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A Review of Composites with two Metal-Organic Frameworks and Their Ability to
Remove Organic Pollutants (Pharmaceutical and Dye) from Wastewater
Hamid Bokaeian', Ferial Nosratinia™!, Niyaz Mohammad Mahmoodi?
1- Department of Chemical Engineering, South Tehran Branch, Islamic Azad University, P. O.
Box: 15847-43311, Tehran, Iran
2- Department of Environmental Research, Institute for Color Science and Technology, P. O.

Box: 167654-654, Tehran, Iran.

Abstract:

Water pollution is a major crisis, especially in countries with low rainfall and limited water
supply, which threatens the lives of many living organisms. Pharmaceuticals, dyes, heavy
metals, and organic toxins in industrial wastewater are among the contaminants that need to be
effectively treated and reduced. Metal-organic frameworks (MOFs) are compounds with unique
properties such as high surface area with tunable pores. The use of different MOFs as MOF-on-
MOF composites is a promising material for enhancing the activity of MOFs and removing
pollutants. In this review, first, metal-organic frameworks are investigated, then MOF-on-MOF
composites of metal-organic frameworks with different ratios are studied and used for the
removal of pollutants from water. Various analyses such as XRD, FT-IR, SEM, TGA, Raman
spectroscopy and EDX have been investigated to study the structure and properties of the
synthetic materials. The adsorption and photocatalytic capabilities of the metal-organic
framework (MOF-on-MOF) composites are evaluated through pollutant removal experiments
under controlled conditions. Various parameters such as the amount of composite, contaminant
concentration and solution pH are studied. The kinetics and isotherm of pollutant removal are
investigated.

Keywords: Two MOFs Composite, MOF-on-MOF, Synthesis and characterization, Pollutant
removal ability, Wastewater, Pharmaceutical and dye
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Fig. 1. Water scarcity recorded for the world between 1996 and 2005 (1).
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Fig. 2. The removal of Tetracycline (TCN) by magnetic graphene oxide/ZnO nanocomposites (MZ) (3).
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Fig. 3. The removal of Tetracycline by ZIF-67@WA (wood aerogel) (5).

oslazu! g_;?'L“‘"; é’l-‘-*o 90 00 S S yeb 4 ‘}i;) E9 9 yw A PVIN ‘g_;.{l-w-’-v-’.. o 6)‘*’%.17} Jdo 4 L""}i;)
G yae aile 9l Ot el adss g Wigd o (Sogll el adss 5l e LIS, (b 0l b g o



@é@ﬁéﬁjg

(s Ik aile (6,550 0gally Ol ylas ey Wilgh co ads (1l 098 oo g0 g el sldall g (o JLal (65 )
Play o 4 o] audss 5l L8 wb 5 a8 e ol 1) (G505 OV game bawgi (lb s () o
4 aS ol Wishe byl e sBl s aKh 4 adss 3l LS WaliSi; ao e VY L alawbie wish dha
2581y S5k ol GlaliXS ) Ll aible oo palie g jlul o B pl 0 093 el> sl Sy JJo
2l 50 polie d3e pus I35, 51 (6 )loms (V-1Y) 098 (slad o ool g o) o051 domila 59 ceilo o
5 S Golul do 4 oS o wagy Sad 4 1) Glsl Cedl 5 gl &S wiis Syl g o B
Olplo s polie b GlalanST g Lo )S 5 lagi o 25 ply 50 LSS I (g5l Vb leonds

OVF-Y ) oS o o looladl 358 ool Gl 51 135, A

Wastewater treatment plant

1 J
I
Untreated

Oor

Direct black 22 partially Acid blue 9
= . Acid Red 2 el Acid Red 2 Food industries
Pharmaceutical industries ¥ " o
Disperse Yellow 7 affiumrit Solvent yellow 32
Methyl Red f ‘\m
sperse Yellow 7

Trypan Blue

Disperse red 60 / ’ ' \ \ Acid Orange IV

Congo red Mordantrad 11 Acid Yellow 36 asic Yellow 2
Reactive bls\ § Kl

Methylene Blue
jmlh.m'i"tg Leather industries

-'.\":‘\’ I

Disperse Red 9 \ Ly Hair dye
'on, / Indigo dye
Human heath and
e \/ Blue dye
Indigo /\
®

