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lew NaIO4 |xOvvmO}Um = wO C}r@=k |xU}=kt

|DU}r=D=mwDi Ov}=Qi Ow@y@ Q@ NaBrO3
71 s}kDUt |@; |=RnvQ hPL QO UV/TiO2

�OWQ= |U=vWQ� |wHWv=O� xW}@ Q�x@vB xtwYat
�Q=}Wv=O� �|D}; =D}@

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

w NaIO4 |xOvvmO}Um = wO uOwRi= QF= |UQQ@ 'xar=]t u}= s=Hv= R= |rY= hOy
x@ uD@ QDU@ Q@ xOWC}@FD TiO2 C=QP wv=v R= xO=iDU= =@ |DU}r=D=mwDi Ov}=Qi QO NaBrO3
C_re |=yQDt=Q=B "CU= xOw@ 71 s}kDUt |@; |=RnvQ hPL CyH UV |xaW= ltm
CyH V}=tR; s=Hv= |] QO xOvvmO}Um = RO w UV-C V@=D COW 'pH '=RnvQ |x}rw=
'200 ppm |x}rw= C_re \}=QW QO "CU= xDiQo Q=Qk |UQQ@ OQwt xv}y@ \}=QW u}}aD
|xOvvmO}Um = 0 064 gr/L Q=Okt w C=w 90 Atq 'TiO2 C=QP 40gr/m2 Q=Okt

w UV/NaIO4 'UV/TiO2 |=ysDU}U |=Q@ xk}kO 25 u=tR COt QO NaIO4
=@ u}vJty w OYQO 84 75 w 79 54 '39 4 Q@=Q@ ?}DQD x@ UV/TiO2/NaIO4
Qo}O ^iL w NaBrO3 |xOvvmO}Um = 0 045 gr/L '100 ppm |x}rw= C_re

w 62 91 ?}DQD x@ UV/TiO2/NaBrO3 w UV/NaBrO3 |=ysDU}U QO \}=QW
NaIO4 |xOvvmO}Um = uOw@|wk Qov=}@ xm 'OW xOy=Wt hPL u=tOv=Q OYQO 66 19

"CU= NaBrO3 x@ C@Uv

m.panbehkarbisheh@modares.ac.ir
ayati bi@modares.ac.ir "pH '71 s}kDUt |@; |=RnvQ 'C_re 'V@=D COW %|O}rm u=oS=w

xtOkt "1
uw}U=O}Um = p}Uv=DB "OwW|t xOQ@ Q=m x@ =RnvQ hPL CyH uw}U=O}Um = s=Hv=
|=yp=m}O=Q [8]"CU= Crw 2 8 =D 2 65 u}@ 3 pO=at pH QO Ov}=Qi u}= |] QO
ẁ[wt u}= "OvQF-wt Q=}U@ =yv; uOQm|vOat w hrDNt |=yxOv}q; hPL QO �OH

|r; |=ypwmrwt =@ ?}mQD QO |}q=@ C}r@=k p}UmwQO}y p=m}O=Q xm CU=vat u}O@
|xv=owO Ov=@ uOQmxi=[= =@ =} w Ovm|t ?PH =Q =yv; uSQwO}y sD= w OQ=O hrDNt
w Ov@=}|t pmWQ}}eD |r; |=ypwmrwt "OwW|t p}mWD p}mr; p=m}O=Q w ?; C=C

|irDNt |=yVwQ [8]"OvwW|t p}O@D u@ QmO}Um = |O w ?; '|r;Q}e |=yltv x@
O}Um = |O C=QP wv=v R= xar=]t u}= QO xm OQ=O OwHw p}UmwQO}y p=m}O=Q O}rwD |=Q@

"CU= xOW xO=iDU= NaBrO3 w NaIO4 |=yxOvvmO}Um = w (TiO2) sw}v=D}D
?} Q[ Ovv=t OQi x@ QYLvt C=}YwYN uDW=O p}rO x@ sw}v=D}D O}Um = |O
|Q=DN=U C=}YwYN 'u}�=BC@Uv x@ RDvUCt}k '|}=}t}WwDiC}r=ai 'q=@CUmW
'Vvm =w\}=QWCLD|m} R}i w|}=}t}W |Q=O}=B 'Viv@ <=Qw=t Qwv ?PH CQOk 'xS} w
|awvDt |=yOQ@ Q=m 'uOw@ |tUQ}e w q=@ uw}U=O}Um = CQOk 'lR=v |x}q C}i=iW
w OQ=O |vOat |=y<=We w =yl}t=QU '=yQwR}r=D=m '=yxOvQ=Oyov '=yxv=OnvQ QO
CU} R |=yxOv}q; uOQ@u}@ R= |=Q@ CU} R \}Lt |xv}tR QO QwR}r=D=mwDi u=wvax@
Q=}U@ ?; w u@ QmO}Um = |O x@ =yv; p}O@D w |r; |=yxOv}q; uw}U=O}Um = '|]}Lt

