)

Ministry of Science, Research and Technology
Institute for Color
Science & Technology

Journal of Studies on Color World, 14, 2(2024), 87-101

// y :
rr.-* 1 P I:-"IF' :-‘i'-"
— L k-2 (!
Available online @ www.jscw.icrc.ac.ir -

of Sopdies in Color Waorld

Article type: Review article e
Open access

Smart Nanocomposites of Metal-organic Framework (MOF) and Their
Applications in Removing Dye and Environmental Pollutants

Mehrnaz Gharagozlou™, Ali Mohammadsadegh?
1- Department of Nanomaterials and Nanocoatings, Institute for Color Science and Technology, P. O. Box: 16765-654, Tehran, Iran.
2- Mechanically Assisted Corrosion Lab. , School of Metallurgy and Materials Engineering, College Engineering, University of

Tehran, P. O. Box: 11155 -4563, Tehran, Iran.

ARTICLE INFO

Article history:

Received: 17- 07- 2023
Accepted: 02- 10-2023
Available online: 21-05-2024
Print ISSN: 2251-7278

Online ISSN: 2383-2223

DOI: 10.30509/JSCW.2023.81974

ABSTRACT

Keywords:

Smart metal-organic framework
Light-responsive nanocomposites
Heat-responsive nanocomposites
Magnetic-responsive nanocomposites
Removal of dye and environmental
pollutants

Smart nanocomposites of
metal-organic framework

Close
(Store)

Environmental-related issues such as global warming, water pollution, and waste
production are becoming increasingly urgent and endangering human lives.
Developing new functional materials to deal with such environmental hazards is still
an ongoing process. Metal-organic framework nanostructures, MOFs, are highly
porous materials with generally high adsorption capacity for environmental
pollutants. Incorporating stimuli-responsive moieties in their structures gives them
more easily recovered and recyclable properties. Some researchers have successfully
incorporated photoactive species into the structures of MOFs, forming light-
responsive nanocomposites. Also, in smart heat-responsive nanocomposites, the
presence of thermo-responsive polymeric units in the structure of an MOF gives it
physicochemical properties that are sensitive to temperature changes. Recycling and
separation of MOF nanocomposites can be facilitated by the incorporation of
magnetic nanoparticles into their structures. This review investigates the applications
of smart nanocomposites responsive to heat, light, and magnetism to remove dye and
environmental pollutants. Also, this article discusses the challenges related to using
smart nanocomposites as new compounds in environmental applications and their
future prospects.
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Table 1: Application of stimuli-responsive MOF composites during environmental remediation

Analyte Class of analyte Stimuli-responsive MOFs Performance parameters

Gas

Antibiotic

Dye

Monovalent metal
ions

Heavy metal ions

Gases

Phytochemicals

Dye

Antibiotic

Antibiotic

Heavy metal

Antibiotics

Dye

Antibiotic

Antibiotic

Gas

Water
samples

Wastewater

Water
samples

Wastewater

Air

Water

Wastewater

Water

Water
samples

Wastewater

Water

Wastewater

Water

Water

Light-responsive hierarchical
metal organic frameworks
constructed mixed matrix

membranes

pH/thermo dual-responsive
microporous polymeric
microspheres

Microporous photoresponsive
azobenzene dicarboxylate
MOFs of AI** (Al-AZB) and
Zr** (Zr-AZB)
Crosslinked
poly(Nisopropylacrylamide-
coacryloylamidobenzo-18-
crown-6) functionalized
MOF-808
Visible- light responsive
PPynt@NH2- MIL-125
nanocomposite
UiO-66 frameworks with
azobenzene functionalities
Thermo-responsive polymer
PNIPAM tethered to Fe;04
@SiO, @MOF coreshell
magnetic microspheres
Thermoresponsive ZIF-8
@PNIPAmM-coMAA microgel
composites
Temperature-responsive
polymertethered Zr-porphyrin
MOFs encapsulated carbon
dot nanohybrids

pH/thermo dual-responsive
microporous polymeric
microspheres

magnetic zeolitic imidazolate
frameworks (ZIF-8)

Core-shell titanium-based
MOF functionalized magnetic
microsphere
Zolitic imidazolate
framework cobaltderived
ZIF-67
UiO-66-NH2/AgsPO, MOF-
nanoparticle composites
MOFs composites based on
TiO, and MIL-53(Fe)
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Light

pH and
temperatur
e

Light

Temperatur
e

Light
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Temperatur
@

Temperatur
e

Temperatur
e

pH and
temperatur
e

Magnetic
field

Magnetic
field

Light

Light

Light

CO2(SO,)/N, selectivity of
78(420)

High recovery values (93.1-
97.2%), a high enrichment
factor (180), and good
precision (RSD < 8%, n = 6)
The maximum adsorption
capacity of AlI-AZB and Zr-
AZB was 456.6 mg g— 1 and
128.9 mg g !, respectively

