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ABSTRACT

Background and Aim: Nowadays, environmental pollution is a major problem
for human life. Dye is one of the most important environmental pollutants
found in industrial wastewater, especially in textile industry wastewater.
Therefore, the aim of this study was to evaluate photocatalytic effect of green
iron nanoparticles in degradation of Reactive red 198 dye.

Materials and Methods: The present study was performed laboratory using
a batch reactor under UV A irradiation. In this study, the effect of different
variables including pH (3-11), dye concentration (10-100 mg/l), catalyst
dosage (0/5-6 mg/l) and contact time (5-30 min) were investigated. The
characterization of prepared nanoparticles were studied using different
techniques such as TEM, FESEM and FTIR analysis. The obtained data were
analyzed by Excel software.

Results: the photocatalytic tests showed high performance of NPs for dye
degradation as catalyst in photocatalytic process. The highest removal
efficiency achieved 96.2% at pH 3, catalyst dosage 3 mg/Il, contact time 25
min, and for dye concentration 25 mg/I.

Conclusion: the results show that the photocatalytic process using green iron
nanoparticles can be used with a suitable function to removal of reactive red
198 from aqueous solutions.

Keywords: Photocatalytic, Green Iron Nano Particles, Reactive Red 198 dye,
Agueous solutions.

P Citation: Shahryari T, Khosravi R, Khosravi Baghdadeh A, Esform A.
Photocatalytic Process using Green Iron Nanoparticles for Azo Dye degradation
from aqueous solution. /ranian Journal of Research in Environmental Health.
Spring 2020;6 (1):11-22.



2] 3) S>> gL UAT o o ):5 séb )' ool l‘ ‘s;uglu'ls ’;5 MT}Q ‘sg' )U oWy

‘sﬁ SlaJalxo 31 1A 3y guis1 g

o..L..S.,

51K Ky cmlaobul s paygy (S35 (bl JSin G Olgicas hume (S3g)T 39,0l 1 b0 9 din)
odalie ygds 4 (2lus wlio Gogasar mliuo Clug )3 &5 Col ) e laosu3T Ol
gl 31 0olital U ity siT,5 ablS anpr sd b yuils anlls o (prad 4 dpdess
S el T sladglme 511 5 5551 (65 ) Bl s al e

con¥ o iyl 5935T Kl aslital U a5 el Gal&isleil g5 5 aallh ol s, 5 Slge
5 95551 & Ky cile (11 -¥) pH salor 51 Cilisn sla e 3l axllbas ol 5 . ploil UVA
D38 o (@B ¥ -0) ules 0oy G o 8 (e /0-5) 595 (o 8 e Ve -00)
5 ag3a5 0 oslil FTIR 5 TEM. FESEM Cilizes (sl 3l gl loogas sy cager
w2 il JuuST 53l 5 3l o3l U laosls Julows

PH=Y 5 Gds oy e 00 oSSl suw el a8 sls olis Calises (slay Ul :laassly
£S5 shen Y0 1A 3 9351 () Sy il 5 s YO ules Oy i o )8 (e ¥ caanndBlS st 50
el caosds 285/Y Ll 1]

bS58 301,85 il 00 i (1295 & VIS 45 5l 0L la psbiuminin pulis (g domai
A 5 8T 5 Ky Bis gz slis b b Blgie oal e gl 5l eslizal L
33,5 oslazul (s‘.T sladsl>e

oaTrms Sh3gil ol ladslons (bS5 VA 35 52351 5y K, slaoly SulS

(PR SO [ 7 VY e SO VI & priwl ol 03z (S9 s o g b 5l s Sl |
2 g uuaj.uj sladsl=e 51AA 5, 55T (5) ) B> s oal S D36 1 eslinul
JY-N (V) £Vl axo iy

Sles b

Slidiog S50 e Sl (swkige 05,5 ookl
(i saSailh ol S5 slesl Julse
Olnl iy i (S osle o830

S g

Slidiog S50 e Clilig (swkiga 05,5 ool
(i saSail ol L S5 slesl Jalse
Ol i i (S psle oSl

03l das (69 s Aol

ae Clilig (swkige s GM\;.Z)\S Goeidls
‘:i.i;.g ("l‘ Aasls sl Olidns S
I ([ CT) B P QN EE e I

1,2
ahmadkhosravybaghdadeh@gmail.com

(J.L..:l dsle
e Ciilig (skige bl ‘5‘.1;.2)\5 Gszidls
S5 r}lr- Aasls ¢ seszeidls Olidns S

Ol s iy

1FAA/09/ 1 A 8L s G s

199701/ P o sy iy du)li

iags Jool Ao allia g5

A 03 gy delilad _
=

o il

3)33/

“..i.&

VW4 Lo ool 5Lt



=

Ko 5 5ol g s plb

v 3 o3l b adBS 58 w1 3 0, s /0L,

(\\ ) JJ).&GA QLEJMJ ui‘Ju:‘P e ny .)..3}..5‘5» g&:SLqJT

LSL”"\':'JJé Bl LS:’T LSU:L.::M BN g_i.’v ol LSL"L;‘JJ BY

wodz olinl (olardin (olesd Gsmelians] (olasd
(IY) 53,5 g ssliad (Ssslpes slaanld 5 las claans
S5 38 4 5 S5l a5 gl g3 T Lo g e o
sl caloard slga Sl oalizal Ldsts ppizeas 20,8 o0 Jizie
(VF ) 03,5 o o35 oo a5

slgtiny (AOP ) b ey (gaabiannST slo gy o3l sladli s
o) Jdsar 5B 55 glaanl b olon el 53 4 ol s
YN[ DU EE URPRE SEPRUSIIE S T NS SNV SITE
(V0) sl 48,8 15 5 350 B3 g8 yand