[9]"CU= xDiQo Q=Qk xO=iDU= OQwt

OYQO 70 =D 60 '|}=}t}W Q=DN=U ^=Lr R= ẁvD w |Q=O}=B p}rO x@ wR; |=y=RnvQ
=y=RnvQ u}= [1]"Ov=xO=O X=YDN= OwN x@ =Q |H=Uv `}=vY QO |iQYt nvQ u=R}t
x@?re= =yv;|m}D=twQ;|=yxkrL xm OvDUy(-N=N-)|} wR; xwQo OvJ =} wl}pt=W
|oOwr; [3]"OvDUy sw=kt Q=}U@ |R=wy|m} Swrw}@\}=QWCLD w [2]'pYDt C=vwirwU
OYQO 20 =D 10 xm |Qw]x@ [4]"CU= syt Q=}U@ ?q[=i QO |RDvU |=y=RnvQ
[5]"OvwW|t CU} R \}Lt OQ=w ,=t}kDUt |RQnvQ Ov}=Qi QO |iQYt |=y=RnvQ
?Hwt 'l}D=twQ; C=@}mQD R= |W=v Q]N p=tDL= Q@ xwqa ?; QO OwHwt |=y=RnvQ
OvwQ QO w OvwW|t |R?; C=OwHwt \UwD Qwv QDtm ?PH xH}Dv QO w ?; uOWQOm
CU} R \}Lt x@ x}rND R= p@k u}=Q@=v@ 'Ovvm|t O=H}= pqDN= C=OwHwt u}= |oOvR
|}=}t}WwQDmr= '|R=UxDNr w O=kav= '?PH |=yVwQ xRwQt= [6w5]"OvwW x}iYD O}=@
Q=Qk xO=iDU= OQwt QDtm |}=QH= CqmWt w uOw@ Q@xv} Ry p}rO x@ uw}U=QDr}i=QDrw= w
uw}U=O}Um = '|vRuR= 'uwDviwDi 'uwDvi |=yVwQ OQ@ Q=m x@ p}=tD w [7]'OvQ}o|t
uw}U=O}Um = VwQ 'u=}t u}= QO [1]"CU= xOQm =O}B VQDUo |DU}r=D=mwDi w xDiQW}B
|] QO �OH O=R; p=m}O=Q O}rwD =@ ?U=vt |=yVwQ R= |m} u=wvax@ xDiQW}B

pw�Ut xOvU} wv �
"1392 3 12 VQ}PB '1391 12 14 x}LqY= '1391 8 29 Ci=} QO %M} Q=D
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"=RnvQ |rwmrwt u=tDN=U "1 pmW

"VywSB QO xO=iDU= OQwt QwDm =Q "2 pmW
"=yxOvvmO}Um = C=YNWt "1 pwOH

s}OU C=QrmQB s}OU C=twQ@ xO=t s=v
NNaIO4 NaBrO3 |}=}t}W pwtQi

|}=}t}W Q=DN=U

213 89 150 89 �gr/mol� |rwmrwt uRw
""" 381 �Tw}UrU |xHQO� ?wP |x]kv
""" 1390 �Tw}UrU |xHQO� VwH |x]kv

3 865 3 34 XwYNt uRw
""" """ pH |xOwOLt
""" O}iU nvQ

|}=}t}W QwDm =Q u=wvax@VywSB QO xO=iDU= OQwtC@=F QDU@ =@ |m}DUqB Cwr}=B
Atq TvH R= V@=D `@vt w 250 cc sHL |=Q=O UV/TiO2 uw}U=O}Um =
|=yxaW= R= C_=iL CyH xm 'CU= xOw@ C=w 30 u=wD =@ Philips CmQW UV-C

2 pmW QO Cwr}=B l}D=tW "Ow@ xOW xOv=WwB s}N[ |tw}v}twr; Pe=m \UwD Q[t
"CU= xOW x�=Q= 1 pwOH QO VywSB QO xO=iDU= OQwt |=yxOvvmO}Um = C=YNWt w
|x}L=v QO u; |@PH C=YNWt R= =RnvQ C_re |Q}oxR=Ov= Qw_vt x@
xv}W}@ Gwt pw] u}}aD CyH =OD@= 'Qw_vt u}O@ "CU= xOW xO=iDU=UV-Vis

QO QD}r QO sQo|r}t 20 C_re x@ =RnvQ R= |rwrLt |@PH h}] '(�max)

"CU= xOW sUQ QDtwDiwQDmBU= x=oDUO |xr}Uw x@ QDtwv=v 200-900 |xOwOLt

O=H}= |}q=@ |oOvvmO}Um = C}Y=N 'O=R; p=m}O=Q O}rwD p}rO x@ =yxOvvmO}Um =
ZQat QO w IO�4 uw} x@ ?; CQw=Ht QO (NaIO4) C=O} QB =Dt s}OU [10]"Ovvm|t
p}UmwQO}y O=R; p=m}O=Q =@ TBU w OwW|t p}O@D IO�3 p=m}O=Q x@ UV-C Qwv
`} QUD xH}Dv QO w (IO�4 ) sw}vw} O=R; p=m}O=Q O}rwDEa=@ w OyO|t Vvm =w (�OH)

%CU= xOW xO=O u=Wv 6 =D1 |=yVvm =w QO pL=Qt u}= [11]"OwW|t |}=ORnvQ
IO�4 + h� ! IO�3 + O�� (1)

