FVI-F10 o o lack 4 Jlow V£ ) Ll chauno bl eotieo s

Il Jidg pd5—E Baa i Wldlgangige (9 z S)Shec ()
33%ie 59ls B Hguda S (1T sld Jgd=o

vy

* sl il sl aul e Y (6,8 Dloem

Olnl Olginal Olginl (i3 o ple ol il 0dSTEls g gonitils Sligions azeS”
Ol nl Olghol Olgiol (S35 pole ol Kils cnilig 0Ll |
Olpl e Olghal ¢ Olghol (Siy pshe o8l ¢ S5 8 ol slan 5l sl (6 Sty 0aSCin g3 S Jas Slidis S 6T

NEN/-E/YA s g a3y &)l £ VEN/-E/YF rallio a3l o)l

o..\_»_.(%

S S b e S ey (PMS) Sl i pe S5 e 4 iy O selenST Sl 13 a4
S wllae 5 3 Lama L5l 55U Ol 4 58 DS 5l esls OLES 355 5l ol SUkE T sls 0T
Jbs Ol a5 s atle AT )0 4 MNOOH 55061 candlas -l 55 il oiis 4 § L5 ;5 PMS (g3L b
W38 3 el 3y 50 il o b LIS a3l il Dlinta 5 age 51 4S (4-CP) L, J5—8 L g PMS oS
G o S 0/0 5 o /X /Y /N co/ee /o) MNOOH 5s cadacr 5l anl e Sae Slles glo ullii By, 5 3l
S1s shme ads PH 5 G 2 0,8 hoa Yoo 500 00 Y0) asl iy l5—8 Chle (Jge o £ 5 Y ) /Y)PMS 555
Sl i 5 Br) e ) ol jen slo 0ol i poman (02 8 13 aallas 5550 Juby JS—8 Coda 0Ly » (V) 54 0 )
Oleslealg 53 38 13 andllas s e ilisn Ll 55 dul b3 JSas 0 g plalid gt 4 Al Sason 5 (POAT)
b S el O sdome oslizal CobB 5 (651 Olge oo S slaie 40 553U LS

e PH Ll 5o (JAL/AA il L85 15-1 G 0Leil)) PMS/MNOOH ol b 5 MSes o 2 oS 5ls LS ol tla asdly
e 3 IS (Dli b el sl e e 2 0 SN L MNOOH 555 5 Jse Joo Y 12 PMS 555
olzbsl jsly Jsd L6 o lul MNOOH 5618 paman (il (gl s ol b -8 .y 55 ;3 PMS/MnOOH
R R T LS

Ll gioe 3 Jamme b S5l 5 bl a5 s G Ol gie 4 PMSIMNOOH w3y 0 sl eS| a3 15 18 4w

A;J;&abu;.ﬂ‘:)}a J;é)JlS—i M)\;}BQL:SJE 6}[}6@\)3&4&4:&45)3

MnOOH AC,‘w}w f}a J”S)J'«! cJJé)j.lS—i ‘5-\:15 olds

Olpl e olial ¢ Glesal (g pole olRasls ¢ .51 e Sl o 5l gl (6, Kty aSighy i) Jasre Slads 35 50 1 ghamen OdIuw gt
CAYVAYYYA : ules o,lels - €_taheri 83@yahoo.com : . )


mailto:e_taheri_83@yahoo.com

}ﬁcgjbmtdug)}é;deing_ﬂMJ/ﬂJJK*f Jh%}&WﬁJﬁyﬂJﬂJMwJﬁ

S5 s S I (a5 S e
RN
doa 53 bala, DAl 5w abosr Sl ilie Gla 555
O e emeST el SN O paildeST b O
o 3Nl s 4Bt bt OpelenS) 5 (S5 55
el e b s b akex Sl Il JToLS 5 0s
2 see (AOP) a5 iy sl O gl dnST o s,
Bl Gl e GIPS Ulpe s (Dl G,
Shols 5 o esliul o slie ST ls ado¥T 5 e
oo e PH 31 e 5 sl e VL L LSt bl
ey 15 o PMS) Dy S50 (oS 1 Ay
ST Pyt [ R N P PP W ST PO e P
O o sl ISl A 55 (sl oS sl 5 Sl ol 5l
Sl iy ez 51T 258 b JenS s s s IS
Szl g3l sle CoJBSPMS (g3l g x5 LB
DSl s OiemSt o 458 S o Al e &S il
ol 5 353 (ol e osle )T 3L ROS)
Lis Vb e gl |y Op ST b Xly
Sk s b aJBIS Olye 4 58 gls AsT T s
sl ol s Ll g5 s 4 PMS (5Ll g
L Bl 5 oS S (e 05 b S5l b
Goldlad jgbie 4 T e s bt o5 e
SMN(IY Y el o & MNOOH 51 0l 20 PMS
S MNOOH s S eslewl f S 50 slad S| 55
O, sl s e Gl 45 el 653l Cmn s ] S
MV Al el el oS sk 5 Jleb sla OSG YL
Gl oyl OKen s XU g aS (gl asllas s
L5 (PS) Sl yor p (g3ldlad 3l eslizad b JT (gla oV
as als oo cl:u Wb S yeo YY) Jls 53 MNOOH
5 3 MnOOH ;2> 5 p-chloroaniline Céi~ Ol