High adsorption capacity of
1.04 mmol g~ * and excellent
selectivity up to 29.4 for
Na*/Li* and 34.4 for K*/ Li*

99.02% Cr(VI) reduction
High selectivity

High recoveries (78.7—
104.3%) of alkylphenols

High extraction efficiency

Removal efficiency for
tetracycline was 90.93% in
just 20 min

High recovery values (93.1-
97.2%), a high enrichment
factor (180), and good
precision (RSD < 8%, n = 6)
Adsorption capacity was
30.87 and 17.51 mg g *, for
As(111) and As(V),
respectively
Extraction recoveries in the
range of 83.8-109.4% with
the RSDs lower than 8.9%

more than 88% of MO is
degraded within 1 h

Adsorption capacity of 200
mgg
Adsorption capacity of
287.18 mgg*

(46)

(46)

(47)

(48)

(49)

(50)
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(43)

(52)

(83)

(54)

(85)

(42)

(56)

Ly b iaSen 5l ol glgil Sy 4y 685l sWMOF
(59,00 sdign Joli a5 s o JSis laire Yo
™ ,»&L.oS géf.?tl.wb).‘l&” le.m puS o2 p JT-TC LSL‘b yuiS N3

ool SOl GloiiSen 5 5

s MOF 3l oolaiwls jg0 4o (5oL slo o) ! sl Lo jo

JUse Glge an couloas )35 cunjlacw asal b o

AV Y (16Y)NE /S5 slsd o enlaloe (sele &y yuins



o 9 MOF (JT-(6508 92 )ly oo sLacss jgaels9ili / 33Lo Swe e 9 50595153 JU meo

MOF (sLacy pnolS5b s 1o Ygams o > a4 55l
e Jodoee los slayord 4o Glasoo 1) Wgd oo (ugee
Gouai b (UCST) 'YL Sl Jsle sles § (LCST) ' by
Silwloz ol js as el Sles (CST) JSlyw Jslxe sloos oS
led ;0 5 aiiid Cuwgd Ol LCST g4 slo pouly .odl o 3last 516
sles jo aS Jls o aiies zliel LB O L og5 LCST 5l S
Lo oy o0 (sgm 31 (0) siwa 3,50l 043 LCST 51 5YL
25 6l 10 g Cuwgass] 543 UCST 5l 5VL slales jo UCST ¢4
(FY) st 3 ST 955 UCST

Sl ssell gl L ol 5 &)l 4y sl slo oy
51555, lgo sloosu¥T Bi> (gly cpubime 51 S Jawgs MOF
g S5 (Jlimylamedy () Jguz) el 0als ool  Jasxecians
N-isopropylacrylamide-co-) Jolie (glaSas L 5l (FA) il Ko
MOF-808 (pNCE/ s —le (acryloylamidobenzo-18-crown-6
L 4 Lo ysilS gl sl Gl Sy lie 4 MOF-808)
i () S8) 3,5 sl l 1555 slye (slaoanYT Gl 5 K5,
benzo-18-crown-6 .Sl oS g Les uiSly b w3l> 4y PNIPAM
PNCE/MOF-808 il .o,5 lacl JguslS o539 Jlasl oo b 1, 1
Sl 5 ot oS Sl o3l Bl A1 s & Wigs e ez 5
wd> 1, K* g Na" cation-benzo-18-crown-6 4_cgaze (5,losk
5,108 8L base sles jo |, LiT 5 aS

! Lower critical solution temperature
2 Upper critical solution temperature

pNCEMOF-808-M+ ' @ Lt P na*

Elevated ’
temperature

Thermal desorption

{ #~~ pNIPAM chain —~

e 1555 Slgs 5 S jlarme aial adoz 5| MOF- 3l
LocS e 4 o5 3aly GLMOF 5,5 b gy cnl yitin 3503
s SVl S o oy 098] o jlaes s (1,0 1,
aaai jo 1) aiedgr o MOF 5,15 a5 o jls 0429 milie )0 oS
sl 00,5 oy 0 1355, 0ls o glmonn VT i g oy ame
&ly Siaign sle MOF 5 oslicsl )5 3slS L allie (ol ooyl il
B cpl o)ls wad ¢ 1555, olge sldosn¥T Bi> g OO avhas

4 955wl MOF slac jormalsgil o )5 Y
Syl drhiai 51y S 20

by ouebline (2Sly 5 595 oo & g5y wiadign SLMOF
S8 sl uls g0 Cnyj b e aial sl e I 6k
FSly aiedign SMOF 05" LolS jobay id ool wilesd S
4y $Sly GLaMOF 5 55 oy S ly SLaMOF (5,1 >
e 5 1555, Slyo glooan¥T Bio (gl 1 publise
S (g0 (g2

