
www.SID.ir

Arc
hive

 of
 S

ID

�13
94

R}}=B
�'h

}QW
u=Qt

a|U
Ovyt

48
�41

"X
'3/

2|
xQ=t

W'
31

�2
|xQ

wO

O
ri

gi
na

lA
rt

ic
leCiv x=oW}q=B ?=UB R= |Div |=yu@ QmwQO}y hPL

l}Dv}U |UQQ@� |a}@] |=y?P=H R= xO=iDU= =@
�?PH sQDwR}= w

�|QDmO |wHWv=O� xO=RK=}U u}ULQ}t=
�O=DU=� �CUwO|Hvo u}UL

�Q=}Wv=O� |D}; =D}@
TQOt C}@ QD x=oWv=O 'CU} R \}Lt w u=Qta |UOvyt |xOmWv=O

xm 'OvDUy Q}PBx} RHD CNU |=yxOv}q; R= |a}Uw h}] pt=W |Div |=yx=oW}q=B ?=UB
=yv; |x}iYD |=Q@ ?U=vt |WwQ 'TQDUO QO w u=RQ= |=y?P=H =@ |L]U ?PH Ov}=Qi
xO=iDU= wOQo w s=O=@ |=yCUwB R= xOWx}yD p=ai u@ Qm R= VywSB u}= QO "O};|t ?=UL x@

ẁtHt hPL u=tOv=Q QO ?P=H C_re w T=tD u=tR 'pH pt=wa QF= w xOW
u@ Qm C_re =@ 'pH = 8 QO u=tOv=Q u} QDW}@ "CU= xOW |UQQ@ |Div |=yu@ QmwQO}y
"CU= xOt; CUOx@ �85 Q@=Q@ T=tD u=tR R= Ca=U 2 CWPo R= TB w 5 gr/L p=ai

� u}v}@ wO w u}mtD 'I}rOvQi 'Q} wtnvq sQDwR}= |=ypOt =@ ?PH |rO=aD |=yxO=O
CUOx@ I}rOvQi pOt |=Q@ |oDU@ty ?} Q[ Q=Okt u} QDW}@ w xOW xU}=kt I} wmWwO=Q

'Q} wtnvq pOt T=U=Q@ "CU= xOw@ ?P=H K]U |voty=v R= |m =L xm 'CU= xOt;
?}DQD x@ wOQo w s=O=@ CUwB p=ai u@ Qm |x}q lD |L]U ?PH C}iQ_ |xv}W}@

x@W |m}Dv}U pOt R= R}v ?PH l}Dv}U "CU= xOW OQw;Q@ 59 mg/gr w 83 mg/gr

"CU= xOQm C}a@D swO |x@DQt

amir.sayahzadeh@modares.ac.ir
h-ganji@modares.ac.ir
ayati bi@modares.ac.ir

CUwB 'I} wmWwO=Q � u}v}@ wO 'u}mtD 'I}rOvQi 'Q} wtnvq 'TPH %|O}rm u=oS=w
"wOQo CUwB 's=O=@

xtOkt "1
xO=iDU= |Dw=iDt |=yVwQ R= uwvm =D Civ x=oW}q=B ?q[=i |x}iYD |=Q@
Ovv=t |}=}t}W [7�5]'|m} Swrw}@ |=yOv}=Qi R= CQ=@a =yVwQ u} QDpw=ODt "CU= xOW
?q[=i QO =t= "CU= [9]'|}=We |=yOv}=Qi R}v w [8]'|}=}t}W uw}U=O}Um = [2]'O=kav=
|m} Swrw}@ |=yOv}=Qi \UwD xm 'OQ=O OwHw |tw=kt w CNU C=@}mQD Civ x=oW}q=B
|}=}t}W |=yOv}=Qi R=}v OQwt |}=}t}W O=wt Q=Okt [10]"OvwW|tv hPL QF-wt Qw]x@
|mJwm |xOwOLt QO \ki w x=Qty uHr O}rwD =@ =yOv}=Qi u}= w xOw@ O=} R Q=}U@ R}v
|=y?q[=i |=Q@ R}v |}=We sDU}U R= xO=iDU= [11]"CU= |Q=OQ@xQy@ p@=k pH R=
CrwyU x@ w u=RQ= xO=iDU= OQwt ?P=H Qo = '=Pr [9]"CU= ?U=vt=v q=@ sHL =@
|x}iYD |=Q@ ?=PH w ?U=vt |WwQ '|L]U ?PH Ov}=Qi 'OW=@ TQDUO QO
=@ Ct}ku=RQ= |=y?P=H O}rwD |=Q@ [12]"Ow@ Oy=wN x=oW}q=B ?q[=i |xDiQW}B
[16�13]"CU= xDiQo CQwY |O=} R |=yVqD TQDUO QO w u=RQ= O=wt R= xO=iDU=
|=yxOv}q; hPL QO ?P=H u=wvax@ p=ai u@ Qm R= xO=iDU= xm Ov=xO=O u=Wv =yVywSB
|Q=HD p=ai u@ Qm |=yxv} Ry [19�17]"CU= QF-wt Q=}U@ ?q[=i R= |vOat w |r;
p=ai u@ Qm =@ xU}=kt p@=k X=wN =@ p=ai u@ Qm u=RQ= O}rwD =Pr w [20]'CUq=@ ,=D@Uv