VN7

(G e i el s el 04 o b
Olojar oy 5 5 e slame oS 34l slacJles
Dol sl G oa s e b gl S
ol a5 ls sl sle e VT Ol e 4 s Juis IS
ol i aib odmte OVL oy Jaos I Bl
5 Bl BB 5 e mlo Ol b 1T
Sl s LS dile b Sy e 1S o ¢z
DS 5 ol L e 3L OS5 Sl
Ll eds gl st glaly 0 v Olye 4 b
Lode Vb 5me 5 588 51348 Sl ol asiie
2 5 SIS (S sla el sl Eols g ol
s

R e 3148 (A-CP) by Js— plaen 3 sl
WSl gl 58 4 F il s 35 JS esl Sl LS 5
S Tl ol i S il 53 D3 Rl IS
S ol ol LI S ol Rl e e
e 38 sl wile amiws gla 50,08 5l gl gl 15T
—8 .0 A e clie O sl I 5 e diS i sie A
o Sl B 5 el Sl w (ole Ll 5 Jib S
95 bt glyls osle ol syls S gk_ﬁiﬁv_i')).x_.:l{
P32 (35 3 o semedan 453 VINO 5 g adas (£Y/Y
Jso S VA0 asle ol JsSd 50 035 A3l o VY0
clls Sl oS c il e W O s ey
Sl olsla vy Saelal Of 53 Jib SlS 5 5l
i OF adss Ol 5 3 S e /) o ilig
Ll el a8 8 5 50 1) e 8 s /) el
C)L.GSJS.3)_,.':L;a:)l)evuﬁ.J\.;LgLeTQOTj\&Vl{&b
eSS Jases s s il Ol las (glyls LS
S 2l e J o s

VPO Sles o pladt agh Jleo doaas Cudilags crusige dlas @ YPP



OLlSas 4 5 0id Glane

MnOOH «alw
L Sl s Igo oo VA s KMNOs J e s 0/2
A bl 5 o Bl o ke O ) e e s
a0y bloe ol sl 53 5 555 510 0 51 g
Vi e s s Jime 085 i LS55 ds sY 8 IS 5
S ey A G sl S ol a3 VA gles s el
o G 511 bloe dama sl 55 SIS 51 0 et
ol (555l o Sligany 5 03ls e ey Son /b0 GLis
03t an s bl ke O L oLt Lo )
03 eZasby 05 Sl g 1y el el Sl 2alg
i (eSS el VY Q.Mq;\ﬁgﬁl_.d a= 5 A gles

T s S Sl b

L piule)T Abb
a5 PH s Lyl o SLileST 5l gl 4 gares
3 PMS sl 555 MNOOH 550U adsl 555 Jgloe
03U Cdled ) ke 4 Jubg ISt ol clals
Ol ST Al 3 55 s 1S—8 o g el il
S 53 Slilesl s s plnil PMS (555501 s iy
2o Ve e n Lo ad e o gl s Sl
el 281y J e PH 05 planil Gl0T (slos 3 cads
(V30 +/\) NaOH Jgloue 5 (N ga +/V) HCI Jylons e 5
b S s aSls Oley (b sl e Laaised 51 SG a
Chle goddosls Hue ey Se 0 /80 SLie Slo sl
bg e S s WOl s s Ly Js-t
Shoslinal b el 0Ve g0 Jb 53 e gib s mSml ol
1 gttt 5 (ol o +/0) dilw (63 ol B jan ¥
sl s Ol aiged 3l 2d et 5 (R e 0/0) oo
) Dpse ay by M-t o s Ol s (6,8 65l

HE WRIUVE

FAV @ AT Sl F o ladh cagh Jlew Cloans Cudilugs (crusige dlao

eMnOOH/PS J._.ibﬁ DL 45 g_;L} DL k;—w‘ e.)ﬁ /Y" 9

&“JB‘V.AJ:\ASJ}J ﬂv\.:_nﬁ')'/.\.. @f 4.\.;5.)\2- QLA.)\.L‘)

Y

LS‘ azllas ‘W'\
ol 5l esti ol b Sli T Gl Ol e s s

.)\.a.adaQL__.i.}rAﬂ\)e;LAjsw\

sHuang Lo g YY) JL. 5 CuFe204 L s oW s
Gl Oleil 3ls BLS S S 28 8 oy O1SGen
izl 5 CUFe204/PMS il dul b Jane 5 Silicee T
a3le 53 3l pldS oo 4 s 1 (OLekil; 780 L) S =
M syl sles 4 PMS 5 CuFe204
5 Qs is—t g Ol bt o)l el e L
adllas ol 55 s Ol DL 5 O 5l 0T Gds ooy,
O el LS| sl b S 5 OB Sl e NT ) G e
oS Sldlas (Jl= pl b il s MNOOH/PMS ass iy
Sl 5555 5m b PMS 0 Jlab o IS 555 0
i Cgr el ol 3503 3525 MNOOH il
Osls Sl sl SIS S Jbe s (2s5 4 MNOOH

