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uRNt l} x=Qty x@ |J}B Q=t pmW x@ QD}r 7 sHL x@ xDUw}B sy x@ |RDQ=wm |xrwr
TiO2 CU}r=D=mwDi sQo|r}t 1500 x=Qty x@ xOW xOwr; ?=UB |w=L |QD}r 15
V@=D COW u} QDW}@ "OvOQm xO=iDU= 40 L/min C}iQ_ =@ AtB l} x@ RyHt
HD2102 2 |Q=HD s=v =@ UV COW |Q}oxR=Ov= x=oDUO R= xO=iDU= =@ 22w=m2

3 mL |xR=Ov= x@ COD |Q}oxR=Ov= |=Q@ |Q}oxvwtv "OW C@F Delta Ohm

|=yu@ QmwQO}y |xOv}=tv� u}r=Div hPL xOR=@ "CiQo s=Hv= |irDNt |=yu=tR QO
�90 OwOL xHQO 25 ?=UB |=tO w pH Qy QO u}iw}DwRv@|O w �Civ |wkrLOvJ
|Q=DN=U ?; QO OwHwt |=yu@ QmwQO}y <RH� pviwQD}v=Q=B |=Q@ w xk}kO 60 QO
C=ar=]t j@] [17]"CU= xOw@ xk}kO 180 u=tR COt QO �40 OwOL �Civ |=yx=J
VWwB uD@ R= xO=iDU= =@ pvi hPL xOR=@ 'u=Q=mty w R=wvrO \UwD xOW s=Hv=
|xOv}q; C_re QO w |@=ewO Cr=L QO |UmwB= ?UJ |xr}Uw x@ xOW xO=O
OwOL QO 7 Q@=Q@ sDU}U pH w Ca=U 4 Ov=t u=tR QO 100 mg/l pO=at |OwQw
�|R} Qo?; C}Y=N =@� ?; O[ ?UJ =@ xOW xO=O VWwB uD@ R= QDW}@ �20

[18]"CU=
Q=DN=U |UQQ@ w T iO2=Ag � doped C=QPwv=v RDvU j}kLD u}= hOy
Ov}=Qi l} QO xO=iDU= Qw_vt x@ |vD@ K]U |wQ Q@ C=QP u}= |yOVWwB w u;
|x}iYD |=Q@ |Q=OQ@xQy@ hrDNt \}=QW QO sDU}U xOR=@ "CU= xOw@ |DU}r=D=mwDi
Qwv R= xm |]}=QW QO sDU}U hPL xOR=@ w OW |UQQ@ |Div x=oW}q=B |ak=w ?=UB

"OW |UQQ@ R}v 'OwW xO=iDU= UV Atq |=H x@ O}WQwN

=yVwQ w O=wt "2
x=oWvm =w C=YNWt "1"2

|xLiY 3 pt=W 17cm `=iDQ= w 75� 30cm O=a@= x@ |DU}r=D=mwDi x=oWvm =w
xm Ow@ l@U uD@ TvH R= 5 cm pY=wi x@ QDt}Dv=U 20 � 20 O=a@= x@ |vD@
=Q x=oWvm =w R= |=xQ=w KQ] 1 pmW "OW C}@FD u; |wQ Q@ CU}r=D=mwDi C=QP wv=v
CmQW UV-A Black Light Atq 2 R= x=oWvm =w |R=Ov=x=Q QO "OyO|t u=Wv
pw] w QDtwv=v 370 u=R}t x@ xv}W}@ Gwt pw] =@ C=w 36 u=wD =@ Ovry TB}r}i
AtB OOa l} j} Q] R= |yO=wy "OW xO=iDU= QDt|r}t 28 Q]k w QDt|Dv=U 60
u=R}t x@ pwrLt uS}Um = u}t-=D |=Q@ |yO=wy MQv =@ SOBO,AP-500 pOt xO=wy

"CiQo s=Hv= 3 L/min

"KQ] x=oWvm =w |xQ=w KQ] "1 pmW

?}mQDR=@ R= xm CU= u; |Qwv swDv=wm u}}=B |OQmrta xOR=@ 'CU}r=D=m u=wva x@
QO u; O=} R |SQv= |Ov=@ h=mW p}rO x@ TiO2 "OwW|t |W=v xQiL - uwQDmr=
O}WQwN Qwv p@=kt QO u; R= xO=iDU= p}rO u}ty x@ 'Ov=t|t p=aiQ}e |�Qt Qwv Q@=Q@
h}] R= |�Qt Qwv x@ T iO2 QDW}@ |R=UT=UL |=Q@ VwQ l} "OQ=Ov |}q=@ |}=Q=m
|xQiL - uwQDmr= |Q=Oyov |=Q@ xOW O}rwD Q=@ uDN=Ov= s=O x@ |=Q@ O}WQwN Qwv
O=} R C}r=ai "CU= TiO2 =@ Qo}O |=yuw} uOQm AwO '=RHt CQwY x@ xOW O=H}=
&OwW O=} R K]U x@ p=kDv= OQmrta xm O};|t CUO x@ |DQwY QO |DU}r=D=mwDwi
x}q u}= "Ovm|t O}rwD =v=UQxt}v |SQv= h=mW QO =Q |}=kr= K]U l} uOQm AwO
Ea=@ w OW=@ xDW=O |v=WwBsy Ov=@ =@ Ov=wD|t 'OW=@ |Ov=@ |x@r |m}ORv QO Qo =
O}OH Rm =Qt u=wva x@ OW=@ h=mW j}ta CtUk QO Qo = u}vJty &OwW |Ov=@ h=mW
Vy=m 'uOQm AwO QO hOy u} QD|rY= Qo}O CQ=@a x@ "Ovm|t pta |@}mQDR=@
Qwv ?PH Ea=@ xm CU= |Ov=@ uwQO h=mW Cr=L l} O=H}= =@ |r=N |=[i