553157 555l MOF (5l psalS 5 11
S5 L Oy s Sl die s MOF (slajslSsil
DY) wigt o 4l o] s Lo jo &> 4 sSusly (gl pasly
Sed (Plo 45 Wsh e Sl 95l Sl peclyge 5 S92y (OF
9 QMJ)-*-AS 6‘054.w - MOF Lng.A_»”«olSyb ‘saLa..o__w 9

/i\'®
Sage
7.2

)
o

Y
Selective adsorption /
\——-/ s ~
Ambient
temperature

“ AmB18C6

K* H:O0 . pNCE/MOF-808

(FA) 058 0 &)l pdycais ,, PNCE/MOF-808 ;o a8s cely Los g (2:8,bSS (5508 sloye bl i) JSC&
Figure 1: Selective adsorption of monovalent metal ions and temperature-triggered desorption in thermally reversible pPNCE/MOF-808 (48)

AV Y (6 P)NE /S5) Gss ) lsdlos (sele dy pulns



w9 MOF JT-(6518 g )l Sioubigd (Sl h920l9ili /30 Swxo e 9 9395153 U po

wblic 5 ael )5 slacidl> arws glp byl 5l g 00,5 solatul s
aSles ;5 soliiwl  amecun o 155, dlge slross¥T i sl p
(O Jgoz)

Ly 535 4t 555ty SMOF cilisin gl 5| (s o 9551
e s o 1y Ll lg oo (S 55 a0 ilonnds s Codbge
olate J5Sn 51 sl Js 155 4 5550l MOF 5.8 szt
bl 055 555 (6555wly ool Ll (gl y55 4§l
ot a8l) 2l Sed 5 " b Lawgs WMOF (il (sl Jlo S oo
Gy 0,5 eslil COp Lazl Sy o6 (slys Syo 55 51 45 ol
Dm0 Gl y9 4 &S pgms o g pg3 s SLMOF (Jgl Jus
09 A 55l Cools Ll gl 5 4 5l slasig
J21s dn o 4 o5 wly Caad (pg0 s j0 aiiS oe ool
MOF ¢l Gy, no sLadisod 5l S ol 035 (3,0 MOF Jili
$Soly V35395 MOF-57 o, i L (23l Kon 5 55 s
Js e 559 4 5550l MOF 5l oolicial Cins alaii s &3l 5 45
Ly olae slosSpe brugs Lo 38lin o ol ool o0 s 5
oolitul Gl lsie 4 a5 olKin ol o JUdl b id Lo
S 3 s il | Lo S esill 5 < ol oyt
S5 ezl Olime g 4 sl Wsn e Jud p0 &S
4y ¢85l MOF i oolaul ISaT 2y e G aiS o Jos MOF
O 38l 53 (J5SUse 4555 18 75 s )0 9975 g s 58
Sl lame 4y oolaiwl 51wy MOF d8lis oS 098 (o0 el ()
(F)) il oy 5o Sals

bl (gl QUi 5l (o5 by 95 4 S5l lalas
So o(FF) Lo g s ol 00 ooliiusl oy jdasmes

ot 3 535 4 555l MOF S, 51 Stk bgloa iy sl
3leslaiwl L jes 4y 55wl MOF .5, 5™ s Matrimid 5218
gy o e 4 oS5 wly wisw (lgic 4y azobenzenedicarboxylic
195 4 K5y MOF 1y it el LT s i g5 S
(Y gJS_w) A_ié; oolaiul (N2 9 SOZ ‘COZ) La)lf 6)Lw‘d.> Lgl).v
ojlasl S 31l oYL L..M.q CO; (SOy)/N; (5,5 o iS lylo
af.oyl_: R AR 160 o)l..\._J L By Y 9.<.>v.wLa MOF P (e slie
& i Jmlos =N=N 09,5 a5 Jl> 0 ols iulidl 1) 6,8 uiy 5
s slie gla LS ol L Ny slea CO; slo JoSdge 4
25 4 gl ol JLle o g5l sle o gz g s 4y bl

adsle slas |y

2 Yanai
% Zhou
4 Xin

3l eS oo a8 () Jds & PNIPAM (gleo pons ) clasra sloo o
ooise LSis s a5 aiis Cevga] g lay LCST
slo izl ol JsSge 5 aal (sloog, S (558 (359,002
-5 s reek 4D a5 998 oo aely ol (nl aiidls o9 o e
4o cation-henzo-18-Crown-6 4 cgeswe 45 39 o Cucly 5 350
2SS et 1) iz Azl ys 9 0,5 )18 (3 slayg oo
=lp 9 el o 5 il az 0 FO 5 5L slales  Jilie
g ol s Lagl sgioe tely g ond (5 0eky sloo o
Aoe S0 g oddods gla e Ko sy cel oS W K I8
g g0 @30 Suliél cely

