽǭ

.ƳƳƸū ǫƘƪǱƗ ƿǷƷ ǰǽƗ Ǵƛ

ǻƸǾū‌ǴƪǾƢǱ
 ƹƗ ǰǾƖǩƘƢǝ Ǩǲǝ Ƿ ƳƷ Ǩǲǝ ǼǽƗƳƹ‌ŪǱƷ ƠǶƩ ƺǾǩǷƸƢŨǩƗ ƴǲǽƗƸǝ.....
 ǼơƘǾǪǮǕ ǻƘǵƸƢǭƗƷƘř ƸƥƗ ǯƋ ǼǍ Ƿ ƴǽƳƸū ǫƘƪǱƗ ǼƛƋ ǻƘǵ‌ǧǸǪƮǭ
 ŦǮǱ  ƠǒǪǙ  Ƿ  ƳǷƸƢŨǩƗ  ǰǾƛ  ǴǪǅƘǝ  ÛţƘƢǩǷ  ǴǪǮƩ  ƹƗ  ǜǪƢƲǭ
 ƹƘǾǱ  ƳƷǸǭ  ǯƘǭƹ  ƸǒǱ  ǴǎǢǱ  ƹƗ  ŪǱƷ  Ǜƶƭ  ǼǽƗƷƘŧ  Ƹƛ  ÛNaCl
 ǨǭƘŧ Ǜƶƭ ƠǶƩ ǀǲŧƗǷ ǯƘǭƹ Ǵŧ ƳƗƳ ǯƘǂǱ ƨǽƘƢǱ .ƴǁ ǴǖǩƘǎǭ
 ǴǎƛƗƷ  NaCl  ŦǮǱ  ƠǒǪǙ  Ƿ  ţƘƢǩǷ  ƸƢǭƗƷƘř  Ƙƛ  ƙƘƾř  ƹƗ  ŪǱƷ

 .ƳƷƗƳ ǬǾǢƢƾǭ ǴǎƛƗƷ ƘǵƳǷƸƢŨǩƗ ǰǾƛ ǴǪǅƘǝ Ƙƛ Ƿ ƻǸŨǖǭ
 ƹƗ  ǰǾƖǩƘƢǝ  Ǩǲǝ  ŪǱƷ ǨǭƘŧ  Ǜƶƭ ƷƳ  ǼơƘǾǪǮǕ  ǌǽƗƸǁ ǰǽƸƢǶƛ
 ƳǷƸƢŨǩƗ  ǰǾƛ  ǴǪǅƘǝ  Û  Ĭ  min  ƴǱƘǭ  ǯƘǭƹ Ûħī  V  ţƘƢǩǷ ƙƘƾř
 ¡ħī V ţƘƢǩǷ ƳƷ Ǩǲǝ ǻƗƸƛ Ƿ Ĥ/Ĩ  g/L ŦǮǱ ƠǒǪǙ Ƿ Ĩ cm
 ƠǒǪǙ  Ƙƛ  Ƿ  Ĩ   cm ƳǷƸƢŨǩƗ  ǰǾƛ  ǴǪǅƘǝ  Ûī  min  ƴǱƘǭ  ǯƘǭƹ
 Ǜƶƭ ǯƘǭƴǱƗƷ ǌǽƗƸǁ ǰǽƗ ƠƮơ .ƴǭƋ ƠƽƳ Ǵƛĥ  g/L ŦǮǱ
 Ǵƛ  ĕīģ Ƿ īĨ ƚǾơƸơ Ǵƛ  ƳƷ Ǩǲǝ Ƿ ǰǾƖǩƘƢǝ  Ǩǲǝ ǻƗƸƛ COD

.ƴǭƋ ƠƽƳ

 ǼǱƗƳƷƴǡ Ƿ ƸŨǂơ 
 ÛǼƭƗƸǍ" ǯƗǸǲǕ Ƙƛ ǼǂǵǷŤř ƫƸǍ ƹƗ ǼǂƲƛ ǨǅƘƭ ǴǩƘǢǭ ǰǽƗ.....
 "ƺǾǩǷƸƢŨǩƗ  ƿǷƷ Ǵƛ  ƙƋ  ǼǽƗƳƹƴǲū  ǳƘŬƢƽƳ  ǼƛƘǽƹƷƗ  Ƿ  ƠƱƘƽ
 ǫǸǪǕ ǳƘŬǂǱƗƳ ƙǸǆǭĤĦīĩ/Ī/Ĥ ƯƷǸǭ ĤīĦ ǴƾǪƩ ǴƛǸǆǭ ǷƸǾř
 Ǵǥ  ǳƳǸƛ  ǼƢǂǶƛ  ƴǾǶǁ ǼǱƘǭƷƳ  Ƿ  ǼƢǁƗƴǶƛ  ƟƘǭƴƱ Ƿ  ǼŨǁƺř
 ǨƭƗƸǭ ǴǾǪŧ ƷƳ Ƿ ƠƽƗ ǳƴǁ ƗƸƩƗ ƷǸŧƶǭ ǳƘŬǂǱƗƳ ƠǽƘǮƭ Ƙƛ
 ǳƴŨǂǱƗƳ ƙȆǉƘǝ Ƿ ƙƋ ǳƘŬǂǽƘǭƹƋ ƟƘǱƘŨǭƗ ƹƗ ǯƋ ǼǵƘŬǂǽƘǭƹƋ
 ÛǳƴǽƳƸū ǳƳƘǞƢƽƗ ǼƢǂǶƛ ƴǾǶǁ ǼŨǁƺř ǫǸǪǕ ǳƘŬǂǱƗƳ ƠǁƗƴǶƛ
 ǼŨǁƺř ǫǸǪǕ ǳƘŬǂǱƗƳ ǼǂǵǷŤř ǫƸƢƮǭ ƠǱǷƘǖǭ ƹƗ ǴǪǾƽǷ ǰǽƴƛ
 ƠǁƗƴǶƛ  ǳƴŨǂǱƗƳ  ǳƘŬǂǽƘǭƹƋ  ǫƸƢƮǭ  ǨǲƽƸř  Ƿ  ǼƢǂǶƛ  ƴǾǶǁ