"CU= xOW `k=w xHwD OQwt |Q=HD

QO |Div ?q[=i uD uw}r}t 2 R= V}@ xvq=U 'xDiQo CQwY |xar=]t T=U=Q@
|x}rND xm 'OwW|t O}rwD =B wQ= |x}O=LD= w xv=}tQw=N |=yQwWm Civ |=yx=oW}q=B
"CU= xOW u=yH QU=QU QO |m} Swrwm = p[at RwQ@ ?@U 'CU} R \}Lt x@ u;
`k=w OOHt |xO=iDU= OQwt Ov=wD@ xm OwW x}iYD |Qw] ?q[=i ẁv u}= O}=@ =Pr
R}v CU} R \}Lt |oOwr; R= ?; `@=vt R= xO=iDU= QO |} wHxiQY Q@ xwqa =D 'OwW

[1]"OwW C_i=Lt
|=yC_re =@ |}=yxOv}q; R= |a}Uw h}] pt=W Civ |=yx=oW}q=B ?q[=i
|O=} R Q}O=kt uDW=O p}rOx@ ?q[=i ẁv u}= [2]"OvDUy Q[t ,=twta w hrDNt
'OvQ=oOv=t w sw=kt Q=}U@ CU} R \}Lt QO '|tU O=wt ẁv R= |}xkrL OvJ C=@}mQD
?q[=i QO OwHwt |Div C=@}mQD [3]"OQ}o Q=Qk C} wrw= QO O}=@ =yv; |x}iYD w
C=OwHwt uO@ QO `tHD C}r@=k 'q=@ |Q=O}=B w C}tU p}rO x@ 'Civ |=yx=oW}q=B
CU} R \}Lt |=Q@ |OH |O}OyD '|vqw] COt x@ \}Lt QO <=k@ |}=v=wD w xOvR

[4]"OvwW|t ?wULt
pw�Ut xOvU} wv �

"1393 1 25 VQ}PB '1392 12 7 x}LqY= '1392 5 16 Ci=} QO %M} Q=D
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L?q[=i |xv=Nx}iYD API OL=w |HwQN |i}m |=yQDt=Q=B \UwDt "1 pwOH
"u=QyD Civ x=oW}q=B

u=R}t QDt=Q=B
269 (mg/L) |}=}t}W R=}v OQwt uS}Um =
68 (mg/L) |Div |=yu@ QmwQO}y ẁtHt
43 (mg/L) jrat C=Ot=H
36 (0C) =tO

7 21 pH

=y?P=H "2"2
s=O=@ CUwB R= xOWx}yD p=ai u@ Qm 'VywSB u}= QO xO=iDU= OQwt |a}@] |=y?P=H

"CU= xOw@ wOQo CUwB w |DNQO
?; \UwD wWDUW R= TB wOQo CUwB w |DNQO s=O=@ CUwB 'Qw_vt u}O@
?=}U; QO TBU w lWN 1050C |=tO CLD Ca=U 24 COt x@ uw; QO 'QyW
|Ov@xv=O xwQo QO w xOW p=@ Qe 4 w 3 Vt =@ |=ylr= \UwD 'C}=yv QO w OQ )N
=RHt Qw]x@ wOQo CUwB w s=O=@ CUwB C=QP "CU= xDiQo Q=Qk 4 76�6 73 mm

|wQO} Qrm pwrLt R= s=O=@ CUwB |=Q@� \w@ Qt R=Up=ai pt=a R= |YNWt sQH QO
C@Uv =@ l} QiUiO}U= pwrLt R= wOQo CUwB |=Q@ w �115 |oDWe; C@Uv =@
CUwB C=QP \wrNt |w=L urQ= w xDiQo Q=Qk �CU= xOW xO=iDU= �100 |oDWe;
C=QP TBU "CU= xOW xO=O Q=Qk Qm}*W |wQ Q@ Ca=U 2 COt x@ 'R=Up=ai pt=a w
Oa@ "CU= xOW lWN \}Lt |=tO QO w =OH 'R=Up=ai pt=a pwrLt R= CUwB
|=tO w uSwQD}v R=o R= |D@=F u=} QH CLD xQwm QO Ca=U 1 COt x@ C=QP 'u; R=
xO=O xR=H= pY=L p=ai u@ Qm C=QP x@ w Vwt=N xQwm TBU w xDiQo Q=Qk 5000C
u=wvax@ xO=iDU= CyH C=QP u}= [18]"OvUQ@ \}Lt |=tO x@ |t=Q; x@ =D CU= xOW

"Ov=xOW |Q=Oyov pS=m}r}U |wDLt QwD=m}UO QO ?P=H

xO=iDU= OQwt |=yx=oDUO w |}=}t}W C=@}mQD "3"2
l} QwirwU O}U= '|wQ O} Qrm %R= Ov=CQ=@aVywSB u}= QO xO=iDU= OQwt|}=}t}W O=wt
s}_vD w wOQo CUwB w s=O=@ CUwB |}=}t}W |R=Up=ai CyH s}OU O}UmwQO}y w
"TPH |Q}oxR=Ov=CyH s}OU C=irwU w pS=m}r}U QOwB 'ur}D= wQrm =QDD 'pwrLt pH

