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e|DU}r=D=mwDi Ov}=Qi QO |vRuR= |x}iYDV}B Q}F-=D

w |ovQ ?q[=i |x}iYD QO jrat � xO}@UJ
u; |xv}y@ \}=QW u}}aD

�|QDmO |wHWv=O� |�xQiR |QO=k O=yQi
�Q=}Wv=O� �|D}; =D}@

�O=DU=� CUwO|Hvo u}UL
TQOt C}@ QD x=oWv=O 'CU} R\}Lt |UOvyt xwQo

�Q=}Wv=O� |Qwt=th=QY pwUQ
TQOt C}@ QD x=oWv=O 'l}t=QU xwQo

Ov}=Qi R= w 7 Sv=Qw= O}U= |w=L ?q[=i nvQ hPL |=Q@ |vRuR= R= VywSB u}= QO
"CU= xOW xO=iDU= |}=yv |x}iYD |=Q@ TiO2 C=QP wv=v jrat � xO}@UJ |DU}r=D=mwDi

'x}rw= C_re V}=Ri= '|k} QRD uR= MQv Vy=m =@ COD hPL u=tOv=Q 'pY=L G}=Dv j@]
R= 'xv}y@ Kw]U "Ci=} Vy=m |Qwv `@vt u=wD Vy=m w =yxvm ; O=OaD Vy=m 'pH V}=Ri=
Qy hPL <=R= x@ |iQYt |SQv= u=R}t |xv}tm hOy `@=D =@ |Jwo =D V}=tR; |L=Q] VwQ

|k} QRD uR= u=R}t '�3� pH '�50 mg/L� x}rw= C_re |=yQ}eDt |=Q@ COD OL=w
QO "Ot; CUOx@ �120 W� Qwv `@vt u=wD w �128 mg/L� xO=twv=v C_re '�1 2 g/hr�

1 2 g/hr |k} QRD uR= =@ w 3 =@ Q@=Q@ pH QO xOv}q; 50 mg/L '|rta |xv}y@ Cr=L
O=wt wv=v 128 mg/L� xvm ; 30 R= xO=iDU= =@ 'xt=O= QO "OW nvQ|@ xk}kO 135 R= TB

"OW hPL ?q[=i COD R= �89 'RwQ 4 COt QO C=w 120 Atq ZQat QO �TiO2

f.qaderi@modares.ac.ir;
ayati bi@modares.ac.ir;
h-ganji@modares.ac.ir;
rsarrafm@modares.ac.ir

'|Q@nvQ '|Jwo =D '7 Sv=Qw= O}U= 'CU}r=D=mwDi 'TiO2 'uR= %|O}rm u=oS=w
"COD

xtOkt "1
|=yxOv}q; |xDUO QO w OvDUyl} Swrw}@ |x} RHD p@=k Q}e ,=QFm = wR; |=y=RnvQ
|=y=RnvQ R= |m} 7 Sv=Qw= O}U= [8w7]"OvwW|t |Ov@xk@] |]}LtCU} R l =vQ]N
EL=@t QO |O=} R C}ty= 'hrDNt `}=vY QO hQYt p}rO x@ xm CU= |O}U=
�-N=N-� |} wR; |ovQ |rt=a xwQo |=Q=O =RnvQ u}= "OQ=O |]}Lt CU} R
|=Q@ |irDNt |=yVwQ uwvm =D [4]"CU= NaSO3 nvQ O}rwD |mtm pt=a w
QO p=Ft |=Q@ "CU= xOW |UQQ@ 7 Sv=Qw= O}U= |w=L ?q[=i |x}iYD
|xDUw}B Ov}=Qi |] 140 mL/min |@O =@ =RnvQ 40 mg/L C_re |WywSB
|wDLt pwrLt NaNO2/FeCl3 QwR}r=D=m [9]"OW |Q@nvQ ,qt=m UV/H2O2
|x}rw= C_re [10]"OQm x}iYD Ca=U 4 Ov=t u=tR QO =Q =RnvQ 200 mg/L
,qt=m xk}kO 40 Ov=t u=tR QO |m} QDmr= QwDm =Q l} QO =RnvQ 300 mg/L

Coprinus cinereus 30628 |xvwo '|t} Rv; |}=OR nvQ QO [11]"OW x}iYD
=Q =RnvQ 20 mg/L |x}rw= C_re �95 Q=Okt 'xk}kO 15 R= TB NBRC

|�Qt QwvCLD (Bi12TiO20) =}v=D}D TwtU}@ |DU}r=D=mwDiVvm =w [12]"OQm hPL
x}iYD �80 u=R}t x@ Ca=U 6 COt |] =Q =RnvQ 20 mg/L |x}rw= C_re
sw}v=D}D � sw}O=v=w Cvot Qw[L QO uotyQ}e uwDvi Ov}=Qi =@ |}xar=]t QO [13]"OQm