bwg (il 5 Sy la ey s MOF (slac ;505 5l
‘é_]amw) 9 l)ia) Q‘}A Lngo..\.uy" Bi> 6‘)" uLa.am )l L5’>].\
JiarSee S5 3l el Son 5 55,501 ¢ Jlioloeas asloas oolial
i 6l &> 4 $$5ul PNIPAM ol 5 5 ZIF-8 MOF
Sl Se LT ain 8 ool oLl 51 T hete 61555, oole
3,8 S 5 59,5 e Job 50 pegise S e 4] ol
Sloml Sl sl SGh ST 5l sl SelenS5 57 Sl iz jpa>
MOF (slojlas jion cdale oo 55k 5l ogame Kool sloaius
Bl (S5 SIS S enelBl 058 o0 CujelS gl 5o
50 MOF 51U Uslss 3 PNIPAM 5l 5> (5555ely cools
ORI PS SN EY ORI RUN GIPSRCIRIC I SRR RPN FESN
S Smle o aS a5l s 4 (Vb (6 pdy S
S5 obealats 38l 335 5 MOF s its J53,50 Joibicts
bl e b (o ol 1) J5osSen onl p ogdle 05 )]
Syl (Sl 855l sLaMOF Lulje 557 (2t Les
b Sl Gezmen il O S @ 5 iz Cep 5 Vb Dl
Syl a5l s 4 ples Loyl solitul Cosgame 4 ]
(YA) 0,5 o,Lal

619 §95Fl MOF gy jorols ils -Y-¥
2 A5 wies )5 Jub slaaisS shls 5 e S5l sWLMOF
GLIs 55 b layl 5,95 0 (FF FA £ ) wiloads s 095 ,lisLu
9 Soid elys 0 (Sl obnl el caslio Sal 5 zse sk
Sgdon shrmeen; 5 355, Slse slooa ¥ i bl (pleort
4 Syl slaaily jl ey il el Jols Ol s nl (FY)
Ol iz 9 ol 5 4 e Sl A )ked 9 (UL slanily
(Y00 08) el L] loonds oS 5 Ly il o Jlss o
4 555l GLMOF (5,55 0aslall WY g2 (nl 5l liore 5l (& 52

! Allegretto

AV Y (6P NE /S5) Gss ) wlsdUos (sele dy pulns

ar



qy

o 9 MOF (JT-(6508 92 )ly oo sLacss jgaels9ili / 33Lo Swe e 9 50595153 JU meo

\
Vis ¢y |J\/
<o
so.t;.‘r ::‘.. : ;0: ‘.‘ .. (/’j;\‘l Large pore
N, SO, \ '*/ Trans (Vis)
PathA i Pl Path B§ 2
** i Pl Pa / o
‘* * ...* * * Smart
MOFs ¥ MMM 3 && Small pore
. ¥ i
. so‘:o ‘;‘o‘ta‘ ‘.‘t ot“.::‘ ‘\ ; ot

(F9) ailarslos w5 515 g5lulaz gl 1) balse jiny slalic wiedsn j55 4 oSl (ile aladus 658 T Glocsg> > ¥ JSCi
Figure 2: Smart light-responsive hierarchical metal organic frameworks constructed mixed matrix membranes for efficient gas separation. (46).
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Figure 3: The schematic diagram of the synthesis of UiO-66-NH2/Ag3P0O4 MOF NP composites and their adsorption-desorption mechanism. (42).
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Figure 4: Trans-to-cis isomerization of the ligand of PCN-123 (PCN represents porous coordination networks) induced by UV irradiation and the cis-to-trans
isomerization induced by heat treatment. Schematic illustration showing the suggested CO, uptake in MOF-5, PCN-123 trans, and PCN-123 cis (63).
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Figure 6: Synthesis of Fe;0,-ZrMOF@GSH and its application during adsorption of heavy metals from colored water samples (67).

o 0,8 o Fes04-ZIMOF@GSH i i JSis

AV Y (6P NE /S5) Gss ) wlsdUos (sele dy pulns

1



¥y

.. 9 MOF JT-

SHI 92l diasigd S )910lT9il / B30 Jexe e 9 90595118 SU jie

_ < P > C"Z\
- 4 < « r S
FeCly 61,0 Solvothermal ‘t \-‘ : < @
trisodium citrate method s
S‘mlium acetate Solvothermal
\I'.th_vlcnc glycol ; method =
=&
Fe,0,-COOH MUIO-66.NH,
- PPCPs
Supernatant Isolation Adsorption solutions
’ Quantitative i o & bl e
_ determination 3; =3 Sy 24
UV-Vis spectroscopy < &
analysis
Dvulp!iun
- S 154

Isolation

I Magnet

& % \"\r;:f‘_ .
& 4 - Y&l ;:3 Ofloxacin
@ x

5 &AL

(FF) bl s sl PPCP o bl o )15 s DES-MUIO-66-NH, (slacdly cole ¥ S
Figure 7: Fabrication of DES-MUiO-66-NH, adsorbents and their application in selective adsorption PPCPs (44).

