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Today, the rapid development of industries and the use of hundreds of new chemical
compounds in them have led to the creation of huge amounts of industrial wastewater,
the discharge of which into the environment, especially watercourses, has caused severe
pollution. The discharge of colored wastewater into natural ecosystems has created
serious risks such as carcinogenesis, mutagenicity, etc. for aquatic life due to adverse
functions. Meanwhile, Reactive Black 5 has many industrial applications, especially in
the textile industry worldwide. Fe (V1) was synthesized electrochemically using iron and
steel electrodes in potassium hydroxide solution at 65 ° C and then used to remove the
reactive Black 5 in the batch removal system. In this study, the surface response method
(RSM), the effect of various parameters including initial color pH, Fe (V1) dose and time
and then the central composite design (CCD) were used to find the best removal
conditions. The optimal values for the three variables of pH, Fe (V) dose and time were
obtained 4.5, 24.5 mg and 25 minutes, respectively. In the present study, by increasing
the Fe (V1) dose and after 25 minutes from the start of the reaction, the removal efficiency
increased, if the removal was better in acidic conditions than in alkaline conditions. Also,
under the optimal conditions of Fe (V1) solution, it was able to remove 97% of reactive
black 5. Finally, under the same conditions, real wastewater was also worked on and the
removal rate was 95%. The findings of this study showed that Fe (V1) can be used as a
suitable, inexpensive and high-performance oxidizing agent in the removal of reactive
Black 5 from textile industry effluents.

Cite this article: Tehrani, F, Bahramifar, N., & Seifi, A. (2023). Application of response surface method to optimize the
removal of reactive black 5 using Fe (VI). Journal Natural Environment, 76 (2), 285-296. DOI: http//doi.org/
10.22059/jne.2022.341755.2424

(3) 5

© The Author(s).
DOI: http//doi.org/10.22059/jne.2022.341755.2424

Publisher: University of Tehran Press.




L oSl 9551, 51350, Bl (5 jlwdinge S Fowly s (o9, 352,18
(V1) o2l 51 odlsiuw!

Y o4 By 1Y 5
o s [ T80l U | NSl aebld
fatemeh-tehrani@modares.ac.ir :asbbly .l pl g ¢ oyte cusys olKils (ol pale § mnb plio 038D o) bamo (wdine g pole 295 .

A\ALAU) ul)il QP yde Cagyy oKl ‘u)..L.’.)-’ P}Lﬁ 9 uA:.Jo CALA ouSily [usvweyt la.:.’xo (ke g ‘D}LC 05).? 4J5fu~o RVEPY Al
n.bahramifar@modares.ac.ir
mehran_seifi@yah00.com :asbl, .1yl oblsgeste (b b juus Catio drsgd § B0 pdo g 0pde Cla (yudy ¥

baSs Alio Loy
OB oas lio il ol dagl e (oo oS 5 oo (550 g lio g Arusgi o9 el gy Vi il goi

sl 03,51 s52gn (s oS3l T gl Logas o oo & lagl A5 oS 005 o
aliglyw dox jl x> clild ogllacl glas Slas Jdsay (b lapiswsST & () ool 465 VE/ /YA 28 s &)U
308 Sl g 3 & S 551y 135S colee 0 » sl 038 2wl (A Sl ) 0 5 it gy gy 85553k )b
(slo3g iS5l ool b (oloong ySUI 29, 4 (V1) ol 215 (2l Canivo )3 ogadas (3L )l G\ 1 s gy
Bolo B>z g 9 M0 it 5 (Blo G yd FO (glod 3 bpuSgpn ey Jslore 3 Jul o 2l S RTRTRERwT PR
s gy gy 3 adlie ol 3 8,5 )15 oslial 30 ausnl Bl pies 0 Kb 55ls, IS,
S50 Sye i sl ashl )3 g oloj g (VI) ol 599 5, &gl pH Jols cilise (sl il 51 (RSM)

(V1) 52T 595 OH yeio dus clys atggs ol 2,8 )8 oolital 390 Chios Ly (3124 538l (el (CCD) i
9 (V1) 5 595 Gl3l b pols dlllas ;> tal Cundes 4o Y0 g p)S o YF/B FIO L ol cospas oo Mool
5 st ol Lyl 3 Bl & g0 0 caily Ll Gl _adl (ST payd 5l adds YO cusiS | ol ""“"
10 S 551y G135 51 2,0 AV Canslys (V1) ol Jgloe ciagy bl b o (izman 292 (ollS Ll twtbondsr S s,

Jowl b i,

2oy 0 Lyl Bl e gl 0l S 55 (Bly Olay g9y 2 lalpd e cod ol 0 les Sl
i) ecanlio 518 0T Jole G ey wlgs o (V1) oyl &8 oy lis uivs oyl (slaadly ol canday
Db 48 )3 I (2l glio Cluy 10 KL 981y (35) Bl VL L 5 e