TR URUPOUW FUON{ PPN Y% P CRAESN L fe: A JE
Aedysr anld e wile e o T slee of 55 oS
w13 5 (V) sigdion 325 538 4 (93 spa o s
S s b ol (5530 b 038 Qs a3 (el 28
Sk 4 bbb 50l G sl asle (63,50 GBI
b oy JoSa5 & oo say ool oS g S0l 05 ol
5 (VW) s colun b s 0,1 5 by b s é\,}w
Soanld piie spb i Noams 4l L sl
S e 535 5 595 Olree Ml plosily Jelst (ra U858
oy 53y STy S S US55 . (W) wiols (3l 5,208
o) o Sleosas 3 el i) G S a S2E
St 53 ol riman (W) 358 b Kl 5352
asba arls 5,8 o wolinal o 2 JUIS 1y oo g oy
il b3k b (Ysb oles 5 5 a2l L3k LB S
Colg s 5 358 s sl Sl ol ¢ b e JUS il
iebh ao el )3l (V) wil anils oy senlild & 5l
Lol a5 als 8 Vb iy mhas 5 (gedy 28Ty Jedsey
035U alize LS @l ol il 03,8 Ll 555 @

odhys 5 OlssS Olyen der of 5 &S Cl s wsla

Ao ddo
N DR SCN JCUN J SEDRP ER R OPS EE S
239500 (V) 35 5 sanliin 5305 & (ol wlio ogaia plio
@by e 4 ols 5 ozl ( Szl mlio s LSS,
658 ol MG 3 ool e 4 amaD s 0358 e s2lizd
3 bt Ll Gl S, (Y) b sszs mlio
Ll s Wik e giaieb il gloey,S 4 Lol 5,8
S ol e 5 Gl 55,8 oY Lals ke 55,8
S, oles nl 53 o wizen 95251,5T 5 il 5l (o
oeizen () Whsls Lolassl s> @ 1) woys cpymie 3l
3 s 8] (Dly (28 s plail 4 olas S el
3 @35 Slake 4 52581y (Gl s oa (G (355
ban Sy 31 el W) i o bzl s mlio
53 S, s, S s 355 4 1 ol Slerss (zblue
a5 3 8 ke Yoo Ve e 4 il mlio UG
oy bame 4 | Gl Shhs sl e &5 Wpdon 035
(F) 200,58 a5 L3 b Jos e 4 S o)
Bt slse sbls VA 5y 558t (o) Sy ol glaMsle
Wb (olasd (aly> 03081 COD 5 wits Lol arzs
(0) eVl il iloass ol eyt e e s aios
S35z b b s 53 dsloes Jlmy 5551, (S,
53,8 o Bl (s 4 (3l Ll

15,5 oo ol 53 by 5 b ale 55 o o pizan
olez > K5y caluns g5 bl 5l i 51> Ji> 55 (Y &)
5351, wile 551 K5, K, ol Olea 3 S 33,8 o adys
G5 ol [olansl 553 )y g iy o5 VA 503
s sedale s o 1S s -N=N= 61855 b ghls 55
23 53l 55y o(A) w38 oo S s K o) sl 5 oS
53l (V@) wlesls olams! s o 1, K5, £Y- -

Sgreal aelsi & szt g3lsn s sl 53 pslie (g3l Lol

1. Chemical Oxygen Demand



CS55 Jpams dos & (SIS sl 4S540 ) HC
cads oslizl (s g LiSans 9S50
Slo W ol s Jols wslizal sy salKons
Segal, sl (bl 55iS Cale e, Sen /YY) W
b opes (ol L5aS sl Elmasonic E 30H)
53iS caxle HR-200 Juo) osase 693l o smmbline
UV/Vis Juo olbadSl PG)  (gymepis Sl 5 (o0

.54; (Spectrometer T80*

O3 U haasis g i
o 9 S @JT@-.’ iz e LU ) il oLS
3,8 sl s 00 glos 5 ol U315 53 Lol g5 5z ]
rjffﬂ Ol3as 4 5 0l 1353 L 1203, Si> sl ¥ Do
A bos 55 ueblii 2m g5y 2 ki &’T s V1
Aol Oyl cell ) G sl,8 sl 4o

il (3o BB 515 550 sbos a3 3|
SoSolas il & 5 ssee W oy 5 (00,50e + /YY)
U ool oS wlas ol 3z gl s el el LS
JRCTRVPRIRIVINE SN PUR WL SCRUVCL A JUR/A BE S SV L4
S5 sl €3 0T 5l ey 123,841 gl gl Cons sl
(T8 YY) saen Lt [, 35 o s LSt

i cia) 5T 51 s s 1S5 ol shiioe
Cg> AVATAR 370 Jue ol 3l slizad L FTIR (30,8 ¢35
55, S lUT 51 ol s Sl il 5 Lk (Sl
SIGMA VP-500, Zeiss, Jas) "FESEM iy, il
by (2585 b Lgad gy g izen 5 (GErmany
EM 10C-Jus) "TEM (g (55,5 oySasg Saz T
45,5 oslizl (100 KV, Germany
SB35 O grtlignS)
UVA oV 5 sadshes Vo s o Al 58T,

1. Fournier Transform Infrared Spectroscopy
2. Field Emission Scanning Electron Microscope
3. Transmission Electronic Microscope