IO�4 + h� ! IO�3 + O (2)

O�� + H+ !� OH (3)

O + O2 ! O3 (4)

O3 + IO�3 ! IO�4 + O2 (5)

IO�4 +� OH! IO�4 + OH� (6)

Ea=@ �OH w BrO� O=R; |=yp=m}O=Q O}rwD =@ R}v (NaBrO3) C=twQ@ s}OU
x�=Q= 12 =D 7 |=yxrO=at QO O=R; |=yp=m}O=Q O}rwD OvwQ "OwW|t |}=ORnvQ `} QUD

[12]%CU= xOW
BrO�3 + h� ! BrO� + O�2 (7)

BrO�3 + h� ! BrO�2 + O�� (8)

BrO�3 + h� ! BrO�3 + e� (9)

BrO�3 ! BrO� + O2 (10)

O�� + H+ !� OH (11)

BrO�3 +� OH! BrO�3 + OH� (12)

p=U QO 'xvwtv |=Q@ "CU= xOW s=Hv= |O=} R |=yVywSB xv}tR u}= QO
UV/NaIO4 |=ysDU}U QO =Q Reactive Red 198 |}=ORnvQ '2011
swO sDU}U 'pY=L G}=Dv j@] "CU= xOW xar=]t UV/TiO2/NaIO4 w
|}=ORnvQ '2010 p=U QO u}vJty [10]"CU= xDW=O |QDy@ hPL u=tOv=Q
|=yxOvvmO}Um = Qw[L QO TiO2 |DU}r=D=mwDi Ov};QiQOReactive Blue 5
QO [13]"CU= xDiQo Q=Qk |UQQ@ OQwt NaIO4 w Na2S2O8 'NaBrO3 'RH2O2
"CU= xOW xO=O X}NWD sDU}U u} QDy@ UV=TiO2=NaIO4 R}v VywSB u}=
xOt; CUOx@ x@=Wt |H}=Dv w s=Hv= |y@=Wt C=k}kLD '2008 p=U QO u}vJty

[14]"CU=
Ov}=Qi Q@ NaBrO3 w NaIO4 |xOvvmO}Um = wO Q}F-=D |UQQ@ x@ VywSB u}= QO
'UV V@=D COW 'pH pt=W |xv}y@ \}=QW u}}aD w UV/TiO2 |DU}r=D=mwDi
sDU}U 3 Qw_vt u}tyx@ "CU= xOW xDN=OQB =yxOvvmO}Um = RO w =RnvQ C_re
hPL QO =RHt Qw]x@ UV/TiO2/Oxidant w UV/Oxidant 'UV/TiO2

"CU= xDiQo Q=Qk |UQQ@ OQwt �DB71� 71 s}kDUt |@; |=RnvQ

=yVwQ w O=wt "2
Q=m VwQ "1"2

C40H23N7Na4O13S4 |xDU@pwtQi =@71s}kDUt|@;|=RnvQ|rwmrwtu=tDN=U
"CU= xOW x�=Q= 1 pmW QO pwt Q@ sQo 1029 87 |rwmrwt uRw w
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t &=ypwrLt |x}yD w |R=Uj}kQ CyH Q}]kD Q=@ wO Q]kt ?; �

%CU= xOW x�=Q= VywSB u}= QO xO=iDU= OQwt p}=Uw w C=R}yHD 'xt=O= QO
"pwrLt ?PH u}}aD CyH Varian CN=U Carry50 pOt QDtwDiwQDmBU= �

|O C=QPwv=v uOQm =OH CyH Fungilab UE-6SFD pOt Qv}rm l}vwU=QDrw= �
"xOWxQtwro = sw}v=D}D O}Um =

"pwrLt pH u}}aD CyH Metrohm CN=U 691 pOt |r=D}H}O QDt pH �
"sQo 0 001 CkO =@ Kern CmQW CN=U PLS360-3 pOt |r=D}H}O |wR=QD �
uOQmu}Wv xDCyH ui|t}WCmQWCN=U CE145 pOt xN=W 12 Swi} QDv=U �

"jrat C=QP
PhilipsCmQWCN=U �QDtwv=v 254 Gwt pw]�C=w 30 Q=Wi sm|}xw}HAtq �

"UV-C `@vt u=wvax@
"Ika CmQW CN=U RH-B2 pOt |U}]=vet uRty �

EL@ w G}=Dv "3
xOvvmO}Um = |xv}y@ RO u}}aD "1"3

hPL u=R}t 'xOvvmO}Um = Q=Okt V}=Ri= =@ 'OwW|t xOy=Wt 1 Q=Owtv QO xm Qw]u=ty
=Q} R [13w10]"Ov=xOQm VQ=Ro =Q G}=Dv u}ty R}v u=QoWywSB Q}=U "O@=}|t V}=Ri= =RnvQ
V}=Ri= xH}Dv QO w �OH p=m}O=Q O}rwD V}=Ri= ?Hwt xOvvmO}Um = Q=Okt V}=Ri=
Q}O=kt QO 'OwW|t xOy=Wt hr=1 Q=Owtv QO xm Qw]u=ty [17]"OwW|t hPL u=tOv=Q
u}= R= Oa@ w O@=}|t V}=Ri= hPL u=tOv=Q w Vy=m hPL u=tR 0 2 gr/L R= V}@