FAO-YAF (V) V8 xd Cannrj Lawrmo (Olains g pole oSl (sloyloidl b3,
DOI: http//doi.org/10.22059/jne.2022.341755.2424

oy
By © Ol o&uisly ol Ll duye 15l




YAV OIylKas 3 b 30T 1 o0liasl b Kb 58Ty 51y o (5 jLweings S Gy o gy 9515

dodio

i o (i3l 5 (] e W5 (55 5 b asilupls dlex I GSLS plio 0 (S, o
Olyl o S ol 5 2l b S Jdoa (Hokkanen et al., 2006) Lgi o Mg (gjlwdels o (gjlop >
oMol Jlh dnld gt Lo dlivne S (e ginn Sy bawgs O 83,28 (Sogl (lyle 5 (LS o lag] o
S ESuoyes S slo i (£gian SoS) o8 (ans L35 g ok JBLe Y I Jboas ol 2
LL (S sl 45 ol s wenas (Wang et al., 2009; Hokkanen et al., 2016; Moradnia et al., 2016)
colroni= (S5 )b 5 Vsans Jol Ao jo )3 g ahad o by, o3l b Caaj Lama 5 (0 45 ) i3
) § S5 o olanl sloan] B 5l i (Jgl Ao (sl 29 e ool ahad gl s Sloig) b e 9
lon (glins! (Lofrano et al., 2010; Roopa et al., 2019) guégd 4 g8 slaasl s (Song et al., 2004)
(Rush et al.,1996; Krishanamoorthi et al., 2009) ssSxe jeusl g youwl kbl ol (Sekaran et al., 1996) ol 1o
Tare et ) usS o ool YU by b (ghlon o ood slasnlyd 9 Jd ood 5l ) slabgy ) Cpiomed 23,5 oalil
35 sl Yl jLid 5 adgl Aoy ugSas jowl () 3 Jlte (sl it (galee g Lo S b3, (0l (al, 2003
Py (2 (63b lde Wi el dnoriSsinio b (gjloaisd g Slisil g 9500 (535l Bpae il el 5 30 5L
(Abdullah et al., 2008) 1595 s B> JolS jsboas g B9 0 Jaiio 505 B 4 (o565l boau ¥ 15 Gls 4] )é o
oS Jlb s slacdpue ) odlinl 4 il a2 (ixio globyy 9 Claid ) i end” (ol Ul Sl oy
] el caslio Joo! ol b agd e (V) ool 5l sslizal (Kozik et al., 2019) 395 oo cisbu o5 o] anbs Lases
0152353 S 13 39350 (ol b dlisi] 5 gl §| Ko 45 an oo i | cislie as punsilSe S (V)
(e Slgo B 1 zmad 5) S dlge pmalipnT (b 13 85 ol (VI) ool (yaswlins] Lols (Kozik et al., 2019) col
IV g g VIV gy (L 5 sl slalazme 13 (VI) (0] (pgslinus] (10l (glo Jiuiliy il po Sl (IT1) ol &
Loy 4 S o gy 03 451,00 FE(OH)s & jgoty (V1) ool e Lases Sy s (Audette et al., 1971) caul s
L & G &y oo (V1) 2] ey oSG 53 .8 Gl |y oM 3 39390 (bbbl sl Ko 5] eV prdans
015 33 (porizesll Slilgus 9 S8 Slilgus 3l o0litl b auglio ) g8l a8l oK) o7 aliapd (255508 )98
Bartzatt et) ;5 o (sla ol jgyis Bis (clp (V) oo 5 wien (Thomas et al., 2018 ¢ Rai et al., 1971) ol
o B3lo 5 laieds izmed oS )3 ) ol 03 o3kl o allsl L o (WU et al., 2018) aasbgils ((al., 1991
s g il oSt (3l siile (plend dlge ylo b olyon (nojn slacl § S Mol il slaai] (4l
il pmlinnS] Sl olgise (V1) o] 5 &5 amd e ol 395 clalllas (Rathi et al., 2001) 3450 odlisl
S ygods g 390 g3 xio wlde 1 e e 45 Canl opl (o) 550 sy e dles 51,8 edlitul OIS § Ol 4> calie
llie gl g Cusl 00d (£3,0)l8" 950 5hus mrdes b sl 1 4 (VI) oal 3l Jlo 13 .0,5 J1)3 o d 3 (55
> (Y++q) gl Ken g WANG &S (claslllas ,> (Dedushenko et al., 2001) ol 5y 5l Of dbuas ol (95 jloan

A8 Gl 1) S5y 5 ZAY Slgs e PH= Y s a8 sl yd Lol plol @l it bawss ¥ g0yl 58 Tsy SOy Bl e
Slodsy 45 (ol 4y 9 953,5 wyy (V1) ool 1 o0lizal L1, COD 5 5y Gl o (V- +A) o)) 5 WaNG yizeon
33 Sy Anlgd ZVVIO 4 g 0l o ialS S5y Bl aopy PH L8l L Jg oS5, 51 ZAVID Gls 4 38 pH=Y > o
S plty bawg ¥l 3y 5, Gl 3 pbosl (Vo oR) o Kan o XU o (Vo)) Liy Li Lawgs 8 (6,505 clalllas
Lol ol odawy 74 g il iolssl Gls il (V1) oyl 593 lise i3l b oS sl lis gols .cd)5 1,8 islejl 3)90
ool 0ad Gl Jol 4dBd B )3 (gl 3y 5y 5 78 dgas uwl o sanlie Bl (3 (3L s o LialEl b