[12�10]"OwW QDW}@
CU}r=D=mwDi w UV Atq =@ |DU}r=D=mwDi VwQ R= |Q}oxQy@ =@ u=Q=mty w u}=U
Civ x=oW}q=B ?=UB QO OwHwt |=yxOv}q; hPL |=Q@ jrat CQwY x@ TiO2
"OvOQm s=Ok= 180mg/l Q@=Q@ COD =@ �|R=UQw=vW w O=kav= OL=w |HwQN� l =Q=
100 mg/l xv}y@ C_re =@ jrat CQwY x@ �R=D=v; �99 sQi x@� TiO2 C=QP
Qwx]we |xw}H UV Atq \UwD 3 Q@=Q@ pH w u} wrm |xHQO 318 |=tO QO
QkDUt 520 mw=cm2 V@=D COW =@ �QDtwv=v 200�550 Gwt pw]� C=w 400
T=U= Q@ hPL xOR=@ "CiQo Q=Qk V@=D CLD |RDQ=wm |x_iLt l} uwQO QO
xk}kO 90 u=tR COt QO w �90 Ca=U 4 V@=D u=tR COt QO COD QDt=Q=B
x=oW}q=B ?=UB |x}iYD |=Q@ R}v u=Q=mty w |}=[QyW [13]"Ow@ �73 u=R}t x@
400 Atq w 1200ml sHL x@ xDUw}B=v |Qwv x=oWvm =w l} |}=B Q@ =@ Civ
|xrwr uwQO jQeDUt CQwY x@ xm '520 mw=cm2 V@=D COW =@ C=w UV

=@ ?=UB QO jrat CQwY x@ TiO2 R= xO=iDU= w CU= xDiQo Q=Qk ?=UB |w=L
QO �83 u=R}t x@ COD hPL xOR=@ xv}W}@ x@ 220mg/L Q@=Q@ COD C_re
�450C ?=UB |=tO w 100mg/l CU}r=D=m C_re '4 OwOL pH� xv}y@ \}=QW
|DU}r=D=mwDi |x} RHD u=Q=mty w qmwW [14]"OvO}UQ xk}kO 120 Ov=t u=tR QO
QO "OvOQm |UQQ@ 'Ow@ pviwQrm|QD w pviwQrm|O 'pvi pt=W xm =Q |rvi C=@}mQD
Atq V@=D `@vt "Ow@ xOW xO=iDU= TiO2 w ZnO CU}r=D=mwDi wO R= j}kLD u}=
C_re |=Q@ O=O u=Wv G}=Dv "Ow@ QD}r l} sHL x@ jrat ẁv R= x=oWvm =w w UV

u=R}t x@ T iO2 C_re w C=w 300 V@=D COW 'pvi QD}r Q@ sQo|r}t 25 |x}rw=
'G}=Dv x@ xHwD =@ "OwW|t �90 Q@=Q@ xk}kO 150 R= TB hPL xOR=@ 5mg/l

|xty QO Qo}O |xO=t wO R= pvi hPL CaQU w CU= pw= |x@DQt R= Vvm =w
?; R= |Div |=yu@ QmwQO}y hPL |=Q@ u=Q=mty w Rt=O; [15]"CU= QDW}@ Cq=L
C}@FD |Qt}rB C=LiY =@ lR=v sr}i =@ x=oWvm =w l} R= |y=oW}=tR; T=}kt QO
QO C=w 500 u=wD x@ UV Atq "OvOQm xO=iDU= sw}v=D}D Rri w TiO2 =@ xOW
p@=k ?}W =@ p=v=m l} |wQ Q@ xLiY u}= "CiQo Q=Qk xOW C}@FD |xLiY |q=@
200�250 Q=Okt =@ 50ml uw}Uv=BUwU pwrLt QO C=LiY "CiQo Q=Qk s}_vD
|x} w=R CLD hPL xOR=@ "OvOW xORsy xk}kO 10 COt x@ CU}r=D=mwDi sQo|r}t
�40 x@ hPL xOR=@ =wy uOwRi= =@ "O}UQ �60 x@ xk}kO 15 COt R= Oa@ xHQO 15
w T=oQ=w [16]"O}UQ xk}kO 135 u=tR COt QO �80 x@ xvS}Um = ?; uOwRi= =@ w
|O}WQwN |DU}r=D=mwDi VwQ =@ |Div |=yu@ QmwQO}y hPL |xv}tR QO u=Q=mty
=yv; "OvOQm |R=Ov=x=Q =Q |DavYxt}v T=}kt QO xDUw}B |}xrwr |Qwv x=oWvm =w l}
l} |=Q=O s=Om Qy xm |RDvU ?=UB xvwtv OvJ R= |Div |=yu@ QmwQO}y hPL |=Q@
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48 (NTU) CQwOm
`}=t |m} R}i Cr=L

|Div O=wt Pi=v |w@ w@
0 832 (gr=cm3) |r=oJ

7 PH

4150 (mg/l)COD

3725 (mg/l)UBOD

115 (mg/l)TSS

28 (mg/l)VSS

uO}r=t R= TB xt=O= QO "OW xO=O Q=Qk uoty uw}Uv=BUwU l} O=H}= |=Q@ xOW xmwri
xk}kO 30 COt x@ uoty uw}Uv=BUwU |vD@ C=LiY K]U Q@ ?UJ uw}Urwt=
?; pt=m Q}N@D =D Ca=U 72 COt x@ \}Lt |=tO QO w OW xDN} Q uD@ K]U |wQ

"OW xO=O Q=Qk uD@ K]U R= |i=[=

x=oW}q=B |ak=w ?=UB C=YNWt "5"2
=@ "OW x}yD |Q}ouewQ |xrLQt R= Oa@ u=Q}= ?Qe Civ |=yx=oW}q=B R= |m} ?=UB
|rY= hOy 'j}kLD u}= QO xO=iDU= OQwt ?q[=i uOw@ Q}PBx} RHD CNU x@ xHwD
QO pwrLt CQwY x@ xm CU= xOw@ |Div |=yu@ QmwQO}y R= |W=v |r; Q=@ Vy=m
O=wt uOW u}WvxD CYQi ?q[=i x@ xm CU= QmP u=}=W "OvDW=O OwHw ?q[=i
Ov}=Qi QO |OwQw ?q[=i u=wva x@ u; pwrLt |r; O=wt TBU w OW xO=O jrat
=@ ?=UB |}=}t}W w |m} R}i C=}YwYN "CiQo Q=Qk xO=iDU= OQwt |DU}r=D=mwDi
OQ=Ov=DU= j@=]t ?q[=i C=@}mQD Q=Okt |UQQ@ |=Q@ OQ=Ov=DU= |=yVwQ R= xO=iDU=
x=oW}q=B |Div ?=UB |=y|oS} w "OW u}}aD ?q[=i w ?; |=yV}=tR; |Q}oxR=Ov=