RS LQJ)_ZA 4 Biz_wl.s RUONERTY sWLMOF )| oslazul
olyon 6ol sla il b oo 5 155, olge slaoany¥]
4 oS wly wiedige GLaMOF 5l 5 5 ¢ Jliolsmcay .ol
elhon s byl o 0l el g o Of 5o LS W8 S e
WSS Jes |y o e 50 oan VT jga> awgs sddoloul o
S y5-bas MOFs jo T slaosisn g &lids s &Ylaily Jad
LS e 4y o5 wly GLaMOF 5l (5 5 s )0 ol Gns
a1y oo ol wugh, (oyme ;0 (235 )18 plSia Wil oo
GialS & e a5 958 0 Lol Lle (3l 8 el cnl 5w
I, MOF S5 (5,laml 0si oo oyl Gdz cd b o 55 LB
5 YL GgawlancnST lacdlo b 6508 55T, 5l oolainl b o)lg5 o0
4 ool Sladss gla oM (ol plo sl 2ol38l o] csle J}!o
el L ol ds sleol 5o,b 5l 5ilanl sMOF axwgs coan
ool 2508 Glls g colos o] Jsle jo 5YL gewlogns]
oolawl Jols el oS oo 4y oSl SLMOF el a5 ol
sleslaiul Jolss GlBgl o8 a5 ol oaomy Loias slo g,
&l )l gl Sloduzr slaayg; Geiz w3 Jl sl D
|}i1) $|9.4 ‘_gL(bo&J,{YT Bi> ‘_g\).; LS ore 4 o..\.:.m.)éul.é sMOF
Sy slaauie 4 jomie el (ol 1 gl oe anecony
SLaMOF 3w Job j0 JT sla Ml ooliiwl 0gd o 5YL
Sl asrs 1ol aS 0gd o el S yoe 4y cdmoFwl
Al sleasisn (o
S yxe dy $55uwly diadisn SLMOF i Job jo colatuls,ge
s 8 el

s oogdle Lasil ails Ll ol 4 (S

S Slm gy ety 3k lasign sl eslital il )
4z Sy oo B VL Sl oo b (oupblise sLbMOF
erbline Jols g5 4 0B 38 slanisyy 5l sog9azs olass

(V) 5,ls 0929

&S doms Y
Lol oS, me day S5l dioiign MOF CyjsrslS'sil
el 5 1355, dlse slaoan ¥l Bi> gl 5l oS aen
wiz lp OhRiegh bwgi Culidge b oz DLaS S nl i
@ 2lad glaalle )3 (rzmen g arme 5 1355 slge (slaouY]
oles 6ylo MOF sieriign (sl ca jomslS gl iloisass 5 15
@leS 2o 4 (1Sly )0 &5 aites (a5 B olierd g (S5
o S sl ol ly (oublise slaglase g )95 des wiile
Sladllas Jgb 5o bagyT 5l eolatul oS so pusd 0ol J ;S (Slogads
@ olge )l s Sl oad pazine YU D slaced b L Qi
S Lo jalS gl 0 35290 SLMOF 5o )l Zunle
B 38l 05wl b aretign olic slaailole (ST Coman ol
odidofwly (laciond 0929 los ST Jd 1) S e laws pulais
L Laodle i omizeen MOF (slaca ;S gl )3 locS 2o &

sleslaiwl ol by s so (al38l N> g0y &80 sl 5,1

4 odipdgwly GLMOF a5 o) o Jilas 4 Sloj JT sla P>
g oolaiwl G jlame aga gl QO lgie 4 S e
G=Dle oS, e 4 omoéﬂ;b’ sWMOF li> L;Lbé}ﬁg Q‘ﬂ‘