'Ferrate
2Chemical oxygen demand
3Acidic red dye



1EoF oF o los o yicis g OLidd 0550 o s Conns j Lo YAA

Na038’0 O\sogNa
0 S 95155 1559, J9Nge jLd L Y S

258y sl |y o talojl SIS ol S o i loj Sy el S a cgiludingel (g5l Jde powye slais) 5
oyl )b a5 s oyl Lol ] o Candds o (ol yalyb o Lo, 8,55 ka5 55 o Ggllas Loyl pib g 43S’ o di oy
(Rodriguez et al., 2019) >4 o0 48,5 o100b S s b i 1y ,Suss sl 31 ) SousG b S 5 50 Ailgs oo (55 UsS
4 Ubgy ool 1 ool b 29 o odlisul ordaws gusly By Wle pwdie 5 (6ylel (sl sbyy ) Se ul ) (sl 0590l
Dedushenko et al., ) ol o 48,5 Ja > 55 caliso (glayal)b sl bl Cpismad g ol (Lo ioloj] 5l (658 dlaws
ol s BB iy o] 5l a1 ya cuenl do )3 5 g paite pa Ao M cud 5 (2001 Karri et al., 2018
I8 i) y90 0 S 5Slis) Sy a5 3 (aliardg Sl Uag) 4 0nd s (V) ool (L (ljee Gaios ol 5o
s deoly g, 31 o3zl b Jgors PH 5 o3 (V1) 5] 53 ol 5, a5 33 50 (slosiolly il nipon 285
5 pasuia (V1) ool buwg 0 b 9815y Bl )b G Lulpd Culeg 3 9 855 51,5 aalllas 5,90

g3 uliiiig 5

ST lgieds yia 5l 0,0 ¥ olul 4 gl Slgiul o cowd (uST)]) donS gp0un wadus ol 3u55 oyl 4> asdy IS5 dlgo 28190
Ca6H21NasNs019S6  JoSUg0 Jgo,8 (sl 48" ol & S 40575y 3lo 9 SIS lgicdy jio Bl B )3 0 dlal &y o] &lgnl
ol oads 1Y S5 5 1y ol lsbe g

3y 2 9 03905 6Ll 0igns Ol o Voo &) dS gy0m o )5 0F Ll (V1) ol &g sl 3(VT) BT dugd
Y (V1) ool it sl 3 a8 V3o VF 3 5000 s oo Calis 2 9 o JolS ot b 1 3l 5 i
ol 39S WS lgieds ol 395U a5 g cpts (¥ JSS) 10 03l )5 wa S5 50 ol & ygods 39,58
Jwo a0 ol odwy 3,5 o & )3 FO (lod 4 L3 5l a5 osds and dgw Joloe .l o3l by 358 3 1) Wl lgie
Yo Odedy g ¥ Jawsly a3 ] (HB17300SL 15A  Juo) Kol 8y &35 puie 1 odliitwl b s adlsl olasids iS]
it ol 3l et sl (V) ] S 31 (i o 0,5 iz & lone 5y s 3 5 05l sy 20 o, i
xS0l 120536 O+ zg0 Jsbo ,> DR 1900 Jue HaCh szog:dgiSsusl olSiss | oolizsl by calises (gl yloj ,s (V1) oyal
[(Stanford et al., 2010) .

Bl (gjlwdinge sl (COD) P38 s 8 o oo ol 2 T dans sy b ) aalllas ool 5o sl slaloT plowit g y
ko dw I 3d9dxe dkald yeasd (gl 1l y3 ol 43,3 13 ool 3590 0l jiw (V) ol bawg & Kb 051 ¢, 130,
Candty & (20l olalyy Guges 28,5 plol adgl el ool (g0 S <258y o g (VI) ool o cadg) pH s
bl lalojl (Sl (sla by, S (S gusly o 2g) 59 45 55550 <8 50 )b 03l b ol el ol
Olyisd &5 ¢ (S5) Jolre Bl oyd o lojen jsbas Jdtwe yiel)l ¥ pa (oS 5 Sl ead plol Sk (65 G L A
o latalojl (b I58le 5 55 0 00l J118 (g5l Jse 5 2yl 3,90 a4 S Jai )3 (S el )3 (usly) atnly e

4Response Surface Methodology (RSM)
SCentral Composite Design



VA4 OIylKas 3 b 30T 1 o0liasl b O Kb 98Ty 515y o (5 jlweings g Gl elaw gy 9515

2ol anlllas ;5 03kl 5)90 ;95T prglias ¥ JSW

Jno (51 uiio zgbaw g B yiulo;l B3gumme Y Jou

ghaw g 03940 Jas gloyeie
- -1 0 +1 +o
Y ¥/o 5 £10 A (A) pH
YIAY  Woe VNS YEIAY YY/a- (B) mg(V1) sl ;4
\ Y. Y. ¥ . (C)min ;b;

1 59y Jalme Bls aoyd lise g o) s dials JS 53 adgl PH g ol (V1) o] 593 slpla yiolojl digs 83950
S5 50 a8 olodgase s ielyb ya ] Canday Jao ol 3 (K5, Jolme Gls doyd yiSlas b b nudai lade oy

03,5 walass agds 00 U Y+ o loj g )5 ke VX0 B YIAY o (V1) o2l jos A BY o pH 3 ) Jgas b
3 bl 5 s sl 05 11 (OCD) (53530 50 o bl 45 Sislef oo 2 slT (S0 WIET
gl pH Jitao (slayiolyb 131 cow a8 ams o 43| ANOVA Ll 3JUT 51 sm 1) (1355, s o) dianly puiio
ol 35 5 U salof] oo 58 gty el 033 ool 3 (C) STy ol 5 (B) (V1) o 539 oA) Jsbeo
Pl a8 )le] (sl el Juo (2555 (53l gl (Sloaie yoboas . plrsl il ly T Awsgay Jao (2955 3l i
BALS ol gy o el & N0l s 5" sSSle Filine Byl Sl a e w8 )5 18 b5 3y90 sl 2 gl g 0l
oS s yo a8 conl bl 51 Gy 0 Jae O g cawlio e 5l (s)le T PRESS s Gl slaosly cunsy
O oy b gl o laodls gl Jue (ojly oS a0 3L 1 g 4 Cedle i MBI B Ll g Al
S i Al Gl (el eyt 05 485 )15 b5 3000 T i e s 5 AL il (e o R2
Wb ol (e oy D90 03 )0 Ao gwyp Sli g 48 @il B ptelil I o Sla gl Jae 3 o
4 Comsd JVb (gloess | g A8 oo (b 1y b Slialie oy sl s dr g )S) Je S o s e LS
g P-value ylis 5l Jae (5l sxe g lojally 5l oS o 86 (ljee s (sl A8 o0 (6 sl o b Bl s ppolie
sol)l a8 cunl opl b lis sl /40 5l 58S 51 P-value 5. (Amini et al., 2009) >4 0 odlasl F-value
i ax o a5 conl F-value o] wSe sl yiohl o 5b; sl 5l 508 lo il +/+ 2+ ) 5l 543 315 0390 yl3 sine
Gios alogl sl cslys (A 1Y) 35 (st b T8 55 el o 8 ol o Bl Al yiiey sty o sl o