CLD =Q ?; `@=vt R= |yHwD p@=k sHL Ov=wD|t |ovQ |xOv}q; |tm Q=Okt Qw[L
Qwv Pwiv R= `v=t '|Qy=_ |}=@} R uOQ@u}@ R= Q@ xwqa |oOwr; u}= "OyO Q=Qk Q}F-=D
C=@}mQD OwHw u}vJty [1]"Ovm|t |Q}owrH RDvUwDi R= w OwW|t |@; `@=vt QO
ẁv 26000 [2]"CU=yv; C}tU w |}=Ru=]QU pt=a =y=RnvQ |NQ@ QO |wkrL

u=wD|t xrtH u; R= xm [3]'OvwW|t xO=iDU= hrDNt |DavY |=yOv}=Qi QO =RnvQ
s=v =Q |}=}t}WwDi |=ypwrU w wt nvQ O}rwD 'sQJ '|H=Uv '|RQw=Wm '|}=Pe `}=vY
'uwv}�wm =QDv; 'u=Dt p} Q; |QD 'wR; `=wv= x@ |}=}t}W Q=DN=U Q_v R= =y=RnvQ [4]"OQ@
'|O}U= 'CmQ}=O 'w}Dm =Q 'C=w `=wv= x@ OQ@ Q=m T=U=Q@ w u}r=}Uwv=Di w l}rm}UwQDy
XwYNx@�|ovQ |=y?q[=iC}ty= x@ Q_v [5]"OvwW|t s}UkD|vw}D=m wTQBU}O
xHwD =@ "OvwW x}iYD \}Lt x@ OwQw R= p@k O}=@ =y?q[=i u}= '�|O}U= |=y=RnvQ
|=yVwQ \UwD u; uOWvhPL w Qo}O \}Lt x@ \}Lt l} R= xOv}q; p=kDv= x@
xDiQW}B uw}U=O}Um = |=yVwQ '|m} Swrw}@ |=ysDU}U u}}=B u=tOv=Q R}v w |m} R}i

[6]"CU= |ovQ |=y?q[=i |x}iYD |=Q@ ?U=vt |}xv} Ro
pw�Ut xOvU} wv �

"1392 2 14 VQ}PB '1391 11 18 x}LqY= '1391 3 28 Ci=} QO %M} Q=D
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"VywSB u}= QO xO=iDU= OQwt QwDm =Q "1 pmW

"VywSB u}= QO xO=iDU= OQwt sDU}U "2 pmW

'uS}Um = pwUBm 'KI uwDU 'QwDm =Q pt=W |vRuR= Ov}=Qi C=R}yHD w xO=wy nvU
'QwDm =Q R= |HwQN R=o |xrwr 'QwDm =Q x@ uR= j} QRD QDt=DwQ w xrwr 'GvUQ=Wi 'QwDqoQ
l}D=tW '2 pmW QO "Ow@ pS=m}r}U uRNt w xO=wy nvU 'QwD=QvS uR= 'QR}q=v; uR=

"CU= xOW x�=Q= xO=iDU= OQwt sDU}U
CmQW pwYLt� 7 Sv=Qw= O}U= w Q]kt ?; ?}mQD R= VywSB u}= ?q[=i

"�3 pmW� CU= xOW x}yD �C16H11N2NaO4S pwtQi =@ u=tr; Merck

Gwt pw] w u}}aD QDtwv=v 900 =D 200 |xQDUo QO =RnvQ ?PH COW =OD@=
?=NDv= =RnvQ hPL u=R}t |UQQ@ |=Q@ xv}W}@ ?PH u=R}t uDW=O =@ QDtwv=v 485
VQ=Ro Gwt pw] u}ty QO =Q ?PH u=R}t u} QDW}@ R}v u}W}B |=yVywSB "OW

[25]"Ov=xOQm

hPL xk}kO 250 u=tR COt QO =RnvQ 0 2 mmol=L |x}rw= C_re |a}@]
Vvm =w =@ Ca=U 5 Ov=t u=tR QO =RnvQ 50 mg/L |x}rw= C_re w [14]'OW
�60 u=R}t x@ |�Qt Qwv QO u@ Qm w uy; =@ xOWKqY= TiO2 C=QP |DU}r=D=mwDi

[15]"OW x}iYD
|xv=oOvJ Ov=@ |=Q=O |=yxOv}q; =@ `} QU Vvm =w |}=v=wD =@ |}xOv}=Um = 'uR=
TQBU}O w C=w Ovv=t pwrLt=v |=y=RnvQ =@ u; Vvm =w =t= "CU= ?; QO pwrLt
p=m}O=Q O=H}= =@ =} w s}kDUt Qw]x@ |@; \}Lt QO uR= pwmrwt [16]"CU= Ovm Q=}U@
u} QDW}@ uR= 'OwHwt |=yVQ=Ro T=U=Q@ "Ovm|t O}Um = =Q =yxOv}q; p}UmwQO}y
|=Q@ [17]"OQ=O -N=N- Ovv=t 1QwiwtwQm |=yOvw}B |x} RHD QO =Q |}=v=wD w p}=tD
w =RnvQ hPL OYQO 96 =D 86 'VwQ u}= x@ |H=Uv ?q[=i |x}iYD QO p=Ft

[18]"CU= xOW VQ=Ro COD hPL OYQO 39 =D 33
?U=vt |SQv= =@ uwDwi ?PH =@ =yCU}r=D=mwDi 'R}v |DU}r=D=mwDi |=yOv}=Qi QO
xDN}ov=Q@ =yu; uwQDmr= w OvwW|t p=ai �CU}r=D=m 2 GBE R= QDnQR@ =} Q@=Q@ |SQv=�
QO OwHwt uwQDmr= 'uS}Um = Ovv=t Q}PBuwQDmr= pwmrwt l} p=L u}= QO "OwW|t
K]U QO |}xQiL O=H}= ?@U pta u}= xm 'Ovm|t Ci=} QO =Q =yCU}r=D=mwDi K]U
=Q |vwQDmr= pwrLt QO OwHwt p}UmwQO}y uw} R= xQiL u}= "OwW|t CU}r=D=mwDi
QO OwHwt |=RnvQ uOWO}Um = x@ QHvt xm 'Ovm|t p}O@D p=m}O=Q x@ =Q u; w Ci=} QO
u=tR =@ |DU}r=D=mwDi |x}iYD Ov}=Qi |}=v=wD p}rO x@ xRwQt= [19]"OwW|t ?q[=i
xDiQo CQwY xv}tR u}= QO |Q=}U@ |=yVywSB '=RnvQ pt=m hPL QO ?U=vt Ov=t

