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Abstract

The entry of herbicides into drinking water supply sources can have devastating effects on

human health and the environment. Therefore, removal of them from the aquatic environment is
essential, in order to preserve the environment. Therefore, this study was conducted with the
aim to investigate the isotherm absorption of graphene oxide modified by organic dendrimers to
remove Butachlor toxin from the aquatic environment. In the present study, operating magnetic
graphene oxide was produced by absorption of covalent bonds and used as adsorbent. Synthetic
adsorbent properties were analyzed by FTIR, XRD, SEM, TEM, TGA, VSM and EDS. Also,
the effects of pH parameters, contact time, contaminant concentration, adsorbent amount,
temperature and reusability on adsorption absorption capacity were investigated and optimal
conditions were determined. The absorption results were described by Langmuir, Freundlich,
Temkin and kinetic adsorption models by first-order and quasi-second-order models and
thermodynamic equations. The results indicated that functionalized graphene oxide effectively
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absorbs Butachlor and absorption percentage is significantly affected by the examined
parameters. By increasing the time to 45 minutes, increasing the pH to 5, increasing the amount
of adsorbent to 3 g/L and the concentration of Butachlor toxin to 10 mg/L and increasing the
temperature to 25 °C, the rate of absorption of Butachlor toxin has increased to 95.4%. Toxin
absorption increased from 37 to 50 °C, and after ten re-uses of the adsorbent, the absorption rate
decreased by only 6.5%. Under optimal conditions, the adsorbent was able to remove 86.3% of
Butachlor toxin in the real sample with a standard deviation of 6.06%. The Langmuir isotherm
described the absorption process well (R* = 0.99). Synthesized nano-adsorbent is an efficient,
powerful and heat-sensitive adsorbent for removing Butachlor from the aquatic environment.

Keywords: Graphene Oxide, Magnetic Nanoparticles, Dendrimer, Butachlor.
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Fig. 4. TEM image of GO/Fe;04/TSP/Den

el Costy 5 Sy 3oty gl S s el Jlosl 51 g
f’)j(_rl“ 05 ey cnl o Jlg\:}:’r"“’ SSo3lul s 0>
b /A e g o b e S Ve b 2

(0 JSs) e

Journal of Water and Wastewater

Sl eslslis gl LYo 0 Olio J4b
LY g bl 31,8 Olnio (695 a8 S 513 publita
ool e gl Fe

TEM 3JU7 -Y-Y
Solas aS ciloaal Conse bV 5l Olis s F IS5 s
el pad JlsJale 5lam LSt 31,8 51 O Sl G5
Slsacal st 5 Lol it sl 55 55 O sl
1S G ged a Cemas S5 Ll Ll o5 e LT
e $Uax 5o 503 Slay GRalS jals L]

b s e od o al S s SOl sl jud e
il aS L Y slaes 5ud o e toen 13,8 wal g5 S
Skl sLasg S g sas sl o Lad Coniles Jdsay &S
ool sl (BLS (sLd el LSl 31,5 555 s L)
Loy S oaSe LS fulse o g S5y o Dl Jas
Sl 3l i Ol s ss sl sl 55250 e

.J;M\?\%ﬁ‘p‘rﬁagk

&}J LSJ;DJ"M a,»,omlﬂglfwaﬁ—f—\"
S sl sty o gUNNY oy JSU g s oSl 5 b

Vol. 32, No. 1, 2021

\f" JLAH\ UL«.:HVY 093



dx.doi.org/10.22093/ww;j.2020.206398.2941

wnasg? o P ol WluST 81,5 e p i oy

120 1
98.8 99.3

100 A
3 85.5 82.9
= 801 69.9 68.4
= ’ -
2
g 60 -
D
&~

40 -

20 4

0 T T T T T
3 4 5 6 7 8
pH

Fig. 6. The influence of initial pH on the removal of
Butachlor (Lab conditions: Butachlor:10 mg/L,
Absorbent: 3 mg/L, Contact time: 30 min)

Shadals pecbliie L8] 3LSL ISU 4 o Bl a5 —F JSUE
Vo kil ol oyl 5 5868 spH lade s s
(3 ¥ ulas plog oz 5o 0 Sl ¥ 3l Sl 2 s ¢ Sl