%Analysis of Variance

’Standard deviation

8Mean

°Coefficient of variation

19predicted Residual Error Sum of Squares
1 Adequate precision

12Adjusted R-squared

3Predicted R-squared



1EoF oF o los o yicis g OLidd 0550 o s Conns j Lo Y4q.

oslizl 3y90 15551y o lyiear (V) oal 5 (S5 Jobee yidisbs Voo lyme b sl o Y00 pe G 3l o () 5o
o islejl (Pl L Gille 00y o )3 oyt s oilais g (V1) ol Sl iome Jlae (3503 LSl 51 g 8,5 )13
wblo T plail gy A5 plpl Gy by gpSuisel S bbre uiblis Gjen dlagay pby Slgi
Beve 93y 4dB> O ey Universial 320R e Hettich gu ysbo 3l onliul b s LSis (V1) ol (sladnS ')
spectrophotometer  Jio UNICO yiogibg xSl 51 odlaiwl b olos Joboro ;5 sxle SL S0y cdale e a (g5lolis
Ol pdlS” ddles 51 oslazwl b 5 (Samarghandi et al., 2011) wi (5,803l DAY zge Job > UV-Visible 4802
S5y Gl m35b oliee b dwle Calisee (sl o) bS5l Ly S5y Bl do > g osile, Sl S5,y cdalé woel Canday
Ce 5 adgl clale :(Co (V1) ppal by 5y Bls (mdjl e /0 R alaly ol 3 457005 dvle 5 dlal, 5l oolazal |

(Limmun et al., 2019) cwl (ppm L MY/l) cus Sl o\l ,o cdale

Y dbayl,

ic -C )
A= =1l

w5 ol Ban G wapgllas dayd gl b ol .83 51,8 eolatul 3y90 AT ,8 (oilwaiy (glp (ore (ilwaig ;]
8 (it gy Jde Aoyt RSMY i) 5 ainge ol B Ll Bam (ol 4l

oy sadl
o3zl b & Sb 35Ty (S5 Jolome B 5l Jols (slaosls $(V1) 2T dawgd Ky Sda wiaT 3 31 Jol> gl
ol o 031y HLES Y Jgas > (V) o2l
o Al 3 ol & sblon 3 b VAl jl eslizel b S5y loe Chis doy e cilisee slailesl
lpd By 6p5)50 b ad LT (e sl g, dlsgas GESTy oloj g (V) ool g3 (Jgloxe adgl PH yiize
3 i pgd Cabllas odel Cawnddts o555 (slaodly b a5 M dulire odd g i palie Jde i5lp B9y b 9" )
ST Jgie 5 atanly oy ol ol Aods o 05 4B S IS uil)ly T 5 e gy o) (Je sl (RP= /A1)
F-value ,olis 3l odlatwl b gyl cze 9 Jatme o)l o (6 )38 31 e 5 Prob > F L ol cowe Jlis! .l i
0L i RZ = o /A bl pllas R? = </A8A% (R? = +/AAYA 50 opize ((Chang et al., 2006) w50y
Jsi 5 351 PRESS = Ve /8V g jline GBlyool= +/F0 (uSiko™ RONY (i g ps™ /o /FY (35 o= YY/AV-
55,5 5 53 b el oad o3l L (V1) o] Lawgs & S 03516y (S5 Jsloe Bl Jao BEWs (yom,S) culps F
9 03¢0 51 xe AB Jolis byl cyo iiSeny 9 B g A (ol puiio (uivs ol )3 Jitume (gla o oy 5l P-value jludo
U5 odel oty ol WlE s ygawsS ) U 51 o ol 0395 s gxe AC g BC (slopuiio oy LiiSony 9 C puiio
Gl 35 Oyg0ds g )5y Jdo 00 (5,l0508 claadie L STy Bls (gl a8 ol

Y 5 FH8815 = INAA+Y[FAB+ [« £\C++ [SAAB—+ [ - ¥« AC—+ NABC—+ [$YA*-\/\ - B*— - [#YC?
Bl 2oy 5 (V1) ool jgo g adgl PH 51T S5 50 el 28Ty loj :C 5 (V1) ol 593 B cadgl pH jisto iAo )5 oS
09 pita A BY o adgl PH )5 o YE/TA B Y/AY o (V1) a] 593 polie jlages ol 55 sl oad ool ol S5,
Joyd lise adol PH ials L 2gd oo odaliie ;3 aS jobo o b 48,3 Jlas 13 ddds Vo ol jgbay STy ylej g Cunl
Gls auly Sl (VI ol 590 Gial8l b abasly )3 peiomen .Cal oy PH = 0 ;3 AY/YY & pH = A 3 AV/AY jl Gls
B i3l 0 )8 Lo YF/IFA 593 10 AVIVY & )5 Lo VY0 545 )3 AR/OY

