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ABSTRACT

This study presents the green synthesis of the metal-organic framework/graphene
quantum dot composite GQD/MIL101 using a simple method with water solvent.
Composites were synthesized in different molar ratios of graphene quantum dots to
MIL101, labeled as GQD/MIL101-5, GQD/MIL101-10, and GQD/MIL101-15, and
assessed for photocatalytic activity. For the most effective composite (GQD/MIL101-
15), key parameters such as pollutant concentration, initial pH of the solution, and
photocatalyst dosage were optimized. The photocatalytic activity was assessed through
the Photo-Fenton reaction using malachite green as the target pollutant, achieving an
impressive degradation rate of approximately 99%. Scavenging experiments identified
hydroxyl radicals as the most active and effective species participating. After six
operational cycles, the photocatalyst showed remarkable recovery and stability, which
emphasizes its potential for practical applications in wastewater treatment.
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Figure 1: Chemical structure of malachite green dye.
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Table 1: Information of the used materials.

Sodium Acetate CH;COONa

CgH4(CO,H),

Iron(111) nitrate nonahydrate Fe(NOs)s:9 H,O
Citric acid CsHsO7

Sodium hydroxide NaOH

Terephthalic acid

82.03 99 > Sigma-Aldrich
166.13 99> Sigma-Aldrich
404 98> Merck
192.13 99> Merck
39.99 99> Merck
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Figure 5: Scanning electron microscope images of synthesized materials a) MIL101, b) GQDMIL101-5, c) GQDMIL101-10, and d) GQDMIL101-15.
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Figure 7: Performance comparison of GQD/MIL101 composite with different graphene quantum dot contents (5, 10, and 15%) at concentrations of
20 mg/L, 10 mg catalyst in 100 mL of pollutant solution, under visible light irradiation at pH=3 and with 2 pL H,0,.
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Figure 8: Investigation of the effect of pH change on the degradation process of malachite green by pure MIL101 and GQD/MIL101 binary
composite.
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Figure 9: Comparison of the performance of the GQD/MIL101 binary composite (a), and MIL101 (b) at different pollutant concentrations, 15 mg
catalyst in 100 mL pollutant solution under visible light irradiation, pH=3, and 2 pL H,0.
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Figure 10: Comparison of the performance of different amounts of GQD/MIL101 binary composite, in 100 mL of 20 mg/L malachite green solution,
under visible light irradiation, pH=3 and 2 pL H,0,.
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Table 2: Kinetic data of GQD/MIL101 binary composite and pure MIL101.

Pollutant |  Dose (mg) Ln (C/Co) =kit (1/C) — (1/Co) =kt
5

Photocatalyst

0.046 0.949 0.003 0.935 0.0002 0.905
10 0.080 0.907 0.008 0.801 0.0012 0.596
GQD/MIL101-15 MG
15 0.095 0.902 0.016 0.688 0.0192 0.307
20 0.0686 0.925 0.807 0.807 0.0006 0.610
5 0.035 0.937 0.002 0.891 0.0001 0.825
10 0.043 0.934 0.003 0.856 0.0002 0.756
MIL101 MG
15 0.056 0.935 0.004 0.867 0.0003 0.778
20 0.062 0.922 0.005 0.845 0.0004 0.741
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Figure 11: Kinetics of GQD/MIL101(a) Zero-order kinetics, (b) First-order kinetics, and (c) Second-order kinetics.
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Figure 12: Kinetics of MIL101(a) Zero-order kinetics, (b) First-order kinetics, and (c) Second-order Kinetics.
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Figure 13: Recycling of GQD/MIL101 composite 15 mg catalyst, 100 ml of 20 mg/L malachite green, at pH=3, with 2uL H,0O,.

11-Y-9 F(1E-€) 10 /) s ) eolalliae (sole g yuini



v 9 )35 (S22 GQD/MIL 101 <3 3940l 950 (5 3uBLS 9398 (IHI (w33 / (Al 105 03518 9 (omas) o)l

033l .l oo LIVE IS 0 dbgs o yge3] guls o adlol S
S bl 55 B oS IS Jegg ol e 0¥ 55
215 556 et COH) laJiSosl, oS ols zedgs lgies dly o
2 e Jlisl g5l Las (FYFF) wijls ooV a2 oy,
3P AD-FO) wiads i (ool Dl 5l oads w311V D S
Ajl)‘ Y J5A> 5 é:l.».n )90 el 00 oolazwl lmoo.uﬂ B> 6‘)) LQ)T
S Ghls 58 (ieet cnl 5o ead i Slge ol Lt gl wl ool

Sges oolitul oo VT (65615 5558 Bi> (sl I3 so 9 el (0L

Jlab laaisF sl pls 4y LhslosT —F-Y
5 85 b S g 995 e sl Jlb (slowisS 1 s3b 5358 sl o
Geets solite 4 9ils sgs |y 5B s cdyny Ll
CogelS Lawgi s CoSVLe 5 50 oad adgs Jlb slaaisS 15U
h* 507 JOH laaies isluil pls &y (gaios ol 5o MIL101/GQD
ool 60 sl g S poSial sl = J1 IS g 93] bawgs s iy
JRAWETS RENC T HOCK S U ISR PC JENE | o=
59 25 P PHT L e ae Ve s SaS VL 0a VT Jolone 4

100.0 1~
80.0 17
60.0 1

R% S
40.0 1

200 ¥~

0.0

IPA EDTA

Without Scavenger  AA

o SVl (656 5598 g 5 STy po Jled a5sS pens (gl IS ces NP JSSS
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Table 3: Comparison of MIL101 and its composites in the photocatalytic process of pollutant damage.

M-MIL-101(Fe) Methylene blue

MIL-101(Cr) Methylene blue

MIL-101(Cr) Remazol Black B Dye

a-DMACOPC/TiO,/MIL-101 (Fe) Rhodamine B

g-C3N4/NH2-MIL-101(Fe) Acetaminophen

GQD/MIL101(Fe) Malachite green
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