"CU= xOW x�=Q= 1 pwOH QO

=yxvwtv p}rLD "6"2
5220 B VwQ j@=]t COD |=yV}=tR; |DU}r=D=mwDi x=oWvm =w xOR=@ u}}aD |=Q@
Hach x=oWvm =w COD x=oDUO QO ?q[=i w ?; |=yV}=tR; OQ=Ov=DU= T=U= Q@
pOt Hach QDtwDiwQDmBU= \UwD COD |Q}oxR=Ov= w DRB 200 pOt =m} Qt;
Qw[L u=mt= V}=tR; OQwt |xvwtv QO xmu}= x@ xHwD =@ "OW s=Hv= DR3900
QO 2500rpm QwO =@ xk}kO 15 COt x@ =yxvwtv |xty 'CW=O OwHw C=QPwv=v
u}ov=}t COD hPL |=Q@ xOW VQ=Ro |=yOOa "OvOW xO=O Q=Qk Sw}i} QDv=U x=oDUO
hqDN= |xOy=Wt CQwY QO xm 'CU= |y=oW}=tR; \}Lt QO |@ QHD |xO=O wO

"OW s=Hv= ,=OOHt COD V}=tR; 'GwR Qy |=Q@ �4 R= QDV}@

EL@ w G}=Dv "3
xOW RDvU |=yCU}r=D=mwDi |}=U=vW "1"3

ltm x@ TiO2=Ag |xOW RDvU |xQP wv=v 'TiO2 |xQPwv=v R= |Q=OQ@ Q} wYD
|vwQDmr= |W@ wQ AwmUwQm}t x=oDUO \UwD EDS p}rLD w SEM V}=tR;
C=QPwv=v C}i}m |xOy=Wt |=Q@ =m} Qt; CN=U Quanta 200FEI pOt SEM

TiO2=Ag CU}r=D=mwDiwv=v RDvU "2"2
R=i wO R= pmWDt �99 9 XwrN |xHQO =@ TiO2 |xQPwv=v R= j}kLD u}= QO
20 nm C=QP |xR=Ov= \UwDt 'p}=DwQ R=i �21 2 w R=D=v; R=i �78 8 C@Uv =@
CmQW CN=U Degussa P-25 |Q=HD s=v =@ 150/gr m2XwYNt K]U w
"OW C}@FD xQkv C=QD}v =@ |}=}t}W ?}UQD VwQ x@ TiO2 "OW xO=iDU= Merck

QD}r|r}t 30 Q=Okt w OW xDN} Q |QD}r|r}t 200 QW@ pN=O T iO2 R= sQo 30 =OD@=
R= xO=iDU= =@ xk}kO 20 COt x@ w OW xi=[= u; x@ xOW Q}]kD Q=@ wO Q]kt ?;
w xi=[= pwrLt u; x@ xQkv C=QD}v sQo 10 Q=Okt "OW xOR sy |U}]=vet uRsy
pwrLt TBU "OW \wrNt pt=m Qw] x@ uRsy x=oDUO pN=O xk}kO 20 COt x@
pwrLt x@ xOvyO ?wUQ pt=a u=wva x@ xQ]k xQ]k CQwY x@ 's}OUO}UmwQO}y
'C=QP QDmJwm |xR=Ov= x@ |@=}CUO w |}=RxDUy CaQU pQDvm Qw_vt x@ "OW xOwRi=
uORsy =@ w \}Lt |=tO QO V}=tR; "OW s=Hv= pH�12 =@ |R=@ \}Lt QO Vvm =w
wWwCUW R=TB pY=L ?wUQ "CiQo CQwY|U}]=vet uRty |xr}Uw x@|r=wDt
QF= |UQQ@ |=Q@ "OW lWN 1000C |=tO QO 'pwv=D= w xOW Q}]kD Q=@ wO ?; =@
'40 hrDNt |=y=tO QO xOvyO ?wUQ QwDm =i uOwRi= 'xOW x}yD C=QP Q@ OWQ |=tO
C=QP wv=v |w=L QW@ =OD@= Qw_vt u}= x@ "OW s=Hv= R}v O=Qo|Dv=U |xHQO 80 w 60
s=tL |=tO uO}UQ R= TB w CiQo Q=Qk uw}UqwmQ}U s=tL QO xQkv C=QD}v w TiO2
xQ]k CQwY x@ s}OUO}UmwQO}y w OW xDW=O xov C@=F =tO 'Q_v OQwt Q=Okt x@
'xOW lWN |=yxvwtv R=i p}mWD Qw_vt x@ C}=yv QO "OW xOwRi= pwrLt x@ xQ]k
s=Hv= Ca=U 4 COt x@ hrDNt |=y=tO QO uOQm ?=}U; w |R=UxNwrm |xrLQt

"OW ?=NDv= 50C=min=tO Vy=m w V}=Ri= nvy; "OW

CU}r=D=mwDi C}@FD QDU@ "3"2
?; '�500 kg=m3� GvB A}D u=t}U R= |@}mQD C=QP wv=v C}@FD |=Q@ |vD@ QDU@
u=wva x@ T}twB |vOat |xmwB w �100 kg=m3� xU=t '�250 kg=m3� ?QW
j}kLD u}= QO "Ow@ l@U uD@ CN=U QO �1000 kg=m3� xv=OCWQO Kr=Yt
KQ] T=U= Q@ xOvm ;V}B uD@ CN=U VwQ R= R=}v OQwt |vD@ C=LiY CN=U |=Q@
|Q=Wi Ctw=kt xmu}= x@ xHwD =@ "OW xO=iDU= ASTM C 938 OQ=Ov=DU= \qDN=
CU= pNrND Ovv=t uD@ |L]U |=yQDt=Q=B \ki w CU}v syt |yOVWwB QO uD@
uD@ ?r=k =OD@= wQ u}= R= 'Ovm|t =i}= C=QP wv=v |yOVWwB QO =Q |rY= Vkv xm
u; x@ u=t}U |xU=t ?=ewO TBU "OW QB |vOat |xmwB |xv=OCWQO Kr=Yt =@
Pwiv w xvwtv `=@W= VwQ R= |vD@ |xvwtv pNrND "OwW pY=L uD@ =D OW j} QRD
x@ ASTM D 7063 OQ=Ov=DU= T=U= Q@ lWN |xvwtv =@ u; uRw hqDN= w ?;