A B PMS e 53 0T (6555061 glacJlas

o9 3y shal yivg)y

o5 )90 Jalwg 9 Slge

S 5gp S5 elyy 5 (4-CP) Jid5 IS
(oslins,l3) S o sla oS 55l 5 4 (PMS,KHSOs)
ol (gl 2 (K T (St Louise) @)m-@ 5 (Ol
Sl ply MNOOH 5561 5o ) sl oy 0l
(C2He0) J 51 5 (NasCeHs07) =l 2w o2 i (KMNOa)
—8 .l edd (gl o (Ol cslimals) S 0 S 5
S S 5 Al 5 by 5 e S ]
Sl it Jold s il sl s (gl > @)Jﬂ
sle 05l Olge 4o (NaBr) b 2 5 (NaH2PO4)
S Sl el ol ) LS 13 eslinal 3 g ol e
(OWIT S e



e el (%)

60/0

50/0 -

30/0 -
20/0 -
10/0 J
0/0 -
A [ N4 q AR

(1) Bis oylenily

N

o

S~

o
1

_}&GJL}CH&\JUKJ‘}&JJ‘;IZ'GL@J‘}AOJ"}EJ_)K_E JL;‘BPQw}wJJywSJJgJ)ﬂuWJX

Y

FIIE MnOOH FMS+MnCOH
MNOOH Loy ot s PMS b iy Js—t Gl ) Jab
A\ MNOOH 5 (J e e b PMS 5,5 vpH igiiL‘jT byl

-\5.:53-\' UJWSUQLAJ uji:sjgf_}f v/ 0 :J;é))ls—i QH.GJZ.“JJ:‘:;

30T 53 s Jghxo pH il
L 5lS—8 Gl Bleily s Jslme sl pH 1LY s
S jshiles Aade 025 |, PMS/MNOOH iyl b Lo
S b JS—t Gl 3 a5 5 Shas S e sl
TAVAL ol 5 s csllae (F=pH) il gl Loyl 2
Ll b 4 o Bl 55l s i b e 3L e
Ll 5 5 Al e S DLl S LS et 5 LG
s Ao ol Aol s Ses (M=pH) Ll LG

pH
55 PMS/MNOOH sl b s Slas s Jskms adsl pH 31 ¥ JSib
WJsa otV PMS 55t a3l el i by IS8 Gl Oladd,
e S 0100 g As-t clils 2 e 8 +/e0 MNOOH 55
aads e Sty b

R=%"%100 ()
Co

o3 et cble o i 5 e G5 Co Ol s aS
DY sl eslalt(min) Ol 5y 5 adsl Ol

L (PO#7) clivs 5 (BrY) dile o sla 050l 5 eslial L
HA) sl Seogon T osle cpizman 5 Jse Jho V0 e
53 dls o e b S A e S et B L
Ly Jby S-f Gl Oleily il axils 5y am O
238 3 oLl s, 50 PMS/IMNOOH il )b

sdoes oali ol SLB 5 (gl Ol ) sk 4
Ll s el oLk b3l MNOOH 5 5Ll
555 PMS 555 MNOOH 55 Jold 4 = a slajilesl
ol Sty les oman 5 sl PH I Juds Is—t
5hestinwl LMNOOH (23l 51 as = o 51 e . dile
53 oslatal jskiie 4 5 s Ald ey Se /g0 Lid Lo
Slos 3 5t wd Jhie Of by ey 45 2 eS|
i Kot cell VY Sl ol Sl a3 A

Ly AL

Jd ylgic &3 MNOOH  GwdBL S yShec
PMS oadis

PMS oS Jlas Ol i 4 MNOOH o JBIS 5 Shas
S pshailen oS I3 ) paspe s A58 Gl
T Oley Do CnidS ) e S e edalie ) ST s
PMS s> 55 ¢ Jibs JS—1 Gl Olaily (2iSTs 5l 4ids
JXYINA SIAL s S a4 oS  MNOOH 5 el &
OLodily (ST Jsloes 03l 55 ol ol en 035330 L sy
TANYY a5 il (6, Saior il iy JS-f i
$sldld g MNOOH w55 LB 28 5 0L oS des
s Ja,05-8 55 Sl 4 PMS

VPO Sles o pladdi agh Jleo doans Cudilags crusigo dlas @ YPA



(1) Gis lasily
PN WD oo
O OO O OO oo

OlolKan 5 (508 Hlo

£49/00 4, 7/00 51 5 Sl Gl A ssb 4 8IS

D)

Y ) o oY oy /0
MnOOH (g/L) ;9o

53 PMS/MNOOH 1yl 5 5 Slas ; MNOOH 55 3 :£ JSio
aads e uSls Oley 1) 8 h0 s fbs ISt clle

Jidg 5 ¢ sla walble il

Cegr PMS/IMNOOH iyl Ul e shate a
el VT Caleses a sl gls wale j5 Jubs JS—8 Gl
b S B s 2 s ISt line sl 5o
VO sl 53 3 S eedal la 0 S S 3 &S shiles
DLl (i -t 1) oS e0r 5 & e S e
55s AV STV L ol s 5 4 b JS—8 Ol
3 [ARCPUPR SV SR W RCHIR PN GUL PRI I
ekl s Juby JS-f i g PMS/MNOOH i b
A e S S0 chle g & e S e YO
i Gl L IS—8 Gde 0ledly gy s IS
S sk a5l JralS wan VTl gla bl
Ll 53 T80 ay ) S e YO e 3 AVITY
oy S JS=E 1) e S e Yo