Ll (Y1) o5 Bl Sostpm ) oslizal 5 Jloss,S sxin
sy 558 ol pad a5 Bl s Jslme 5 ] g2 Jebe
w3 a5l aneb slye 51 ay onl 53 (YY) 5508 e )5 aslind
33,8 on s3lizad Syl s as v el LS oylae
@3S e o2 lS b Lolse S a0 olee o0l s
o) o3 (V) wal S elidie 5 S35l i gl clis
55 gn 93l s 52 g b Vpame sl 5l iy
S o b (1) ol 03550 b Jglonn ol 53 3520 SASs
YY) wms e LS5 by xd, b o ol 5 358 e S5
Shasl e wdpl @l perd 355 (e ool Gblre aber
O 0332 samred 3 oy Janms Sfsengs 5 piyayizs slsa 5|
& sl cale gy 058t & il LS (V) ool
(TF) Joris (Y1) ind ol whont il o 25 iy
(Y0) uszedSTLS 5 (YY) LUl 5 s sl byl s S
e 035 o555 JalS sy sl Jedsay sl oS o
o S 5l e Wl sslul g3 5y o 28T,
055G L(Y7) 25,8 o oslinl woppa s ooy elS
5 SEbE S g8 Bls osas s il lalles
S50 Ky Bl s 0558 anld s 5 ilS plyiesy pimes
I ploasly o ol sl Lt ol o ol 4288 41,5 0sliz
pae 23 L (YA YY) s |y ol e 3oV B> g
S sty s 81 LA 55T S5 iy o (glasdllas oL
B85 4T3 LS sy Ban b sl asdllan sl
S 5 55T 6y Koy i s 8] e D353l 5l aslinl b

NEPIES PP A

S 0-T3

ol 5y 40 coKaus PR

s 13 ool il e 5> & addlls el s
S8 S el WS il 3 5 g s
NaOH ((FeCl ) <5 w08 NA 5, 53S| g 5 copdasl

—
=

WWAR Sl sl oot (o 5553 / daon Culigy 3 o 5 dolidead



&

Ko 5 5ok gd o ol

e 31930l b B0 33 0T 3 S s / 0

5551 6 S5y e s adsl clile 554 C 5 € o s
(YJ\ ) ol J;‘.:.J » rJgleﬁ'A (DWW % \aA >

e il

UV Y

PR R H

(PA) 2T jawws i G1S 93 35Ty bl ) Yo
oy g laadly
2T e O3 56 Oleo g
B 6"":“)3 ‘:’\J:’}"U 65.9-’)-:’)}" O J}-L'""-" O GadS Q—i‘ L)
(Y J&.ﬁ) A eslacl (FESEM) ‘5.1"..:‘_}) uﬁjjiﬂ‘ ;?J)iwﬁjgp

EHT = 15.00 kV
WD = 6.9 mm

Signal A = SE2
Mag= S0.00KX  User= DP

Date :4 Mar 2019

o 1 O1)393L 4 bgs o FESEM y guas .V JSub
3 Son ko ol iy Son mlaw crpal 4 a2 L
] LST*“L;'“ 6)3)‘:‘“5\5 C,..:.al} 6\)\3 U'l‘J‘L‘" 393 J:J:«.’:.n

olis sad 3w Lio ol Sl FESEM uplas opoiman

s Cele Ae ae b 5 gl YOF (sad g0 o L
STy by omesnle N Usb 5 &y il Sl ghls
G shiie 4 () JSC8) 28,8 8 el sy pe e JUIS b
Syl sl 51 AR 5, 58T g, K5y iliies slaclale
Ve sl oS el @l sl ) pfulﬁ Yoo
b 03y pegpate 5ol b VA 5 5281 (g K5 pf
Y o 4 haie T gy (6,2 5 ol e s g 5
ool (gl 0,8 g Sl 550 o Ble e 5 0 eaile
b5 5ym il Lot g Jyls 31,2l Ve 2l
b B8 st & g0l 03530 5 00,8 Jite 4581, J5ls
s B3N g0 & (2 2 08 (oo £ 0 /0) panitn il
Db 3ym plas CEIS 51y s, b ST, Lol
S (6l e 5 10,8 Olo o 28 by badges
bl 28,8 15 sslind sy50 VA 55 5581 g K5y Osee
Ky cll (W &Y D) pH clayzally calllan o s
399 b oS shen 1 SVO 0 D) WA 5, T,
—0) 25815 by 5 (2 2 05 hes 70 /0) bl L
) e e st sy (28,8 JLE 35 (aids Y
et CBIE 5 e PH L VA 5y 58T o Gy Jgloma
Lo g3 (43 ¥ —0) it ooy Ste 4 o)l 53 5 s, S wslal
RV ST LA WO PO IO ST IRE NS SUNIE SO N LSO
(Y4) 23,8 ol Wl 31 oSG ool et 5 ayzal, b o

rs b VA 5y 58T g swilo il clile e
4525 ad S oll j2egil O zgn Jsb s (5528575l
(FY-T) 0 ool ST 153055 50 askind L ool Lot 5
eSlen 55185 U 53 Galail Sl aloa o ol plizabl ol
it Oxel ety 5 Qlaily dmlins ) g 5 03 3155 o
s 03,5 adtio bny it dings e cloye o s bols
23,8 ool ) ey oy a3 ey

(Co _Ce)

0



(e Bl o56) YYAZ/AY Sy oF sl & 255
J585s iz sazasplis & Cwl O-H (228 2lasl & by
i8S sl 4 bgs e (e 5le S IEYO/TO Sy ool
55,5 4 byia (e gl WSO/ F K (C=C SIS
&> S b aeSaee 2381y L s e ok 5l S S
bysya (e o5l Se) WY S 5 Sl stal 35294 eS|
Gich s wibe il 59,8 GO S gl &
Soaism sl Yoo ) Sonl gbpse dsb o0 508 0ssle
(e s8le oS0) O A/FF Sy anls s oo 0lis |, Fe-0
(V) wibaFe-0 & by a

VaA 35 581 6y Ky % W T b e la sl
AT e O3 56 Lo 55

pH !