“Response Surface method
15Design Expert



va) OIylKas 3 b 30T 1 o0liasl b O Kb 98Ty 515y o (5 jlweings g Gl elaw gy 9515

Ol @l 90 S 95815, $155, Sdo 43 adlllas 390 Sl paiio dw g1yt G35 0 S 0 (Ab T Jgir
o gyt Hlade 2Bl Hlade  (C)ly  (B) (VI) ol 593 (A)PH bl

35/5. as/Ae Y. \RVAYS 3 \
OAIYY Y. Y/AY [ A

g5 as/ay Y. ALVAYS [\ Y
av/g av/.¥ Y- YEIAY Y/ ¥

a¥/ya a¥/y. b ALVAYS [ [

NS A/oY Y- VR £lo 4
as/s- av/-s Y. ARVAYS [ Y
av/ao av/M Ve ARVAYS [ A
a-/vY a-/Y0 ¥ /0. £l a

as/aa av/\y ¥ YZIAY £lo Ve
as/s- Ab/aA Y. ARVAYS [ AR
/Y8 /05 Y. ARVAYS A WY
ay/¥A ay/AY Y- ARVAVS A s
2 a5/va ¥ Va/\s ) VF
as/sy vy ¥ YSINY 20 \0
ay/vy v & Ve #1o \$
ag/s- A/ \A ¥ Va/\s ) %
av/ro v ¥ /o 10 YA
a5/40 ay v YSINY #Id ¥
av/ovy av/vy Y. YF/FA b Y.

Oy 48T 5, 155, B waoyd (wili,lg JWIUT yge 31 0] Cowday guls ¥ Jgus

P-Value, Prop>F  F-Value  clype 0Ske  olilanyy  Slaye ggomme PR Gl
ofeeny ov/-y /Y 1 Ve VIAS J%e
-IY. 1 VIVA osiladl
NAara AR -1 A -IAY Silppls Gl aop
AR o -20 oAl s
A V- VISF Egoxe

(VI) ol bauwgi © Sl 92515, $1555) Bl Jao Wiy (gmw )5 ) il o £ Jgo

P-Value, Prop>F F-Value sl
<ee DE/YD A
<ofen) TYO/VY B

NISYY Sy c
NERE VA/OY AB
- [A-0Y -/50 AC
YV AL BC

e 51 5elly 93 ol 295 0 sanltio & g len s 4B S Jai )3 )5 Lo VANVF b psboay (VI) ppal 595 ¢ adids 0-
ol 0l (S5 Joloee gyt Blo el o adgl pH el ) S alie o5 s o oyl Lol L5,l05 ) Sosen 9 (55l
Joloee (2STy o 5 (V1) ool 95 510 IS5 53 )05 anlj3 cpl )3 (oldsime 1 loj e ol bl 50T 55 o8 gl lan
O B Ve o Jolore yiiSTy loj g p)S due YA B Y/AY (4 (VI) d:zj 390 polae Yhges cpl 5 sl 0l 03l LS
Lol )l (ol size Sl oo & Cons 55 pially 93 ol Al 0aT B (g9) 32 Cal jobar adgl PH 5 cuol 039y puiie 4k



JEF oF 0 lod o i g OLidnd 0590 o oy Conns j Laixo

Yay

Removal

0 Sb 9815, $15N) Blo Glime 2 STy loj 9 4dgl PH Glojed 1€ JSWo

99

o4 R
it
S e
o N
1= NN
D 84 \\\\\\
o NN
—
79

N
\\\\\\\

8.00

B: C.Fe(VI) 11.49 Pt A: pH

0 Sy 9515,y 81555, Bin (yl5u0 52 adgl PH g (V)] 593 oylojod w3l ¥ IS5

97.1
95.3
93.5

91.7

Removal

89.9

50.00

8.00

A pH
10.00 2.00

99

95 y
757
2
Z 7777
777 207
91 I;IIIIIIIII;;Z;Il;':I
L0777

87

83

50.00 34..
19.15

B: C.Fe(VI)
10.00 3.83

0 b 98155 13, B lime 32 STy oy 9 (V1) 21 95 loje il 0 UK
oS plainy polie i a5 Las > Mately " e (slajielb (6ly g A" gl (lp Ban .l odg Bls do )

@ dog bl oad )1 0 Jadn > cowl ond dlgiing (V1) cpal by & b 9816y S5y Joloe il cly Jao bawgs
Gls doyd e 9 cd)S pll LS5 L ¥ L allilesl jobde 3 olaislejl ol 03l st Jde o olagy polio

2yl Cdlae canl 03> dloiin Jao 45T Bl o pd b oS wel sy ZAY ]



var Oyl 5 gl 30T il o3l b B Sl giSTy 515Ky S (5 jLweingy gz Gl el gy Syl

Sly 955155 S1555, i (62 e Blg 0 Sy gt 1o 0 Jpiz
Caglhe  odd Gwiie Bls dop loy (V) ool e pH 0loids

) av/a. \(Are Y¥/A¥ ¥/IAA )
\ av/ay ya/Vf YY¥/vY ¥/0) Y
) AV/AY Y. /¥ AATAR YIAY Y