Ar WK VPN Sles oF o jlash agd Jlew ¢ Jasas Cudlilags (oeuiige dlae

Ji8g 5 —€ Bia ylodily ps PMS 93 Hdl
—f Gl s e sla il 51 S PMS sl 5
Omed 4. A5l o PMS/IMNOOH 1yl o g Ly IS
Cilise gla 353 53 PMS/MNOOH syl b 5 Shes ogr
b S N3 s g age by JS-E Gl e 4 PMS
535 Ul bl s esls 0L Y S 3 &S shailes
by JS-f Gl Oledlil,y oJge e Y U5 oY I PMS
SR < WL VYA f-Ya WUIVA § VAR PRI PR
L Jebs JS—8 i g PMS/MNOOH 1l 5 IS
335 pdig Rl L geomen L SL 0 PMS 555 2158
Gt s ke Cali L i iy IS Gide oledl; PMS

25
40
35 4
= 30 A
} 25 1
Re ]
Q 20 A
) 15
<
~ 10 A
5
0 -
Y ) Y ¥

PMS (MM) ;92
 PMS/MNOOH .l 5 55 PMS Cilises gle 555 1Y JSds
«/+0 :MNOOH ;55 VPH : b3l Lyl 5. b5 IS-8 Gl oletl
R T N T

MnOOH 9Bl —alixo sl j9 3l
53 by ls-t o s s MNOOH il sla 555 i
S ez 536 MNOOH 55 sl ol o3l OLiS £ S
3l s As—t Bd> cgr PMS/IMNOOH iyl 3 5 s
5IMNOOH 555 il L oS (ol 48 a sls 0L 54

- i~ QL_.AJ.._sb ‘J:'ijrjf v/0 U)Iﬁjfr; v/



_}.&la&'JL;;‘L‘E‘JUKJ}aA;JJw/.thJlMJ/JEJ)K*f Jh%awﬂﬁyﬂjﬁJﬂquﬁ

s el e S sk ]y JBs st ca s s
oS e 3l aS Al Koo gt i opuimman Ay AV//AY
5 a0 l33l S Ol 4 B o b T sls
ol osla al M 23S 13 sl 3,50 PMS (6l il
S s SheeS 55 (G5 GS R sle s S
cble PMS 5 Shee s sl 5 b 51 Ll 0 a5 Ll
bl aallas 55" e (RS g5 sls IS,
Jolomn 0 dol Sngon T osle 51 2 50 8 o £ 035330
53 PMSIMNOOH ! 5 5 Shes s S5 Ml (S
JAV/EE | (Cdm Oledily 5 At sdalie Jibs JS— oy 55

MnOOH 9 3Bl 33x0 odlaimwl Jsl&

)‘ J.«\M bJLﬁ—w‘ C,»:LL; 9 6)\.11[73 d‘];-‘ w'.;.*.: )}b LY
sskilen i 8 15 sl 3550 L5L EbesT MNOOH
DL Jd‘j‘)ls—i QV\J- dlﬂg\;b cJ\.:S & o.,\Al..i.dv Jg_:)b LY
NS PV U P A DS (I JPUCPSN PP e
Bl RS|SSAP LN U W PEYAL VA B SPIVAZVA R SVA R VR S Uy g%
oo esla il 5 50 L JBIS O gllas sume eslan ol LB
3,13 PMS/MNOOH .l 3

() Bis louil
w b~ oo~

100
90 A
80 A
0 i
O m
0 L
0 i
0 1 —&— 4-chlorophenol = 25 mg/L
20 A —<— 4-chlorophenol = 50 mg/L
10 4-chlorophenol = 100 mg/L
0 i : i : 7|—|4-chlloroplheno! = 290 mg/L
0 10 20 30 40 50 60
(aindd) oyl

Aol s Shes by IS—t Ciliie gls bl 1D JSib
Ses VPH bl Ll s sy Is-8 .y 55 ;s PMS/MNOOH

oSy 0l ad p e S o :MNOOH 555 oJse Joo Y :PMS

a3

Sl Spogad 9 ol sl 9T 3l
W5 a5 dls Ham Of 3 0T oJsans sb &
G S b 3l 5 sl 658 (68 IS e
donl b b s ISl gl e gl ST
33 s 3 Shas 3l 5 o oS L 52 PMSIMNOOH
s s s pghkiles T sl IS A by ISt o 5
s 53 Jb s JS—t G Oledly (S e sdal_ia
10/ w5 il el o, Kaio sk 4 (POS) Slius
PMS/MNOOH 15 5 Shes (BF) dile ¢ Jlie 55 s,

B 100
3 80 A
3
KS) 60 -
A 40
I a0
= 0 —
7 7 7 7
o »
%WM\O cﬁ]\ooo g\VM\OO %N\QOO
o Sﬂ\ 3&1\ 3&1\
N N N
P 59 oY
S 35 Bve