K5y eyt el s (M=) Ciisen apH 3 asdllan o 5
UVA 55 s5a5 55 o8l s S BS536 Lawsss VA 5, 508 6,
Gt )l el 5 (YF YY) 8,8 L8 as 3050
) s oS35 4 by a VA 55 55T gy S5, o s
ol Cests ZN/Y s &Y b by PH 55 UV 53 55
&5 Gk I PH 55 i el GPH s o3 ey
sl VA 3 52381 6y S5 i o el o S ek s
St gty o JUS o el SlaPH s 53l S 5l
S g ad iy PH o H ool sl bl el oo o
T Iy WO W P TN S P EYE. L SN P
ol sz sV L 5wl oo 3 siie Dppoty Cenn S ol
sl 53 35S S g 5455 o i Son
S 3 5655 aadlban sl (YO ) ) S by 2alS 3
S ol olis A 3, 5581 6y Ky e S 525 35 e b
gy 333 s S M 5 (gl (GLaPH s 2 JBlS 58 2l
Sy o 59y 2 4S OhlSCen 5 lia) andllas s e (V7)) S
&y Gs}tﬂ Sl Ldse gud glapH s (28,8 &5 B

(TY) azzils, i ol s, s VA 5 5]

J:.AJJL ATARES 039dee 3 sdd i Qbayb J.EB & RELY
6#.).3‘}’;.5\3 S wlesls QLJZ,.’ Sladlas )‘ sz\.:w .J..fal.'lun
ol s 31l WalS 350
_}Q‘L..» Ji.:: (TEM) @‘b:_i.ll %}L}JS.:A j‘ a;Lé.:....\ Lj
ols) KX VY oliSin b Lo ool Ol mhaw
3 AV S8 | 5 ot i (5 S e
45 J‘J QL..‘.‘..; 6\.’.‘4 9 Ca.ejf )\_,.3 a.)l.ﬁ.’.’...n‘ S0 _,;‘...i":.g Lsi\.oﬁk.?)}-j

(Yi JM) J..f:\guao J:.O}JL! £y, O C)béyb aj\.\.’"

250 nm Mag = 16.700 KX DayPetronic Company SO

2o a1 13930 4 b o TEM o guai W JSois
Shle slasg, S bt cygs FT-IR 5JUT 5 opeien
(F USC8) st sslizal i el O3t

o a1 O1)393L 4 bgs po FT-IR o guai F Y

—
o

VYA las ol Sl (ued 5555 / Jama Cubligy 3 by aalibad



<

Ko 5 5ok gd o ol

v 3 o3l b adBS 58 w1 3 0, s /0L,

sbable s 5 ams o SRl | sis Qi glapssd slaas
sl aallan il (YA) 35,8 n i (SuSy 40 e 0L

LV 5 5581 (6 Gy it BS528 C3 5 b o) Sen
() ctls Gilszan S8l andllas LTIO, Sfesliza
50 é e
80
o :.: /
% 50
e
10
o
o 0.001 0.002 0.003 0.004 0.005 0.006 0.007
(gLl 332

3518 SIS 3o b T jumw 1396 jgs 1LY lsges
&1 sBdsle I 1A 3 98T (5 $5) B3> 3 iammaULS 930
)gf)fulgorb PR VAN S, S 6, Ky adgl clide pH=Y)
(4350 wlos Oloj <y

oled Oy g adgl Chale it
chle (e blSs J':'.’.Tjé 2 A sl 5l s S
U5 155 o a8 el s 55 et oo il o s sl
sbable S adlas ool 53 ames 530l 4l page Sl
@@6&;.‘9)§ )\)5 s ))j.&;}.l&ﬁ&l.%olﬁj ));}.L:.;LA
it ¥ e ol el sad ssls plas ¥ JSCs s of
03 53 52 5 8 e YO Sl @ byye i gl
Olsen 5351 adosly adys ot pH abos 51 2slesl AN
sl Gl dad 6, UV 55 20l s 5 CendBS0 595
5551 5 K5y adsl chle 2l b &S 28,8 s ol o
o8 e JBS U o 53y e st iz slana VT VA
SrSsle CaBS5U s 4 35 by 514 0 2oy e
L'\t.‘. UJ...D\S ATA.»JM OLn.,\.ab 9 '>-9':'L$A d&.& _)\ (:aLA 9 nbjg
L S J;Cftflfo LSLDC«LJ& PryeTpe i u[».bb C)‘ﬁ‘)?b‘:’ ‘.x.'Ssx.
(F)) il e VL skl

oS QL’,:.A cui.'\Sb ULAJ LJ:"'l\J'Q‘ L’ Y _)‘.334.? U"’L“"‘ By
boalsl s dWsly adss 4ids YO b oS gypbas 1355 oo zin