"Ot; CUO x@ OYQO 20 u=R}t

uD@ QDU@ Q@ C=QP wv=v |yOVWwB "4"2
uw}Urwt= pwrLt =OD@= |@=ewO VwQ R= xO=iDU= =@ uD@ QDU@ Q@ C=QP wv=v C}@FD |=Q@
|t}W CmQW EP1 |�RH xU |UmwB= uD@ ?UJ QD}r|r}t 100 \qDN= j} Q] R=
"OW x}yD u; uOR sy w xk}kO 5 COt x@ Q]kt ?; QD}r|r}t 1000 =@ u=tDN=U
xO}r=t QDt|r}t 5 Ct=N[ x@ TQ@ l} =@ uD@ K]U Q@ ?UJ uw}Urwt= TBU
|tHL C@Uv =@� pwv=D= - Q]kt ?; pwrLt QO C=QPwv=v uw}Uv=BUwU xt=O= QO "OW
"OW xOR sy q=@ QwO =@ \}Lt |=tO QO xk}kO 10 COt x@ w x}yD �OYQO 20
C=QP wv=v uOW =OH |=Q@ xk}kO 20 COt x@ l}vwU=QDrw= s=tL QO uw}Uv=BUwU
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" TiO2=Ag w TiO2 'XRD |wor= |xU}=kt "3 pmW

C=QP |=Q@ xYNWt l}B C}akwt Qo}O |iQ] R= w OQ=O Q=Qk 25=370 OwOL R=D=v;
=@ OwN |x@ wv x@ R}v u}= xm CU= 2� = 38=470 '48=650 '640 OwOL xQkv
XNWt x@ xHwD =@ "CUwUsy xQkv |RmQt |=y?amt R= swUQt n =QB |=y?=DR=@
QO =Q xQkv OwHw u=wD|t '|RDvU CU}r=D=mwDi QO TiO2 R=D=v; R=i |=yl}B uOw@
'xQkvO}Um = w T iO2 C=@}mQD |w=L XRD |UQQ@ |=Q@ "Owtv C=@F= Q=DN=U u}=
|xOvyOu=Wv w OW xO=O Ck@=]t `@=vt QO OwHwt OQ=Ov=DU= C=@}mQD =@ C=@}mQD u}=

"Ow@ C} RwBt=mwv=v u}= jiwt RDvU
pOt =@ x=oDUO \UwD BET p}rLD R= CU}r=D=mwDi |HvUpNrND |UQQ@ |=Q@
uwQO �GQi w prN� |r=N |=[i uOWQB C=@F= |=Q@ uB=S QwWm Belsorp M10
w TiO2 |UQQ@ R= pY=L G}=Dv "OW xO=iDU= Ag R= xO=iDU= =@ TiO2 Q=DN=U
=@ "CU= xOt; 4 pmW QO uSwQD}v ?PH=w w ?PH VwQ |xr}Uw x@ TiO2=Ag
XNWt |@ wN x@ |RDvU TiO2=Ag w CU}r=D=mwDi ?PH |=y=tO sy |xU}=kt
xOW xOwRi= xkrL ZQa Q@ w CU= xDi=} V}=Ri= ,=D@Uv ?PH |vLvt ?}W xm CU=
TiO2=Ag |Dkw "CU= wQm}t |=yxQiL |=[i Vy=m Qou=}@ ẁ[wt u}= "CU=
|UQQ@ |=Q@ "O=O u=Wv =QT} RQDU}y =tOsy w OW xQiLwRt p}mWD x@ QHvt 'OW RDvU
? 4 pmW QO xm BJH Q=Owtv QO "OW xO=iDU= BJH VwQ R= =yxQiL |oOvm =QB
u; QO xm 'CU= |UQQ@ p@=k TiO2 QO =yxQiL |v=w=Qi `} RwD 'CU= xOW xO=O u=Wv
BETp}rLD G}=Dv j@] rppeak = 1=42nm =@ CU= Q@=Q@ =yxQiL |v=w=Qi O=OaD
"Ot; CUO x@ 142 36 g=m2pO=at TiO2 |xS} w CL=Ut 'G � 4 pmW
x@ u; |=yxQiL pm sHL w 20 841nm u; |=yxQiL Q]k u}ov=}t u}vJty
Q]k u}ov=}t w xS} w K]U CL=Ut "Ow@ 0 21 g=cm3pO=at |xvwtv sQo |=R=
Ot; CUO x@ 15 621 nm w 221 146 g=m2 ?}DQD x@ 'T iO2=Ag |=yxQiL
w |L]U CL=Ut V}=Ri= p}rO x@ 'C} RwBt=mwv=v R}t;C}kiwt RDvU Qou=}@ u}= w
|xS} w K]U CL=Ut 'BET p}rLD G}=Dv x@ xHwD =@ "Ow@ =yxQiL u=R}t Vy=m R}v
w CU= xOW RDvU CU}r=D=mwDi |xS} w K]U CL=Ut R= QDtm TiO2 CU}r=D=mwDi

"Ow@ O=wtwv=v jiwt RDvU |xOvyOu=Wv
ẁv |}=U=vW |=Q@ FT-IR x} Qwi p}O@D - RtQk uwO=t |v}@h}] p}rLD
ẁv R= u=v}t]= pwYL w Q=DN=U |UQQ@ '?}mQD l} QO OwHwt |=yOvw}B

Perkin elemer, Spectrom100 x=oDUO \UwD xOWRDvU CU}r=D=mwDiwv=v
"CU= xOW xO=O u=Wv 5 pmW QO u; G}=Dv xm OW s=Hv= =m} Qt; QwWm M

cm�2 Gwt pw] |xOwOLt QO C=W=aDQ= xO=iDU= OQwt |HvUh}] x=oDUO
'T iO2 |=Q@ xOt; CUO x@ G}=Dv j@] "CU= xOQm |Q}oxR=Ov= =Q 4000�400