’ S5 4 g Sy
5 425 85 I8 el 3590 (5 Jsloe Bl sl ol 15 0l ad ol iUl g, @ (V) ool s ol
8] 395 5 PH oo blize 31 (V1) ol 555 cadsl PH o (sl gialyly ol 31 &8 sl ol Bt sl Wodls puilly o
Jia Prob > F g F-valUe Jaie it Jo_ine Jbe 5 SiiSTy loj sgioxe o (V1) al ssitme cadsl PH ypizea (V1)
Condds gl g Jdo (6 15 gne B3 ) lis 45 Mol Cawnddy Jho 5 0a (8D dianly (ol yzalyb (gl <o/ e ) 9 OV/Y L 5y
pae oyl &S s, xe Jhe Bjlp 298 P-value jlie o cul pl Baimdlis Guib)ly jUT mols .l odel
yiio (6ly ol paime (g)lol a5 5l oel Cowdds Jde 4a5 3590 dtunly yielyb b abasly 55 a8 ol oyl BaS Ly (g yld xe
st sly s ol 4 551 ke il o )3 003, dasle (RP) e )S) e (i b (Stuso bLS )| iy
3U1 S 51 g it I dme Sgaw,S ) ¥olae pl (gylol Jas I a8 sl pl Baimd LS 48 3¢ +[AAYA 0,8 pn dtnly
b ol o i i 4 S )S 5 oy Gl 0365 55 gxe Jdo 4as 5l doyd o[+ 5l 508 Lasb oel Cauwday clay byl
aiolejl 51 a8 suls a4 dogr b Jao a5 cul opl ,S5lo a5 ol YU jls (gl Jde opl 53 ool Caundas 4l gollas ludo
Opmed S e Mg (G ]) Sl () Jglore Bl o> oS Jlais 90 Fusly g sl i jlens ol Cunday
dorg BALS Ly &S Cawl 009y o yd </FY ds 3 oS [P Hade diunly sl ol )l (gl (CV) lpuss o ps @l opl o
PRESS uslie 5551 o5 w133,5 oy (il 5UT Lowgs S U5 ilys (2255 sl ngialegl 3 Ungg Sl 85 5 livols]
o9 Sy Aslre wlwl sl (o) slmodly p Bl (53l Jde (0955 Baad LS (dgy +/¥D 9 Vo /FY il 4y 4 SD
oo sgieme (V1) ol 595 sgiome cadg PH jpiomo (V1) ol 595 cadgl PH 1ol o2 oS 42 oot sbes 31 5l sine sl 2ol
PH ot e I 58T ol <8l clos 3 (V1) 0ol 33 o Bt 1< (V1) ol 3 PH g it SIS 8y
2 4 ygbglen 35 o g yiie o inke I PH 5 (V1) pal S5y Jobre Bl ai])8 ) s (25T (e
ol 0313 Fy (V1) o] p)5 ao YE/0 g PH = ¥/0 ,5 Gl doyd (o yidiy ol asiia ¥ JS0i

b sl (V1) 0] Lags (5 s inlS ] e a8 308 oo S5y Jsloe i lise 3 Lils cely PH il
el (V1) ol &5 €85 aoets lgon sl Ol &dias gl polie oy pcuslio PH = 0 polis & S & oy
SlosnS g yuun Sbgwy (opl g ogde 34 0 (V) o] Lawgs ods VT (a8l o y50 cel oty opl g 133l 0 it (V1)
s omolianST bl (V1) cal il Jil31 Y o PH o8 olSin g iS5 siuudd Loyl )3 il e (1) o]
(V1) ool 5L PH jalis 55 (Jlo ol b 0,3 @1)] (668 (ppmolinasT Ul5 b (Vb smliginn 4253 (VI) ool 1 o)
255 ) oS 25 (1) 2] (sl yaem Slinl (ol ogde 391 Cinds ] (yomolion] bl 5 392 sl Mols
oy 3590 AL g (V1) oyl gt b (658 Ol dibual €85 &0 (V0 VF) o) Kon g Bariger buwgs 45 gladdlas
oo g &l 5T Sin ol 3 ot YT 5o i (gl e oy ge PH = 510 o8 3l s ol .8 1,3
Bl 1l s bl i (Ve A) GhSan s WaNG &8 ddllas 5 cpizmon Cunl (988 (dle g (guianld ndlo 292
g 5 sl PH I iy (sl glo PH 0 ¥ 50l S,

(VI) ol 359 Gl b s bl S ol (VI) ol & oo il b o odnli & S5 548 pbislon
oo 9 090 00 BT 9 SOy G 3)98 0 )8 Ll el pizmen bioe LRI JenS 90 oS80, g
ol 04 plosl (Voo +) HWaNg o Kang lewgs o5 adss gudo asbl j> (XU et al., 2009) us’ o oL 1) (iSTy ce oo