[22�20]"CU=
=} jrat CQwYx@ CU}r=D=mwDiwv=v |�=Q=m |wQ Q@ |Q=}U@ |=yVywSB uwvm =D
[23]"CU= xDiQo CQwY =yxOv}q; `=wv= hPL QO QDU@ l} |wQ Q@ xOWxO=O VWwB
[24]"OvQ=O |QDq=@ |DU}r=D=mwDi C}r=ai 'xO}@UJ `=wv= hqN Q@ jrat |=ysDU}U
w |O=YDk= p}qO x@ x}iYD s=tD= R= TB =yCU}r=D=mwDiwv=v |R=U=OH CQwQ[ =t=
|tm p}=tD wQ u}= R= w OwW|t ?wULt u; ?}=at R= '|]}LtCU} R w |DW=Oy@ R}v
w uU=Lt x@ xHwD =@ VywSB u}= QO [23]"OQ=O OwHw jrat |=yQwDm =Q R= xO=iDU= x@
"CU= xOW xDiQo xQy@ VwQ ẁv wO ?}mQD =@ |O}OH sDU}U R= 'Ov}=Qi Qy ?}=at
jrat CQwYx@ w C}@FD lJwm C=a]k |wQ Q@ =yCU}r=D=mwDiwv=v xm CQwY u}O@
|wQ Q@ O=wtwv=v |yOVWwB =@ Cr=L u}= QO "OvDiQo Q=Qk xO=iDU= OQwt QwDm =Q QO
uw}U=QDr}i x@ R=}v 'O=wtwv=v uOw@jrat |=}=Rt R= |Q}oxQy@ ut[ l@U |=yQDU@
`iQ Qw_vt x@ uR= =@ ?q[=i |x}iYDV}B R= u}vJty "OW hPL xOWx}iYD ?=UB
CyH R}v C}=yv QO "OW xO=iDU= CU}r=D=mwDiwv=v x@ Qwv uO}UQ QO nvQ CtL=Rt
|xv}y@ Kw]U w sDU}U u=tOv=Q QO QF-wt |=yQDt=Q=B R= l} Qy Vkv u=R}t u}}aD
|iQYt |SQv= u=R}t |xv}tm hOy `@=D =@ |Jwo =D V}=tR; |L=Q] VwQ R= =yQDt=Q=B

"OW xO=iDU=

=yVwQ w O=wt "2
TvH R= QwDm =Q l} QO |DU}r=D=mwDi |x}iYD w x}iYDV}B VywSB u}= QO
w 3 8 ?}DQD x@ O}it w |rm sHL w 10� 15 cm |rN=O O=a@= x@ Tqo|UmrB
x@ C@Uv sDU}U "�1 pmW� CU= xOW s=Hv= xDUw}B=v |m}rwQO}y s} SQ =@ QD}r 2 6
pkDUt QDt=Q=B C=Q}}eD MQv x@ xHwD =@ |Q=OQ@xvwtv w Ow@ j}=a ,qt=m R=o GwQN w OwQw
xO=iDU= |kQ@ sDU}U R= pQDvm |=Q@ "CU= xDiQo CQwY |@U=vt |v=tR pY=wi QO
|xrwr '=wy AtB 'x}=B w xQ}o 'QwDm =Q pt=W |DU}r=D=mwDi Ov}=Qi C=R}yHD "CU= xOW
'l}Dr=DU} QB AtB 'UV-A Atq 'sw}v}twr; p} wi VWwB 'xQB w uRty '=wy p=kDv=
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"K]U |wQ C=QPwv=v VWwB SEM Q}wYD "4 pmW

"K]U |wQ C=QPwv=v VWwB EDAX R}r=v; "5 pmW

VWwB R= =yDv= QO "OwW xOwOR =yu; K]U R= xOWvxO=O VWwB O=wtwv=v =D OvOW
5 w 4 |=ypmW QO?}DQD x@ G}=Dv xm OW xDiQo EDX R}r=v; w SEM Q} wYD pY=L

"CU= xOW x�=Q=
'OyO|t u=Wv =Q C=QPwv=v uOWxQtwro ; uwO@ xOWxO}WwB K]U 'SEM Q} wYD
"CU= 58 nm |xR=Ov= |=Q=O Q} wYD |wQ Q@ xOW|Q=PoCtqa |xQP xm |}xvwox@
|xOvyOu=Wv w Ovm|t |iv =Q xQPwv=v R= Q}e |@}mQD OwHw R}v EDX R}r=v; |xH}Dv