"EDS w SEM |Q=OQ@ Q}wYD "2 pmW
'OwW|t x_Lqt xm Qw] u=ty "OW s=Hv= ? w hr= � 2 pmW j@=]t CU}r=D=mwDi
QDtwv=v 26 8 w 13 8 ?}DQD x@ Ag/TiO2 w TiO2 C=QP wv=v |xR=Ov= u}ov=}t
|v=O}t QWv |W@ wQ |vwQDmr= AwmUwQm}t R= xO=iDU= =@ |Q=OQ@ Q} wYD G}=Dv "CU=
xOW xO=O u=Wv G � 2 pmW QO uD@ K]U Q@ C=QPwv=v VWwB R= TB �FE-SEM�
CN=wvm} ,=D@Uv |x}q l} OwW|t x_Lqt xm Qw] u=ty 'p}rLD x@ xHwD =@ "CU=
|wQ Q@ TiO2=Ag ?}mQDwv=v R= QDtwv=v 52 OwOL u}ov=}t O=a@= x@ C=QP wv=v R=
p}mWD K]U QO CN=wvm} VWwB xJ Qo = "CU= xDi=} VWwB |DUQO x@ uD@ K]U
x=oWvm =w |=yxQ=w}O |m}ORv QO VWwB uwO@ |}=ypLt uOw@ u=mt= 'CU= xOW

"OQ=O OwHw
|xaW= V=QB p}rLD R= TiO2=AgC} RwBt=mwv=v|r=DU} Qm Q=DN=U|UQQ@ |=Q@
QO u; G}=Dv xm OW xO=iDU= Ovry TB}r}i CmQW PW1730 pOt �XRD� Tm}=
|=ywor= =@ u; |xU}=kt w XRD |Q=DN=U |UQQ@ "CU= xOW xO=O u=Wv 3 pmW
|R=i pN=OD uwO@ w q=@ XwrN =@ T iO2=Ag R=i xm CU= u; Qou=}@ 'OQ=Ov=DU=
R=i TiO2 |=Q@ 2� |xYNWt l}B u=R}t 'p}rLD G}=Dv |UQQ@ =@ "CU= xOW RDvU
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"TiO2=Ag w TiO2 RtQk uwO=t h}] "5 pmW

�C7H7Ag � O3 � Ti� x@ 1042 62 cm�1QO XNWt l}B "CU= xOW
FT- VwQ R= pY=L G}=Dv |UQQ@ QO xm Qw] u=ty "OwW|t xO=O C@Uv
h}] QO 'Q=_Dv= p@=k |xOW C@F syt |=yl}B ?re= 'OwW|t xOy=Wt IR

C@=F FT-IR VwQ R= pY=L G}=Dv "OwW|t xOy=Wt FT-IR R= pY=L
xOW pY=L ?}mQD wv=v l} p}mWD |=Q@ 'Ag =@ TiO2 u}@ Ovw}B xm Ovm|t

"CU=
hrDNt |=yp}rLD xm CU= u; O} -wt xOW RDvU CU}r=D=mwDi R= |rm |@=} RQ=
p}rO x@ |DU}r=D=mwDi X=wN Qo}O hQ] R= "CU= xOQm C=@F= =Q TiO2=Ag RDvU
|wQ Q@ xDiQo CQwY |=yV}=tR; G}=Dv xm CU= xDi=} =kDQ= |SQv= h=mW Vy=m

"Ovm|t O}}-=D =Q ẁ[wt u}= R}v 'CU= xOt; xt=O= QO xm |ak=w ?=UB

|DU}r=D=mwDi Ov}=Qi QY=va uwO@ x=oWvm =w |x}rw= |R=Ov=x=Q "2"3
Ov}=Qi s=Hv= |=Q@ XNWt COW =@ Qwv w CU}r=D=mwDi 'xOv}=Um = QwDm =i xU OwHw
u}= R= l} Qy Q}F-=D j}kLD |xrLQt u}rw= QO 'wQ u}= R= "CU= R=}v |DU}r=D=mwDi
?=UB |x}iYD |=Q@ 'Ov}=Qi QwDm =i u=tRsy Qw[L uwO@ w pkDUt CQwY x@ =yQDt=Q=B
=@ xOW C}@FD uD@ =@ Cr=L QO sDU}U pw= |xrLQt QO "OW |UQQ@ |y=oW}q=B
OwW xO=O xR=H= =D OW |R=Ov=x=Q UV Atq uwO@ w O}WQwN Qwv uwO@ w C=QP wv=v
Qw_vt u}= |=Q@ "OUQ@ pO=aD x@ uD@ K]U Q@ xOW C}@FD C=QP wv=v ?PH=w/?PH
VWwB uwO@ |vD@ Kw]U '|yO=wy \ki 'UV Qw[L \ki \}=QW QO ?=UB R=
C=@}mQD C} Q=Qi w ?PH u=R}t =D OW |UQQ@ O}WQwN Qwv V@=D \ki w C=QP wv=v
xOW x�=Q= 6 pmW QO |R=Ov=x=Q \}=QW u}= x@ \w@ Qt G}=Dv "OwW u}}aD ?=UB |r;
QO u=tRsy Qw] x@ |DU}r=D=mwDi Ov}=Qi |rY= QwDm =i xU xmu}= x@ xHwD =@ "CU=
xO=iDU= w \}=QW u} QDy@ QO w CU= u}}=B Q=}U@ sDU}U xOR=@ 'OQ=Ov OwHw sDU}U
OYQO 5 R= QDW}@ Ca=U 24 R= Oa@ C=w 36 u=wD =@ UV Atq w |yO=wy 'uD@ R=
|yO=wy \ki =@ hPL xOR=@ u}}aD V}=tR; Qo}O |iQ] R= "CU= xOWv pY=L xOR=@
u=R}t Cr=L u}= QO "OW s=Hv= sDU}U R= |r; C=@}mQD C} Q=Qi u=R}t u}}aD |=Q@
\ki sDU}U |R=Ov=x=Q u}rw= "CU= OYQO 3 OwOL QO Ca=U 24 R= Oa@ hPL
\UwD |Div |=yu@ QmwQO}y ?PH u=R}t u}}aD |=Q@ |m} Q=D QO |vD@ C=LiY =@
xOR=@ u} QDW}@ sDU}U |R=Ov=x=Q R= Ca=U 48 COt QO w CiQo s=Hv= |vD@ QDU@
,q=tDL= w uD@ x@ \w@ Qt xOta Qw] x@ ?PH u=R}t u}= "Ow@ OYQO 1 5 OwOL hPL
?P=H l} u=wva x@ uD@ uwJ |iQ] R= "Ow@ xW}W |=yxQ=OH x@ \w@ Qt |tm Q=Okt