” Household
Paints and varnishing industries

Textile industries

() Gy lazee 10 1SS SLastl glo s 5 ole B S
Fig. 4. Sources and pathways of dyes in the environment (6).
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-on-MOF: Synthetic strategies, structures and applications (43).
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Fig. 9. Synthesis strategies of MOF-on-MOF: epitaxial growth (a), surfactant assistant growth (b), heteroepitaxial growth (c),
ligand (I)/metal ion (II) exchange (d) and nucleation kinetic guided growth (e) (43).
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Fig//10. Method of composite materials synthesis (39).
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Fig. 11. Synthesized materials FTIR spectrum MIL88B, MIL88A-on-MIL88B-70 (1:1), MIL88A-on-MIL88B-70 (1:2), (¢)
MIL88A-on-MIL88B-70 (2:1), and MIL88A (39)
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Fig. 12. Raman spectra MIL88A (a), MIL88B (b), MIL88A-on-MIL88B-70 (2:1) (c), MIL88A-on-MIL88B-70 (1:1), (d)
MIL88A-on-MIL88B-70 (1:2) (e), and comparison of materials (f) (39).
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Table 1. ID / IG intensity of the synthesized material and their comparison (39)
MILSSA MILSSB MILS88A-on-MIL88B MILS88A-on-MILS88B MILS88A-on-MILS88B

—70(1:2) —70(1:1) —70(2:1)

0.877 0.900 0.878 0.877 0.876
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Fig. 5. Comparing wide-angle XRD patterns of MIL8SA (a), MIL88A-on-MIL88B-70 (1:2) (b), MIL88A-on-MIL88B-70
(1:1) (c), MIL88A-on-MIL88B-70 (2:1) (d), and MIL8SB (e) (39).
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Table 2. BET analysis data for synthesized pristine nanomaterial and their hybrids (39)

Adsorbent type
MIL88A
MIL88B
MIL88A-on-MIL88B (1:1)
MIL88A-on-MIL88B (1:2)
MIL88A-on-MIL88B (2:1)

BET [m#/g]
85.06
141.09
26.73
27.59
46.01

Vn [em¥/g]
0.40
0.47
0.198

0.1878
0.1547

Paiam [NM]
5.95
4.20
12.95
12.64
8.67
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Fig. 24. Comparing various scavengers influence on the degradation of Tetracycline upon the MIL88A-on-MIL88B hybrid
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Fig. 25. Photocatalytic degradation kinetic of Tetracycline MIL88A-on-MIL88B-70 (1:1): (a) Zero-order, (b) first-order, and
(c) second-order, (MIL88A) (d) Zero-order, (e) first-order, and (f) second-order), andMIL88B: (g) Zero-order, (h) first-order,
and (i) second-order) (39)
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Table 3. Kinetic constants of Tetracycline degradation by the synthesized photocatalysts (39).

Zero-order First-order Second-order
Catalyst Dose (mg) C-GC=-kt ln(C/Co) =-kt 1/C-1/Cy=k: t
Ko R? ki R? k. R?
0 0.115 0.807 8E-04 0.807 6E-06 0.807
MIL88A-on-
MILSSB 1 1.000 0.906 0.010 0.962 0.0001 0.944
1.5 1.218 0.940 0.014 0.942 0.0002 0.833
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Zero-order First-order Second-order
Catalyst Dose (mg) C-GC=-kt In(C/C)= —ki t 1/C-1/Ci=k: t
ko R ki R’ k. R
2 1.368 0.934 0.018 0.920 0.0003 0.782
2.5 1.415 0.933 0.021 0.893 0.0004 0.742
0 0.115 0.807 8E-04 0.807 6E-06 0.807
1 0.673 0.916 0.006 0.889 3E-05 0.853
MILSSA 1.5 0.798 0.900 0.007 0.882 4E-05 0.856
2 0.906 0918 0.009 0.886 5E-05 0.848
2.5 1.081 0.912 0.010 0.886 5E-05 0.840
0 0.115 0.807 8E-04 0.807 6E-06 0.807
1 0.544 0.901 0.004 0.879 2E-05 0.851
MILS88B 1.5 0.734 0.900 0.007 0.868 3E-05 0.825
2 0.802 0.903 0.007 0.878 4E-05 0.844
2.5 0.922 0.900 0.009 0.873 5E-05 0.832
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Fig. 26. The anions effect on the photocatalytic degradation of tetracycline by MIL88A-on-MIL88B (39)
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Fig. 20. The TGA curves for synthesized photocatalyst MIL88A-ON-MIL88B-70 (1:1) before-and after photocatalysis
process (39)
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Fig. 29. Comparison of pollutant removal by adsorption (7 mg of adsorbents, 20 mg/L Tetracycline solution with natural pH)

(39).
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Fig. 30. The effect of MOFs mass ratio at MIL88A-on-MIL88B hybrid on equilibrium adsorption capacity (qe) (39)
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Fig. 31. Influence of the adsorbents dose on equilibrium adsorption capacity (qe), (a) MIL88A-on-MIL88B -70(1:1), (b)
MILS88A, (c), MIL88B (39).
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Fig. 32. (a) The effect of initial pH values of pollutant solution on the equilibrium adsorption capacity of pristine MOFs and
.(39) MIL88A-on-MIL88B over time for 7 mg of different adsorbents in 100 mL
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Fig. 33. Tetracycline functional groups and their various pKa values (39).
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Fig. 34. Initial Tetracycline concentration effect on removal percentage (R%) and adsorption capacity(q(mg/g)) MIL88A-on-
MIL88B-70 (1:1) (a), MIL8SA (b), and MIL88B (c) (39).
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Table 4. The obtained isotherm constants of the Tetracycline removal by the synthesized adsorbents (39).