"CU= C=QPwv=v =@ K]U pt=m VWwB
|=yQ}eDt Q}F-=D u=R}t w xv}y@ Kw]U u}}aD |=Q@ '|y=oW}=tR; VN@ s=tD= R= TB
|=yQ}eDt 'xDiQoCQwY V}=tR; |L=Q] QO "OW xO=iDU= |Jwo =D VwQ R= pkDUt
QO� pH '�QD}r Q@ sQo|r}t 100 w 50 '35 '5 Kw]U QO� x}rw= C_re pkDUt
243 w 191 '128 '58 Kw]U QO� CU}r=D=mwDi C_re w �11 w 9 '7 '3 Kw]U
MQv w �C=w 160 w 120 '80 '40 Kw]U QO� |Qwv `@vt u=wD '�QD}r Q@ sQo|r}t
|x}=Q; l} QO �Ca=U Q@ sQo 1 2 w 1 ' 73 '0 4 Kw]U QO� |vRuR= QO uR= j} QRD
u=wva x@ COD OL=w Qy hPL <=R= x@ |iQYt |SQv= u=R}t xm OvOW |UQQ@ L16

"OW ?=NDv= xDU@=w Q}eDt
'�xUv=Qi QwWm CN=U COG-5S pOt�ARDA |Q=HD s=v =@ uR= QwD=QvS
L/min |xv}W}@ C}iQ_ =@ u=tr; Fischer porter CmQW CN=U� QDt=DwQ
CyH Zinser CmQW CN=U� QwDqoQ '�uS}Um = R=o |@O |Q}oxR=Ov= CyH 1
VNB CyH Fungilab UE-6SFD pOt� Qv}rm l}vwU=QDrw= '�Q=Wi s}_vD
CN=U� QDtwDiwQDmBU= '�=yxvm ; Kw]U Q@ |yOVWwB R= p@k `}=t R=i QO C=QPwv=v

"7 Sv=Qw= O}U= |}=}t}W Q=DN=U "3 pmW
"sDU}U u=tOv=Q QO QDt=Q=B l} Q}}eD Q}F-=D |=yV}=tR; "1 pwOH
V}=tR; \}=QW xOW|UQQ@ Q}O=kt Q}eDt

pH: 3 =RnvQAtq COW% 120W 50'35'5
(mg/L)CU}r=D=mwDi C_re% 128 mg/L

=RnvQ C_re% 50 mg/L

Atq COW% 120 W 9'7'3 pH

CU}r=D=mwDi C_re% 128 mg/L

=RnvQ C_re% 50 mg/L Atq COW
pH:3 160'120'80'40

(W)CU}r=D=mwDi C_re% 128 mg/L

=RnvQ C_re% 50 mg/L CU}r=D=mwDi C_re
pH:3 243'191'128'58

(mg/L)Atq COW% 120 W

uR= 1 2 gr/hr j} QRD =@ '=RnvQ |wDLt ?q[=i =OD@= |vRuR= Ov}=Qi QO
pkDvt jrat � xO}@UJ |DU}r=D=mwDi Ov}=Qi x@ |r}tmD |x}iYD CyH w nvQ|@
u=tR COt w xO=iDU= ?q[=i |Q@nvQ |=Q@ uR= R=o R= xm ?}DQD u}O@ "OW|t
�xv}y@ \}=QW u}}aD |=Q@� hrDNt \}=QW QO COD hPL u=R}t w nvQ hPL
xO=O Qw@a KI �2 pwrLt R= 'x}iYDV}B QO QwDm =Q R= |HwQN R=o "OW|t |UQQ@
"OvwW ?} QND pt=m Qw]x@ \}Lt x@ OwQw R= p@k uR= |=ypwmrwt |t=tD =D OW|t
w =wy AtB |xr}Uw x@ =wy j} QRD R= jrat � xO}@UJ |DU}r=D=mwDi Ov}=Qi QO
sw}v}twr; p} wi =@ QwDm =Q u}vJty "OW xO=iDU= Ov}=Qi u=tOv=QV}=Ri= |=Q@ xO=wynvU
V}=Ri= ut[ w QwYLt QwDm =Q \}Lt QO UV Qwv |t=tD =D OW xO=O VWwB s}N[
Qy |xOW|UQQ@ Q}O=kt '1 pwOH QO "OwW u}t-=D x=oW}=tR; \}Lt |vt}= 'u=tOv=Q

"CU= xOW x�=Q= Q}eDt
l} uOv=@UJ R= |DU}r=D=mwDi sDU}U QO xO=iDU= OQwt jrat |=yxvm ;
x@� TiO2 (P25) C=QP wv=v =@ xOWxO=O VWwB Tqo|UmrB |wQ}=O |xa]k
mm `r[ x@� u=DQw= |rB swi ?amt l} w �2 mm Ct=N[ w 20 mm Q]k
|UmwB= ?UJ 1010 gr/m2 Q=Okt '=yxvm ; |yOVWwB |=Q@ "OvOW x}yD �5
TiO2 uw}Uv=BUwU R= |tHL w VNB Tqo|UmrB K]U |wQ 3 HEC-8
�30 w R=D=v; R=i �70 TiO2 (P25) |Q=HD s=v =@ Degussa CmQW pwYLt�
C_re =@ �55 m2/gr XwYNt K]U w 21 nm |xR=Ov= \UwDt =@ p}=DwQ R=i
20 gr/m2 Q=Okt '?; Q}N@D R= TB xm |Qw] x@ OW xDN} Q K]U |wQ 20 gr/L

xDUW ?; =@ =yxvm ; 'uOWlWN |xrLQt R= TB "O@UJ@ xvm ; K]U x@ xO=twv=v
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"|vRuR= QO COD hPL QO x}rw= C_re Q}F-=D "7 pmW