"BET R}r=v; =@ CU}r=D=mwDi |HvU pNrND |UQQ@ "4 pmW

1030 420�45 08 cm�1 |xR=@ w 538 82cm�1 j]=vt QO IR |=yl}B
T-�T-O �uQ=kDt=v w uQ=kDt |WWm C=W=aDQ= x@� Cw=iDt |=yCr=L |xYNWt
R= pY=L |W=aDQ= l}B u}vJty "CU= CU}r=D=mwDi |xm@W QO �Fe w O 'i
xwQo C=W=aDQ= '1384 13 cm�1 QO |WtN uQ=kDt=v �Al w O 'Ti�T-O

cm�1l}B QO Al �H3O3 w 1636 59cm�1 QO |WWm uQ=kDt=v C3Al4
'Qo}Om} Q=DN=U QO Ag w TiO2 uOv=Wv R= Oa@ "OvwW|t xO}O 3415 53
Q=Okt xm CU=u; Qou=}@ Qt= u}= "Ci=} Vy=m 564 40 cm�1 x@ l}B COW
u; u} Ro}=H Ag w xOW ?} QND T iO2 Q=DN=U QO O-H Ovw}B R= |yHwDp@=k
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"COD hPL xOR=@ Q@ CU}r=D=mwDi u=R}t Q}F-=D "8 pmW

|=Q=O CU}r=D=mwDi w xOv}q; |xO=t Kw]U xOwOLt u}= QO =Q} R &CU= CU}r=D=mwDi
|x]kv [17]"OwW|tCU}r=D=mwDi x@ xOv}q; C=QP ?PHEa=@ xm Ov=s=vsyQ}e |=yQ=@
u}= R= QDu}}=B pH QO w CU= 6 25 OwOL pH QO TiO2 |m} QDmr= |Q=@|@
|=yp=m}O=Q xm|r=LQO &OvDUy uw}U=O}Um = ?r=e |=yxvwo C@Ft |=yxQiL Q=Okt
xQkv =@ |Dkw Qo}O |iQ] R= w CU= xOw@ QDW}@ QDq=@ w |FvN pH QO p}UmwQO}y
[18]"OwW|t u=}=tv QDW}@ |O}U= Cr=L QO pH Q}F-=D 'OyO|t C} RwBt=mwv=v p}mWD
\ki w OvwW|tv xR}vw} ?; QO |Div |=yu@ QmwQO}y ?r=e xmu}= x@ xHwD =@
uw}v; |=Q=O xm OQ=wt p}@k u}= R= w |r; |=yO}U= 'pmr= Ovv=t |@]k C=@}mQD
Q=@ |=Q=O |=yxwQo '|O}U= \}Lt \}=QW QO 'OvwW|t xR}vw} 'OvDUy p}UmwQO}y
p@=k |xDmv [19]"OwW|t QDW}@ hPL xOR=@ MQv w OvwW|t CU}r=D=mwDi ?PH |ivt
|Q=O}=B |=Q=O 'j}kLD u}= QO xO=iDU= OQwt |UmwB= ?UJ xm CU= u; Qo}O xHwD
C}@FD C=QPwv=v Q@ |�wU C=QF= xvwoI}y w Ow@ |R=@ w |O}U= \}=QW QO |}=}t}W
x@ C@Uv |UwULt Q}}eD R}v Vvm =w R= Oa@ pH Q=Okt "CW=Ov |vD@ QDU@ Q@ xOW

"Ow@ �0 3 |xOwOLt QO u; C=Q}}eD w CW=Ov Vvm =w |=OD@= QO pH

CU}r=D=mwDi u=R}t w ẁv Q}F-=D "2"3"3
=@ |vD@ C=LiY 'sDU}U xOR=@ QO TiO2 CU}r=D=mwDi u=R}t Q}F-=D VHvU |=Q@
QO `@ QtQDt Q@ sQo 25 w 20 '15 '10 '5 u=R}t x@ K]U OL=w QO |tQH |Q=PoQ=@
4150mg/L |OwQw COD w C=w 36 Atq =@ V@=D COW w 4 5 OwOL pH

TiO2=Ag |tQH |Q=PoQ=@ QO hPL xOR=@ u} QDW}@ 8 pmW j@=]t "OW |UQQ@
"OW ?=NDv= xv}y@ OYQO u=wva x@ Q=Okt u}= w OW pY=L 15 gr=m2 u=R}t x@
CQwY x@ hPL xOR=@ MQv 'CU}r=D=mwDi sQH |DQ=@a x@ =} |Q=PoQ=@ MQv V}=Ri= =@
=t= "O}UQ OwN Q=Okt u} QDW}@ x@ 15 gr=m2 OL QO =D Ci=} V}=Ri= |]N ,=@} QkD
"OWv xOy=Wt |UwULt Q}}eD 20 gr=m2 x@ CU}r=D=mwDi |tQH Q=Okt V}=Ri= =@
x@ K]U OL=w QO |tQH |Q=PoQ=@ u}@ xHwD p@=k hqDN= sOa x@ xHwD =@ ,=vt[
x@ 10 gr=m2 Q=Okt =yCU}r=D=mwDi |xv} Ry x@ xHwD =@ w 15 w 10gr=m2 u=R}t
QO CU}r=D=mwDi sQH V}=Ri= =@ OyO|t u=Wv G}=Dv "OW ?=NDv= xv}y@ Q=Okt u=wva
Qo}Om} x@ C=QP wv=v |oO}@UJ 'xOt; CUO x@ |xv}y@ Q=Okt R= QDW}@ K]U OL=w
QO TQDUO QO p=ai |=yu=mt O=OaD Vy=m x@ QHvt xm OyO|t |wQ �uOW xmwri�

[18]"CU= xOW xOR=@ Vy=m C}=yv QO w Qwv V=QB u}vJty w CU}r=D=m K]U
V@=D `@vt ẁv Q}F-=D "3"3"3

|Q=PoQ=@ QO O}WQwN QwvV@=DCLD w UV-AAtq =@|DU}r=D=mwDi x=oWvm =w xOR=@
OwOL pH QO `@ Qt QDt Q@ sQo 10 u=R}t x@ K]U OL=w QO CU}r=D=mwDi |tQH

