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Abstract

Background and objective: Since the early 1940s, antibiotics have been widely used for
treatment and prevention in humans and animals. The excessive use of antibiotics on the one
hand and the resistance of antibiotics to decomposition on the other hand have caused their
accumulation in the environment, especially in water sources, which is a very worrying issue all
over the world. Therefore, their quick and easy removal with high efficiency is a basic need for
the health of the global community.

Material and Methodology: The present study was developed in order to design a new and
efficient adsorbent based on activated carbon derived from aloe vera fruit (AVAC) in order to
remove cephalexin from the water environment. As a reliable adsorbent, AVAC is first
functionalized with zinc oxide nanoparticles through surface modification and then magnetized
using Fe 2 and Fe * ions. The correct synthesis of AVAC/ZnO/Fe304 nanocomposite was
confirmed using FTIR, VSM, XRD, BET and FE-SEM analyses. The effective parameters on
cephalexin removal including adsorbent dose, pH, contact time and pollutant concentration have
been investigated.

Findings: The results showed that the removal percentage of cephalexin under optimal
conditions (pH = 3, adsorbent dose 1.5 g, reaction time = 60 minutes and 5 mg/liter of
cephalexin) was reported to be 96%. In addition, the absorption process followed the kinetics of
the pseudo-second order model (R=0.99) and was consistent with the Langmuir isotherm model.
Discussion and conclusion: The above research showed that the synthesized
AVAC/ZnO/Fe304 nanocomposite can be used as a biodegradable, cheap and environmentally
friendly adsorbent to remove cephalexin antibiotic from the water environment.

Keywords: cephalexin removal, absorption, aloe vera, activated carbon, nanocompaosite.
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Samples Sger? (M?/g) V,° (cm’/g) r.° (nm)
AVAC FAY o[ Y VYN
AVAC/ZnO YA JJEY N2
AVAC/ZnO/Fe;0, WY JYY £/7Y

* Specific surface area from BET plot.
®Pore volume from BJH plot
¢ Average pore diameter from BJH plot




[ Ol 9 Lo b,

VFF olo g9 it IOV 0 5loutt e § bauo (55919555 g pale A ]

ST S350 b S0 5 & Ly wigll I et e Jlab
Laad.i.» )Q @Lﬁbé}) aS W"’IQLS" M}h W OAJLMJ}J S99y
Tyey & AVAC/ZnO/Fe;0, )| fﬁl.a: Ll 60 somlin
o3l g 55,5 mje b Fes0s &l dgl sl saims ylias

Sl alies lyd

AVAC  zhe  sle 5 (Sjdediee sl Shs
FE-SEM ,;5las L AVAC/ZnO/Fe;04 4 AVAC/ZNO

b 090 5wy o ools Gl £S04 sk les
1y 3o (ool olawi b (i3 5 00Ty 2 (s39058,90 AVAC

oS o ZNO Kings 51 G Hleedl ojlail b ols olas

Viey

AVAC/ZnO/Fe;0, (e,f) AVAC/ZNO (c,d) AVAC (a,b) «odl> yiiw alis Jolw 3| FE-SEM p glai —# SO
Figure 6- FE-SEM images (a, b) AVAC, (c, d) AVAC/ZnO, and (e, f) AVAC/ZnO/Fe;O, hanocomposite.

Sids  PH 51 byl sl (F9) 5,188 o st ol
s o AVACIZNOIFe30s cojemalSsil punSlin
Oals a5 Cali b Y-A sngame o calie slapH o jiSTg
adg) clale i s pF ) = OBl e layll b
(0 bl aids Yo = e oloy 5 Yo PPM oSl
) sl Jlne 5| oSl o (slaJsbne PH alass o1,
10 a5 jehilen o ool NaOH Vee +/V 4 HCI V4o
B> leadly gSlas wd ool las (@Y SE)
Sl Ba> soye PH Ll Loy sl caws 4 pH=3
L glpe 1y oy ool il G105 pglae sk 0 Sige
ehdes Lls oS Ay ewSlaw Zwitterion s
bl a5 cul garl 5 3k 09 90 2 ol Sl
slepH o oglae zwitterion §  Sesl ( Sesls JSal
szl o 50 el UK a4 peaSllin alies Cilise
S VIS5 gzl o edg0mma 13 g gy Lld, shls (YIF I S
abais e (FVFA) conl £ 5l i gl 00 o (gl JS &
Lyl AVAC/ZnO/Fe304 o j5.0lS (PHPZC) a0 L
,b AVAC/ZnOIFe304 zhaw pH>pHPZC o g F/0