"|DU}r=D=mwDi � |vRuR= sDU}U QO COD hPL QO x}rw= C_re Q}F-=D "8 pmW

OwHwt |=yOvw}B Q}=U QDW}@ Ctw=kt p}rO x@ xr�Ut u}= xm 'OyO|t |wQ COD

"CU= CU}r=D=mwDi w uR= |oOv}=Um = Q@=Q@ QO
QO COD hPL u=tOv=Q '=RnvQ |x}rw= C_re V}=Ri= =@ 8 pmW T=U=Q@
|=yC_re =@ ?q[=i |=Q@ xm |}xvwo x@ 'CU= xDi=} Vy=m |DU}r=D=mwDi Ov}=Qi
6615 w 5875 '545 |=yu=tR QO ?}DQD x@ QD}r Q@ sQo|r}t 50 w 35 '5
'u}W}B |=yVywSB QO "O}UQ 0 11 w 0 1 '0 06 x@ COD/COD0 xk}kO
xOW VQ=Ro C_re V}=Ri= =@ |DU}r=D=mwDi Ov}=Qi QO xOv}q; hPL u=tOv=Q Vy=m

[1]"CU=
R= =yQDt=Q=B Q}=U Q}F-=D |UQQ@ |=Q@ VywSB |xt=O= QO 'pY=L G}=Dv x@ xHwD=@

"OW xO=iDU= xv}y@ u=R}t u=wvax@ =RnvQ 50 mg/L C_re

|DU}r=D=mwDi � |vRuR= sDU}U QO pH Q}F-=D "2"3
T=U=Q@ "OW xO=iDU= QD}r Q@ sQo|r}t 50 C_re =@ pwrLt R= pH Q}F-=D |UQQ@ |=Q@
V}=Ri= pH V}=Ri= =@ COD w nvQ hPL u=tOv=Q |vRuR= QO 10 w 9 |=ypmW
|x}iYD u=tOv=QV}=Ri= QO|}=}rk pHC@Ft Q}F-=D R}v u}W}B |=yVywSB QO "O@=}|t
|xOwOLt QO [27w18'16]"CU= xOW VQ=Ro |vRuR= =@ |H=Uv w |ovQ |=y?q[=i
pwmrwt u}= |x} RHD MQv V}=Ri= xH}Dv QO 'CU= QDtm uR= pwmrwt Qta |xt}v |R=@
QO 'OyO|t MQ QDW}@ |}=}rk |=ypH QO p}UmwQO}y p=m}O=Q O}rwD w CU= QDW}@

QO pwrLt QO Qwv ?PH w COD u}}aD CyH 50 Conc pOt Cary CmQW
Hach CmQW pwYLt� |}xrwr =H 16 QwDm =Q COD '�hrDNt |=yGwt pw]
CyH 691 pOt Metrohm x=oDUO� QDt pH '�COD |Q}oxR=Ov= CyH
Atq '�\qDN= O=H}= CyH u=tr; IKA CmQW CN=U� uRty '�pH |Q}oxR=Ov=
s=v =@� =wy AtB '�O=wtwv=v |R=Up=ai CyH Narva CmQW pwYLt� UV-A

pwYLt� l}Dr=DU} QB AtB w �sDU}U |yO=wy CyH Atinan A6500 |Q=HD
OQwt |rY= C=R}yHD �uw}UqwmQ}U CyH PD-5001 pOt Heidolph CmQW
pwYLt� K2Cr2O7 '�u=DUrov= BDH CmQW pwYLt�HgSO4 "OvOw@ xO=iDU=
H2SO4 '�u=tr; Merck CmQW pwYLt� Ag2SO4 '�u=tr; Merck CmQW
Hach CmQW pwYLt� KHP '�|rrHt QDmO CmQW pwYLt �98 XwrN =@�
Merck CmQW pwYLt� HCl w NaOH w COD |Q}oxR=Ov= |=Q@ �=m} Qt;
pS=m}r}U CmQW pwYLt� pS=m}r}U "OvOW xO=iDU= pH s}_vD |=Q@ �u=tr;
pwYLt� KI w �QR}q=v; uR= x@ |OwQw R=o uOQmlWN CyH u=Q}= u=WNQO
xO=iDU= OQwt O=wt Qo}O R= �sDU}U R= |HwQN uR= ?} QND CyH u=tr; Merck

"OvOw@
QDtwv=v 485 Gwt pw] QO xOWx}yD uw}U=Q@}r=m |vLvt T=U=Q@nvQ |Q}oxR=Ov=
|=yVwQ ?=Dm QO xOWx�=Q= 5220D ptar=QwDUO T=U=Q@ COD |Q}oxR=Ov= w
QO =yV}=tR;VywSB u}= QO [26]"CiQo CQwY ?q[=i w ?; |=yV}=tR; OQ=Ov=DU=
smCUO =yV}=tR; |x}rm w s=Hv= �Tw}UrU |xHQO 22� x=oW}=tR; \}Lt |=tO

"OvOW Q=QmD Q=@ 3

G}=Dv "3
|DU}r=D=mwDi � |vRuR= sDU}U QO x}rw= C_re Q}F-=D "1"3

V}=Ri= =@ 6 pmW T=U=Q@ "OW s=Hv= pt=m uOWnvQ|@ =D |vRuR= |x}iYDV}B
pt=m |Q@nvQ xm |Qw]x@ 'Ci=} V}=Ri= nvQ hPL |=Q@ sRq u=tR 'x}rw= C_re
115 '65 |=yu=tR QO 50 w 35 '5 |=yC_re |=Q@ ?}DQD x@ 3 pO=at pH QO
u=tR COt QO COD hPL u=tOv=Q '7 pmW j@] "CiQo CQwY xk}kO 135 w
s}kDUt |@; |=RnvQ |UQQ@ QO "Ot; CUOx@ OYQO 18 w 25 '60 ?}DQD x@ QwmPt
=RnvQ hPL 'pY=L G}=Dv T=U=Q@ "CU= xOW VQ=Ro |y@=Wt |xH}Dv R}v 71
hPL R= QD`} QU [16]"�CU= -N=N- Ovv=t QwiwtwQm |=yOvw}B OwHw p}rOx@ xm �

"|vRuR= QO nvQ hPL QO x}rw= C_re Q}F-=D "6 pmW
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|D};
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QiR
|QO

=kO
=yQi QO TiO2 |=Q@ |m} QDmr= |Q=@|@ |x]kv [30]"OQ}o|t Q=Qk O=wtwv=v |xm@W K]U

T=U=Q@ pwrLtpH '�2� w �1�|=yVvm =w QO [31]"CU= xOWVQ=Ro 5 9 pO=atpH

w OQ=Po|t Q}F-=D TiO2 K]U uOWxR}vw} |ovwoJ QO |m} QDmr= |Q=@|@ |x]kv
[29]"OwW|t hrDNt \}=QW QO TiO2 |xO=twv=v |QDwit; Q=DiQ Ea=@

> Ti�OH + H+ $> Ti�OH+
2 5 9 < pH (1)

> Ti�OH + OH� $> Ti�O� + H2O 5 9 > pH (2)

Ci=} QO =@ TiO2 CU}r=D=mwDi K]U �1� Vvm =w =@ j@=]t |O}U= \}=QW QO
|x@P=H O=H}= Ea=@ xr�Ut u}= xm OwW|t C@Ft Q=@ |=Q=O \}Lt QO OwHwt uwDwQB
|=Q=O Na+ uO=OCUO R= =@ |@; \}Lt QO Sv=Qw= O}U=� xOv}q; u}@ |m}D=DU=wQDmr=
Ov}=Qi QO |O}rwD |xQiL uwJ w OwW|t TiO2 xO=twv=v K]U w �OwW|t |ivt Q=@
u}=Q@=v@ 'OwW|t 7 Sv=Qw= O}U= |=RnvQ uw}U=O}Um = Ea=@ ,=t}kDUt |DU}r=D=mwDi
x=Qty x@ =Q =RnvQ |x}iYD u=tOv=QV}=Ri= |O}U=\}Lt QO|m}D=DU=wQDmr= |x@P=H
p}UmwQO}y uw} 'TiO2 K]U �2�Vvm =wT=U=Q@ '5 9 R= QDq=@ |=ypH QO =t= 'OQ=O
u}@ l}D=DU=wQDmr= |xai=O xm 'OwW|t |ivt |L]U Q=@ |=Q=O w Ovm|t ?PH =Q
QO xOv}q; |DU}r=D=mwDi |x} RHD u=tOv=Q Vy=m x@ QHvt 'xOv}q; w xO=twv=v K]U
u=tOv=Q QO R}v |Qo}O |=ypmW x@ xO=twv=v |L]U Q=@ [32]"OwW|t \}=QW u}=
O}rwD |=ysU}v=mt R= |m} |DU}r=D=mwDi Ov}=Qi QO "OQ=Po|t Q}F-=D |DU}r=D=mwDi Ov}=Qi
Ov}=Qi QO |O}rwD |xQiL u; QO xm 'CU= �3� Vvm =w CQwYx@ p}UmwQO}y p=m}O=Q
p}UmwQO}y p=m}O=Q w OyO|t Vvm =w ?; \}Lt p}UmwQO}y uw}v; =@ |DU}r=D=mwDi

[32]"Ovm|t O}rwD
h+

vb + OH� $ OH0 (3)

K]U w p}UmwQO}y uw} u}@ |m}D=DU=wQDmr= |xai=O p}rO x@ |R=@ \}Lt QO p=L
R}v xr�Ut u}= w Ow@ Oy=wN QDtm p}UmwQO}y p=m}O=Q O}rwD 'TiO2 O=wtwv=v |ivt
G}=Dv x@ xHwD =@ "CU= |R=@ |xOwOLt QO Ov}=Qi u=tOv=Q Vy=m p}qO R= Qo}O |m}
xOW xO=iDU= xv}y@ u=R}t u=wvax@ 3 pO=at pH R= VywSB |xt=O= QO 'pY=L

"CU=

|DU}r=D=mwDi |x}iYD QO xO=twv=v C_re Q}F-=D "3"3
|x}iYD hPL u=tOv=Q �xvm ; O=OaD� xO=twv=v C_re V}=Ri= =@ 12 pmW T=U=Q@
15� 58 mg/L R= C_re V}=Ri= =@ Cw=iD u}= |rw 'O@=}|t V}=Ri= |r}tmD
30� 128 mg/L V}=Ri= R= QDW}@ Q=}U@ �xvm ; 30� 128 mg/L x@ �xvm ;
u=tR |] COD/COD0 xm |Qw]x@ 'CU= �xvm ; 60� 243 mg/L x@ �xvm ;
128 mg/L '�xvm ; 15� 58 mg/L O=wtwv=v C_re R= xO=iDU= s=ovy RwQ 4
'0 2 ?}DQD x@ �xvm ;60� 243 mg/L '�xvm ; 45� 191 mg/L '�xvm ; 30�
O=wtwv=v =@ xOWxO=O VWwB jrat |=yxvm ; =Q} R "Ot; CUOx@ 0 1 w 0 11 '0 13
'xvm ; O=OaD V}=Ri= =@ w OQ=O |@=ewO Cr=L =@ |}=yCy=@W Qwv Pwiv Q_v R=
V}=Ri= xr�Ut u}= xm 'OwW|t wQ@ wQ C}OwOLt =@ QwDm =Q \=kv |t=tD x@ Qwv uO}UQ
OwOLt =Q QD}r Q@ sQo|r}t 128 R= |iQYt |xO=twv=v Q=Okt uDWPo =@ u=tOv=Q