.ǬǾǽƘǮǱ‌Ǽǭ ǼǱƗƳƷƴǡ Ƿ ƸŨǂơ

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

he
.tu

m
s.

ac
.ir

 o
n 

20
24

-0
8-

30
 ]

 

                             9 / 12

https://ijhe.tums.ac.ir/article-1-17-en.html


Ħĩħ

 ǔƛƘǲǭ
1- Zin, NSB. Decolorization of dye solution containing 

azo acid orange 7 by electricity [dissertation]. 
Malaysia: Faculty of Civil Engineering University 
Technology Malaysia; 2005:7-10.

2- Daneshvar N, Vatanpour V, Khataee AR, Rasoulifard 
MH, Rastegar M. Decolorization of mixture of dyes 
containing malachite green and orange II by fenton-
like reagent .Journal of Color Science and Technology. 
2008;1:83-89.

3- Chen X, Chen G, Yue PL. Investigation on the 
electrolysis voltage of electrocoagulation. Journal of 
Chemical Engineering Science. 2002;57:2449-2455.

4- Daneshvar N, Ashassi-Sorkhabi H, Tizpar A. 
Decolorization of orange II by electrocoagulation 
method. Journal of Separation and Purification 
Technology. 2003;31:153-62.

5-  Dalvand A, Jonidi jafari A, Gholami M, Ameri A, 
Mahmoodi NM. Treatment of Synthetic Wastewater 
Containing Reactive Red 198 by Electrocoagulation 
Process. Iranian Journal of Health and Environment. 
2011;4(1):11-22 (in Persian).

 6- Diez MC, Mora ML,Videla S. Adsorption of 
phenolic compounds and color from bleached Kraft 
mill effluent allophonic compounds. Journal of Water 
Research. 1999;33(1):125-30.

7- Clark T, Bruce M, Anderson S. Decolorization of 
extraction stage bleach plant effluent by combined 
hypochlorite oxidation and anaerobic treatment. 
Journal of Water Science Technology. 1994;29(5-
6):421-32. 

8- Kobya M, Can OT, Bayramoglu M. Treatment of 
textile wastewaters by electrocoagulation using iron 
and aluminum electrodes. Journal of Hazardous 
materials. 2003;100:163-78.

9- Naddafi K, Nabizadeh Nodehi R, Jahangiri rad 
M. Removal of Reactive Blue 29 Dye from Water 
by Single-Wall Carbon Nanotubes. Iranian Journal 
of Health and Environment. 2011;3(4):359-68 (in 
Persian).

10- Panizza M, Bocca C, Giacomo C. Electrochemical 
treatment of wastewater containing polyaromatic 

organic pollutants. Journal of Water Research. 
2000;34(9):2601-605. 

11- Radha KV, Sridevi V, Kalaivani K. Electrochemical 
oxidation for the treatment of textile industry 
wastewater. Journal of Bioresource Technology. 
2009;100:987-90. 

12- Vlysside AG, Papaioannou D, Loizidoy M, Karlis 
PK, Zorpas AA. Testing an electrochemical method 
for treatment of textile dye wastewater. Journal of 
Waste Management. 2000;20:569-57. 

13- Zaroual Z, Azzi M, Saib N, Chaint E. Contribution 
to the study of electrocoagulation mechanism in 
basic textile effluent. Journal of Hazardous materials. 
2005;131:73-78.

14- Rajeshwar K, Ibanez J G, Swain G M. 
Electrochemistry and environment. Journal of applied 
electrochemistry .1994;24:1077-91.

15- Jia J, Yang J, Liao J, Wang W, Wang Z. Treatment 
of dying wastewater with ACF electrodes. Journal of 
Water Research. 1999;33(3):881-84.

16- Chandra mouli P, Venkata Mohn S, Jayarama 
Reedy S. Electrochemical processes for remediation 
of wastewater and contaminated soil: emerging 
technology. Journal of Scientific & Industrial research. 
2004;63:11-19.

17- Daneshvar N, jafarzadeh N. Treatment of textile 
wastewater containing basic dyes by electrocoagulation 
process. Journal of Water and wastewater. 2009;57:22-
29.(in Persian).