Atq '100 ppm '=RnvQ C_re� =yxOvvmO}Um = |xv}y@ RO |UQQ@ "1 Q=Owtv
"�|a}@] pH w C=w 90

"=RnvQ �max |vLvt "3 pmW
l}B �586 nm Gwt pw]� |�Qt |x}L=v QO =RnvQ pwrLt h}] '3 pmW j@=]t
=@ |}=ypwrLt '=RnvQ uw}U=Q@}r=m |vLvt |x}yD |=Q@ TBU "OQ=O xv}W}@ |@PH
QO =yv; ?PH w x}yD QD}r QO sQo|r}t 100 w 80 '50 '10 Cw=iDt |=yC_re
C_re 'VywSB |] QO "(y = 0 181x) CU= xOW |Q}oxR=Ov= xv}W}@ Gwt pw]
"CU= xOW x@U=Lt x]@=Q u}= j} Q] R= hrDNt pL=Qt QO u; hPL u=R}t w =RnvQ
xO=iDU= 15 cm ZQa w 23 cm pw] x@ |iQ_ R= |vD@ QDU@ CN=U CyH
0 8 m Ct=N[ x@ 2 x@ 1 u=t}U x@ ?; |vRw C@Uv =@ u=t}U w ?; Cqt w
'OwW =OH ?r=k R= |DL=Q x@ xOWxDN=U uD@ xmv}= |=Q@ "CU= xOW xDN} Q u; QO
uOWlWN s=Q; CyH "OW xDWe; ?r=k uewQ \UwD hQ_ 'Cqt uDN} Q R= p@k

"OW lWN uD@ |xvwtv 'RwQ OvJ =D l} R= TB w xDW=Po ?r=k VwB QO 'xvwtv
|O `@ QtQDt Q@ sQo 40 R= |vD@ QDU@ |wQ TiO2 C=QP wv=v C}@FD Qw_vt x@
Cr=L R= sw}v=D}D O}Um = |O C=QP xmv}= |=Q@ [15]"CU= xOW xO=iDU= sw}v=D}D O}Um =
pN=O QO xk}kO 30 COt x@ pwrLt 'OvUQ@ |�wv=v C}Y=N x@ w OvwW GQ=N xQtwro =
|xOWs=Hv= C=ar=]t x@ xHwD =@ u}vJty "CU= xOW xO=O Q=Qk l}vwU=QDrw= x=oDUO
xm?}DQD u}= x@ 'CU= xOW xO=iDU= |yOVWwBCyH 1 SSP VwQ R= [16w15]'|r@k
Ct=N[ x@ xOWx}yD |vD@ QDU@ |wQ Q@ R}tD TQ@ \UwD uD@ ?UJ uO}r=t R= TB
2 COt w xDN} Q u; |wQ |t=Q; x@ TiO2 pwrLt 'QDt|r}t 0 5 =D 0 2 |@} QkD
TiO2 pwrLt 'uD@ ?UJ uOWlWN =@ u=tRsy =D OW xO=O CYQi RwQ 3 |r=

"OwW C}@FD QDU@ |wQ Q@ w lWN |t=Q; x@ R}v
'xOvvmO}Um =C_re '=RnvQ |x}rw=C_re 'pH|rY=|=yQDt=Q=B Q}F-=D 'xt=O= QO
'UV/TiO2 hrDNt |=ysDU}U QO |}=ORnvQ u=tR w UV Atq V@=D COW

"CU= xDiQo Q=Qk |UQQ@ OQwt UV/TiO2/Oxidant w UV/Oxidant

C=R}yHD w O=wt "2"2
%CU= Q=Qk u}= x@ V}=tR; |] QO xO=iDU= OQwt O=wt

&u=Oty C@=F u=wr= CmQW pwYLt �DB71� 71 s}kDUt |@; |=RnvQ �
R=i �20 w R=D=v; R=i �80 |w=L QDtwv=v 50 |@} QkD Q]k =@ (P25) TiO2 �

&u=tr; Degusa CmQW pwYLt 'p}=DwQ
&Merck pwYLt NaBrO3 w NaIO4 |=yxOvvmO}Um = �

&xv}y@ uD@ |t}W CmQW pwYLt QB wU uD@ ?UJ �
&pH s}_vD CyH Merck CmQW pwYLt �NaOH� s}OU O}UmwQO}y �

w pH s}_vD CyH |rrHt QDmO CmQW pwYLt �H2SO4� l} QwirwU O}U= �
&COD |Q}oxR=Ov=
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=RnvQ C_re� sDU}U QO hrDNt |=ypH QO =RnvQ hPL u=R}t "2 Q=Owtv
w 0 2 gr/L pO=at NaIO4 C_re w C=w 90 Atq '100ppm pO=at