D)5 e cens e adal gl 1) iz I g5l

AV Y (6 P)NE /S5) Gss ) lsdlos (sele dy pulns



w9 MOF JT-(6518 g )l Sioubigd (Sl i920l93l /3o Swxo e 9 9395153 U pio

4 w_:.:wé_wLé sLeMOF ch = )_tLJ_a»)‘ 9 o u;l.a:o‘)
a5l 6 S el 4y sl plases plol solaul 5l s oS yxe
‘oj)qu. ...S.:Sb.a doli)‘ S8 Ja...'z.a B J):u a Bf.zwb LgLﬁ:}.o,f.li
50 LaS ;o 4 oaoguly GLMOF jlxe slacysgasme iy
Sladion sy 51 Ko G pl oyl g9 SVl jo dayses
B> Lg‘)_> aoLé;;_.,.:lo)E.o LngJ)_ZA - si.?gwb LngMOF
O3S et L Ol |y shaemeenss 5 1555 lse slaonsyYl
Sty S et sboel 5 (Sl Gl 8l LagT sl
83U S LSL‘”)"".?J?, rnLéQ] Goyb 5l Sy 4 c\.\.ub.)éwlg: sMOF
SLaMOF LS5 4 , o ol sl o] Jlisles jo JoSUge
Sl ol olulis sloo,ax b oS oo 4y oKl dieiign
l) 6,«&4 s.)l_’>w‘ Al g .)9_..»‘54 Ja.ou 3 ual.‘> 6L®o¢uy~‘
(olboas] sla M5 o anl liise oplpl IRESYP gt |
Iy LSy o a4y onimogeuly (J9Sds0 0uls > (LOMOF 5l oolainl

oS “or G!a...?v.aw.;) 9 ‘)ia) é‘yc LngoMyT Bi> 6‘)“

Sloyud g Sl

MLOJLSA b.»lo)..xs 9 )im.l L_i) K 5)_, wLo.‘> )‘ ulfwy

&8l o,
O3S By wg (adlie o)l wigSma lie ol 5o

RGO PR WA

1. Peng XX, Gai S, Cheng K, Yang F. Roles of humic
substances redox activity on environmental remediation. J
Hazard Mater. 2022;435:129070. https://doi.org/10.1016/
j.jhazmat.2022.129070.

2. QuJ, ShiJ, Wang Y, Tong H, Zhu Y, Xu L, et al. Applications
of functionalized magnetic biochar in environmental
remediation: A review. J Hazard Mater. 2022;434:128841.
https://doi.org/10.1016/j.jhazmat.2022. 128841.

3. Tang F, Yu H, Yassin Hussain Abdalkarim S, Sun J, Fan
X, Li Y, et al. Green acid-free hydrolysis of wasted pomelo
peel to produce carboxylated cellulose nanofibers with
super absorption/flocculation ability for environmental
remediation materials. Chem Eng J. 2020;395:125070.
https://doi.org/10.1016/j.cej.2020.125070

4, Xu H, Jia Y, Sun Z, Su J, Liu QS, Zhou Q, et al.
Environmental pollution, a hidden culprit for health issues.
Eco-Environment Heal. 2022;1(1):31-45. https://doi.org
/10. 1016/j.eehl.2022.04.003

5. Wang F, Wang R, He Z. The impact of environmental

LS ,ome ay gXoewly dialign MOF slacy 5905 ol 5
g alawly Ol3ls glaasgs b layg o JT sladign 5l eolitul Jolis
Lonl calow Job 0 aS I sladisn cusl S oo Jlad olge
wl J‘j—*"‘_:,—" M wjﬁ eL,o )l ’YW g\)}..:‘sa oolaul
Syl e (gl Vg ons 5 gy 28 LByt JT slonisy
Ol slaisy leslatul b oS yoee 4y casmogwly sWMOF
pleol g colaa ooy Wl b aile s sloJsge aiile
4 oawowly GLaMOF sl Lol jo cws slo Js-Sge
Lo it rizmed 5 (G 4525 Sl LagT 4 oS e
Iy laoeo 5l Looa VT Ld> Bis> a5 vas o |, Lol (60 ,Shae
S e dny 55wl dieiigr LaMOF il (oS o Jugend
W YN PSS  JORN [RPURTIR SOICH [T I PN FS B W R SORN
SLaMOF 48 545 o el o] Jlislo jo K &l318 09>
Iy sl anslsy (55 bs dae 61, WS e 4 oS5ty
uL?Lu‘ ‘UJ‘)"L"’ [ G- ] OA})' C.\‘QP}A 6‘)" CJ|J.15 U"‘ )A.AAA-\J
A oSl Ledigr LaMOF ol Job jo o318 slaiye
o slaye 5l Gl Ojg0 ;0 U ol plodl o b wl I e
Dgd oolaiwl (6 e
3=l Gl oo ) S e 4y oKl wieligr sMOF
Jo Il 0,8 bl b e byl l s b ae slodiged
M5 aS joblon oS ol o) Conjdassme 4 )b 4y S5
Gyl gl S e 4y 55enly SMOF | & e o,
ol sl (s lgailess sla b wubh Hladows oyl ply toiws  con

&zl ¥
pollution and green finance on the high-quality
development of energy based on spatial Dubin model.
Resour Policy. 2021;74:102451. https://doi.org/10.1016/j.
resourpol.2021.102451