Y PMS 55 vpH : 2bsT Ll o PMS/MNOOH il 5 L 5 s JS—8 i 0loily  dael Sengon I asle 5 ol pan sls 05l 3127 JSabo
ff,;;;‘:"i J.:_wl u@ﬁgWAJFL;?A\OMJ@ 6[.& Qﬁiw;ﬂjfr;'/'o J.ﬁjjls—f. gf,‘h.l&}%jjrjf ~/Y‘ MnOOH j}} AJ".AJL:J

agds e : Sty oy 1)

VPO Sle o jladdi agh Jlew doans Cudilags cusige dlas @ YV



OlolKan 5 (508 Hlo

100
90 -
80 -
“
3 70
-;‘!J 60 -
4 501
9 40 -
S 30 -
20 -
10 -
0_
Y a5, Y a5 >

) 45 >

o

553 e e Y PMS 50 PH t bl Ll s eis oL5L 556 5l eslie ol LPMS/MNOOH i3 e i JS-8 Gl 2V JSails
aids Vi STy Obos i) e S 0/00 s by Jsmt il 1) e S o MNOOH

gl sty b s
115 e oS 55ds LUl PMS 5 MNOOH
Jd JoanS 5 5den gloes S5t A 5555008 s (535
5 ogr A8 MNOOH 1xls 5 sl o 53 G315
0 LY ablas j3 aS ghailea .Y W15 PMS (g3l
g M) L zSTy b s PMS (il sdld jas i

TN LS 220, 50504

das e OLiS s 5IPMS (gLl

= Mn(III) + HSOs™ — = Mn(Il) + *SOs~ + H* (v)
= Mn(I)+ HSOs™ — = Mn(III) + «SOs + OH~ ()
HSOs + *SOs™ + e — HSO4 + SO, + 102 ()
+2S05™ + H;0 — 3/210, + 2HSO, (o)

MnOOH C]G_w)b 357 5o MN—0O L HSOs5 :ooeen
@O)anJJﬁQMWWJMJ@JLS\)

I A B

FYY @ AT Sl o ladd cagh Jlew cloans Cudilugs (crusige dlao

Z -
Olpe a T JSia b iy (o5 5 Sy 03 (sl S
s Rl SRl el 0558 5, 0

)‘QL@}Q—:&«?‘)\ ")Lﬁ&'f:bﬁb c‘\.?v.::.;)J.\

S
Obe 53 T W n e ) Sl b e ol OIS
S b bs JS—8 (T 55 52 ge gls 0t VT 51 as il
Joie oo 5 P a3l e b Jui IS Dli e o S e S
oAy e 0t e 355 5l S5 s g
Loy LBl il jpas SSUS mloo Clag po Ll
G 3,8 gla iy 5l T K by e Jam
ol by s e iy O pmllnST gla gl 3 ¢ iy IS8
ol e 535U S andllas opl 3
Syy0 JibsJS—t Gl g PMS (s3LJlé . MNOOH

—f Gl g PMS S 5l 0L s 28 S 15 )
Bl bl s (gl osle L5 (s3Llad dal ¢ b IS
M5 1,10, 540, #S0s ¢OH wsle 2515 sla &S
5 05,0 sl YU LUl s« MnOOH ™ s

PGS U e oS 5 Jlb cle 05



}ﬁcgjbmtdug)}é;deing_ﬂMJ/ﬂJJK*f Jh%}&WﬁJﬁyﬂJﬂJMwJﬁ

sl cbale Jlrman sl cilas Sl aalUas
L.l.cb‘.hbl_f;.'z @bﬁ@&ﬁ)‘}w)fzjyﬁc@.yi
MY oy el anl s Shae ol il o jals
B C)LA anﬂYTWﬂ\Js‘Lt&TMb‘JW
)QH&J)JNPMSLS\J;MnOOH WUSJJZ‘_MJ
duoKﬁSQTN;}” Sardalss s 53 ey 4
eiligy il e Jibs,5=8 Laws s MNOOH e Jlas
Ol 3 Jseme gla 050l 5168 Lo 5 Sliess il ol
SalS (6,8 i b au |y sy S-8 Gl Ol
L b 4 PMS/MNOOH 1l 3 5 JSks 53 5 das o
LS\J‘UL‘—‘”J456|°}BbL;‘:SJJL}?AMQ|j:L5°‘)&}JLS
» &b & Olge s 5 TFayls MNOOH Jlss sl 0l
ORI N PRGOSV T P Y PIN LS SR CRp
))ﬂﬁ&d@&uéb@jﬁé&ﬁ;@bu\j}&
PMS/MNOOH iyl 5 3 Shas 55 15 slesl 25 MNOOH
o 58lL s diS A ST G &S HOBr S5 & 131 0l o S

VO Wslee) als Cns sl Jnﬁ ols 5ol

HSOs + Br — SO4* + HOBr (\Y)