"�0 15 gr/L pO=at NaBrO3 C_re

=RnvQ C_re� sDU}U QO hrDNt |=ypH QO =RnvQ hPL u=R}t "3 Q=Owtv
pO=at NaIO4 |xOvvmO}Um = C_re 'C=w 90 Atq '100 ppm pO=at

pO=at TiO2 C_re w 0 15 gr/L pO=at NaBrO3 C_re '0 2 gr/L

"�40 gr/m2

'xH}Dv QO "Ov=t|t C@=F w xDW=Ov hPL u=tOv=Q Q@ |Q}F-=D xOvvmO}Um = uOwRi= Q=Okt
"CU= xOW ?=NDv= NaIO4 |xOvvmO}Um = |xv}y@ Q=Okt u=wvax@ C_re u}=

u=R}t 'NaBrO3 |xOvvmO}Um = C_re V}=Ri= =@ '?1 Q=Owtv j@=]t u}vJty
�OH O=R; p=m}O=Q u=R}t BrO�3 |=yuw} O}rwD V}=Ri= =@ "O@=}|t V}=Ri= u=tOv=Q
Q}O=kt |=Q@ "O@=}|t V}=Ri= hPL u=tOv=Q xH}Dv QO w OwW|t QDW}@ u=tR CWPo =@
'O@=}|t V}=Ri= COW x@ hPL u=tOv=Q w Vy=m hPL u=tR '0 15 gr/L R= V}@
NaBrO3 |xOvvmO}Um = |xv}y@ Q=Okt u=wvax@ =yQDt=Q=B Qo}O uDiQoQ_vQO =@ xm

"CU= xOW ?=NDv=

xv}y@ pH u}}aD "2"3
w O=R; p=m}O=Q p}mWD QO |QF-wt pt=a pH QDt=Q=B '|DU}r=D=mwDi |=yVvm =w QO
=@ �K� Vvm =w CaQU MQv p=L u}= =@ [13]"OwW|t ?wULt |}=ORnvQ C}r@=k
O=R; p=m}O=Q O}rwDVy=m u=wD|t =Q Qt= u}= p}rO w O@=}|t |R}J=vVy=m pHV}=Ri=
3 w 2 |=yQ=Owtv QO xm Qw]u=ty [18]"CUv=O xOvvmO}Um = \UwD |}=ORnvQ |=Q@
xm |Qw] x@ "OQ=Po|tv =RnvQ hPL OvwQ QO |v=OvJ Q}F-=D pH 'OwW|t xOy=Wt
sDU}U QO 11 w 9 '6 9 '5 '3 pO=at pH |=Q@ xk}kO 10 u=tR COt R= Oa@
QO 'OYQO 97 47 w 94 24 '97 01 '97 07 '98 58 ?}DQD x@ UV/NaIO4
QO 'OYQO 68 47 w 75 8 '80 03 '83 22 '73 81 'UV/NaBrO3 sDU}U
w 97 84 w 98 21 '98 11 '97 84 '99 80 'UV/TiO2/NaIO4 sDU}U
89 39 '77 77 '90 53 '90 7 'UV/TiO2/NaBrO3 sDU}U QO u}vJty

"CU= xOt; CUO x@ hPL u=tOv=Q OYQO 81 41 w
|a}@] pH hrDNt |=ypH QO =ysDU}U hPL u=tOv=Q uOw@l}ORv p}rO x@
|xt=O= QO w xOW ?=NDv= xv}y@ Q=Okt u=wvax@ 'OQ=Ov s}_vD x@ |R=}v xm �6 9�
w UV/Oxidant sDU}U G}=Dv |xU}=kt =@ "CU= xDiQo Q=Qk xO=iDU= OQwt VywSB
OQ=O|QDq=@hPLu=tOv=Q Q}N=sDU}U xm OwW|t xOy=WtUV/TiO2/Oxidant

=yxOvvmO}Um = p=ai |=yp=m}O=Q '=yxOvvmO}Um = uOwRi= =@ "1 %OQ=O xOta p}rO 3 xm
|Q}owrH xQiL � uwQDmr= |Q}opmW Qw_vt x@ u=WR=QD QO =yuwQDmr= uO=Di=s=O x@ R=
O}rwD?Hwt "3 "OvyO|tV}=Ri= =Q p}UmwQO}y |=yp=m}O=Q |Q}opmW "2 "Ovvm|t

[13]"OvwW|t 'OvQ=O |}q=@ |oOvvm O}Um = C}Y=N xm 'X=N C=@}mQD
|=yp=m}O=Q 'UV/TiO2/Oxidant sDU}UhPLu=tOv=Q uOw@q=@ seQ|ra
=RnvQ hPL QO |QDW}@ Q}F-=D p}UmwQO}y O=R; p=m}O=Q x@ C@Uv =yxOvvmO}Um = p=ai

"CU= xOW xOy=Wt sy x@ l}ORv G}=Dv w [19]'OvQ=Po|t

=RnvQ |xv}y@ C_re u}}aD "3"3
'=RnvQ |x}rw= C_re V}=Ri= =@ 'OwW|t xOy=Wt 5 w 4 |=yQ=Owtv QO xm Qw]u=ty
'50 |=yC_re QO |}=ORnvQ u=R}t xm |Qw] x@ 'O@=}|t Vy=m u; hPL u=R}t
sDU}U QO xk}kO 25 u=tR COt QO QD}r Q@ sQo|r}t 400 w 300 '200 '100
QO w OYQO 78 43 w 88 52 '96 29 '100 '100 ?}DQD x@ UV/NaIO4
51 03 w 62 74 '68 29 '97 28 '99 72 ?}DQD x@ UV/NaBrO3 sDU}U