"Oy=W |=yV}=tR; G}=Dv "6 pmW

"COD hPL xOR=@ QO pH Q}F-=D "7 pmW

"CU= xDW=Ov xOR=@ Q@ |v=OvJ Q}F-=D ?PH xm Cio u=wD|t 'OwW|tv xDN=vW |r;
w TiO2=Ag =@ xOW C}@FD |vD@ C=LiY =@ sDU}U |R=Ov=x=Q 'Oa@ |xrLQt QO
CiQo s=Hv= xOW C}@FD CU}r=D=mwv=v Q@ ?PH u=R}t u}}aD |=Q@ Atq Qw[L uwO@
u=ty QO hPL Q=Okt u}= "Ow@ �9 OwOL Ca=U 48 COt QO hPL xOR=@ Q=@ u}= w
"CiQo s=Hv= Ov}=Qi pw= Ca=U OvJ QO ?PH Ov}=Qi xOta =Q} R &Ow@ x}rw= C=a=U

|DU}r=D=mwDi sDU}U Q@ QF-wt pt=wa |UQQ@ "3"3
Q}F-=D |UQQ@ x@ w OW |R=Ov=x=Q |DU}r=D=mwDi |=yVvm =w ẁQW |=Q@ sRq pt=wa

"OW xDN=OQB sDU}U xOR=@ Q@ Q_v OQwt pt=wa
pH Q}F-=D "1"3"3

"OW |UQQ@ 12 =D 3 |xOwOLt QO pH '|DU}r=D=mwDi Ov}=Qi QO pH Q}F-=D u}}aD |=Q@
|=y pH QO w OW pY=L 4 5 Q@=Q@ pH QO sDU}U xOR=@ u} QDW}@ 7 pmW j@=]t
QO CU}r=D=mwDi w xOv}q; |xO=t C=}YwYN "Ow@ Q=Okt u}= R= QDtm xOR=@ QDu}}=B
|=y\}Lt QO xOv}q; O=wt "CU= QF-wt |DU}r=D=mwDi |=yOv}=Qi QO xv}y@ pH u}}aD
|x]kv x@ |m} QDmr= Q=@ u}= xm OvDUy |irDNt |m} QDmr= Q=@ |=Q=O Cw=iDt |@;
QDu}}=B pH QO O=wt K]U "CU= xDU@=w |}xO=t Qy �pHzpc� |m} QDmr= |Q=@|@
|ivt |m} QDmr= Q=@ |=Q=O QDq=@ pH QO w C@Ft |m} QDmr= Q=@ |=Q=O 'x]kv u}= R=
w xOv}q; |xO=t pHzpc u}@ pH |xOwOLt QO hPL xOR=@ u} QDW}@ [13]"OvDUy
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yt "Owr; ?=UB R= |Div |=yu@ QmwQO}y hPL |=Q@ |DU}r=D=mwDi Ov}=Qi R= xO=iDU= QO u=kkLt Q}=U G}=Dv "2 pwOH

`HQt xOR=@
u=tR `@vt C_re

xvwtvV@=D u=wD V@=D x}rw=
(min) (W ) (mg=l)

[21] �90COD 120 O}WQwN 100 |RDvU ?=UB
[17] �90TOC 60 O}WQwN 100 |RDvU ?=UB
[14] �90COD 120 400 UV Atq 220 x=oW}q=B ?=UB
[22] �100TPH 15 O}WQwN 100 xOwr; |v}tRQ} R ?;
[23] �90TOC RwQ 7 O}WQwN 150 =} QO xOwr; ?;
[13] �90COD 240 400 UV Atq 180 x=oW}q=B ?=UB
[3] �10TPH 200 UV Atq 76 |RDvU ?=UB
[23] �71TPH 200 Tmwr 7500 UV Atq 76 |RDvU ?=UB

Q[=L j}kLD �76COD 240 36�UV Atq 415 x=oW}q=B ?=UB
Q[=L j}kLD �62COD 240 O}WQwN 415 x=oW}q=B ?=UB

GQ=N w pN=O QO xOW |Q}oxR=Ov= V@=D COW ?}DQD x@ II w Is x]@=Q u}= QO
xm CU= x=oWvm =w VWwB R= Qwv Qw@a ?} Q[ \UwDtT "CU= |Qwv x=oWvm =w
sDU}U |xRwQ l} |R=Ov=x=Q |] 'O}WQwN |�Qt w UV-A Qwv |=Q@ u; Q=Okt
\UwDt Qw] x@ Ca=U 8 COt x@ Qy_R=Oa@ 5 =D K@Y 9 Ca=U R= Q=y@ QO
u=ty "Ow@ 30 w=m2 C@=F V@=D COW =@ UV Atq V@=D Ca=U 5 pO=at
QO Atq =@ V@=D Cr=L QO sDU}U xOR=@ 'OwW|t x_Lqt 9 pmW QO xm Qw]
G}=Dv "Ci=} Vy=m OYQO 64 1 x@ 76 3 R= O}WQwN Qwv =@ V@=D =@ xU}=kt
?PH QO TiO2=Ag C} RwBt=mwv=v C}kiwt Qou=}@ |UQQ@ u}= |=Q@ hPL xOR=@
|@v=H |xOvUm = xvwoI}y R= Cr=L u}= QO xmu}= ut[ "Ow@ O}WQwN Qwv |�Qt
u=tR COt QO V}=tR; Q=QmD Q=@ xU |] O=O u=Wv G}=Dv "OWv xO=iDU= Ov}=Qi QO
OwOL 'OwW xO=iDU= TiO2=Ag R= xm |]}=QW QO hPL xOR=@ 'xk}kO 240
R= xO=iDU= \}=QW QO OYQO 25 w O}WQwN |�Qt Qwv \}=QW QO OYQO 45
u}= |rY= p}rO "CU= QDW}@ TiO2 |Q=HD CU}r=D=mwDi x@ C@Uv UV Atq
w O}WQwN Qwv R= xO=iDU= Cr=L QO ?}DQD x@ |SQv= h=mW Vy=m R}v QwDm =i
|�Qt Qwv Q@=Q@ QO u; O=} R |SQv= |Ov=@ h=mW p}rO x@ T iO2 "Ow@ UV Atq
|}q=@ |}=Q=m O}WQwN Qwv p@=kt QO u; R= xO=iDU= p}rO u}ty x@ 'Ov=t|t p=aiQ}e

