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In this study, MXene/MIL-101 nanocomposites with two different morphologies,
octahedral (via solvothermal method) and rod-like (via reflux method), were
synthesized. The synthesized products were characterized using XRD, FTIR, and SEM
analyses. The results of the structural analyses showed that the synthesis method has
a significant effect on the morphology of the nanocomposites, such that the
solvothermal synthesis led to the formation of octahedral particles, while the reflux
method produced rod-like particles. Rhodamine B adsorption experiments
demonstrated that both nanocomposites exhibit high performance in dye removal.
Furthermore, the nanocomposite with octahedral morphology showed a higher
removal efficiency (about 93%) compared to the rod-like morphology (about 85%).
The maximum adsorption capacity under optimal conditions (i.e., pH = 7, adsorbent
dosage = 0.05 g, and contact time = 50 min) was found to be 61.73 mg g™ for the
adsorbent synthesized via the solvothermal method. The kinetic data were analyzed
using the Lagergren pseudo-first-order and pseudo-second-order equations, and the
pseudo-second-order model showed the best fit for the kinetic studies (R2 > 0.99).
Moreover, the reusability study showed that the proposed adsorbent retains its
favorable performance even after six adsorption-regeneration cycles. Finally, the
findings of this study indicate that the MXene/MIL-101 nanocomposite synthesized via
the solvothermal method is an efficient adsorbent for the removal of organic dyes and
can play an effective role in the development of novel water treatment technologies.
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Figure 1: XRD patterns of (a) MXene, (b) MIL-101, and MXene/MIL-101 nanocomposites synthesized by (c) solvothermal and (d) reflux methods.
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Figure 3: SEM images of (a, b) MXene and MXene/MIL-101 nanocomposites synthesized by (c, d) solvothermal and (e, f) reflux methods.
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Figure 4: (a) Effect of pH on removal of Rhodamine B using MXene/MIL-101 nanocomposites synthesized by solvothermal and reflux methods
(Conditions: adsorbent dosage=0.05 g and contact time=50 min), and (b) Zeta potential values of MXene/MIL-101 nanocomposites synthesized by
the solvothermal and reflux methods at various pH levels .
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Figure 5: Rhodamine B dye removal efficiency by different adsorbents (Conditions: pH=7, adsorbent dosage=0.05 g and contact time=50 min).
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Figure 6: Effect of adsorbent dosage on Rhodamine B removal using MXene/MIL-101 nanocomposite synthesized by solvothermal method.
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Table 1: Kinetic parameters for adsorption of Rhodamine B onto adsorbent surface.

Synthesis method Pseudo-first-order pseudo-second-order

K; (Imin™) R? K3 (g mg?* min?) R?
Solvothermal 0.117 0.9631 0.017 0.9986
Reflux 0.0928 0.9303 0.006 0.9996
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Figure 7: Removal of Rhodamine B using MXene/MIL-101 nanocomposites synthesized by (a) solvothermal, and (b) reflux methods in optimal
conditions. Inset shows UV-Vis absorption spectrum of Rhodamine B by MXene/MIL-101 synthesized by solvothermal method.
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Figure 8: (a) Pseudo-first-order kinetics, and (b) pseudo-second-order kinetics of Rhodamine B removal using MXene/MIL-101 nanocomposites.
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Figure 9: Adsorption isotherm of Rhodamine B on MXene/MIL-101 nanocomposite synthesized by solvothermal method.
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Table 2: Calculated parameters of adsorption isotherm models of Rhodamine B on MXene/MIL-101 nanocomposite synthesized by solvothermal

method.
Langmuir model 0.1255 61.73 0.9956
Kr(mgg* (L mg*)*") n R
Freundlich model 8.33 2.22 0.9544
Bt Kt R?
Temkin model 6.978 12.81 0.8569
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Figure 10: Modeles of (a) Langmuir, (b) Freundlich, and (c) Temkin for Rhodamine B adsorption on MXene/MIL-101 nanocomposite synthesized

by solvothermal

method.

-V-AYY POED) Ye /55) 5098 9 pgle (yole &3 s

1A



202el99) B3 3 3,915 9 i 15laleo 9 (ARG Ty ) b MXene/MIL-101 < )940L5 936 / 3155 50 uml 0 3usuw 9 (0L )

.J.sbo‘:o
sla b 5l SO Ladls saze oolaul g ook c Ll
o u:ﬂ Lghbo.\.u'}” B> LS‘)-.’ W)Jam Lgl.:aé).;)ls 3 65\:45
Sy 90 Ly MXene/MIL-101 ¢y j5elS gl casdllas ol jo
3550 = Jsdome 5l (aimalog, B> (sl sl 5 (azgiete
by Lacilr woda gl talesl bl 5l oy (2855 )13 (o)
3l eolo Gl 03590 uT 9 Jal.al L 9 oM 6)5"(:"“’ dul).:)f
ploi 0gi BAo Lila mhaw 5l JolS jgb 4 ouids 1555,
‘_g‘)_) u.:.i:l_..n J.:.)LM 9 ) rbl;u‘ "ILM )‘)S.: Low) ) wa..)l.oﬂ
00 Jidws Camy j5elS 9l aS 0l i gt ol eolasul Judow
Bi> 005 )3 axgi JB palS g 092 ;0B Jla gl by,
O JSs) 0,25 1,8 colawl 09 g3lwibas > b s
Sl el ld 5 oleerd plSoul saiasylis g Ik o)

5L 9SSV e oo sl sl g 5l ecnl  ogdle
el oo ol Voakl, b &S el (RL) sjlulos

_ 1
1+k;Co

Ry )
5 4l ke Co (M L) 5 50 i Ky (L M) o5
gllaals p el JSCh 4 vas o lis RLSlade .l bl
Ri=+) pdb e p b <RR ) osllas (RIF)) o> «(R> )
P Y Jgaz 0 eas i3 S RL polbie a Sl an amgi Lo
Sz 69y = 2oty @i lple el ST jae o3gae
el ogllas wul 8 S
e L MXENe/MIL-101 i o, Shae (gliglio b5,
el 00 a SN Joam o (F0-F4) cod )55 slacdl>
L aslio [0 wewlood ools Lias F Jgoz ;0 a5 joblon
ol oila (L3 Slallas 4 oud wiims slasdly plo

olis 053 5l pimeleg, ) i ly s BB d ol b

5oy dolre elul g gilulos 5l Lolis ¥ Jeus

Table 3: Separation factor values based on the Langmuir equation.
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Table 4: Adsorption capacity of different adsorbents for removal of Rhodamine B dye.

Adsorption capacity (mg g?) Adsorbent type

40 82.12
41 68.49
42 32.7
43 28.36
44 16.18
45 28.81
This work 61.73

MoS,/MXene
Coumarin-modified cellulose
Raw Date Seed
Fe304/MIL-100
MOF/COF hybrid
Biopolymeric membrane

MXene/MIL-101

Y-APY PED) Ye /55) 509US 9 pgle (sole &y s



S02ol39) B3 HS 3,95 9 Hw 151Al0 9 (ADYIID Ry by MXene/MIL-101 <33 j940L5 930 / 3155 50 Muml 0 3usun 9 (LS i)

100 -

~]
7]
1

Dye removal (%)
g

[
th
1

u(b) m(a)

4 5 6

Number of runs

S y pdas (G g Jlegekes (I g, 4y 0oy MXENe/MIL-101 slacy 59,055l 51 sazee solawl obild 1) JC&
Figure 11: Reusability of MXene/MIL-101 nanocomposites synthesized by (a) solvothermal, and (b) reflux methods.
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