"Ovm|t
|DU}r=D=mwDi |x}iYD QO |iQYt |xO=twv=v Q=Okt QF= u}W}B |=yVywSB QO
sQo 1 '7 Sv=Qw= O}U= 25ppm |x}iYD QO |WywSB QO "CU= xOW |UQQ@
=@ w CU= xDW=O =Q u=tOv=Q u} QDW}@ |@=ewO Cr=L QO CU}r=D=mwDi R= QD}r Q@

"|vRuR= QO nvQ hPL QO pH Q}F-=D "9 pmW

"|vRuR= QO COD hPL QO pH Q}F-=D "10 pmW

"|DU}r=D=mwDi � |vRuR= sDU}U QO COD hPL QO pH Q}F-=D "11 pmW

[28]"Ovm|t O}Um = =Q xOv}q; ,=t}kDUt uR= pwmrwt |O}U= |=ypH QO xm |r=L
QO xm '�11 pmW� OQ=O |QDW}@ u=tOv=Q |O}U= \}Lt QO |DU}r=D=mwDi Ov}=Qi

[29]"CU= xOW VQ=Ro |Q=DiQ u}vJ R}v u}W}B |=yVywSB
|m}D=DU=wQDmr= |=ywQ}v R= |W=v '|DU}r=D=mwDi Ov}=Qi u=tOv=Q QO pH Q}F-=D
|L]U sw}v=D}D sD= 'TiO2 |xm@W QO "CU= CU}r=D=mwDi w xO=twv=v u}@ |O=H}=
QO > Ti�OH CQwYx@ w OwW|t Q=Opt=a |@; \}Lt QO x}rw= |=yC=QO}y =@
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[19]"OQm Oy=wN C@=kQ xQiL w uwQDmr= O}rwD Vvm =w =@ w CU= xDiQo

|y=oW}=tR; G}=Dv =@ xv}y@ Cr=L |xU}=kt w |Jwo =D VwQ "5"3
OL=w Qy hPL <=R= x@ |iQYt |SQv= u=R}t XN=W R}r=v; R= pY=L G}=Dv T=U=Q@
R}r=v; L16 |x}=Q; l} QO |Jwo =D VwQ QDy@ � QDlJwm Cr=L |=Q@ xm COD

C_re '�16 5 =@ uR= j} QRD MQv '�37 5 =@ x}rw= C_re '�39 =@ pH 'CU= xOW
=Q Q}F-=D u} QDW}@ ?}DQD x@ �0 7 =@ |Qwv `@vt u=wD w �5 =@ |iQYt |xO=twv=v
u}= |xv}y@ Kw]U "OvQ=O COD OL=w Qy hPL <=R= x@ |iQYt |SQv= u=R}t QO
`@vt u=wD '50 mg/L |x}rw= C_re Qov=}@ 'XN=W Q=Okt u} QDW}@ |=Q@ pt=wa
=@ Q@=Q@ pH '�xvm ; 30� 128 mg/L |iQYt O=wtwv=v C_re '120 W |Qwv
xOW x�=Q= 14 pmW QO XN=W R}r=v; G}=Dv "CU= 1 2 gr/hr uR= j} QRD w 3

"CU=
Qy hPL <=R= x@ |iQYt |SQv= Q=Okt |Jwo =D VwQ \UwD xv}y@ \}=QW QO
u}= |y=oW}=tR; G}=Dv T=U=Q@ xm OW OQw;Q@ Ca=U C=w 56 4 'COD sQo|r}t
OvwQ "CW=O Cw=iD xOW|v}@V}B Q=Okt =@ �5 w Ow@ Ca=U C=w 59 44 Q=Okt

"CU= xOW x�=Q= 15 pmW QO xv}y@ \}=QW QO COD hPL

"XN=W |UQQ@ QO S/N QO hrDNt |=yQDt=Q=B QF= "14 pmW

"|DU}r=D=mwDi � |vRuR= sDU}U QO xv}y@ \}=QW QO COD hPL OvwQ "15 pmW

p@=k Q}}eD hPL u=tOv=Q QD}r Q@ sQo 1 5 x@ CU}r=D=mwDi R= Q=Okt u}= V}=Ri=
xv}y@ |xO=twv=v RwO u=R}t 'Qo}O |WywSB QO u}vJty [1]'CU= xOQmv |yHwD
100 =@ Q@=Q@ 7 Sv=Qw= O}U= R= 50 mg/L |x}iYD |=Q@ |@=ewO Cr=L QO
u=tOv=Q QD}r Q@ 350 sQo|r}t x@ C_re V}=Ri= =@ w xOt; CUOx@ QD}r Q@ sQo|r}t
=@ Q@=Q@ O=wtwv=v C_re |xv}y@ u=R}t VywSB u}= QO [33]"CU= xOv=t C@=F ,=@} QkD
xOW xO=O VWwB xvm ; OOa 30 |wQ Q@ xm xOt; CUOx@ QD}r Q@ sQo|r}t 128