% wdda fledlty

100
90
80
70
60
50
40
30
20
10

pH

951y K5y B3> SIS o Jglomo PH 5T uans 1) Jloges

2965 3 Gl 935 3015 buwgi T sadslxo jI 1A 5,

3) 95551 60 Sy Chile) gy PH a5 9 2T juw O1)395b

psS o /0 BT juuw 5,5956 93 i) p1 p S o PO 1A
(4835 )+ olos Oloj 9 s

GBI 528 595 31
SIS 5 353 35 oty Ly iS5 sl by 51 S
a3 2ol walss s Shas e of e Jhie S o
Olren i ¥ logad Golal 53 00,8 o badse 208 ¢
Ol &0 5 2 08 len ¥ B 5L 505 s 3 plodly
hee /0 Gl B 595 53 coy3 Oliee ops2eS 578/
553 G151 s am o O3 45 550 ZOF/F im0 2y o
3y (§3520 sam padin 353 B o3 i (e JUS5L
Gl U Ly S n o 2alS oS s 4 i o Sl
e H GladiSosly s olien OS5 395 laie
39548 Sloy 5 w8 e i ialsdl S5y i ama 5o g sad
253398 sl o s o bl a3 i 4 S SIS
s 4 3 03,5 0 58 ygee @le 50l o5 RS)y
Wit Ol 5| S Sl s S e by LialS S
g 5 uS e e saisSsgame oo sty US4k
b Gy QA5 558 5 353 sn 5208 sanWT (o g IS,

(Y YA) 1S o il
52551 (9 S0y (U528 )3 s b (o5 asllla
oty 4 s QL TIO, (p5eilest 4aST) 3l oslizad L VA 5,
sl 2l p§ oo V17 2Bt 555 55 i Olaa

THO, Jlae al33l s o555 om s Loy o Jlake s o



UVA 558 5 2T s Cnnd U8 528 oy T,9 duy i
i il glaan T S aslie 53 F s bl
Jjﬁ )}..4‘7 BE &T }:....u k:«nm:--lutsfj c\ﬁ/\ L3 }:.:S\ LSJ &_ib
b i a1 & o | i LS ni UVA
o s e 1S 58 o5 el .ol UVA g5 5048
Sl e Olres Guizeen 9 ZA0/Y by dids £ lj

ol s ZYF/N G ol aids ¥ oo 53 UVA g5 5558
by Saasemadd o e b LS aallas
(e5pmS Tl Sageital/deSgtagh) o JUlS 523
UVA L35 5055 ysmlyilid ol an 4 Ag-TiO,/HAP/ALO,
o3 S5 5 (X)) Bl Olee 02 e
G35 Ol ot (AM) Gl tld ohan 4 S sena

(FY) ails

B s0 Coy plae Coxd g g 58 addlas s
(inld wasl/led o/ ospliinSany Sipe 50
Sy cwie Gis plme oprie UVA/LED/TIO,
UVA/ (Jrisslb axil/led oV osiligiens]) o UlS s
355 e 3 (AY) TIO, b is (#):+) LED/TIO,
(FF) sl s (£)Y) UVA

Removal Efficiency (%)

100
90
80
70
60
50
40
30
20
10

—0—Fe/UVA

—0O— Photolyis UVA

M

0 10

20 30 40

time(min)

50 60 70

UVA 5538 ooy T s Coamnd 1S 935 35T 33 duamliio . 13905

AT o 133 56 o 5 V4A 3y 581 () A il

UVA |5 ) gl 5
NSVJES VPN PSP PRCIUNNN [ C SRR RN ECHR ¢
(s G S 58 aolb s &S sies Ol 5 O 51 beeasVT

o2 3k s S Ole & oF 3l 5 sl o G2al331 55 St
ol 28Ty e il s3l b oY lssad ol sy oo ol
Ol 1y Sl wigy o) 4yl kil ales (o3
(o) ot U i YO e b oty 2al530 gl el cms oo
wolsl (5708 o by am 45 0 51 g 5 93038 BT (90145
208 ke YO o lale (gl o3 plossly VLl o
Lol 788 /A 255 Y0 oo s Sl cl 6l S ol 5 2]
sy g ol Spponan 4 ol 51502

GBS a3 S LS 5 s aadlls s
S oslizad b ol Ml 5l ol Ky renJBlS g
53 7AYo, planily (28,8 D50 THO, a5l 5l
¥ CisealSsil sos s PH =Y G2 o 0 S la Vo sl clale
(Y1) sl sy 2 pf

iS58 o3 s b oS 5 il anlllae s
Jid 5,8 CaspealSol 5l mslizad L VA s, 5581 (o K,
Sy i IYA iy Vo U las ooy alsdl b (TiO,
(FY) s 78V 4 oy sl Vo 5l ams 52,8

3@ Oy Bix Olse b ol 5 0l aallas
L3 il S (g5 (218 528 T3 3l eslizal L il
5o i ol gl a2 oles ilidl L oS sl

(f\ ) bb;‘sn JI...i..:.g g.,\i)ﬁﬁ Gib\S A?c:.b' BE

—-
>

144 J@‘JJIZJLL‘V&JEN.:/Jaz;ucﬁ.:b.@ﬁuzn}j.g asllad

fbden ety

[ 5 10 15 20 25 30
{min)_ptes oile

35

L U5 928 35,8 (S o Clile 9 Gl Oloj 51 1o 505
VA 3 981 5 S5y B3> 5 T juw S13g36 i okl
(i 22 S shao V¥ CandB1S 93U j9> pH=Y) 2T sladslxe



