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Abstract

In this research, a hybrid water falling film plasma reactor dielectric Received: 15 April 2021
barrier discharge with synthesized zeolite has been used to remove the Accepted: 10 July 2021
tetracycline from aqueaus solution. Three types of zeolites have been Page Number: 41-52

synthesized by the hydrothermal method based on the ratio of sodium
dioxide to silicate dioxide 1, 2 and 3. Infrared spectroscopy (FT-IR),
X-ray diffraction (XRD), electron microscopy (SEM), specific surface
area, X-ray energy diffraction (EDX), and dot-mapping have been
performed on these synthesized zeolites. The tetracycline removal
efficiency was about 81% at 60 min in a hybrid reactor designed for

synthesized zeolite with a ratio of sodium oxide to silica 1. It was found Keywords:
that this removal percentage is 55% higher than the only plasma system. Plasma,

The percentage of COD removal in hybrid system was about 71% based Falling Film,
on the tests performed. Based on experiments related to the effect of Zeolites,
active species in the tetracycline removal as a radical trapping Tetracycline

experiment, the hydroxyl radical was 12% effective than the superoxide
radical. The proposed mechanism is discussed for performing
an advanced oxidation reaction to remove tetracycline.

Please Cite this Article Using:

Feizi, L., Rahemi, N., Allahyari, S., "Investigation about Tetracycline Removal from Aqueaus Solution by Hybrid
Technology Plasma Water Falling Film-Synthesized Zeolite with Different Na,O/SiO, Ratio", Iranian Chemical
Engineering Journal, Vol. 20, No. 119, pp. 41-52, In Persian, (2022).


https://dx.doi.org/10.22034/ijche.2021.281117.1103
https://dorl.net/dor/20.1001.1.17355400.1400.20.119.4.5

(0 DSE)

d DOI: 10.22034/ijche.2021.281117.1103

This journal is an open access journal licensed under an

B{E’ DOR: 20.1001.1.17355400.1400.20.119.4.5 Attribution-NonCommercial-NoDerivatives 4.0
International license(CC BY-NC-ND 4.0).

Gy (55908 3l eolastwl b Sl 31 alSo Ll 350 Bdo (o
9l NayO/Si0; s b Sdipood Cadgij— oyl 39 5 olid (glowsdly

v sy YL
okl anw O el ol ad

Qs goriwo oGNS ¢ cands i (65550 (Ggzmiils - )
RET WL FS TN L PPN C D D4 K
n_rahemi@sut.ac.ir : )5 oly

RV

VPP ATY sl g5 | e ol i sl b i 3l ol ol sk e 535Ty 1 i el
VE o/ FIN iy gl st Ea A el 0 o0ldze] ol I o dSGLul,ii g )l San Y Gl (ol igion
Cedgias o Jloyigyune (g, bV g Tl SlChaw w60 4 podas eI 60 S yols]
5 Koo RD) o3l 55y s AFTAR) o8 gl somiancichs sl ol ok
ot ODX) o3l 50 53 Sl s 5 0325 s 55l 25 (SEM) i i
e 2 oy ] S lalyis Gl 3 ol 48,5 ol g cslols 5ol 53,

Lowsdly A oyt (89 eI Conad b Ligtan Coslf sl codd (Pl (5 et y535T, 0 4iE0 £
i) wled ol oY B> o Gl 45 A astiio .Cawl 005 do 3 A Sgu> o) Ol S 0

«elst;

BY b ) ilmio o)lad

ojlgands

vl 0 COD s o0 ylino ] Edsds 9 (slawdl Dlolus I jiin doyo OO
sloaisS 5l slo piolojl 4 bysro gulis yul] 4o Casl 0350 a0 V1 3gu oddiplonil (slocas
OedSobul 5 035 piiden oy N e prges JUQOL, T oSyt JEG0L, T el Sl Sl o e
sy 9 o G dSOlol s e o iy il iiSTy ple] ol solpiiny g5l o]

o] 0l

Gy dapoe (gwdigee Olidse 35 e o gond (guwdigee SIS i gaio ol8iils oy 5 %

o 4 olciwl

o b iigied Cdgis— )l old (slowsdly 60y (559l 51 ool b las 51 alSolul 15 oo )y " e e bl ey csom ]y o o oiad
OF ) FV-0Y o VA ojleds i Jlo oyl (oo ot 4,25 " glize Na,O/SIO,

© 0 00000000000,00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Py

2B ()