S alse 5 en 31 SS Ol 4 el Sensn
BRI T S C8 SR R P SR W U 3 R A RN

a Ol 51 s oS il JalS bl Seopn >

Slides " T e sl 4 adsl 815 0581 sl &8
Sl sl Il 5 53 PMS oS Wl o3 S jaseine 43S
oA el ameS 55 5 LS a5 HpSOs ar HSOs™ S
Lot omamen T a5 fas 281 05nST gl 45
& *OH 52804 joe Jsb Jals w0 e clbi 2 oL
s 2002 5102 S5 51 6,8 sl o S 550

T B asT)
*SO4~+ OH™ — 50,2 + *OH Q)
SOs? + H20 — SO + H;0, v)
H20; + *OH — H;0 + HO;, D)
*HO, — H* + +O;" )
*0; + *OH — 10, +OH" ()

a3l PMS L sl 55 a8 das e 0SS @L:J

S5 5SSl 65 5 JemS e sla S, U 5
s> QLS s ¢ Jlheys Al ol 0Ty 50 6l (S
Ol L plte sb ¢ i IS—1 G Dlaly il S
A 5l Gt e 5as po oS e el s 51580 PMS s
oS ol b s eds LSi gls Il PMS

TN 50 Wolee) 355 e e Sl s 35S

¢S04 + HSO5  — +SO5 + HSO4 (\Y)

*OH + HSOs™ — *SOs™ + H,0 (\Y)

Ol oy 48 OlLSa s Wang a)Us s

393 GBI L as sl Ot g el 2 plail slellS
3 gm0 0V God Olely s o A b Sl e
Lol el 5l s sl 50 52 48 Sh—w oo il (s
Lol anllas ;3.7 1S Lo (g oan VT Gl
—4 Gl OLeily, MNOOH suss Jlas sl 355 ial53l
by oS gl andlae 5o 2l Sl aslde 5b 4y 8IS
Aol bl JTgls eaoNT o 55 0l ol Kes 5 Xu

VPO Sle o jladdi agh Jlew douns Cudilags cusige dlas @ YVY



OLlSas 4 5 0id Glane

#OH #SOs ahax 3l —iSls 05 S| gls 4,5 )y
A58 s Al s e s U 58 102 <07
Com G e 55b 4 PO 5 o> (pimmen 0
Ui 5l 0L 4 U3 MNOOH (5550618 clles 2alS
A3l o MNOOH 533618 Jled _selae (sla 05 5 el
Yl e Fsd LB sdome eslazl <l MNOOH ¢ comas
Gl el s ol oz s 5 oLl Al 5l st
o Oly o sl dul b Sl as o e 5l ey S

315 s ol s 40 553U a5 5800

Sl
Sy psbe oSl JU calem LRy
Gl iy 2o AS 5 VEr e 8N fayn AS) Ol
ol (al_:ml 4 (IR.MUI.RESEARCH.REC.1400.444
S5 JLS ol ol gLKen Sl dlis 0Bt 5 oS ol

.J.;)l) 1)

Reference

1. Patel BP, Kumar A. Biodegradation of 4-chlorophenol in
an airlift inner loop bioreactor with mixed consortium:
effect of HRT, loading rate and biogenic substrate. 3
Biotech 2016;6(2): 117.

2. Bjerketorp J, R6ling WFM, Feng X-M, et al. Formulation
and stabilization of an Arthrobacter strain with good
storage stability and 4-chlorophenol-degradation activity
for  bioremediation. Applied Microbiology and
Biotechnology 2018;102(4): 2031-40.

3. Allaboun H, Abu Al-Rub FA. Removal of 4-Chlorophenol
from Contaminated Water Using Activated Carbon from
Dried Date Pits: Equilibrium, Kinetics, and
Thermodynamics Analyses. Materials (Basel) 2016;9.¢¢)

4. Seid Mohammadi A, Movahedian Attar H. p-
Chlorophenol oxidation in industrial effluent by
ultrasonic/fenton technology. Journal of Water and
Wastewater; Ab va Fazilab (in persian) 2012;22(4): 43-9.

5. Azizi E, Abbasi F, Baghapour MA, et al. 4-chlorophenol
removal by air lift packed bed bioreactor and its modeling

TV @ ATl o lad cagh Jlew Cloans Cudilugs (ceusige dlao

33deme s MNOOH Jls sla ol 1 ol Koo gen o
U5 5 OsmeldnST 2aS w0 jzete S sls o LT 00 S
U5 e sk a0 ™ 5, 5 e MNOOH i
Y b s oS el ok SlesT MNOOH « JBls
SRS LYY by JS-f Gada Oladddy falasl 5l e
15T 51 sdome sla eslical 53 MNOOH 5 Shes 2als .3l
Jlowe i 530S by 580 G Ul e
JL@&L«&QQ&&&SW}W F:;S\j

Bl s Slesl 5l ast 2 a5l e 550

SIS G JL sy sl s, 5 b 3 MNOOH

Goldlad S 352 (5555 5 Shas 05l 05 ¢l
S s wr L PMSIMNOOH i e ;5 PMS
4z 5 L PMS/MNOOH 4l 5 53 MNOOH (s 5 5,Jls

by kinetics and numerical model (artificial neural
network). Scientific Reports 2021;11(1): 670.