6. LiuW, XuY, Fan D, Li Y, Shao XF, Zheng J. Alleviating

corporate environmental pollution threats toward public
health and safety: The role of smart city and artificial
intelligence. Saf Sci. 2021;143:105433. https://doi.org/
10.1016/j.ss¢i.2021.105433

7. Jabbar KQ, Barzinjy AA, Hamad SM. Iron oxide

nanoparticles: Preparation methods, functions, adsorption
and coagulation/flocculation in wastewater treatment.
Environ Nanotechnology, Monit Manag. 2022;17:100661.
https://doi.org/10.1016/j.enmm.2022.100661

8. Badawi AK, Zaher K. Hybrid treatment system for real

textile wastewater remediation based on
coagulation/flocculation,  adsorption and filtration
processes: Performance and economic evaluation. J Water
Process Eng. 2021;40:101963. https://doi.org/10.1016/

AV Y (6P NE /S5) Gss ) wlsdUos (sele dy pulns

1A



a3

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

o 9 MOF (JT-(6508 92 )ly oo sLacss jgaels9ili / 33Lo Swe e 9 50595153 JU meo

j-jwpe.2021.101963.

Kundu S, Karak N. Polymeric photocatalytic membrane:
An emerging solution for environmental remediation.
Chem Eng J. 2022;438:135575. https://doi.org/10.1016
/j.cej.2022.135575.

Liu Q, Luo Y, Shi J. Reagent elution combined with
positive pressure filtration: A zero-discharge method for
cyanide tailings remediation. J Environ Sci. 2022;113:376—
84. https://doi.org/10.1016/j.jes.2021.06.028

Xiao H, Low ZX, Gore DB, Kumar R, Asadnia M, Zhong
Z. Porous metal-organic framework-based filters:
Synthesis methods and applications for environmental
remediation. Chem Eng J. 2022;430:133160. https://doi.org
/10.1016/j.cej.2021.133160

Musarurwa H, Tavengwa NT. Application of
carboxymethyl polysaccharides as bio-sorbents for the
sequestration of heavy metals in aquatic environments.
Carbohydr Polym. 2020;237:116142. https://doi.org/10.10
16/ j.carbpol.2020.116142

Zhang N, Ishag A, Li Y, Wang H, Guo H, Mei P, et al. Recent
investigations and progress in environmental remediation by
using covalent organic framework-based adsorption method:
A review. J Clean Prod. 2020; 277:123360. https://doi.org/
10.1016/j.jclepro .2020.123360.

Musarurwa H, Tavengwa NT. Sustainable extraction of
pesticides in food and environmental samples using emerging
green adsorbents. Sustain Chem Pharm. 2021;24:
100545.https://doi.org/10.1016/j.scp.2021.100545.

Uriakhil MA, Sidnell T, De Castro Fernandez A, Lee J, Ross |,
Bussemaker M. Per- and poly-fluoroalkyl substance
remediation from soil and sorbents: A review of adsorption
behaviour and ultrasonic treatment. Chemosphere. 2021;
282:131025.https://doi.org/10.1016/j.chemosphere.2021.1310
25.

Qi X, Yin H, Zhu M, Yu X, Shao P, Dang Z. MgO-loaded
nitrogen and phosphorus self-doped biochar: High-efficient
adsorption of aquatic Cu?", Cd?", and Pb?" and its remediation
efficiency on heavy metal contaminated soil. Chemosphere.
2022;294:133733.https://doi.org/10.1016/j.chemosphere.2022.
133733.

Navaie Diva T. Various Adsorbents for removal of rhodamine
b dye: a review. J Stud Color World. 2023;12(4):387-404.
https://dorl.net/dor/20.1001.1. 22517278. 1401.12.4.6.7 [In
Persian].

Oladoye PO, Adegboyega SA, Giwa ARA. Remediation
potentials of composite metal-organic frameworks (MOFs)
for dyes as water contaminants: A comprehensive review
of recent literatures. Environ Nanotechnology, Monit
Manag. 2021;16:100568. https://doi.org/10.1016/ j.enmm.
2021.100568.

Pourebrahimi S, Pirooz M. Functionalized covalent triazine
frameworks as promising platforms for environmental
remediation: A review. Clean Chem Eng. 2022;2:100012.
https://doi.org/10.1016/j.clce.2022.100012

Rai PK. Novel adsorbents in remediation of hazardous
environmental pollutants:  Progress, selectivity, and
sustainability prospects. Clean Mater. 2022;3:100054.
https://doi.org/10.1016/j.clema.2022.100054

He Y, Wang Y, Shi J, Lu X, Liu Q, Liu Y, et al. Incorporating
metal-organic frameworks into substrates for environmental
applications. Chem Eng J. 2022;446:136866. https://doi.
0rg/10.1016/j.cej.2022.136866.