18- Ahmadi Moghadam M, Amiri H. Investigation of 
TOC Removal from Industrial Wastewaters using 
Electrocoagulation Process. Iranian Journal of Health 
and Environment. 2010;3(2):185-94 (in Persian).

19- Eaton, AD, Clesceri L.S, Greenberg A.E. Standard 
Methods for the Examination of water and wastewater. 
20th ed. American public Health Association; 1998. 

20- Ugurlu M, Karaoglu M H, Kula I. Experimental 
investigation of chemical oxygen demand, lignin and 
phenol removal from paper mill effluents using three-
phase three-dimensional electrode reactor. Journal of 
Environ.Stud. 2006;15(4):647-54.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

he
.tu

m
s.

ac
.ir

 o
n 

20
24

-0
8-

30
 ]

 

                            10 / 12

https://ijhe.tums.ac.ir/article-1-17-en.html


ĦĩĨ

21- Li Xu , Wei Wang, Mingyu Wang, Yongyi Cai. 
Electrochemical degradation of tridecane dicarboxylic 
acid wastewater with tantalum-based diamond film 
electrode. Journal of  Desalination. 2008;222:388–
93.

22- Dalvand A, Gholami M, Joneidi A, Mahmoodi NM. 
Investigation of electrochemical coagulation process 
efficiency for removal of reactive red 198 from colored 
wastewater. Journal of Color science and technology. 
2009; 3:97-105.(in Persian)

23-Malekotian M, Mansourian H J, Mousazadeh M. 
Performance evaluation of electrocoagulation process 
using rod iron electrodes for removal of hardness 
from drinking water. Proceeding of the 12th national 
Environmental Health Conference;2009 Nov; Iran, 
Kerman. (in Persian)

24- Sengil I A, Ozacar M.  The Decolorization 
of C.I reactive blak 5 in aqueous solution by 
electrocoagulation using sacrificial iron electrodes. 
Journal of Hazardous Materials.2009 ; 161: 1369-76.

25- Vlyssides A G, Papaioannou D, Loizidoy M, Karlis 
P, Zorpas A A. Testing an electrochemical method for 
treatment of textile dye wastewater. Journal of Waste 
Management. 2000; 20: 569-74.

26- Mohana N, Balasubramanian N, Basha C A. 
Electrochemical oxidation of textile wastewater 
and its reuse. Journal of Hazardous Materials.  

2007;147:644–51.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

he
.tu

m
s.

ac
.ir

 o
n 

20
24

-0
8-

30
 ]

 

                            11 / 12

https://ijhe.tums.ac.ir/article-1-17-en.html


*Corresponding Author: massoudi@sbmu.ac.ir
Tel: +98 21 22332040,  Fax: +98 21 22432037   

Iran. J. Health & Environ., 2012, Vol. 5, No. 3

Received; 02 April 2012    Accepted; 01 July 2012

Investigation the Efficiency of Electrolysis Process using 
3 Dimensional Graphite Electrodes for Decolonization of 

Phenolphthalein and Phenol red from Aqueous Environments
*Mohmmad Reza Massoudinejad1, Hajar Sharifi1, Ashraf Mazaheri Tehrani2 

1Department of Environmental Health Engineering, Faculty of Health, Shahid Beheshti University of Medical Sciences, Tehran, Iran 
2Department of Environmental Health Engineering, School of Health, Kashan University of Medical Sciences, Isfahan, Iran 

  

ABSTRACT
Background and Objectives: The presence of chemical dyes in the water resources not only 
pollutes them, but also brings about death of organisms and serious indemnities to the environment 
through stopping oxygen production and preventing penetration of the sunlight. In this study, we 
investigated the efficiency of the electrolysis process for decolonization of phenolphthalein and 
phenol red from aqueous environment. 
Materials and Methods: The experiments were conducted in an electrochemical reactor having a 
working volume of 1 liter equipped with 2 graphite electrodes. This study was conducted at laboratory 
scale. Samples were prepared by dissolving two phenol red and phenolphthalein dyes in drinking 
water. Then, the effect of operating parameters such as voltage, inter-electrode distance, and NaCl 
concentration on the complete dye removal was determined considering optimum retention time 
using  Factorial variance analyses and the graphs were plotted using MS Excel software.
Results: the results showed that the optimum conditions for completely removal of phenolphthalein 
was achieved applying a voltage of 48 V, the retention time of 9 minutes, 5 cm inter-electrode 
distance, and the salt concentration of 1.5 g/l, whereas, complete removal of phenol red was achieved 
applying a voltage of 48 V, the retention time of 8 minutes, 5 cm inter-electrode distance, and the 
salt concentration of 2 g/l. Under these conditions, COD removal efficiency for phenol red and 
phenolphthalein was 85 and 80 percent respectively.
Conclusion: This study revealed that electrolysis process is an effective method to remove both 
phenolphthalein and phenol red dyes from effluent, because it can completely remove the dyes in a 
short time.

Keywords: Electrolysis, Decolonization, Phenolphthalein, Phenol red
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