"OvOw@ 1lQt CmQW pwYLt w |y=oW}=tR; ẁv R= QwmPt |}=}t}W O=wt |xty
|=Q@ CVH pOt Infracal TPH QR}q=v; 'xO=iDU= OQwt |=yx=oDUO u} QDxOta
uORsyCyH Aqualytic pOtCUDQ=H '|Div |=yu@ QmwQO}y ẁtHt |Q}oxR=Ov=
sQo 0 001 CkO =@ Metler-PJ300 pOt |r=D}H}O |wR=QD 'u@ Qm |w=L ?=UB

"Ov=xOw@ Metrohm-691 pOt QDt pH w

?PH |=yV}=tR; s=Hv= VwQ "4"2
x=oW}q=B ?=UB |Div |=yu@ QmwQO}y ?PH u=R}t |UQQ@ 'VywSB u}= QO xm =Hv; R=
sOa w ?=UB uOw@|ak=w x@ xHwD =@ 'CU= xOw@ Q_v Ot |a}@] |=y?P=H |wQ Q@
R= pY=L G}=Dv R}v w VywSB Q@ sm =L \}=QW Qo}O w u; C_re V}=Ri= u=mt=
pt=wa u=wvax@ ?P=H C_re w T=tD u=tR 'pH w [27�25w12]'u}W}B |=yVywSB

"Ov=xOW xDiQo Q_v QO |UQQ@ OQwt
|}=yxvwtv =OD@= xm CU= xOw@ CQwY u}O@ ?PH |=yV}=tR; s=Hv= |rm VwQ
pH s}_vD R= TB w xOW xDN} Q |QD}r l} |=yQW@ uwQO |ak=w ?=UB R=

CUwB 'wOQo CUwB Q}_v |v=@e=@ O�=R O=wt |NQ@ xm CU= xO=O u=Wv =yVywSB
|@U=vt w u=RQ= |x}rw= O=wt '|RrwrUwvo}r O=wt uDW=O p}rOx@ jOvi CUwB w 's=O=@
O=wt p=ai u@ Qm R= xO=iDU= w |L=Q] CyH [22w21]"OvDUy p=ai u@ Qm O}rwD CyH
,qt=m pwYLt u}= |@PH |=yC}r@=k |wQ Q@ xar=]t '?P=H u=wvax@ |v=@e=@ O�=R
|iQat xv}tR u}= QO xOWs=Hv= |=yVywSB R= xvwtv OvJ 'xt=O= QO xm &CU= |QwQ[

"CU= xOW
OwHwt p=tQv u=DBy w u} Rv@ ?PH u=R}t |xv}W}@ '2010 p=U QO |WywSB QO
QD}r|r}t 250 QO QmW}v T=o =@ sQo 10 R= xO=iDU= =@ �5 |tHL C@Uv =@ ?; QO
90 w 99 ?}DQD x@ j=D= |=tO w xk}kO 60 pO=aD u=tR w pH = 4 5 QO pwrLt R=
|wQ Q@ |}xar=]t |] R}v �2006� |Qo}O VywSB QO [23]"CU= xOW VQ=Ro OYQO
\wrNt x@ C}rQB sQo 5 =D 0 5 uOwRi= =@ 'C}rQB nvU |Div O=wt ?PH C}r@=k
OwOL QO =QC}rQB ?PHC}iQ_ u} QDW}@ '?; QD}r|r}t 500 QO s=NCiv sQo 400
|}xar=]t QO u}vJty [24]"CU= xOW VQ=Ro C}rQB sQo Qy <=R= x@ |Div O=wt sQo 7
0 2 gr/L C_re =@ xOWKqY= pNrNDt xt}v u@ Qm R= xO=iDU= =@ 2009 p=U QO
pwrLt =@ ?P=H T=tD Ca=U 4 CWPo R= TB 'u}r=Div C=kDWt |w=L pwrLt QO
OwOL QO |@PH C}iQ_ x@ '0 14 mmol/L |rO=aD C_re w 250C |=tO QO
�2008� |v=QoWywSB [25]"OvDi=} CUO u@ Qm sQo Qy <=R= x@ pwt|r}t 2 5 =D 1 5
pO=aD u=tR w pH = 6 3 QO 5 gr/L C_re =@ |QOwB p=ai u@ Qm R= xO=iDU= =@ R}v
|x}rw= C_re =@ ?; QO OwHwt pmr= p}v} w|rB �92 hPL x@ jiwt 'xk}kO 30
sQo 0 05-0 1 R= uOwRi= =@ |Qo}O |xar=]t QO u}vJty [26]"OvOW 50 mg/L