JEoF oY 0 ylos o i 5 0lidd 0590 o e Cons j Lo Y4¥

Ol )3 3)50 93 ol 4 295 0 s Sliml slm) el (S gm JISooly Wy 5 egdle (VI) ol [taliél &8 s ol
gl S]] ) ] imoe inlel ol 93 555 STy ol LinljEl F S5 0 dgi b scnl S50 ylas COD cdili
4 Blo e o 3l am g 08 Bl bl b ggyd ol 4850 Ve plan 3 K5y S 51000 AT il gy sl (V) 2
Glo e a5 Wb astie @S g (YoOF) LK g HaN buwg a5 slayilejl Lolulp ol odw, (06 lude
ey Pl STy (ol (gim Al po 53 s 9 0392 gy Sl B E9y ) RS O SIS ) ey (V) o] Aoy S
23 0+ > COD b 1o &8 il )3 5,5 sy (Vo ¥+) Ko 5 HANEEF Loy 45 _slinions 3o ol 1 ogle
2,5 COD G 233b  (6)ls xe sl aidd 0 1 i wled loj Liol38) 45 Ny doeis ol 40 g ol o0l ey
o5 ol 5l e ez 4525 oloj g 5 (V1) al &8 1ol b3S (¥+1) oliSan o Talaiekhozani Ll oyl 5>
ol @l adlbe cpl )3 abl o pand 3yt I slo 0a¥T L5 (ol sl (Sae ol 51 (a8 sl Hlaie i
ol 0 SL S5y Blo e lulyd cppine 9 €855 )18 byl ajse (2l gl Cluy 10 SL S5y Bls (V)
O30 L Lol el Y sy (3STy Sy (92 eyl sine (V) ol bawsgi & SL S5y Bl 1 o s oy 03
@ odeg b iagd ol gt sl il 4o AV @ ao )y ALl dls il ol D L plp pH o (V1) 2l e
3385 o Pl o8 oolatBl aiyjm Ly g obisS” loj e )3 (V) ol Jglors a5 o ol (i (285 &0 o5 o stulo]]
s anje b Shiks il Jsame g G|y polie (JI cooai V1 1 (g by (598 83081 S gty Wl oo iman

WSled Bls Clug 1 o8 oy e

References

Amini, M., Younesi, H., 2009. Biosorption of Cd (I1), Ni (1) and Pb (I1) from aqueous solution by dried
biomass of Aspergillus niger: Application of response surface methodology to the optimization of
process parameters. CLEAN-Soil, Air, Water 37(10), 776-786.

Audette, R.J., Quail, JW., Smith, P.J., 1971. Ferrate (V1) ion, a novel oxidizing agent. Tetrahedron
Letters 12(3), 279-282.

Barisci, S., Turkay, O., Dimoglo, A., 2016. Review on greywater treatment and dye removal from
aqueous solution by ferrate (V1). Ferrites and Ferrates: Chemistry and Applications in Sustainable
Energy and Environmental Remediation, pp: 349-409.

Bartzatt, R., Nagel, D., 1991. Removal of nitrosamines from waste water by potassium ferrate
oxidation. Archives of Environmental Health: An International Journal 46(5), 313-315.

Chang, C.Y., Lee, C.L., Pan, T.M., 2006. Statistical optimization of medium components for the
production of Antrodia cinnamomea AC0623 in submerged cultures. Applied Microbiology and
Biotechnology 72(4), 654-661.

Dedushenko, S.K., Perfiliev, Y.D., Goldfeld, M.G., Tsapin, A.l., 2001. Mdssbauer study of hexavalent
iron compounds. Hyperfine Interactions 136(3), 373-377.

Gaya, U.l., Abdullah, A.H., 2008. Heterogeneous photocatalytic degradation of organic contaminants
over titanium dioxide: a review of fundamentals, progress and problems. Journal of Photochemistry
and Photobiology C: Photochemistry Reviews 9(1), 1-12.

Ghasemi, Z., Younesi, H., Zinatizadeh, A.A., 2016. Preparation, characterization and photocatalytic
application of TiO2/Fe-ZSM-5 nanocomposite for the treatment of petroleum refinery wastewater:
Optimization of process parameters by response surface methodology. Chemosphere 159, 552-564.

Haneef, T., Mustafa, M.R.U., Yasin, H.F., Farooq, S., Isa, M.H., 2020. Study of Ferrate (\VVI) oxidation
for COD removal from wastewater. In I0P Conference Series: Earth and Environmental Science (1),
012007). 10P Publishing.

Han, Q., Dong, W., Wang, H., Liu, T., Sun, F., Ying, Y., Yan, X., 2013. Effects of coexisting anions on
decolorization of azo dye X-3B by ferrate (V1) and a comparative study between ferrate (V1) and
potassium permanganate. Separation and Purification Technology 108, 74-82.

Hokkanen, S., Bhatnagar, A., & Sillanpad, M., 2016. A review on modification methods to cellulose-
based adsorbents to improve adsorption capacity. Water Research 91, 156-173.



Yao OIylKas 3 b 30T 1 o0liasl b O Kb 98Ty 515y o (5 jlweings g Gl elaw gy 9515

Ji, P., Zhang, J., Chen, F., Anpo, M., 2009. Study of adsorption and degradation of acid orange 7 on the
surface of CeO2 under visible light irradiation. Applied Catalysis B: Environmental 85(3-4), 148-
154.

Karri, R.R., Sahu, J.N., 2018. Modeling and optimization by particle swarm embedded neural network
for adsorption of zinc (II) by palm kernel shell based activated carbon from aqueous
environment. Journal of Environmental Management 206, 178-191.

Kang, Y.W., Hwang, K.Y, 2000. Effects of reaction conditions on the oxidation efficiency in the Fenton
process. Water Research 34(10), 2786-2790.

Kozik, V., Barbusinski, K., Thomas, M., Sroda, A., Jampilek, J., Sochanik, A., Bak, A., 2019. Taguchi
method and response surface methodology in the treatment of highly contaminated tannery
wastewater using commercial potassium ferrate. Materials 12(22), 3784.

Krishanamoorthi, S., Sivakumar, V., Saravanan, K., Prabhu, T.S., 2009. Treatment and reuse of tannery
waste water by embedded system. Modern Applied Science 3(1), 129-134.

