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This study aims to synthesize a novel low-cost adsorbent in the form of film prepared
by natural and available sources of elderberry kernel, with an easy preparation
method and an efficiency higher than 90% in the adsorption of crystal violet dye. By
investigating the effects of various parameters, including pH, adsorbent dose,
temperature, contact time and dye initial concentration, the optimum conditions to
reach the maximum adsorption were determined. Results showed that the maximum
adsorption efficiency is 94.24 %, which is obtained under optimal conditions of
pH = 8, adsorbent dose 1 g/l, temperature 25 °C, contact time 90 min and dye initial
concentration 10 mg/l. Isotherm and kinetic models reveal that the adsorption is
physical and favourable, and equilibrium data are more compatible with Langmuir
isotherm and pseudo-second-order kinetic models. The maximum adsorption capacity
of adsorbent was calculated to be 30.30 mg/g. Thermodynamic investigation showed
that the adsorption is spontaneous and exothermically. Desorption studies also stated
that after several consecutive removal steps, the adsorption capacity is still
favourable.
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Figure 1: a) Schematic of the film adsorbent preparation, b) Mechanism of film formation.
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Figure 2: FTIR analysis of Film/AC-Fe adsorbent before and after CV adsorption.

s oo sl wile s le o a8 sk il OV (1355,
S35l B 9 48 e 5l 952 ge 33k 5l (o5 45 wad e
SYadl g Jod 2525 mlis nl Wlodzr QI gl & SzsS
3y Mo &S w3 0 LS 1, 1555, sl S5 5 D3> o

ot Jidl 135, glaJsSge s gelans

BET 3JUT _Y-)-¥

Ao sl iz e b o 1 R Gliee 5 3l s gl
ool wl BET 5 JU| 5l Laaasin sl (6,505l gl a5 ol
wizly 5 iz Gy S8 e it OIS el 955 o
(ol 4z 0 YY) mlo (59,508 <ol sleo jo oole mhaw (59, 00
Film/AC-Fe 5 AC-Fe (sl wizls 5 i s loged .ol s
ol oo sl Sy jo col gloes jo o [lid s
A loged ot A 1 YL s sla)lad jo aS 0ed o cdalin
Sl 50 950 Oljas 0gzg caumolis (pl a5 aidl iol5dl Do
Lyl 1355, oole Cdz jo 1) coge Liis a5 el FIIM/AC-Fe L3>
e 5 4 AC-Fe Qils (gl Ol oo v g ohng pdaw 0iS o0
o 55 4 FIIMIAC-Fe Lils gl o VOYYE milg 4 YYA,0F
L a5 oo o olis s .ol co caws 4 YV,A8 M¥g 5 VYAAY
Ol aS il alS 5 p0g Sl a4 Cod Wb whaw old LS
el (6 youdy AL y0 Oy ez Joay

SEM ;JUT Y)Y
Film/AC-Fe wils mhaw JLole 5 owlbiscsn, (s jshaie 4
3o Ol gl 53 oa ol Sl rizes 5 i 5l J8
Y US4 abgyye sbad g o eolind SEM 5JUT 51 1555, wior
99 9 e SLo T LS SEM pslad yuizmad .ol oo &8l
Sl IS8 Gl 5o 5 AC-Fe Jlad ()5 O )90 4 00l 3w 4yl
o g pe diged )3 093 ]y ool Sl3gil 0925 @ pgai ilead
Ly sye aS D a5 a0 oo s AC-FE (6,391 smpblite il
bliie JLad )8 (g 5l 8 LAl maas Sl ol o
Sl S Jlslo 5 g yeely sloo oy JoSts ,Silas il o0
sl o platal sl glyls sole ol 45 35 s sualive un
$FSzsS ghw &5 Cwl Jla)95 (WS g g SS9 RS SIS
ASC pe—al ;o .Swlos, Soloul L 5,0l o 0d> o,
5 R o (i OV (135, i 51 L 1, Film/AC-Fe Ll
Wl (pmpblite Jld ()8 b b mases Slu3ll 4 by o
S5y O3z ge ddlis el sdmlive LB g oyl aSs Lais
A Ao g e Lab> o9 4 JRlU 45w e (LaS ol lan
Ul @3l amiipe 5 odg b uytws ;5 gl aS s
45 aas e ol palal aslie 0l 1, 155, sla J5Sse i
L deglie , FIlM/AC-Fe Cily o publine Jlb o) indigs
S5ttt s Sl e 5 030 ol 8l | s alls Sl gl oL
Cdz o (ol QI 4 by dpgal 05l Cdx 03k