C_re =@ |}xkrLOvJ |=yu@ QmwQO}y pwrLt 100 mL x@ |Div lm p=ai u@ Qm
V}@ hPL x@ jiwt 'xk}kO 30 T=tD u=tR CWPo w 3250�6250 g/L� |x}rw=
Q@ sy 2010 p=U QO |}xar=]t QO [27]"OvOW l}D=twQ; |=yu@ QmwQO}y �90 R=
R= TB 4 gr/L C_re =@ =tQN |xDUy p=ai u@ Qm R= xO=iDU= =@ pvi hPL |wQ
=@ ?=UB QO OwHwt pvi �99 hPL x@ jiwt 'T=tD u=tR R= Ca=U 24 CWPo

[12]"OvOW 88 mg/L |x}rw= C_re
|Div |=yx=oW}q=B |ak=w ?q[=i |x}iYD |wQ Q@ xOWs=Hv= |=yVywSB
OwHwt |=yxOv}q; R= |m} hPL w x}iYD |wQ Q@ u=QoWywSB QDW}@ w CU= sm Q=}U@
|r; C=@}mQD Qo}O w 'T} Qo 'O}irwU 'pvi %Q}_v Civ |=yx=oW}q=B ?q[=i QO
ẁtHt ?PH |UQQ@ |xv}tR QO |WQ=Ro I}y uwvm =D xm =Hv; R= [28w12]"Ov=xOQm RmQtD
=@ xar=]t u}= 'CU= xOWv xOy=Wt =yx=oW}q=B |ak=w ?=UB |Div |=yu@ QmwQO}y
QO wOQo CUwB w s=O=@ CUwB p=ai u@ Qm |a}@] |=y?P=H |}=v=wD |@=} RQ= hOy
ẁtHt� TPH QDt=Q=B R= xO=iDU= =@ Civ |=yx=oW}q=B |ak=w ?q[=i |x}iYD
QF= |UQQ@ Q@ xwqa 'Qw_vt u}= |=Q@ "CU= xDiQo CQwY �|Div |=yu@ QmwQO}y
|Div |=yu@ QmwQO}y ?PH u=tOv=Q QO ?P=H C_re w T=tD u=tR 'pH pt=wa
Q=Qk |UQQ@ OQwt R}v ?=UB |Div |=yu@ QmwQO}y ?PH sQDwR}= w 'l}Dv}U '?=UB

"CU= xDiQo

=yVwQ w O=wt "2
xO=iDU= OQwt ?q[=i "1"2

API R=U=OH OL=w R= xOWxDiQo |HwQN ?=UB |xvwtv 'xO=iDU= OQwt ?q[=i
C=YNWt xm 'CU= xOw@ u=QyD u=} woOvD O}yWCiv x=oW}q=B ?q[=i |xv=Nx}iYD

"CU= xOW x�=Q= 1 pwOH QO u;
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t= w (mg/L) `}=t R=i QO xOvwW?PH |xO=t |rO=aD C_re Ce 'QwmPt \@=wQ QO
"CU= (mg/gr) pO=aD Cr=L QO ?P=H R= sQo Qy QO xOW?PH |xO=t Q=Okt qe
h}YwD |=Q@ ?re= |tra |=yVQ=Ro QO xm CU= p}rO u}O@ =ypOt u}= ?=NDv=

[30w23]"CU= xOW xO=iDU= =ypOt u}= R= `}=t R=i QO ?PH Ov}=Qi

EL@ w G}=Dv "3
pH QF= |UQQ@ "1"3

Q=Okt \UwD CU= umtt u; |@PH X=wN 'u@ Qm K]U |QDwit; C}Y=N p}rO x@
1 pmW QO xm =yV}=tR; R= pY=L G}=Dv =t= "OwW `k=w Q}F-=D CLD pwrLt pH

|=yu@ QmwQO}y ?PH QO pwrLt pH pt=a uOw@ QF= sm R= |m =L 'CU= xOW x�=Q=
CUwB w s=O=@ CUwB R= xOWx}yD p=ai u@ Qm |wQ Q@ x=oW}q=B ?=UB QO OwHwt |Div
|Div |=yu@ QmwQO}y ?PH 'pwrLt pH uOW|O}U= =@ =yQ=Owtv u}= QO "CU= wOQo
|=yC}akwt |wQ Q@ H+ ?PH V}=Ri= p}rO x@ ,=DOta xm 'CU= xDi=} Vy=m |mOv=
wOQo CUwB w s=O=@ CUwB R= xOWx}yD p=ai u@ Qm K]U Q@ OwHwt |a@=D |=yxwQo
u}= QO |Div |=yu@ QmwQO}y ?PH u=mt= uDiQu}@ R= Ea=@ xO}OB u}= xm 'CU=

[12]"OwW|t =yC}akwt

T=tD u=tR QF= |UQQ@ "2"3
OyO|t u=Wv 2 pmW QO T=tD u=tR QF= |UQQ@ |=yV}=tR; R= xOt;CUOx@ G}=Dv
xk}kO 60 CWPo =@ w xO=Di= j=iD= pw= |xk}kO 30 |] '?PH �90 x@ l}ORv xm
u=tR V}=Ri= =@ u}vJty "CU= xO}UQ pO=aD Cr=L x@ ?PH Ov}=Qi 'T=tD u=tR R=
|=yu@ QmwQO}yC_re QO |Qo}O TwULt Q}}eD 'xk}kO 60 u=tR R= uDWPo w T=tD
T=tD u=tR xm OQm |Q}oxH}Dv u=wD|t u}=Q@=v@ "CU= xOWv xOy=Wt pwrLt |Div
30 OwOL QO s=O=@ w wOQo CUwB p=ai u@ Qm Q@ |Div |=yu@ QmwQO}y ?PH |xv}y@