[20]"OQ=Ov
Ov}=Qi |x} RHD Q=mwR=U "4"3"3

|=yu@ QmwQO}y|x} RHD R=mwR=UwOv}=Qipw]QO|O}rwD|v=}tC=@}mQDj}kOu}}aD|=Q@
|xvwtv |wQ Q@ xv}y@ \}=QW QO GC-Mass V}=tR; 'xOwr; ?=UB QO OwHwt |Div
'V}=tR; |=yh}] Q}O=kt x@ xHwD =@ "CiQo s=Hv= xOW x}iYD w x}rw= ?=UB
"CU= xOW hPL |DU}r=D=mwDi x=oWvm =w QO Q=DN=U C=@}mQD R= |UwULt |=yl}B
|r; C=@}mQD hPL 'GC-Mass |=yxO=O R= xOt; CUO x@ G}=Dv p}rLD j@]
l}D=twQ; C=@}mQD VN@ |DQ=@a x@ w xDiQo CQwY |v=}t |rwmrwt |=yOvw}B w
'|Div |=y?=UB QO OwHwt C=@}mQD ẁvD p}rO x@ p@=kt QO w CU= xOW hPL
x@ 'QDxO}J}B w |wk Q=DN=U p}rO x@ l}D=i}r; C=@}mQD w ?QJ |=yO}U= hPL
QO ?} QND w |R=UxO=U Ov}=Qi |] =DU=Q u}= QO "CU= xDiQo CQwY |QDtm u=R}t

"UV-A Atq w O}WQwN UV =@ sDU}U xOR=@ |xU}=kt "9 pmW

xOW x�=Q= 9 pmW QO u; G}=Dv xm OW |UQQ@ 4150mg/L |OwQw COD w 4 5
u=wva x@ UV-A Atq R= xO=iDU= =@ Viv@ <=Qw=t Qwv R= Qw_vt u}= |=Q@ "CU=
C=a=U |] QO O}WQwN |a}@] `@vt R= Qo}O Cr=L QO w |awvYt V@=D `@vt
Gwt pw] QOUV-A Atq |vmi= wDQB xv}W}@ "OW xO=iDU= XNWt |=yRwQ w
QO "OW u}}aD 520mw=cm2 u=R}t x@ Atq V@=D COW xm Ow@ 365nm pO=at
|x]wLt QO x=oWvm =w 'O}WQwN Qwv ltm x@ x}iYD C}Y=N R= xO=iDU= |=Q@ xt=O=
QkDUt 1800m =} QO K]U R= `=iDQ= w u=QyD QyW RmQt QO |tRQ=wN x=oWv=O R=@
u}}aD 18 26w=m2 \UwDt u=R}t x@ |Q=y@ RwQ l} QO \UwDt V@=D COW "OW
|Qwv x=oWvm =w |R=Ov=x=Q u=tR pw] QO V@=D COW C=Q}}eD uOQm p=tQv |=Q@ "OW
uwQO w uwQ}@ QO V@=D Q=Okt xmu}= x@ xHwD =@ "OW xO=iDU= pO=at V@=D u=tR R=
QO |}xW}W VWwB OwHw |x]U=w x@ 'O}WQwN Qwv R= xO=iDU= Cr=L QO x=oWvm =w
"OW u}}aD 1 |x]@=Q j@=]t Qwv |Qw@a OYQO u=R}t u}=Q@=v@ 'Ow@ Cw=iDt x=oWvm =w

T = Is
II

(1)
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iYDu=Wv BET G}=Dv "CU= C} RwBt=mwv=v Q=DN=U QO Ag |=yp=DU} Qm R}t;C}kiwt

"OvOW p}O@D xQiLwRt x@ =yxQiL 'OwW|t RDvU T iO2=Ag |Dkw xm O=O
pH QO xm O=O u=Wv 12 =D 3 |xOwOLt QO sDU}U xOR=@ QO pH Q}F-=D |UQQ@ �

"O}UQ OwN u=R}t u} QDq=@ x@ hPL xOR=@ 4 5 OwOL
O=O u=Wv |vD@ C=LiY |wQ Q@ TiO2=Ag C=QPwv=v |tQH |Q=PoQ=@ Q}F-=D �
15gr=m2 u=R}t x@ TiO2=Ag |tQH |Q=PoQ=@ QO hPL xOR=@ u} QDW}@ xm

"CU=
|]}=QW QO hPL xOR=@ 'xk}kO 240 u=tR COt QO V}=tR; Q=QmD Q=@ xU |] �
O}WQwN |�Qt Qwv \}=QW QO OYQO 45 OwOL 'OwW xO=iDU= TiO2=Ag R= xm
|Q=HD CU}r=D=mwDi x@ C@Uv UV Atq R= xO=iDU= \}=QW QO OYQO 25 w

"CU= QDW}@ TiO2

"CU= xOW x�=Q= 2 pwOH QO x@=Wt C=k}kLD =@ j}kLD u}= G}=Dv |xU}=kt �

'�C18H34O2� O}U= l}rw= C=@}mQD pt=W xOW hPL Q}O=kt ?}DQD x@ 'u; Q=DN=U
uRv@p}D= '�C6H12O2� O}U= l}DU= '�C6H14O2� pwv=D= '�C11H22O2� u}O=DBy
'|Div ?=UB Q@ |DU}r=D=mwDi Ov}=Qi p=ta= =@ "CU= �C9H12� uRv@ w �C8H10�
|oDUmW Q=JO xOW p}mWD |Q=DN=U |=yxkrL w p}UmwQO}y |=yp=m}O=QC}r=ai

"OvwW|t C=@}mQD C_re Vy=m w

|Q}oxH}Dv "4
%CU= Q} R KQW x@ j}kLD u}= R= pY=L G}=Dv |xYqN

uD@ K]U Q@ T iO2=Ag C=QPwv=v CN=wvm} ,=D@Uv VWwB SEM V}=tR; G}=Dv �
RDvU |xOvyOu=Wv 'xOW RDvU CU}r=D=mwDi XRD |wor= "O=O u=Wv =Q l@U
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