-
D

Ko 5 5ok gd o ol

e 31930l b B0 33 0T 3 S s / 0

In (ﬂ] ——ki Tl
Co

3 e VA 5, 50581 gy saile g3l CLE €, dsles el s
& bl Cpond )8 e iy s oLl gles s
STy oles (4i33) Tz 5 08 oo o 2 VWA s, S
Ul 43 4t St doban G551y i S K 5 b 550
Al o (4ds wi") e

B o3 STy o 5 St et S
e 3,8 Zypo oS slalllan Ll o VA s, 58] g, K
(5Y) 55,8 m ool Jsl s et St dols 51

PIOSUNVIR N YE O FPESTRI I SR L I
o sl s acd St Jlsad B o)led Jloged izen
s g oLas 1y a3l 53 \AA 5, 581 6, K,

(Kqps) 4525 oty S Jlaiie i o) Jgam il
AN i oS ke Vo il 4 by
5,8 ool JralS i ol cclale w0l Uy ss 4dlBs
i S5y Sl e oS sl oLt ohes 5 sS aalllas
2 Lo esbie S 5 o Cepe SOl e o5l
Sl gl i buly s SVsase ad Wb gkl
ol onn s S e i LialS Ssne U,
(YF) 53,5 50 S o3 Sty

oS b5l i b Jsbes 531 b L b 00538 ok b e ]
Colas b & B 6 51 s, Jlisl sl (e JUS 5L
sl 5 b il s s LSS & Sote sy ol s
Cobie il s el ol & spdpe Cobie il 4 (Sl
V-3 {0 Ty VR { FYRVIE YOk [ /X4 FONPUIS SO [ PR SO
Sl aidy o Sl UsSpe i L 00, J5SUse
35 52551 (65 K5 LOH™ (sla sty ol s 5 33,5 0o OHT
o st Nyame & sl s Sl s 5ol 28Ty 1AA
AS (Ol S 481 63) SO, 7 5€CO, H,0. CIeNO, wsbe
(FOFY) 55 o ol g e
VWA 55 50S] (6 K i el 0-Y Slslas

(55 5V ) sa oo 0Ly o8] s 3530 alsa

) -
B ==
s [oPy
—~—

—=

H;0; — > .OH
“{%&;crq;:ﬁ} -
l

COz+ HO

o o o

e
OH

ClI+ NO3

S04

Inco/ct
O = N W kR Uy N 0 WD

® 100 mg/

i
o

® 75mg/l
® 50mg/l
25mg/l

® 10mg/l

0 10 20 50 60 70

30 40
time(min)

o )...JT)S O3S Jgl 4> )5 Sestiiaw 15905 .0 1o 905

23 0BT juww 513936 sty 1AA 3 50351 (5 (iamnaU1S 93

nFe + UVA ——» ¢ Y doles
e+0, —»°0, 2*’ ‘dbL&ﬁ
° 0y +H0 - » H,0, —»°0H f Usles

°OH+RA 198> H,0 +CO, + SO+ NOs + CL™ &5l

VAA 55 381 6y (adUS 2d o o Sitw

Sy (adBls2b i 281y (St Goend shteny
sania 3o b Gl saple; 5 clale 53 \AA 5, 581 g,
VAU TES ) DY I VNN FEH ICH T SCHIA
8 Sl meBlS s i a5l e sl il
dalee 51 (e bl pd -“J;é Loy (S55g s oskies
Ol b sl 4o 4 St 05308 45 sl s sslizal ¥
S o

(€



UVA g5 y9i> 13 (T juuw O139b dlaawgds 1 9A 3, 9351 (6 o p55 St sl piel)ly ) 9o

(aidoh,, R® (4id> GuSe)K aslas (s pS Seo) il
oy </40 V/¥xy.T Y=-/AT\PX+\ /YOS \-
v/Y < /A0 AT Y=-/-9¥VX+\/FF-A Yo
Y/ AN Y/yxy.T Y=-/-¥rax+1/rrayr o
YA/ </YY </VAAxY T Y=-/-\AYX+\/. 59V Yo
OV/Y </Y\ SAAVExY T Y=-/-\VFX+-/9A- 5 V.-
SN ol & S Ao

ks, S oley dlia ol sl Solwesls 5 Lassls Ci o L
o Sl ufw.n e b b (shad> CALA slas ﬁ)fjb Oaized
S oo 3y S ol i s ol

138 5 S
b dss 4wl Wl Wb ol Job di
aibge YOOAYY lis & Csan Slidss
ol saSiils Sligins slesl Jew

3l “l:'-“ﬁo-i%
e St

'D}":LS'A 63‘5).&5})&' u:"'bﬁk rL?d‘)b @&o—b

References

1. Dehvari, M., et al., Evaluation of maize tassel powder
efficiency in removal of reactive red 198 dye from
synthetic textile wastewater. 2013.

2. Mondal, S., Methods of dye removal from dye house
effluent—an  overview. Environmental
Science, 2008. 25(3): p. 383-396.

3. Ozmen, EVY,, et al., Synthesis of B-cyclodextrin and starch

Engineering

based polymers for sorption of azo dyes from aqueous
solutions. Bioresource Technology, 2008. 99(3): p. 526-
531.

4. Crini, G., Non-conventional low-cost adsorbents for dye
removal: a review. Bioresource technology, 2006. 97(9): p.
1061-1085.

5. Dehghani, M., et al., Optimization of the parameters
influencing the photo-Fenton
decolorization of Reactive Red 198 (RR198). Jundishapur
Journal of Health Sciences, 2015. 7(2).