"CU= xk}kO

?P=H C_re QF= |UQQ@ "3"3
R= ?P=H C_re V}=Ri= =@ xm CU= xOW xOy=Wt =yV}=tR; R= xrLQt u}= QO
|}x_Lqt p@=k w C@=F ,=@} QkD MQv =@ TPH hPL u=tOv=Q '1 gr/L =D 0 2 gr/L

|xR=Ov= 5 gr/L =D 1 gr/L R= ?P=H C_re uOWQDW}@ =@ =t= &CU= xDi=} V}=Ri=

'[TPH0]= 68 mg/L � TPH hPL u=tOv=Q QO pH QF= "1 pmW
"�uRsy CaQU = 100 rpm 'pH = 8 '[C] = 1 gr/L

x@ p=ai u@ Qm uOwRi= w �s}OU O}UmwQO}y w l} QwirwU O}U= uOwRi= =@� =yxvwtv
=@ CUDQ=H x=oDUO \UwD (230C) \}Lt |=tO QO =yQW@ uwQO pwrLt '=yv;
Vvm =w uO}UQ pO=aD x@ R= =D 'OW xORsy Ca=U 2 COt x@ 100 rpm CaQU
QO pwrLt pH 'TPH R}r=v; s=Hv= CyH TBU [27]"OwW pY=L u=v}t]= ?PH
T=U=Q@ TPH |Q}oxR=Ov= xm CU= QmPD x@ sRq "CU= xOW s}_vD 2 R= QDtm |Q=Okt

[29]"CU= xOW s=Hv= Q=QmD Q=@ 3 =@ w ASTM D3921 OQ=Ov=DU= VwQ
w 10 '8 '6 '4 '2 Q}O=kt |wQ Q@ =yxvwtv pH 'xv}y@ pH u}}aD |xrLQt QO
Qy QO u; C_re =D CU= xOW xOwRi= xvwtv Qy x@ p=ai u@ Qm |}xR=Ov= x@ w s}_vD 12
?=UB R= QD}r|r}t 50 'T=tD u=tR QF= |UQQ@ |xrLQt QO "OUQ@ 1 gr/L x@ xvwtv
'60 '45 '30 '20 '15 '10 '5 '3 '1 |v=tR pY=wi QO =yQW@ R= l} Qy uwQO
"CU= xOW xDW=OQ@ TPH R}r=v; CyH 'uORsy ẁQW R= xk}kO 180 w 120 '90
'0 2 Q}O=kt QO =yxvwtv QO ?P=H C_re '?P=H C_re QF= |UQQ@ |xrLQt QO

"CU= xOW s}_vD 5 gr/L w 3 '2 '1 '0 5

?PH l}Dv}U |UQQ@ VwQ "5"2
sU}v=mt CN=vW w ?PH Ov}=Qi pO=aD x@ uO}UQ |=Q@ R=}v OQwt u=tR u}}aD Qw_vt x@
|m}Dv}U CqO=at =@ u; j@=]D u=R}t w ?PH l}Dv}U 'Ov}=Qi u}= |xOvvmpQDvm
|xOW |R=U|]N CqO=at [26w24'12]"Ov=xOW |UQQ@ swO |x@DQt w pw= |x@DQt
[26]%CU= 2 w 1 |=yx]@=Q CQwYx@ swO |x@DQt x@W w pw= |x@DQt x@W l}Dv}U
ln(qe � q) = ln qe � k1t (1)

t
q

= 1
k2q2

e
+ t
qe

(2)

?UL Q@ tq Q=Owtv w t?UL Q@ ln(qe� q) Q=Owtv -=O@t R= ZQa w ?}W |wQ R=
qe w swO |x@DQt x@W w pw= |x@DQt x@W |=ypOt MQv C@=F 'k2 w k1 u=wD|t t
t '\@=wQ u}= QO "OQw; CUOx@ =Q pO=aD \}=QW QO ?P=H QO xOW?PH |xO=t Q=Okt
"CU= t u=tR QO (mg/gr) ?P=H QO xOW?PH |xO=t Q=Okt q w �xk}kO� u=tR

?PH sQDwR}= |UQQ@ VwQ "6"2
OvJ Qy "CU= xOW xO=iDU= w xaUwD pOt u}OvJ |L]U ?PH sQDwR}= |UQQ@ |=Q@
|]}=QW Qy CLD |y=oW}=tR; |=yxO=O Q@ Ov=wD@ xm |twta pOt l} uwvm =D xm
|=yxO=O j@=]D 'xar=]t u}= QO [26]"CU= xOWv Ci=} 'OwW j@]vt j}kO Qw]x@
� u}v}@ wO w u}mtD 'I}rOvQi 'Q} wtnvq sQDwR}= |=ypOt =@ ?PH|rO=aD|y=oW}=tR;
u}= x@ =ysQDwR}= u}= R= l} Qy x@ \w@ Qt |xrO=at "CU= xOW |UQQ@ I} wmWwO=Q