"CU= xOW xOy=Wt hPL u=tOv=Q OYQO
CQwYx@ u=wD|t =Q =yxOvvmO}Um = |oOvvmO}Um = CQOk 'sDU}U wO |xU}=kt =@
sDU}U |=Q@ xk}kO 20 u=tR COt QO [13]"CiQo Q_v QO NaIO4 > NaBrO3
sDU}U |=Q@ w OYQO 66 8 w 81 1 '94 2 '99 23 '100 UV/TiO2/NaIO4
OYQO 39 41 w 49 01 '62 58 '97 35 '99 45 UV/TiO2/NaBrO3
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"sDU}U QO |SQv= hQYt u=R}t "6 Q=Owtv

�6 Q=Owtv� |SQv= hQYt u=R}t u} QDtm x@ xHwD =@ "CU= xOW xOy=Wt hPL u=tOv=Q
QO 100 ppm C_re QO w UV/NaIO4 sDU}U QO 200 ppm C_re QO

"OvOW ?=NDv= xv}y@ Q=Okt u=R}t u=wvax@ Q}O=kt u}= UV/NaBrO3 sDU}U
"1 "CU= xOta p}rO 3 x@ =RnvQ C_re V}=Ri= =@ |}=ORnvQ Vy=m p}rO
O}rwD |=Q@ TiO2 C=QP w xDU=m Ov}=Qi u}= Q@ UV Qwv QF= '=RnvQ C_re V}=Ri= =@
|ovQ |=ypwmrwt '=RnvQC�_reV}=Ri= =@ "2 [20]"OvwW|t p=ai QDtm O=R; p=m}O=Q
QHvt xm 'Ovm|t p=eW= =Q |DU}r=D=mwDi p=ai |=yxQiL w OwW|t C=QP wv=v ?PH
|=ypwmrwt '=RnvQ C_re V}=Ri= =@ "3 [21]"OwW|t O=R; p=m}O=Q O}rwD Vy=m x@
"OyO|t Vvm =w TiO2 C=QP p=ai \=kv |wQ p}UmwQO}y |=yp=m}O=Q =@ =RnvQ
hPL u=tOv=Q w OwW|t =RnvQ pwmrwt ?PH p}UmwQO}y p=m}O=Q Cr=L u}= QO
|DOt R= TB w O=} R =OD@= QO Q=Owtv ?}W xmv}= Qo}O syt |xDmv [20]"O@=}|t Vy=m
|DU}r=D=mwDi |=yVvm =w |NQ@ '|v=}t CqwYLt O}rwD =@ xm =QJ "O@=}|t Vy=m
=O}B Vy=m =RnvQ hPL MQv 'u}=Q@=v@ &OwW|t s=Hv= =yv; hPL w uDUmW CyH
CNU C=@}mQD w OwW|t xDUmW R}v xO=U CqwYLt 'u=tR CWPo =@ "Ovm|t
|O=} R u=R}t x@ =yV}=tR; |=yDv= QO =RnvQ hPL MQv =Pr 'Ovv=t|t |k=@ QDQ}PBx} RHD

[21]"O@=}|t Vy=m

UV V@=D COW u}}aD "4"3
xH}Dv QO w u=wD V}=Ri= =@ 'OwW|t xOy=Wt 8 w 7 |=yQ=Owtv QO xm Qw]u=ty
|Q}}eD w Ov=t|t C@=F ,=@} QkD u=tOv=Q 'xOW`]=U |=yuwDwi O=OaD w Atq COW
|=Q@ R=}v OQwt |SQv= |xv}W}@ pO=at Atq COW u}= xm =QJ "OwW|tv xOy=Wt
'Qwv COW V}=Ri= =@ "CU= |vD@ QDU@ |wQ Q@ xOWC}@FD TiO2 uOWxDN}ov=Q@
u; R= QDW}@ =t= 'O@=}|t V}=Ri= hPL u=tOv=Q xH}Dv QO w V}=Ri= O=R; |=yp=m}O=Q
u=Wv =Q ?r]t u}ty R}v u=QoWywSB Q}=U V@=D COW G}=Dv "OQ=Ov |v=OvJ Q}F-=D

Atq� sDU}U QO hrDNt |x}rw= |=yC_re QO =RnvQ hPL u=R}t "4 Q=Owtv
'0 2 gr/L pO=at NaIO4 |xOvvmO}Um = C_re w |a}@] pH 'C=w 90

"�0 15 gr/L pO=at NaBrO3 C_re

Atq� sDU}U QO hrDNt |x}rw= |=yC_re QO =RnvQ hPL u=R}t "5 Q=Owtv
'0 2 gr/L pO=atNaIO4 |xOvvmO}Um = C_re '|a}@] pH 'C=w 90

"�40 gr/m2 pO=at TiO2 C_re w 0 15 gr/L pO=at NaBrO3 C_re
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"hrDNt |=yu=tR QO |RDvU ?q[=i |@PH h}] "9 Q=Owtv