Adsorbents
Isotherm Parameter

MIL88A-on-MIL88B MILSSA MILSSB

q. (mg/g) 500 385 167

Langmuir C./q. = 1/K; q. + C/q: K, (L/mg) 0.240 0.697 1.301

R 0.996 0.989 0.901

Kr (mg/g).(L/mg)'™) 163 56 79
Freundlich Log q. = log K+ 1/n log C. n 2.900 2.000 3.540
R2 0.871 0.946 0.441
K«(L/mg) 2.080 2.420 2.260

Tempkin qe =B, In k; + B, In C, B.(J/mol) 126 127 51

R? 0.918 0.982 0.365
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Table 5. The obtained kinetic constants of the Tetracycline removal by synthesized adsorbents (39).

PFO PSO
Adsorbent Concenzll;?;i/ir; (qe)(m/: log (q“-q'()kj;?:;gm)q;; t/qt=1/k.*qe* + t/qe qt=kp *t**+1
(qe)ca k. R* (qe)ca k.

20 231 20 182.78 0.989 232 0.003773 1.000 2 209 0.977
MILB8A- 40 427 234 135 0.990 476 0.000236 1.000 26 195 0.906
MILg(;IE 60 515 47 268 0.868 526 0.001289 0.999 6 456 0.918
80 531 435 126 0.981 625 9.38E-05 0.997 46 119 0.907
20 157 78 174 0.984 145 0.000589 0.999 8 52 0.997
40 287 236 122 0.993 294 0.000137 0.999 22 26 0.976

MIL8SA
60 337 398 98 0.976 400 8.25E-05 0.997 31 15 0.971
80 387 192 178 0.982 294 7.71E-05 0.977 22 8 0.969
20 132 78 174 0.984 145 0.000589 0.995 & 52 0.997
40 228 236 122 0.993 294 0.000137 0.999 23 26 0.976

MIL8SB

60 290 398 98 0976 400 8.25E-05 0.997 32 15 0.971
80 201 192 178 0982 294 7.71E-05 0977 22 8 0.969
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Fig. 35. The proposed mechanisms of Tetracycline adsorption by MIL88A-on-MIL88B (39).
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Fig. 36. Reusability of MIL88A-on-MI88B hybrid after 3 cycles of pollutant adsorption (39)
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Fig. 37. Removal of different dyes by the synthesized MIL88A-on-MIL88B-70(1:1) (39).
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Table 6. Contaminant degradation ability of different photocatalyst composites (MB:
Methylene Blue and RhB: Rhodamine B)
Dye

. . . Catalyst . Dye removal
Materials Contaminants concentration Time o
- dosage (mg/L) (%)
NHI\_/IFIiJOO <00
. Rhodamine B 20 mg/L 40 mL, 40 mg 90 min 50 % (129)
Ti-MOF 9 9
NH-Ni-MOF °
CdS/Cd- 100 mL, . 0
MOF Methylene Blue 10 mg 20 m/L, 100 min 91.9 % (130)
UiO- . 100 mL, . o
66/La-MOF Rhodamine B 10 mg 20 mg/L, 300 min 92.01 % (131)
Cu3(BTC), Rhodamine B 500 mg/L 10 mg/L 60 min 99 % (132)
ZIF- . o
8/MIL-100(Fe) Methylene Blue 20 mg/L 100 mL, 7mg | 120 min 86% (133)

oo ¥ dd> ;0 MOF-0n-MOF o 50.alS i i Ul Y Jgax

Table 7. Several MOF-on-MOF composites adsorption ability in pollutant removal

Adsorbent Pollution Adsorption isotherme  Adsorption kinetic
MILS8SB/NH:-MILS88B 23 Anthracene Langmuir Pseudo-2-order (144)
Methylene : Pseudo-1-order
UiO0-66/MIL101(Fe) 448.71 Langmuir (145)
Blue Pseudo-2-order
Methylene )
Z1F-8/ UiO-66-NH2 173. - Langmuir Pseudo-2-order (146)
ue
MILS88B@MILSSA 485.7 Tetracycline Langmuir Pseudo-2-order (39)
Reactive Red
CMC/MIL100(Fe)/MIL8S8A(Al) 738.5 108 Langmuir Pseudo-2-order (55)
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