[29]%�6 |r= 3 \@=wQ� CU= KQW
qe = Q0KLCe

1 +KLCe
Q} wtnvq (3)

qe = KFC
1
n
e I}rOvQi (4)

qe = B ln(ATCe) u}mtD (5)

qe = (qs) exp(�Kad"2) I} wmWwO=Q � u}v}@ wO (6)

%O};|t CUOx@ 7 |x]@=Q R= " '6 |x]@=Q QO xm
" = RT ln(1 + 1

Ce
) (7)
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L269 mg/L '[TPH0]= 68 mg/L� COD w TPH hPL u=tOv=Q "2 pwOH
"�uRsy CaQU = 100 rpm 'pH = 8 'T=tD u=tR = 2 hr '[COD0] =

p=ai u@ Qm ��� ?P=HwOQo CUwB s=O=@ CUwB
85 1 88 7 TPH hPL u=tOv=Q
79 5 81 4 COD hPL u=tOv=Q

|x@DQt x@W |m}Dv}U |=ypOt |wQ Q@ =yxO=O VR=Q@ R= pY=L G}=Dv "3 pwOH
"swO |x@DQt x@W w pw=

p=ai u@ Qm pOt C@=F ?}=Q[ |m}Dv}U pOtwOQo CUwB s=O=@ CUwB
0 059 0 041 k1 (min�1)

19 65 15 38 qe (mg/gr� pw= |x@DQt x@W
0 890 0 644 R2

0 0064 0 0073 k2 (gr/(mg.min))

33 3 40 qe (mg/gr) swO |x@DQt x@W
0 961 0 976 R2

xOW s=Hv= pH = 8 QO Ca=U 2 COt x@ wOQo CUwB p=ai u@ Qm w s=O=@ CUwB
w C30 =D C10 p=tQv |=yu=mr; pt=W xOta Qw]x@ ?PH R= p@k ?=UB "CU=
|xU}=kt "CU= xOw@ |Div C=@}mQD Qo}O w |v=}t Q=OxN=W |}xQ}HvR |=yu@ QmwQO}y
TB ?=UB |Div C=@}mQD QDW}@ l}B xm OyO|t u=Wv 4 pmW |=yh=QowD=twQm
C_re xm CU= u; u}@t xr�Ut u}= "CU= xDi=} Vy=m COW x@ ?PH Ov}=Qi R=
w xDi=} Vy=m |}x_Lqt p@=k Q=Okt x@ ?PH Ov}=Qi R= TB ?=UB |Div C=@}mQD
|Div C=@}mQD QDW}@ ?PH QO wOQo CUwB w s=O=@ CUwB p=ai u@ Qm |}=v=wD O} -wt

"CU= ?=UB

?PH l}Dv}U |UQQ@ "5"3
x@W |m}Dv}U |=ypOt QO T=tD u=tR QF= |UQQ@ |=yV}=tR; G}=Dv '5 pmW QO
u}= R= pY=L G}=Dv '3 pwOH QO w xOW xO=O VR=Q@ swO |x@DQt x@W w pw= |x@DQt
Ov};=i |=Q@ |m}Dv}U |=ypOt C@=F ?}=Q[ Q}O=kt u=ty xm 'CU= xOW x�=Q= VR=Q@

"CU= |UQQ@ OQwt ?PH
|=yu@ QmwQO}y?PH'pOt wO Qy|=Q@ xOt;CUOx@|oDU@ty?} Q[ Q}O=kt Q@ =v@
swO |x@DQt l}Dv}U R= QDW}@ wOQo CUwB w s=O=@ CUwB p=ai u@ Qm |wQ Q@ |Div
xrtH R= =y?P=H `=wv= Q@ |Div C=@}mQD ?PH |=Q@ R}v |y@=Wt G}=Dv "Ovm|t C}a@D

[26w24'12]"CU= xOt; CUOx@ p=ai u@ Qm
w s=O=@ CUwB p=ai u@ Qm |wQ Q@ |Div |=yu@ QmwQO}y ?PH xm C}ak=w u}=
sU}v=mt xm OyO|t u=Wv 'OQ=O |QDW}@ C}a@D swO |x@DQt l}Dv}U R= wOQo CUwB
QO |Div |=yu@ QmwQO}y ?PH xmr@ &CU}v Pwiv '?PH MQv |xOvvmpQDvm ?r=e

[12]"CU= ?P=H K]U

?PH sQDwR}= |=ypOt |UQQ@ "6"3
'?PH |rO=aD C}iQ_ R= j}kO |[=} Q h}YwD l} u=wvax@ |L]U ?PH sQDwR}=
xDiQo Q=Qk |UQQ@ OQwt |L]U ?PHC}iQ_ u}tND w ?PH Q=DiQ uO=Ou=WvCyH
� u}v}@ wO w u}mtD 'I}rOvQi 'Q} wtnvq ?PH sQDwR}= pOt 4 VR=Q@ =@ [25]"CU=