"hrDNt |=ysDU}U QO |ak=w ?q[=i hPL u=R}t "10 Q=Owtv

wO =yxOvvmO}Um = "Ovm|t |Q}owrH uwQDmr= � xQiL |Q}opmW R= 'uwQDmr= |xOvQ}PB
uOw@l}ORv p}rO x@ [13]"OvQ=O QHvw=mU= |Qo}O w xOvvmO}Um = u=wvax@ |m} xi}_w
u=R}t u=wvax@ C=w 90 Atq COW '=ysDU}U |t=tD QO C=w 90 R= V}@ G}=Dv

"CU= xDiQo Q=Qk xO=iDU= OQwt VywSB |xt=O= QO w OW ?=NDv= xv}y@

xv}y@ u=tR u}}aD "5"3
"OyO|t u=Wv hrDNt |=yu=tR QO =Q |RDvU ?q[=i |@PH h}] '9 Q=Owtv
Vy=m Qov=}@ xm O@=}|t Vy=m '|@PH h}] Q=Owtv Q} R K]U u=tR CWPo =@
QWv OQ=Ov=DU= R= QDtm x@ |HwQN |=RnvQ C_re 'u=tR u}= QO "CU=RnvQ C_re
QO "CU= xO}UQ 'CU= Cr=@m u}DqB ltv 75 ppm pO=at xm CU} R \}Lt x@
x�=Q= xv}y@ |=yQDt=Q=B Qo}O x=Qty x@ =ysDU}U |t=tD |xv}y@ u=tR Q}O=kt '2 pwOH

"CU= xOW

|ak=w ?q[=i G}=Dv "6"3
|xv=NQ=m R= |H=Uv CavY |ak=w ?q[=i '=ysDU}U |}=Q=m |UQQ@ Qw_vt x@
|ak=w ?q[=i "CU= xOW |UQQ@ hPL u=tOv=Q u=R}t w x}yD sk u=oQyt |xrq
pY=L G}=Dv xm 'Ow@ 2500 mg/L |x}rw= COD w 5 63 pO=at pH |=Q=O
UV/TiO2 sDU}U 'OwW|t xOy=Wt xm Qw]u=ty "CU= xOW x�=Q= 10 Q=Owtv QO
CNU w xO}J}B |=yQ=DN=U OwHw p}rO x@ "CU= xDW=O |QDq=@ hPL u=tOv=Q
xOvvmO}Um = C_re QF= '|ak=w ?q[=i QO OwHwt hrDNt |=y=RnvQ Q}PBx} RHD

"sDU}U QO hPL u=tOv=Q Q@ |a}@] pH QO UV Atq COW |UQQ@ "7 Q=Owtv

pO=at TiO2 C_re w |a}@] pH QO UV Atq COW |UQQ@ "8 Q=Owtv
"sDU}U QO hPL u=tOv=Q QO 40 gr/m2

COt QO q=@ Q=}U@ hPL u=tOv=Q p}rO x@ VywSB R= xrLQt u}= QO [22]"OyO|t
NaIO4 0 064 gr/L� 0 3 mM x@ =yxOvvmO}Um = Q=Okt 'sm Q=}U@ u=tR
QO |} wHxiQY Q@ xwqa =D CU= xOW xO=O Vy=m �NaBrO3 0 045 gr/L w

"OwW QU}t =RnvQ hPL |UQQ@ u=mt= 'xOvvmO}Um = |iQYt Q=Okt |xv} Ry
u=wvax@ uS}Um = pwmrwt 'UV/TiO2 uoty=v |DU}r=D=mwDi sDU}U QO
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t "=RnvQ pt=m hPL QO |DU}r=D=mwDi Ov}=Qi |xv}y@ \}=QW "2 pwOH

u=tR xOvvmO}Um = C_re Atq V@=D COW =RnvQ C_re
pH sDU}U�Ca=U� �gr/L� �W� �ppm�

6 """ 90 100 9 UV/TiO2 UV/TiO2
3 34 0 064 90 200 6 9 UV/NaIO4

UV/Oxidant2 75 0 045 90 100 6 9 UV/NaBrO3
2 75 0 064 90 200 6 9 UV/TiO2/NaIO4

UV/TiO2/Oxidant2 42 0 045 90 100 6 9 UV/TiO2/NaBrO3

"|vRv@ |=yxkrL uOWxDUmW u=R}t "11 Q=Owtv

"hrDNt |=ysDU}U QO COD/COD0 C=Q}}eD "12 Q=Owtv

|Q}oxH}Dv "4
UV/TiO2/NaIO4 sDU}U xmCi=} QO u=wD|thrDNt |=ysDU}U |xU}=kt =@
C}r@=k ut[ QO "OQ=O UV/TiO2 sDU}U x@ C@Uv |QDq=@ |}=ORnvQ C}r@=k
hqDN= UV/Oxidant w UV/TiO2/Oxidant |=ysDU}UU |}=ORnvQ
|}=ORnvQ QO O=R; |=yp=m}O=Q O=} R Q}F-=D |xOvyOu=Wv xm 'OvQ=O sy =@ |tm
NaBrO3 x@ C@Uv |QD|wk |xOvvmO}Um = NaIO4 R}v |rm Qw]x@ "CU=RnvQ