6. Mahanta, D., et al., Adsorption of sulfonated dyes by

process for the

polyaniline emeraldine salt and its kinetics. The Journal of

o8 e D3l pdm s (e s e anld
SLasdUT sl VA 5 5258 6y 5y i 5s VL Ul
2390 Jlie Oypots ol e Sl & sls plis il
383 (bl Olay PH dhor 51 alises slay ol )y (paizeon .o
6 Ky sl g5 a3 S L il e lale 505550
PH=Y 55 Gl aoys iy 5 il JIE8,50 VA 5, 5081
54y YO ules oo o 5 05 (o ¥ US55
Loobe snd 2 oSk YO Ay 581 (o) Sy ckile
V oy dslan 3l STy St cpaiznad el Cosas £88/Y

..LISLSA Carls

Physical Chemistry B, 2008. 112(33): p. 10153-10157.

D.K. and R.M. Banik,
triphenylmethane dyes using immobilized fungal biomass.
Int J Res, 2013. 4: p. 1-12.

8. Lee, J-W., et al., Evaluation of the performance of

7. Verma, Decolorization of

adsorption and coagulation processes for the maximum
removal of reactive dyes. Dyes and pigments, 2006. 69(3):
p. 196-203.

9. Daneshvar, N., et al, Electro-Fenton treatment of dye
solution containing Orange II: Influence of operational
parameters. Journal of Electroanalytical Chemistry, 2008.
615(2): p. 165-174.

10. Peng, Y., et al., NaNO2/FeCl3 catalyzed wet oxidation of
the azo dye Acid Orange 7. Chemosphere, 2008. 71(5): p.
990-997.

11. Assadi, A,, et al., Decolorization of direct poly azo dye with
nanophotocatalytic UV/NiO process. International Journal
of Environmental Health Engineering, 2012. 1(1): p. 31.

12. Moussavi, G. and M. Mahmoudi, Removal of azo and

—
.

144 J@‘JJIZJLL‘V&JEN.:/Jaz;ucﬁ.:b.@ﬁuzn}j.g asllad



—
-

Ko 5 5ol g s plb

v 3 o3l b adBS 58 w1 3 0, s /0L,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

anthraquinone reactive dyes from industrial wastewaters
using MgO nanoparticles. Journal of hazardous materials,
2009. 168(2-3): p. 806-812.

Galindo, C., P. Jacques, and A. Kalt, Photooxidation of the
phenylazonaphthol AO20 on TiO2: kinetic and mechanistic
investigations. Chemosphere, 2001. 45(6-7): p. 997-1005.
Daneshvar, N., et al., Photocatalytic degradation of the
herbicide erioglaucine in the presence of nanosized
titanium dioxide: comparison and modeling of reaction
kinetics. Journal of Environmental Science and Health,
Part B, 2006. 41(8): p. 1273-1290.

Khataee, A., M.-N. Pons, and O. Zahraa, Photocatalytic
degradation of three azo dyes using immobilized TiO2
nanoparticles on glass plates activated by UV light
irradiation: Influence of dye molecular structure. Journal
of Hazardous Materials, 2009. 168(1): p. 451-457.

Ul. and A.H. Abdullah,
photocatalytic degradation of organic contaminants over

Gaya, Heterogeneous
titanium dioxide: a review of fundamentals, progress and
problems. Journal of Photochemistry and Photobiology C:
Photochemistry Reviews, 2008. 9(1): p. 1-12.

Li, X., C. Fan, and Y. Sun, Enhancement of photocatalytic
oxidation of humic acid in TiO2 suspensions by increasing
cation strength. Chemosphere, 2002. 48(4): p. 453-460.
Hisaindee, S., M. Meetani, and M. Rauf, Application of LC-
MS to the analysis of advanced oxidation process (AOP)
degradation of dye products and reaction mechanisms.
TrAC Trends in Analytical Chemistry, 2013. 49: p. 31-44.
An, S., et al.,, Enhancement removal of crystal violet dye
using magnetic calcium ferrite nanoparticle: study in
single-and binary-solute systems. Chemical Engineering
Research and Design, 2015. 94: p. 726-735.

Huang, L., et al., Green synthesis of iron nanoparticles by
various tea extracts: comparative study of the reactivity.
Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy, 2014. 130: p. 295-301.

Prasad, K.S., P. Gandhi, and K. Selvaraj, Synthesis of
green nano iron particles (GnlP) and their application in
adsorptive removal of As (lll) and As (V) from aqueous
solution. Applied Surface Science, 2014. 317: p. 1052-
1059.

Machado, S., et al., Green production of zero-valent iron
nanoparticles using tree leaf extracts. Science of the Total
Environment, 2013. 445: p. 1-8.

Weng, X., et al., Synthesis of iron-based nanoparticles
by green tea extract and their degradation of malachite.
Industrial Crops and Products, 2013. 51: p. 342-347.
Kumar, K.P., W. Paul, and C.P. Sharma, Green synthesis

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

of gold nanoparticles with Zingiber officinale extract:
characterization and blood compatibility.
Biochemistry, 2011. 46(10): p. 2007-2013.

Pourmortazavi, S.M., et al.,, Procedure optimization

Process

for green synthesis of silver nanoparticles by aqueous
extract of Eucalyptus oleosa. Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy, 2015. 136: p.
1249-1254.

Sh, E.O. and E. El, Fast and Biocompatible Synthesis of
Silver Nanoparticles Using Thyme Leaf Strawberry Leaf
and Evaluation of its Antimicrobial Activity. Journal of
Applied Research in Chemistry, 2018. 11(4): p. 51-59.
Samadi, Z., et al., Investigation of Photocatalytic Reduction
of Cr (VI) from Aqueous Solutions by Using Green Iron
Nanoparticles: A Laboratory Study. Journal of Rafsanjan
University of Medical Sciences, 2017. 15(12): p. 1133-
1146.