'[TPH0]= 68 mg/L� TPH hPL u=tOv=Q QO T=tD u=tR QF= "2 pmW
"�uRsy CaQU = 100 rpm 'pH = 8 '[C] = 1 gr/L

'[TPH0]= 68 mg/L�TPH hPL u=tOv=Q QO ?P=H C_re QF= "3 pmW
"�uRsy CaQU = 100 rpm 'pH = 8 'T=tD u=tR = 2 hr

C_re uOWQDW}@ =@ 'Qo}O CQ=@ax@ "�3 pmW� CU= xOW xDU=m G} QODx@ MQv u}=
C_re V}=Ri= =@ ?U=vDt |Div |=yu@ QmwQO}y hPL u=tOv=Q '1 gr/L R= ?P=H
QHvt xm ?P=H C_re V}=Ri= =@ CiQ|t Q=_Dv= xm OvJ Qy "CU= xOw@v ?P=H
|=yu@ QmwQO}y ?PH u=tOv=Q 'OwW|t ?PH C}akwt w T=tD K]U V}=Ri= x@
CU= p}rO u}= x@ Q=_Dv= hqN |xH}Dv u}= ẁkw "O@=} V}=Ri= C@Uv u=ty x@ |Div
Qo}Om} x@ ?P=H C=QP R= |WN@ uOWxO}@UJ x@ QHvt '?P=H C_re V}=Ri= xm
Vy=m xH}Dv QO w ?PH |=yC}akwt w T=tD K]U |@Uv Vy=m xm 'CU= xOW

[12]"CW=O Oy=wN p=@vO x@ =Q ?P=H R= |QwxQy@
p=ai u@ Qm 5 gr/L C_re R= xO=iDU= =@ xmCU= xO=O u=Wv xOt; CUOx@ G}=Dv
�85 u=wD|t 'pH = 8 QO Ca=U 2 COt x@ wOQo CUwB p=ai u@ Qm =} s=O=@ CUwB
ẁtHt Q@ xwqa \}=QW u}= QO "OQm hPL =Q x=oW}q=B ?=UB |Div |=yu@ QmwQO}y

|Q}oxR=Ov= R}v ?PH Ov}=Qi |=yDv= w =OD@= QO ?=UB COD '|Div |=yu@ QmwQO}y
"CU= xOW x�=Q= 2 pwOH QO u; x@ \w@ Qt G}=Dv xm 'CU= xOW

|Div C=@}mQD R= l} Qy ?PH C}r@=k |UQQ@ "4"3
|Div C=@}mQD R= l} Qy C_re Vy=m =} hPL QO ?PH OQmrta |UQQ@ Qw_vt x@
Q@ �GC-Mass� |tQH |QDtwQDmBU=/|R=o |i=QowD=twQm R}r=v; '?=UB QO OwHwt
p=ai u@ Qm 5 gr/L C_re R= xO=iDU= =@ ?PH R= Oa@ w ?PH R= p@k ?=UB |wQ
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u}U
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xO=R
K=}U

u}U
LQ}

t=

"TPH hPL u=tOv=Q "5 pmW

"?PH |rO=aD |=yxO=O |wQ Q}wtnvq sQDwR}= pOt VR=Q@ "6 pmW

"?PH |rO=aD |=yxO=O |wQ I}rOvQi sQDwR}= pOt VR=Q@ "7 pmW

pOt Qy |=yQDt=Q=B '�9 =D 6 |=ypmW� ?PH |rO=aD |=yxO=O |wQ I} wmWwO=Q
QO xO=iDU= OQwt p=ai u@ Qm ẁv wO R= l} Qy <=R= x@ l} Qy Q}O=kt w G=QNDU=

"CU= xOW x�=Q= 4 pwOH
3 x@ C@Uv |QDW}@ j@=]D I}rOvQi pOt xm CU= XNWt '4 pwOH j@=]t
|wQ Q@ x=oW}q=B ?=UB |Div |=yu@ QmwQO}y ?PH |=Q@ Qo}O |xOW|UQQ@ pOt
|m =L xH}Dv u}= "CU= xO=O u=Wv OwN R= wOQo CUwB w s=O=@ CUwB p=ai u@ Qm

"?=UB |Div |=y?}mQD |i=QowD=twQm "4 pmW
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s=O=@ CUwB p=ai u@ Qm K]U R= |W}wB uwQDmr= |BwmUwQm}t Q}wYD "10 pmW
"�Q@=Q@ 700 |}=tvnQR@� wOQo CUwB w

"?PH |rO=aD |=yxO=O |wQ u}mtD sQDwR}= pOt VR=Q@ "8 pmW

"?PH |rO=aD |=yxO=O |wQ I}wmWwO=Q � u}v}@ wO sQDwR}= pOt VR=Q@ "9 pmW

?P=H K]U |wQ ?PH |=yC}akwt |DN=wvm} Q}e w ?P=H K]U |voty=v R=
[26]"CU=

1 R= QDW}@ n Q=Okt 'p=ai u@ Qm ẁv wO Qy |=Q@ I}rOvQi sQDwR}= pOt QO
|@ wr]t |m} R}i Ov}=Qi 'xOWs=Hv= ?PH Ov}=Qi OyO|t u=Wv xm &CU= xOt; CUOx@