Limmun, W., Ito, A., Ishikawa, N., Momotori, J., Kawamura, Y., Majima, Y., Umita, T., 2019. Removal
of nonylphenol and nonylphenol monoethoxylate from water and anaerobically digested sewage
sludge by Ferrate (VI1). Chemosphere 236, 124399.

Li, Y., Li, M., 2011. Treatment of acidic red-dye wastewater by ferrate(VI) oxidation. Journal of
Shenyang Jianzhu University (Natural Science) 27(4), 737-740.

Lofrano, G., Meric, S., Inglese, M., Nikolau, A., Belgiorno, V., 2010. Fenton oxidation treatment of
tannery wastewater and tanning agents: synthetic tannin and nonylphenol ethoxylate based
degreasing agent. Desalination and Water Treatment 23(1-3), 173-180.

Ma, X., Chen, P., Zhou, M., Zhong, Z., Zhang, F., Xing, W., 2017. Tight ultrafiltration ceramic
membrane for separation of dyes and mixed salts (both NaCl/Na2SO4) in textile wastewater
treatment. Industrial & Engineering Chemistry Research 56(24), 7070-7079.

Moradnia, M., Dindarlo, K., Ali Jamali, H., 2016. Optimizing potassium ferrate for textile wastewater
treatment by RSM. Environmental Health Engineering and Management Journal 3(3), 137-142.
Rai, P.K., Lee, J., Kailasa, S.K., Kwon, E.E., Tsang, Y.F., Ok, Y.S., Kim, K.H., 2018. A critical review
of ferrate (VV1)-based remediation of soil and groundwater. Environmental Research 160, 420-448.
Rathi, P., Saxena, R.K., Gupta, R., 2001. A novel alkaline lipase from Burkholderia cepacia for detergent

formulation. Process Biochemistry 37(2), 187-192.

Rodriguez-Rodriguez, J., Ochando-Pulido, J.M., Martinez-Ferez, A., 2019. The Effect of pH in Tannery
Wastewater by Fenton vs. Heterogeneous Fenton Process. CET Journal-Chemical Engineering
Transactions 73.

Roopa, D., Divya, R., & Nathiya, S., 2019. Management of RO reject water from the tannery industry
by solar tunnel dryer. International Journal for Advance Research and Development 4(2), 15-20.
Samarghandi, M. R., Siboni, M., Maleki, A., Jafari, S.J., Nazemi, F., 2011. Kinetic determination and
efficiency of titanium dioxide photocatalytic process in Removal of Reactive Black 5 (RB5) dye and
cyanide from aquatic solution. Journal of Mazandaran University of Medical Sciences 21(81), 44-

52.

Sekaran, G., Chitra, K., Mariappan, M., Raghavan, K.V., 1996. Removal of sulphide in anaerobically
treated tannery wastewater by wet air oxidation. Journal of Environmental Science & Health Part
A 31(3), 579-598.

Song, Z., Williams, C.J., Edyvean, R.G.J., 2004. Treatment of tannery wastewater by chemical
coagulation. Desalination 164(3), 249-259.

Stanford, C., Jiang, J.Q., Alsheyab, M., 2010. Electrochemical production of ferrate (iron VI):
application to the wastewater treatment on a laboratory scale and comparison with iron (1)
coagulant. Water, Air, & Soil Pollution 209, 483-488.

Talaiekhozani, A., Eskandari, Z., Bagheri, M., & Talaie, M. R., 2016. Removal of H2S and COD using
UV, ferrate and UV/ferrate from municipal wastewater. Journal of Human Environment and Health
Promotion 2(1), 1-8.

Tare, V., Gupta, S., Bose, P., 2003. Case studies on biological treatment of tannery effluents in
India. Journal of the Air & Waste Management Association 53(8), 976-982.

Thomas, M., Barbusinski, K., Klis, S., Szpyrka, E., Chyc, M., 2018. Synthetic Textile wastewater
treatment using potassium ferrate (VI)-Application of Taguchi method for optimization of
experiment. Fibres & Textiles in Eastern Europe 3(129), 104-109.



JEoF oY 0 ylos o i 5 0lidd 0590 o e Cons j Lo Ya¢s

Veisi, F., Veisi, A., 2012. Modeling bisphenol a removal from aqueous solution by activated carbon and
eggshell. Journal of Mazandaran University of Medical Sciences 21(2), 129-138.

Wang, H. R., Li, G. T., Liu, B. T., Wang, N.G., 2009. Study on Degradation of Wastewater Containing
Acid Orange II by Ferrate [J]. Journal of North China Institute of Water Conservancy and
Hydroelectric Power (Social Sciences Edition) 25(6),102-105.

Wang, Q., Luan, Z., Wei, N., Li, J., Liu, C., 2009. The color removal of dye wastewater by magnesium
chloride/red mud (MRM) from aqueous solution. Journal of Hazardous Materials 170(2-3), 690-698.

Wang, Z. P., Huang, L., Su, J., Xiang, S., Liu, G., Wu, F., 2008. Studies on Treating the Printing and
Dyeing Wastewater with the Ferrate Oxidization and Photochemical Process. In 2008 2nd
International Conference on Bioinformatics and Biomedical Engineering (pp: 3232-3235). IEEE.

Wu, K., Wang, H., Zhou, C., Amina, Y., Si, Y., 2018. Efficient oxidative removal of sulfonamide
antibiotics from the wastewater by potassium ferrate. Journal of Advanced Oxidation Technologies
21(1).

Xu, G. R., Zhang, Y. P., Li, G. B., 2009. Degradation of azo dye active brilliant red X-3B by composite
ferrate solution. Journal of Hazardous Materials 161(2-3), 1299-1305.