"CU=

QmWD w Q}OkD
x=oWv=O |Qw=:vi w |WywSB sQDLt Cvw=at |=yC}=tL w =yCOa=Ut R= xr}Uw u}O@

"OwW|t |v=OQOk w QmWD C}=yv wv=v |Qw=:vi O=DU w TQOt C}@ QD

V}=Ri= hPL u=tOv=Q w OvwW|t pta OQ=w p}UmwQO}y O=R; |=yp=m}O=Q w QDtm
TiO2 C=QP wv=v QF= '=yxOvvmO}Um = u=R}t uOwRi= =@ xm CiQo xH}Dv u=wD|t "O@=}|t
"OvDUy =yxOvvmO}Um = O=R; |=yp=m}O=Q '=RnvQ hPL |rY= pt=a w OwW|t QDtm

COD C=Q}}eD w |vRv@ |=yxkrL uDUmW "7"3
CU}v xOv}q; pt=m hPL w x} RHD |vat x@ =RnvQ |xO=t |}=ORnvQ xmv}= x@ xHwD =@
p=tDL= xH}Dv QO 'Ov=xOW xDUmW =RnvQ pt=a |=yOvw}B \ki Cr=L u}= QO w
|UQQ@ CyH '=yQDt=Q=B Q=Okt u}}aD R= TB =Pr 'OQ=O OwHw u; |]}LtCU} R Q]N
x@ xm QDtwv=v 255 w 286 '310 '586 |=yGwt pw] QO ?PH u=R}t 'QDj}kO
"CU= xOW u}}aD [23]'CU= uRv@ w u}r=Div 'pvi 'DB71 |=RnvQ XN=W ?}DQD
xDW=O ?PH =yGwt pw] u}= QO Ovv=wD|t R}v C=@}mQD Qo}O xm CU= sRq QmPD u}=
u=wvax@ =yQ=Owtv u}=� OwW|t xOy=Wt 12 w 11 |=yQ=Owtv QO xm Qw]u=ty "OvW=@
QO COD/COD0 w uRv@ 'u}r=Div 'pvi '=RnvQ hPL u=tOv=Q '�Ov=xOW x�=Q= xvwtv
'25 48 '25 98 '68 01 ?}DQD x@ UV/TiO2 sDU}U QO Ca=U 2 u=tR COt
'66 64 '73 53 '99 38 UV/NaIO4 sDU}U QO 'OYQO 1 82 w 55 46
'28 57 '22 79 '89 63 UV/NaBrO3 sDU}U QO 'OYQO 1 4 w 95 31
'34 72 '96 21 UV/TiO2/NaIO4 sDU}U QO 'OYQO 0 94 w 84 03
'87 42 UV/TiO2/NaBrO3 sDU}U QO 'OYQO 0 9 w 75 42 '40 78

"CU= xOW xOy=Wt OYQO 1 9 w 79 54 '21 56 '18 08
Ovv=wD|tv COD V}=tR; QO xO=iDU= OQwt |xOvvmO}Um = O=wt xmv}= x@ xHwD =@
=Q |QDtm OOa w CU}v |ak=w COD Q=Okt 'OvvmW@ =Q Q}PBx} RHD CNU C=@}mQD
COD Q=Okt =OD@= |wkrL C=@}mQD uOWxDUmW w u=tR CWPo =@ "OvyO|t u=Wv
u=vJsy RwQ OvJ CWPo R= Oa@ |DL 'Ov=t|t C@=F w Vy=m |DOt R= Oa@ w V}=Ri=
Q=DN=U QO OwHwt |m}D=twQ; |=yxkrL |}=DwO xwQo 4 OwHw p}rO x@ "Ov=t|t C@=F
xDUmW =yxkrL |t=tD =D CU= sRq �xDiy l} R= QDW}@� |O=} R u=tR COt =RnvQ

"OUQ@ QiY x@ COD Q=Okt w OwW
'|D}iQ_ wO uy; 'O}=O} 'O}=twQ@ 'O}=Qrm uw} Q}_v |rt=wa u=QoWywSB R= |NQ@
|=]N Ea=@ xm 'Ov=xOQm KQ]t COD V}=tR; CtL=Rt u=wvax@ =Q Rvovt w O}=irwU
|=yxvwtv uw}U=QDr}i CQwY QO [25w24]"OvwW|t COD V}=tR; G}=Dv QO C@Ft
x@ QDr}i Q=DN=U QO OwHwt |r; O=wt CU= umtt COD V}=tR; R= p@k ?q[=i
[26]"OwW|t COD |ak=w u=R}t R= V}@ Q}O=kt O=H}= x@ QHvt xm OvwW O=R; ?q[=i
hrDNt pt=wa CtL=Rt |xv}tR QO OOaDt C=ar=]t seQ|ra VywSB u}= QO =Pr
"CU= xDiQov Q=Qk xHwD OQwt =yxOvvmO}Um = |=yuw} CtL=Rt 'COD V}=tR; QO
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