"CU=

|DU}r=D=mwDi |x}iYD QO |Qwv `@vt u=wD Q}F-=D "4"3
V}=Ri= C=w 160 =D 40 R= |Qwv `@vt u=wD Q}}eD =@ sDU}U u=tOv=Q 'VywSB u}= QO
COD/COD0 xm |Qw] x@ &Ow@ R}J=v C=w 160 x@ 120 R=V}=Ri= u}= |rw 'Ci=}
Ov}=Qi s=Hv= R= RwQ 4 R= Oa@ C=w 160 w 120 '80 '40 |Qwv `@=vt R= xO=iDU= s=ovy
QO "�13 pmW� Ot; CUOx@ 0 11 w 0 13 '0 22 '0 34 ?}DQD x@ |DU}r=D=mwDi
x}iYD u=tOv=Q QO |Qwv `@vt u=wD V}=Ri= C@Ft Q}F-=D O}}-=D ut[ '=yVywSB Q}=U
"CU= Q}F-=D|@ u=tOv=Q QO XNWt Q=Okt R= Atq u=wD V}=Ri= xm CU= xOW u=}@
|DU}r=D=mwDi Ov}=Qi QO xQiL w uwQDmr= O}rwD Vvm =w 'u}}=B u=wD =@ |Qwv `@=vt QO =Q} R
'ODi=|t j=iD= |R}J=v u=R}t x@ xQiL w uwQDmr= OOHt ?}mQD Vvm =w w CU= ?r=e

"|DU}r=D=mwDi Ov}=Qi QO COD hPL QO xO=twv=v C_re Q}F-=D "12 pmW

"|DU}r=D=mwDi Ov}=Qi QO COD hPL QO |Qwv `@vt u=wD Q}F-=D "13 pmW
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QiR
|QO

=kO
=yQi |@ wN pL x=Q jrat w xO}@UJ |DU}r=D=mwDi sDU}U ẁv wO R= u=tRsy |xO=iDU= xm

"CU= sDU}U wO Qy uU=Lt R= u=tRsy |xO=iDU= w ?}=at Vy=m QO
u=vJty w CU}v |wkrL C=@}mQD uOWx} RHD |vat x@ nvQ hPL xm =Hv; R=
� xO}@UJ |DU}r=D=mwDi Ov}=Qi R= 'OQ=O OwHw |]}LtCU} R CqmWt RwQ@ u=mt=
"OW xO=iDU= u; u=tOv=Q |UQQ@ |=Q@ COD QDt=Q=B R= w |r}tmD |x}iYD |=Q@ jrat
2 pwOH QO xv}y@ \}=QW QO =yOv}=Qi R= l} Qy w sDU}U pm QO COD hPL u=R}t

"CU= xOW x�=Q=
|x}iYDV}B |xv}y@ \}=QW QO '?q[=i nvQ w COD QDt=Q=B x@ xHwD =@
|=y?; x@ x}rND |=Q@ uR= |xr}Uw x@ QD}r Q@ sQo|r}t 50 C_re =@ ?q[=i
|wkrL O=wt pt=m uDiQu}@ R= Qw_vt x@ |rw 'CU= |i=m ?P=H |=yx=J w |L]U
|DU}r=D=mwDi Ov}=Qi =@ x}iYD |xt=O= 'wR; Ovw}B uDUmW R= TB xOWO}rwD nvQ|@

"CU= Q}PB=v?=vDH=
R= Oa@ |DU}r=D=mwDi |r}tmD |x}iYD sDU}U QO 'VywSB G}=Dv T=U=Q@
'uR= j} QRD MQv 'x}rw= C_re 'pH |=yQDt=Q=B ?}DQD x@ |vRuR= |x}iYDV}B
|iQYt |SQv= u=R}t QO =Q Q}F-=D u} QDW}@ |Qwv `@vt u=wD w |iQYt |xO=twv=v C_re

"OvQ=O COD OL=w Qy hPL <=R= x@

"xv}y@ \}=QW QO hrDNt |=yOv}=Qi QO COD hPL u=tOv=Q "2 pwOH
u=tR COD hPL u=tOv=Q |OwQw COD Ov}=Qi�RwQ� ��� (mg/L)

0 094 18 58 8 |vRuR=
4 5 87 48 22 |DU}r=D=mwDi

4 594 89 58 8 |DU}r=D=mwDi + uR=

|Q}oxH}Dv "4
O=wtwv=v R=}v R}v w nvQ hPL QO uR= R=o |}=v=wD x@ xHwD =@ 'VywSB u}= G}=Dv T=U=Q@
Ov}=Qi OQ@ Q=m 'hOy u}= x@ uO}UQ QO nvQ CtL=Rt w |Qwv |=yuwDwi Ci=} QO x@
"Ow@ VN@C}=[Q |DU}r=D=mwDi Ov}=Qi |=Q@ ?U=vt |}x}iYDV}B u=wvax@ |vRuR=
|r}tmD |x}iYD |=Q@ |DU}r=D=mwDi Ov}=Qi '|vRuR= Ov}=Qi |xv} Ry x@ xHwD =@ |iQ] R=
XwYNx@ &CU= |@U=vt |xv} Ro 'CU= xO=O CUO R= =Q OwN nvQ xm |@q[=i

=yCWwv=B
1. Chromophor
2. Gap band energy
3. Epoxy adhesive HEC-8
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