6. Euro C. Risk assessment for the marine environment
OSPARCOM region, monochlorophenols. Feb 2010.

7. Song H-Y, Liu J-Z, Xiong Y-H, et al. Treatment of
aqueous chlorophenol by phthalic anhydride-modified
horseradish peroxidase. Journal of Molecular Catalysis B:
Enzymatic 2003;22(1-2): 37-44.

8. Radhika M, Palanivelu K. Adsorptive removal of
chlorophenols from aqueous solution by low cost
adsorbent—Kinetics and isotherm analysis. Journal of
hazardous materials 20.Y£-\ 11 :(\)\YA;+ 1

9. Czaplicka M. Sources and transformations of
chlorophenols in the natural environment. Science of the
Total environment 2004;322(1-3): 21-39.

10. Rodriguez M. Fenton and UV-vis based advanced
oxidation processes in wastewater treatment: Degradation,
mineralization and biodegradability enhancement:
Universitat de Barcelona; 2003.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

}ﬁcgJBWUKJ}A;JddingJIMJ/JEJJK*f Jh%dWﬁijjﬂJMwJﬁ

He D, Li Y, Lyu C, et al. New insights into
MnOOH/peroxymonosulfate  system  for  catalytic
oxidation of 2, 4-dichlorophenol: Morphology dependence
and mechanisms. Chemosphere 2020;255: 126961.

Xu X, Zhang Y, Zhou S, et al. Activation of persulfate by
MnOOH: Degradation of organic compounds by
nonradical mechanism. Chemosphere 2021;272: 129629.

Lim J, Lee JM, Kim C, et al. Two-dimensional RuO 2
nanosheets as robust catalysts for peroxymonosulfate
activation. Environmental Science: Nano 2019;6(7): 2084-
93.

Ghauch A, Tugan AM. Oxidation of bisoprolol in heated
persulfate/H20 systems: Kinetics and products. Chemical
Engineering Journal 2012;183: 162 .v\-

Huang J, Dai Y, Singewald K, et al. Effects of MnO2 of
different structures on activation of peroxymonosulfate for
bisphenol A degradation under acidic conditions.
Chemical Engineering Journal 2019;370: 906-15.

Saputra E, Muhammad S, Sun H, et al. Different
crystallographic one-dimensional MnO2 nanomaterials
and their superior performance in catalytic phenol
degradation. Environmental science & technology
2013;47(11): 5882-7.

Elizarova GL, Zhidomirov GM, Parmon VN. Hydroxides
of transition metals as artificial catalysts for oxidation of
water to dioxygen. Catalysis Today 2000;58(2): 71-88.

Huang Y, Li X, Zhang C, et al. Degrading arsanilic acid
and adsorbing the released inorganic arsenic
simultaneously in aqueous media with CuFe204
activating peroxymonosulfate  system: Factors,
performance, and mechanism. Chemical Engineering
Journal 2021;424.

Hadi S, Taheri E, Amin MM, et al. Synergistic degradation
of 4-chlorophenol by persulfate and oxalic acid mixture
with heterogeneous Fenton like system for wastewater
treatment: Adaptive neuro-fuzzy inference systems
modeling. Journal of Environmental Management
2020;268: 110678.

Li N, LiR, YuY, et al. Efficient degradation of bentazone
via peroxymonosulfate activation by 1D/2D y-MnOOH-

rGO under simulated sunlight: Performance and
mechanism insight. Science of the Total Environment
2020;741.

Zeng Z, Khan A, Wang Z, et al. Elimination of atrazine
through radical/non-radical combined processes by
manganese nano-catalysts/PMS and implications to the
structure-performance relationship. Chemical Engineering
Journal 2020;397: 125425.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Bauer R, Waldner G, Fallmann H, et al. The photo-fenton
reaction and the TiO2/UV process for waste water
treatment— novel developments. Catalysis today
Lee-1r) :(1)or;444

Organization WH, UNICEF. Global water supply and
sanitation assessment 2000 report. World Health
Organization (WHQO), 2000.

Gholizadeh A, Kermani M, Gholami M, FarzadkiaM M.
Comparative Investigation of 2-Chlorophenol and 4-
Chrorophenol Removal Using Granulated Activated
Carbon and Rice Husk Ash. Tolooebehdasht 2013;11(3):
66-78.

Seidmohammadi A, Asgari G, Faradmal J, et al.
Photocatalytic Degradation of 4-Chlorophenol Using Zero
Valent Iron Activated Persulfate and Zero Valent Iron
Activated Hydrogen Peroxide Processes under UV
Irradiation: A Taguchi Experimental Design. Journal of
Water and Wastewater 2019;30.(v)

Yang Y, Zhang P, Hu K, et al. Sustainable redox processes
induced by peroxymonosulfate and metal doping on
amorphous manganese dioxide for nonradical degradation
of water contaminants. Applied Catalysis B:
Environmental 2021;286: 119903.

Li C, Huang Y, Dong X, et al. Highly efficient activation
of peroxymonosulfate by natural negatively-charged
kaolinite with abundant hydroxyl groups for the
degradation of atrazine. Applied Catalysis B:
Environmental 2019;247.