3t 3l b o g 5l g8 Ol gl pH 6 e
el O i pH L (225 48 Lans s

b 5 JSU g2 o 2 Jlaie 2 0l 51 () 7Y
@il
i s o bean VT Gis a3 s e ol 35050 dle
5 351D 55 Y S b el S e O o ke
i osla kg 8L g o 5l s AY/Y 5 i 281
£0 olos 4 b 5,8 sy a3l iz o ys 0T 51 e sl s
dm o ola ol 5liceel o s AV L ol S e diSs
el el il s oS a1y i sy i s i
Ol Gl 38l 5 558 n Ll o, 4 il ol s Sl
syl ol 3l il gl 8 455 £0 5 i

WA+ U s ) olo 31 bl o i IS5y e il
iy 33 AT a3 V) 31yl iy 153 5y, 4iEs

]

AU g2 s 2 sl D3l @l Cod B o -V
5VJ15U)€V.AM6L§&;£L&J)4§))‘3@DMLLAAJ§‘1JJ

))r;G-L:A\’ UYJ&;.E-LCJ‘JZ:JJbr;GL:QO’jY' ‘\' ‘O

Journal of Water and Wastewater

120 -
100 -

80 1 y = 43.673x - 2.6564
R* = 0.9903

60
40 1

20 A

Concentration (mg/L)

0.5 1 1.5 2 2.5
Absorption (cm)
Fig. 5. Butachlor calibration curve

JJSUﬁQ#\J,,,JLSSM—OJ&.Z

220

by MU 5 o iz Hlaie o pH 1 () 2 —-0-Y
il
idie SLpH s ST 5 oo b sz O3l oy ol s
e Joua PH luia A( JS5) 4 sy A 5V 50 F Y
155y 0 bz U e L ols glass Suoils g5
1S sl g O

AD/D 31 5 e tls )53l a5, 0 G Y pH 5l Gl ylia
il ool gLl e 3 by a3 A8 /Y s
oSS St st SSU gy e 5 3l g Sl S
Loy S 555525 5] sledlSsl, 33P0 o
ool 5o b bty s o 50 5 5550 2k 3 s Jole
52 593,S 5158 a0 s 3l w3552 pesa SIS
s 53 oln Sladn ol 58 e pls 4 Ll sl ISy
WSy, Bi Sl AL FpH 51l e iul58l s 4 s pH
5l s a3 PA/Y s oy AY/R 51 5 anils il
sl Sl U gy e 51 i e Bl A oL pH
0 30acal 53355 1S5 am S8 6 g 2Ll GLpH 31,5
S g0 O ey Lame

Jolse o sies 51555 0055 (GanSy am S5 5o —
3 S B LSt 31,5 655 1 ead o3 wi gy sanSEULS
Sl Rl o 55 4 il e yead bl s (rien
sl | 3L Jlad o 0yl 55 o sl ol e
Ao 5 S sr Jale laey S o 5 (5 i 515 uS e
ol b e SRalS Oila b g e i Sl e 4o

Vol. 32, No. 1, 2021

Voo dlﬂd&\ D)Lou:abr\l 892

Al



4

dx.doi.org/10.22093/wwj.2020.206398.2941

Il 5 i g
7.6 100 - g5 93 93 93 93 93
83
66 90 - 80
’ 80 A
i ¥y =0.1577x + 1.055 2 70
5 56 R =0.9933 s
~ 60 -
B0 4.6 - -
> z 50 1
S 3.6 - g 40 - 5
-5 ]
o & 30 1
2.6 - 20 4 11
1.6 - 10 4
0.6 - y y y 1 3 5 15 30 45 60 90 120 180
0 10 20 30 40 Contact time (min)
Ce (mg/L) ) .
. ) Fig. 7. The influence of contact time on the removal of
Fig. 9. Langmuir temperature graph Butachlor (Lab conditions: Butachlor:10 mg/L,
2oS5Y (glasee -4 Jss Absorbent: 3 mg/L, pH=5)
LSt 313 g5, Mgy e i oled 0les S1-Y JSS
2 - 5 Sk Ve e il sl 3) s s Jale ubliie
* (O AnpH 2 53 0 S e ¥ 3l e
1.5 1
&
= 1
120 -
0.5 1 95.45
y=0.5185x - 0.0312 100 -
R* =0.9705 S
04 S
e = 80 1
* <
~0:5 . . . . . é 60
-0.5 0.5 1.5 2.5 35 4.5 <
In Ce R 40 |
Fig. 10. Freundlich temperature graph 20 1
@Jﬁ}}db;rx—\")&ﬁ 0

Table 1. Isotherm parameters for the adsorption of BUT
with GO/Fe;0,/TSP/Den
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mg/L, pH= 5, Contact time: 45 min)
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(Lab conditions: Butachlor:10 mg/L, Absorbent: 3 mg/L,
pH=5, Contact time: 45 min)
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