Shahwan, T., et al., Green synthesis of iron nanoparticles
and their application as a Fenton-like catalyst for the
degradation of aqueous cationic and anionic dyes.
Chemical Engineering Journal, 2011. 172(1): p. 258-266.
Tavosi, F., et al., Green Synthesis of Iron Nano Particles
Using Mentha longifolia L. Extract. Journal of Medicinal
Plants, 2018. 2(66): p. 135-144.

Deniz, F. and S.D. Saygideger, Removal of a hazardous azo
dye (Basic Red 46) from aqueous solution by princess tree
leaf. Desalination, 2011. 268(1-3): p. 6-11.

Dianati Tilaki, R., et al., Kinetics Study on Adsorption of
Three Azo Dyes (Reactive Red 198, Cationic Red GTL 18
and Cationic Red GRL 46) by Zeolite Clinoptilolite. Journal
of Mazandaran University of Medical Sciences, 2014.
24(118): p. 158-169.
Ahmadimoghadam, M., et al., Efficiency Study on
Nanophotocatalytic Degradation and Detoxification of Cl
direct blue 86 from Aquatic Solution Using UVA/TiO2 and
UVA/ZnO. Journal of Mazandaran University of Medical
Sciences, 2016. 26(143): p. 145-159.

Jorfi, S., et al., Visible Light Photocatalytic Degradation
of Azo Dye and a Real Textile Wastewater Using Mn, Mo,
La/TiO2/AC Nanocomposite. Chemical and biochemical
engineering quarterly, 2018. 32(2): p. 215-227.
Setarehshenas, N., et al., Photocatalytic Degradation of
Basic Red 46 Azo Dye using Activated Carbon-doped ZrO2/
UV Process. Applied Chemistry, 2018. 13(48): p. 53-66.
Khodadadi, M., et al., Synthesis and characterizations of
FeNi3@ SiO2@ TiO2 nanocomposite and its application
in photo-catalytic degradation of tetracycline in simulated
wastewater. Journal of Molecular Liquids, 2018. 255: p.



36.

37.

38.

39.

40.

41.

42.

224-232.

Kaur, S. and V. Singh, TiO2 mediated photocatalytic
degradation studies of Reactive Red 198 by UV irradiation.
Journal of Hazardous Materials, 2007. 141(1): p. 230-236.
Armagan, B. and M. Turan, Equilibrium studies on the
adsorption of reactive azo dyes into zeolite. Desalination,
2004. 170(1): p. 33-39.

Asvadi, F., et al, Investigation of affecting operational
parameters in photocatalytic degradation of Reactive Red
198 with TiO 2: optimization through response surface
methodology. Advances in Environmental Technology,
2017. 2(4): p. 169-177.

N.A. and S.A. Othman,
Characterization of Nitrogen Doped with Titanium Dioxide

Razali, Synthesis  and
at Different Calcination Temperature by using Sol-Gel
Method. Journal of Science and Technology, 2017. 9(3).
Aghajari, N., et al., Photocatalytic removal of Reactive
Red 198 from Aqueous Solution using titanium dioxide
photocatalyst supported on Fe-ZSM-5 zeolite. Journal
of Mazandaran University of Medical Sciences, 2017.
27(150): p. 137-157.

Malakootian, M., S. Dowlatshahi, and M. Hashemi
Cholicheh,
efficiency with and without hydrogen peroxide in cyanide

Reviewing the photocatalytic processes

removal from aqueous solutions. Journal of Mazandaran
University of Medical Sciences, 2013. 23(104): p. 69-78.
Eshaghi, A., S. Hayeripour, and A. Eshaghi, Photocatalytic

43,

44,

45,

46.

47.

decolorization of reactive red 198 dye by a TiO 2—activated
carbon nano-composite derived from the sol-gel method.
Research on Chemical Intermediates, 2016. 42(3): p.
2461-2471.

Ma, N., et al., Performing a microfiltration integrated with
photocatalysis using an Ag-TiO2/HAP/AI203 composite
membrane for water treatment: Evaluating effectiveness
for humic acid removal and anti-fouling properties. Water
research, 2010. 44(20): p. 6104-6114.

Cai, Q. and J. Hu, Decomposition of sulfamethoxazole
UVA/LED/TiO2
residual

and trimethoprim by continuous
photocatalysis:
antibacterial activity and toxicity. Journal of hazardous
materials, 2017. 323: p. 527-536.

Akbari-Adergani, B., et al., Removal of dibutyl phthalate

decomposition  pathways,

from aqueous environments using a nanophotocatalytic
Fe, Ag-ZnO/VIS-LED system: modeling and optimization.
Environmental technology, 2018. 39(12): p. 1566-1576.
Mathumba, P., Nanostructured membranes embedded
with hyperbranched polyethyleneimine (HPEI) hosts
and titanium dioxide (TiO2) nanoparticles for water
purification. 2016, University of Johannesburg.

Bayat Bidkopeh, R., M. Ebrahimi, and B. Keyvani, Removal
of 206 acid dye contaminated water by Bentonite /
ZnFe204 nanofootcoatalyst in batch reactor using Taguchi
test desig. Journal of Water and Wasrewater,, 2013. 24(3):
p. 128-136.

—
—

WWAR Sl sl oot (o 5553 / daon Culigy 3 o 5 dolidead



	000
	001
	002
	003
	004
	005
	006
	007