G5 A g Sy ¥

crmnSIlins iz slelllas V- F

a g el gl s slo iyt ppmgllins 31 a5l Sy Sl
Slp 00nS jsb 4 (g dond g (Il S e
S oS Son ol 0 ek Glglen oleye
Sl oy Vo Loy wcilizes Slalllas old y (FF)
oolizsl (g o 5l sorkie o g ol (i iz LB
(XYY 50 1) OF 2255 St ;5 pacilS )| Lansgs
Sl oSae ol e )0 pmeSllin S GYsb 50>
Oy L Ol g Ll (il d slos Slos
Gl 53 w9y onl 51RO dws s 03 8 2l ez 5 (25
il Ban oar VT laie 4y cpeneSlli o Sliios aalllas
599 PH wiile 65550 Sldos sloyial)ly (g5l aige o
B> lp wled pley g ean¥l adgl clale (L3>
bliie Cuiealal 5l solinad L Sl
85 5 oy 590 AVAC/ZNOIFeE;0;

S 5 ssr Sln azg BB gl el 51 (o Jslxe PH
D3 (e (SSbly 2SI Sy p &S Sl Qe 0l B



[ q e 00 cmnblzo Jlad (00, 0 oals ;550w g9y ©ily34ib lawgd ‘5’7 sl jl ensdlaw Bis> ) ]

OeeSllaw Bis ol oals ool plas (7 VY USS) UG o
L abon il ZAYIY @ ZPAID 5 g BB ek ()
Y 4 5,5 +/0 ;) AVAC/ZNOIFe304 j5s Juie iyl3l
B VB 50 (hoys VD) peSllin Bi> gSlas )
Ol8l amis o g e molEl 4 Wil e a5 Wl ol
(FA) 355 bgyye Jlad Cix slalSe

4hdl poyp S arg BB Jle S oan VT &yl el
6 00) wilse Sl Bio e BES 5 LG
2 4ol clle Cdx Wy, g wo S cwyp adgl slacdile
0 5l Gilises atsl slocdale 3 uwbline CujeelSsil 53,
s ool ylas (oY JS8) UKo ,o yid po p S e B0 S
adgl clale gl e g oo sanlie a5 shilan .cuul
JAF A sk 4 wyls Cdx wnl 0 e JB
adgl Clale o nSIlan TV g AYYIY AR JAY/E AR
p5 ke B g B X ¥ e s Gis O L Sl
3 BAs duoyd oy yiden do ool el oy 4 1 o
0 cdile plpln wel caws 4 2 50 08 oo O gl il
b el Bl (gl atnte jlode plgie @y yid 50 05 oo
- obesl AVACIZNO/Fe30, co 5 9ualS 4l 51 oolaciwl

zaw PHPZC 51 iS5 PH polin [0 5 coiils sles it
Sl @ azg bl cuze )b lylo AVAC/ZnO/Fe;0,
) e D5 05,5 o Sl S a8l
&y o b b ol g pnSllans SLSLe 50 39250 (-COO
oo LS Sy B et o PH 21531 b s oo
5 oSl el JsSIse e Seilioly iUl asdls 4y a5
Slas g pemeSlins caie Hb GalEl Lo 4 Q> mlaw
CoyeelSel s e L sl sl o

S oo 00l s AVAC/ZNO/Fe;0,
iz anld dis weps il Gloy Sl e Sz
AVAC/ZnO/Fe;0s <0l gl 51 solisnd b pnSIlinw
R ey 50 4i80 A BVO 5l alire bl slagylej 5o
polie ysb 4 iz oley SR L (LY JS) 288
ol oyl Jol 4 adBo £ 0 a8 (pl bl il
@lad Sl g s B Qi sla e gldl s
3 (L) eeSdlaw B3>, AVAC/ZNO/Fe304 540 il
S sk Oled ol gy (0,5 V-1 /0) Q3 il glajes

100 120
(a) 8.5 (b)
g 825 g7
783 10 . 92.5 92.4
80 75 .
. 65.8 o 7
2 S 80
g 60 ; 60.01
£ 50 € 60
5 £
;; 40 e )
:: 30 -: 40
20 20
10
0 0
0 1 ) 3 4 5 5 - 8 O 10 2 30 40 S0 6 70 8 90 100
pH Time (min)
120
(c) 10 | (d)
100 ws 92 925 9 o
. . 93.9
100 934 -
o o
& 50 -
) 685, g 80 1 70
2 2
8 ¢ -]
E‘l ol E1 60
] ]
v 1%
= 40 T
< < "
pit]
0 0
0 05 1 15 0 10 20 30 40 S0 60 70
Amount of Adsorbent (mg) Initial Concentration (ppm)

arblie 05940l U Jawgi cramanSliw Bis 0 adgl Clile (3) g codla 338 () cooled (3o () PH () S1-V Jsis
AVAC/ZnO/Fe;0,
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