[25]"CU=
|x}q lD |L]U ?PH C}iQ_ |xv}W}@ 'Q} wtnvq sQDwR}= pOt T=U=Q@
mg/gr w 83 mg/gr OwOL QO ?}DQD x@ wOQo CUwB w s=O=@ CUwB p=ai u@ Qm
?PH Ov}=Qi |=tQo u=wD|t R}v u}mtD sQDwR}= pOt R= "CU= xOW OQw;Q@ 59
J/mol OwOL QO ?}DQD x@ =Q wOQo CUwB w s=O=@ CUwB p=ai u@ Qm |wQ Q@
|m} R}i ?PH Ov}=Qi l} ẁkw u}@t xm 'OQm OQw;Q@ 15 47 J/mol w 26 15

[30]"CU=

?P=H R= 2|W}wB uwQDmr= |BwmUwQm}t Q} w=YD "7"3
s=O=@ CUwB p=ai u@ Qm K]U QO |L]U ?PH Ov}=Qi Q}F-=D u=R}t |xOy=Wt CyH
uwQDmr= |B wmUwQm}t Q} w=YD '=yv; |wQ Q@ OwHwt Pi=vt w C=QiL w wOQo CUwB w
Ov}=Qi |] x=oW}q=B |ak=w ?=UB =@ T=tD R= Oa@ w p@k QO Kw]U u}= R= |W} wB
Kw[w x@ xOWx�=Q= Q} w=YD |xU}=kt =@ "CU= xOW xO=O u=Wv 10 pmW QO ?PH
|=ypwmrwt =@ p=ai u@ Qm Kw]U Q=OGQi w prN w |}xQiL Q=DN=U xm CU= XNWt

"CU= xOW xOv=WwB |Dw=iDt
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u}U
LQ}

t=

|Q}oxH}Dv "4
|@U=vt ?P=H 'wOQo CUwB w |DNQO s=O=@ CUwB R= xOWO}rwD p=ai u@ Qm
xO=iDU= =@ xm |Qw]x@ 'CU= x=oW}q=B ?=UB R= |Div |=yu@ QmwQO}y hPL CyH
|Div |=yu@ QmwQO}y �85 u=wD|t Ca=U 1 COt |] ?P=H u}= R= 5 gr/L R=
|=yu@ QmwQO}y ?PH Ov}=Qi QO |Q=PoQ}F-=D pt=a pH "OQm hPL =Q x=oW}q=B ?=UB
pO=aD Cr=L x@ 'T=tD u=tR R= xk}kO 60 CWPo =@ ?PH Ov}=Qi "CU}v |Div
30 |] xOW?PH |Div |=yu@ QmwQO}y �90 x@ l}ORv xm |r=L QO 'OUQ|t

"OvwW|t ?PH pw= |xk}kO
CUwB p=ai u@ Qm |wQ Q@ x=oW}q=B ?=UB |Div |=yu@ QmwQO}y ?PH l}Dv}U
u}OvJ =@ ?PH |rO=aD |=yxO=O |xU}=kt "CU= swO |x@DQt R= wOQo CUwB w s=O=@
|=Q@ |QDW}@ j@=]D I}rOvQi pOt xm CU= xO=O u=Wv |L]U ?PH sQDwR}= pOt
CUwB w s=O=@ CUwB p=ai u@ Qm |wQ Q@ x=oW}q=B ?=UB |Div |=yu@ QmwQO}y ?PH
|=yC}akwt|DN=wvm} Q}e w ?P=H K]U|voty=v R=|m =L xH}Dv u}= xm 'OQ=O wOQo
I}rOvQi pOt QO 1 R= n Q=Okt uOw@ QDnQR@ u}vJty "CU= ?P=H K]U |wQ ?PH

"CU= |@ wr]t |m} R}i Ov}=Qi 'xOWs=Hv= ?PH Ov}=Qi xm CU= xO=O u=Wv

"|UQQ@ OQwt sQDwR}= 4 |=yQDt=Q=B |=Q@ xOt;CUOx@ Q}O=kt "4 pwOH
p=ai u@ Qm <=R= x@ Q=Okt sQDwR}= |=yQDt=Q=B sQDwR}= s=vwOQo CUwB s=O=@ CUwB
0 0234 0 0205 KL (L/mg)

58 824 83 33 Q0 (mg/gr) Q} wtnvq
0 916 0 711 R2

1 460 1 139 n

2 2773 1 6837 KF ((mg/gr)(L/mg)1=n) I}rOvQi
0 975 0 935 R2

0 1737 0 1453 AT (L/gr)

15 47 26 15 B (J/mol) u}mtD
0 920 0 816 R2

30 846 39 095 qs (mg/gr) � u}v}@ wO0 00002 0 00001 Kad (mol2/kJ2) I} wmWwO=Q0 671 0 401 R2

=yCWwv=B
1. Merck
2. scanning electron Microscopy
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