V7AVAA YOEY) Y /55) 6o9Ud 9 pgle (Sale dy puis



e 23 OT G 1))l 9 s T/ pusslolisie Jxd (315 &3ls 2 (298 olad 03l ani / gpssnlondd @200 9 LS )iy Aogiazo \ V¥

a)

CV Cis 5l o FIMIAC-Fe Lil> (d) €V wix 5l L3 FIlM/AC-Fe il (€) capis SLu3ll oL (b) AC-Fe (@) 4 bgyyo SEM jyslas 1¥ JSis

Figure 3: SEM images of (a) AC-Fe, (b) Sodium alginate film, (c) Film/AC-Fe adsorbent before CV adsorption, (d) Film/AC-Fe absorbent after CV

adsorption.
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Figure 6: Effect of adsorbent dose on the adsorption of CV at the

conditions of: pH = 8, initial dye concentration 10 mg/I, contact time 1
hour and temperature 25 °C.
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of: adsorbent dose 2 g/L, initial dye concentration 10 mg/l, contact
time 1 hour and temperature 25 °C
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Figure 7: The effect of contact time on the adsorption of CV at the

conditions of: pH = 8, initial dye concentration 10 mg/Il, adsorbent
dose 1 g/L, and temperature 25 °C.
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conditions of: pH = 8, initial dye concentration 10 mg/l, adsorbent
dose 1 g/, and contact time 90 min.
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Figure 9: The effect of dye initial concentration on the adsorption of

CV at the conditions of: pH = 8, adsorbent dose 1g/L, contact time 90
min and temperature 25 °C.
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Figure 10: Linear relationship of adsorption isotherms on CV adsorption data (a) Langmuir (b) Freundlich (c) Dubinin-Radeshkovich and (d) Temkin
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Table 1: Constants and parameters determined using different isotherm models for the removal of CV dye by film adsorbent.
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Table 2: Kinetic characteristics determined using different kinetic models in the adsorption of CV .

Qe.cal(M/g) 8.1661
Qe.exp(M0/Q) 9.6710
Pseudo-first-order
Ki(l/min) 0.0736
R? 0.9302
Qe.cal(Mg/g) 11.1111
Qeexp(MY/Q) 9.6710
Pseudo-second-order
K(I/min) 0.0039
R? 0.9939
a(mg/g. min) 3.9261
Elovich model B(g/mg) 0.4524
R? 0.8915
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Figure 11: Kinetic models on CV adsorption data (a) pseudo-first-order, (b) pseudo-second-order, and (c) Elovich.
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Figure 13: Desorption behavior of Film/Fe-AC adsorbent in ethanol
solution.
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Figure 12: Linear relationship between In kd and 1/T in order to
determine the thermodynamic parameters of CV adsorption.
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Table 4: Thermodynamic parameters determined for the adsorption
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Table 5: Comparison of g max Of different adsorbents in CV dye removal.

Biochar derived from palm kernel shell (Powder) 24.45 (13)
Nanomagnetic iron oxide (Powder) 16.50 (79)
Activated Carbon of Lemon Wood (Powder) 23.60 (80)
Eichhornia crassipes live roots (Powder) 20.84 (81)
Chenopodium album ash (Powder) 9.42 (12)
Rubber seed shell (Powder) 2381 (82)
Fes04/SiO, (Powder) 16.37 (83)
Anatolian black pine (Powder) 12.36 (84)
Yeast treated Peat (Powder) 17.95 (85)
Azolla and fig Ieaves/m2’:1}_)9(;1\(/3\It(;teer )lron oxide nanoparticles 2500 (86)
Soil-silver nanocomposite (Powder) 191 (87)
Chitosan composite (Granule) 2.37 (88)
Carbon/Zn/Alginate granules (Granule) 6.69 (89)
sodium magnesium S|I|catezg?/;!nrﬁ}g)nanostructures by chitosan 2351 (90)
Alg/Clin/Fe;04 (Granule) 11.77 (44)
Biosilica/alginate nanobiocomposite (Granule) 21.32 (91)
Grafted sodium alglnat(z/Ger;SL/ng;;iphene oxide composite 13.85 (92)
Alginate-Calcium composite beads (Granule) 29.00 (77)
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