Xiao G, Xu T, Faheem M, et al. Evolution of Singlet
Oxygen by  Activating  Peroxydisulfate  and
Peroxymonosulfate: A Review. International Journal of
Environmental Research and Public Health 2021;18(7):
3344,

Li S, Tang Y, Wang M, et al. NiO/g-C3N4 2D/2D
heterojunction catalyst as efficient peroxymonosulfate
activators toward tetracycline degradation:
Characterization, performance and mechanism Journal of

Alloys and Compounds 2021;880.

Zhang H, Wang X, Li Y, et al. A novel MnOOH coated
nylon membrane for efficient removal of 24-
dichlorophenol through peroxymonosulfate activation.
Journal of Hazardous Materials 2021;414.

Wang S, Zhou N Removal of carbamazepine from

aqueous solution using sono-activated persulfate process.
Ultrasonics Sonochemistry 2016;29: 156-62.

Othman I, Hisham Zain J, Abu Haija M, Banat F. Catalytic
activation of peroxymonosulfate using CeVVO4 for phenol
degradation: An insight into the reaction pathway. Applied
Catalysis B: Environmental 2020;266.

VPO Sles o pladt agh Jleo doans Cudilags crusige dlas @ YVY



33.

34.

35.

OLlSas 4 5 0id Glane

Ding M, Ao W, Xu H, et al. Facile construction of dual
heterojunction CoO@TiO2/MXene hybrid with efficient
and stable catalytic activity for phenol degradation with
peroxymonosulfate under visible light irradiation. Journal
of Hazardous Materials 2021;420.

Zhang T, Li C, Ma J, et al. Surface hydroxyl groups of
synthetic a-FeOOH in promoting OH generation from
aqueous ozone: property and activity relationship. Applied
Catalysis B: Environmental 2008;82(1-2): 131-7.

Guan Y-H, Ma J, Ren Y-M, et al. Efficient degradation of
atrazine by magnetic porous copper ferrite catalyzed
peroxymonosulfate oxidation via the formation of

TVO @ AF) Sl F o lad cagh Jlew Cloans Cudilags (ceusige dlao

36.

37.

hydroxyl and sulfate radicals. Water Research

2013;47(14): 5431-8.

Zhou Y, Jiang J, Gao Y, et al. Oxidation of steroid
estrogens by peroxymonosulfate (PMS) and effect of
bromide and chloride ions: Kinetics, products, and
modeling. Water Research 2018;138: 56-66.

Fan J, Qin H, Jiang S Mn-doped g-C3N4 composite to

activate  peroxymonosulfate ~ for  acetaminophen
degradation: The role of superoxide anion and singlet
oxygen. Chemical Engineering Journal 2019;359: 723-32.



Journal of Environmental Health Engineering, May 2022; Vol. 9, No. 3: 365-376

Investigating the Performance of Peroxymonosulfate to 4-
Chlorophenol removal from Aqueous Solutions in the Presence
of Manganese-containing Catalyst

Sobhan Ghanbari 12, Ali Fatehizadeh 23, Ensiyeh Taheri *23

! Student Research Committee, School of Health, Isfahan University of Medical Sciences, Isfahan, Iran
2School of Health, Isfahan University of Medical Sciences, Isfahan, Iran
3 Environment Research Center, Research Institute for Primordial Prevention of Non-Communicable Disease, Isfahan University of
Medical Sciences, Isfahan, Iran

"Emalil : e_taheri 83@yahoo.com

Received: 16 June 2022 ; Accepted: 20 July 2022

ABSTRACT

background and objective: Advanced oxidation processes based on peroxymonosulfate (PMS) have shown
significant potential for the degradation of hazardous organic pollutants in wastewater. Manganese compounds
are considered as environmentally friendly and desirable catalysts for PMS activation. In this study, MnOOH
catalyst was synthesized in laboratory and used as a PMS activator to remove 4-chlorophenol (4-CP), which is
one of the most important derivatives of the chlorophenol family.

Materials and Methods: effective operational parameters including MnOOH dose (0.01, 0.05, 0.1, 0.2, 0.3,
and 0.5 g/L), PMS dose (0.2, 1, 2, and 4 mmol), initial 4-chlorophenol concentration (25, 50, 100, and 200
mg/L) and the initial pH of the reaction solution (3, 5, 7, 9, and 11) on the 4-CP removal efficiency were studied.
Also, the effect of coexisting anions (bromide (Br”) and phosphate (PO4%7)) and humic acid was studied in order
to identify how the process works in different conditions. Finally, the catalyst reusability experiment was
carried out in order to determine the stability and reusability of the MnOOH.

Results: The results showed that the best performance of PMS/MnOOH process (4-chlorophenol degradation
efficiency equal to 94.88%) is obtained in neutral pH conditions, PMS dose equal to 2 mmol and MnOOH dose
equal to 0.3 g/L. in the presence of phosphate, the degradation efficiency of 4-chlorophenol in PMS/MnOOH
was significantly decreased. Also, MnOOH showed acceptable stability in reusability tests.

Conclusion: Advanced oxidation process of PMS/MnOOH as a powerful, sustainable and environmentally
friendly system can be used in the treatment of wastewater containing phenolic compounds, especially 4-
chlorophenol.
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