E1-0F :(1F- <) 0395 9 30 5 )lod - oy Jlw = Ol o] (soud pwigo 4 i

(O50n 5 ) (S 3 s (529U8 1 23ktuul b ol 1 oyl L


https://dx.doi.org/10.22034/ijche.2021.281117.1103
https://dorl.net/dor/20.1001.1.17355400.1400.20.119.4.5
https://www.ir-translate.com/PU/Dictionary/WordPage.aspx?fid=45697

FI-0Y e — o) Kop g o

e (32 ($09L3 Jl 2sliiwl b Olug jl (SO Ll j5 B3 (g

el ;oS Joloe 3l oun¥T Bis wlles P> g 05l o oy
Yl_: Qj_w‘é_;o QSAA U" )‘ aJ...u‘)” Bi> 45 stlZA = “SCLx.w

~[‘~]°5—i‘u—" S 5STy b @ YL 51 Jolxe (lyz 5 99,00
Sl Sl Bds 6l DBD 5y olid 55551, 51 (o 2 S o
Cwd dy 3oy AN 003L YU 5Ldg b aado Ve ow yo Gl
DBD ()ljm; phd (slomadly 59ST, ¢ iiions o [¥ il onsl
00l 08 IS A (50,5, Bl (gl poailnd wuSTlgo LS o
stgien slac g [0]a; wo e 4% 4 ()] Bi> o3l a5
5 ot wd cel (i S0l Caols g VU s Jsa
&‘y‘ ).)| A.)j.mksn uLm.) )‘ L)" B> 9 ;s’5)‘° EMYT \)‘5.4 ‘Sil.:_ﬁ.:.ﬁd
Baz 0030 Gl jo Ly LS o siigaen slocJy;
Slhbes glaadlze Jl LBl cldgsy Sl ol (o) elSoLul 25
Ol i 2y, e Jsloee Aol dga )b > Sl 5Ly aiile
oz el Caws 4 COD (5,.505lul b JT slooass VT i
Lol o s ol eass eols idigy codsiy (o lal i
50 0T sl JUSooly 151 sy o s IS0, slooss ol oy0g58!
Q—l =l g9y 5l g 4oy (o e &l ol jo oanYl Bis

9 3 ol diaad g1y o b &L Y

ciles
S €55 Ol oled DBD slowsdly 5251, &ilolis 315> )1
Sl ol 0 ol Lt (V) UK 5 gllginsd (ot S L
DC Juo S0 5 43385 gt 5l Lamadly 55 3,90 (53,31 el
Sl o9gmribio 5 Ol (s s Jdoas Igo 515751 5 oolic
ol 00 ool ey (609, 318 laicds caio slao IS
Lt ol 5351, ALl (5339 55 e o (55l
> by SeS g J5BS (Bl o sle et Sl eslina
B L 388 ladad o35 S Jold Lawdly 5551, 1o 0,8
gl Gl bl Ll i ) 515 35,2501 S 5 i
31 ol el 0 o0y g 39,5 clieas Sloie H o5

Colad log]jgu Aais ooty ooy gy Ol (5 0a55 (350

S s (59, 5l 9 LoDl H9iST) dilels J2Ho 50 (20 L

doddo .
slaol 4y saiia o0 & g0 oyl 5l eudie jlade (bl
G]a.:.?mw..:) M L xie g 44.1.79 Jl}jl.bdjl}dj) “SzJa.w
s el 5 S Gl S 3T nl Qe 5 s o
[\]os_..,‘sa &80 ondy Dlogzge ey ey ol dwoy Ve
49y lgean ady iy GluS] sla by, 5l asdS slaJle 5o
oo ool 6_39)10 Lngo..\.,.iy—‘ Bi> 6‘]" WLHQ wyblﬂu
sl ,a5T) 5l oolanwl s ) ioy ialaST slo g, 5 (SOl
s 5 TS5 L g 25Ty sl Loy e
20 LSy oS e, lgear ol asile o Sl wligS ules
alex jlaculon S oy Jlad )b (gilulas slaaws » 5l o5k o
S Sl mils ddss jguST) oy ()l e sl g5
= slamadly slaaslp 5l eslii il [¥]eu) (DBD)
Jromd as 0 YU (65,50 Brae aile ol swlS Gyl Slesa
sheslaiwl 1] cocul JolSU (g5le Goe 5 o3l diile coms Hlal
sle, g1 ol gl 5l (oSOl sos slpidn W e
Slasas S 3l S 5 ol phd S iSUlse Sl el
ke (gl LTy ol ol ] 5o oad (655,60 o3 0
Sda IV gV Jole (2B 395 50 (b m)) lacglie
e JE 0 Jotens sl 9 059500 (BB sla ST al> 5
=k Jsdoe 2 4 S o2 JU mhaw (1 )90
L La,gST) cplailasl jlad,b e 5l sla Jlo [0 9 wiloads
9 LQOJ_»J\” O J_;LBS ‘Yl_. C.la_u.' Sl 9 J)l_: Wl"j Ol.‘>ul
oil33l 1 5L 5 b S i s (0 oalioa e Jlad (sladiss
Wby by (i LuST i STy coulive plol gy v g 0 o
Sabe ol Gilse Dlrao ol okt Gla)gS1) 5 wigd o

wind 6,155,109, CnndBlS a5 laxmio (59, ;5551 b

1. Non-Thermal Plasma
2. Dielectric Barrier Discharge

Iranian Chemical Engineering Journal - Vol. 20 - No. 119 (2022)



Jsbows & ool)Ter ) Jsloa s ¥ Jolone) 055 o 445 A+°C
J2lo a Ladisel 098 o0 08)p0 wacl G Doedy 5 009381 ¥
=l 5o el 3 Sanay g Wigd oo ools Jlal Jlo 59,008 (4551,
0o oz (ale g sl VU b e 2305 0 41,8 V)2 °C (]
‘é_‘o B JJ?_MJ‘SA S 39, AJLH.J s_i: Odeds Vye©oC U5" J>|~)
st Vg ¥ ) 5,008 0 NayO/SiO; ddse e JUIS cuigion
slaelaS og i cwosls HLISY gV ) Codghy b badiges .auS oo

)| oolaz__wl l_a )__@l> )LS o ] Nazo/5|02 Cond )iaLu

SEM. (TENSOR27, Brucker) FTIR sL__aa 5
TESCON, cursor 0.001-) EDX (TESCONS5136MM)

(BET, Belsorp mini Il, Microtrac o5 zaw 43 555 «(0.01KeV
!,— (Shimadzu XRD-6000) XRD 4 Bel Corp Company)
D9 o ooliul (Stpren slac g Clatie o)
P50 5nS lie 5 00 BV BA > 0o s Al (sl
T ygicids oSl oadaa ai 550 (COD) Jol=o
5 0aY] B> ao s .l o ssliiwl (Hanon) Instruments i3

las (V) 5 (V) @¥olas 5ubs  o2les )5S alS as o ol

L lgo jgu pmaS 5loolannl b lga by lojed 05 g0 00ls jeue
) 09_.»‘;/.7 aslolw o)lj 6)9_5‘) Llalw 6YL; )‘ OM[‘,..JG.\.\ «<®
So Aty wilazd 515 Ledl b cos a5 Ol g lga o>
L s oo 00l 55k 0)ligd ol ()l (i3me JSoas (o755
Sgis o0 (5,0 paiged Ol 83D it 5l AdES O e 050 o Sl
Sy 09 o0 6 S o3lul v, gicids oSws L ladiges clalé 4
Cbale Ly Sl s 005 T Jolors 51 ) S ales] o
2° deboad Sloles 500958l (55t (9,000 5 S (e 0
wdy o LS VEID 5Ly lade 28,5 plowl aids £o asia ol
ol o @ads o, ad Lo Ve e e L > call

A a3 Y sas 55 Jsle PH g el +/3A

3 b 32 g LlaadUl cuigand b9 g olge .Y
Ols=sany mads Sliosll s @i (g ) Clsiy Cotgion sl
ol sl Jlaie T 5 3gms gl pmiz ot b eslit Lol oole
Urbown 1 fdslon Vo Uizl 53 .2, S 4 utginn o 5 il
Goedy 5 03938 qeads Sliagll 0 ,Vgo VAT Sy 000 o
sy oSt ligal Gl Jybna 5 355 e oo i Y-
L L1 L s s 51 ol A e 1 Jsbne)
loo ;0 a2 3o Ve Doy VAT iS00 i 1 id Lo YO

N

Treated water

Falling

Cy-C
0 t
e, o
Co
" | \-/ .l -
Power frequency Air
supply Contorler * compressor

film

-I—> Sampling

Water pump

O esYlas) ol yaads gae HLioaia lawdly (5, 43S0 dlobeu IS (glad .\ Ui

Figure 1. Schematic diagram of water falling plasma reactor devices.
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Figure 7. (a) Effect of air flow rate on TC removal and (b) The effect of initial pH of solution on TC removal in ZNS1.0/DBD system.
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