Qi X, Tong X, Pan W, Zeng Q, You S, Shen J. Recent
advances in  polysaccharide-based adsorbents  for

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

wastewater treatment. J Clean Prod. 2021;315:128221.
https://doi.org/10.1016/j.jclepro.2021.128221.

Musarurwa H, Tavengwa NT. Application of
polysaccharide-based metal organic framework membranes
in separation science. Carbohydr Polym. 2022;275:118743.
https://doi.org/10.1016/j.carbpol.2021.118743

Jian N, Dai Y, Wang Y, Qi F, Li S, Wu Y. Preparation of
polydopamine nanofibers mat as a recyclable and efficient
adsorbent for simultaneous adsorption of multiple
tetracyclines in water. J Clean Prod. 2021;320:128875.
https://doi.org/10.1016/j.jclepro.2021.128875.

Musarurwa H, Tawanda Tavengwa N. Extraction and
electrochemical sensing of pesticides in food and
environmental samples by use of polydopamine-based
materials. Chemosphere. 2021;266:129222. https://doi.org/
10.1016/j.chemosphere.2020.129222.

Orta M del M, Martin J, Santos JL, Aparicio I, Medina-
Carrasco S, Alonso E. Biopolymer-clay nanocomposites as
novel and ecofriendly adsorbents for environmental
remediation. Appl Clay Sci. 2020;198:105838. https://doi.
0rg/10.1016/j.clay.2020.105838.

Musarurwa H, Chimuka L, Tavengwa NT. Metal organic
framework-based magnetic solid phase extraction of pesticides
in complex matrices. Microchem J. 2021;171:106907.
https://doi.org/10.1016/j.microc.2021. 106907.

Najafi M, Abednatanzi S, Gohari Derakhshandeh P,
Mollarasouli F, Bahrani S, Behbahani ES, et al. Metal-organic
and covalent organic frameworks for the remediation of
aqueous dye solutions: Adsorptive, catalytic and extractive
processes. Coord Chem Rev. 2022;454:214332. https://doi.
0rg/10.1016/j.ccr.2021. 214332

Sadiq AC, Olasupo A, Rahim NY, Ngah WSW, Suah
FBM. Comparative removal of malachite green dye from
aqueous solution using deep eutectic solvents modified
magnetic chitosan nanoparticles and modified protonated
chitosan beads. J Environ Chem Eng. 2021;9(5):106281.
https://doi.org/10.1016/j.jece.2021.106281

Heydari M, Gharagozlou M, Ghahari M. An Overview of
the Types of Edible Metal Organic Framework (MOF)
Nanostructures as Biocompatible and Efficient Dye
Adsorbent. J Stud Color World. 2020;9(4):29-41. https://
dorl.net/dor/20.1001.1.22517278.1398.9.4.5.5 [In Persian].
Daglar H, Altintas C, Erucar I, Heidari G, Zare EN, Moradi
O, et al. Metal-organic framework-based materials for the
abatement of air pollution and decontamination of
wastewater. Chemosphere. 2022;303:135082. https://doi.
0rg/10.1016/j. chemosphere. 2022.135082.

Peng H, Xiong W, Yang Z, Xu Z, Cao J, Jia M, et al.
Advanced MOFs@aerogel composites: Construction and
application towards environmental remediation. J Hazard
Mater. 2022;432:128684. https://doi.org/10.1016/j.jhazmat.
2022.128684

Gorky F, Nambo A, Carreon ML. Cold plasma-Metal
Organic Framework (MOF)-177 breathable system for
atmospheric remediation. J CO2 Util. 2021;51:101642.
https://doi.org/10.1016/j.jcou.2021.101642.

Bhuyan A, Ahmaruzzaman M. Metal-organic frameworks: A
new generation potential material for aqueous environmental
remediation. Inorg Chem Commun. 2022;140:109436.
https://doi.org/10.1016/j.inoche.2022. 109436.

Khan S, Guan Q, Liu Q, Qin Z, Rasheed B, Liang X, et al.
Synthesis, modifications and applications of MILs Metal-
organic frameworks for environmental remediation: The
cutting-edge review. Sci Total Environ. 2022;810:152279.

AV Y (6 P)NE /S5) Gss ) lsdlos (sele dy pulns



36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

w9 MOF JT-(6518 g )l Sioubigd (Sl h920l9ili /30 Swxo e 9 9395153 U po

https://doi.org/10.1016/j.scitotenv.2021.152279.

Zhu L, Meng L, Shi J, Li J, Zhang X, Feng M. Metal-organic
frameworks/carbon-based ~ materials ~ for  environmental
remediation: A state-of-the-art mini-review. J Environ
Manage. 2019;232:964—77. https://doi.org/10.1016/ j.jenvman.
2018.12.004

Liu X, Shan Y, Zhang S, Kong Q, Pang H. Application of
metal organic framework in wastewater treatment. Green
Energy Environ. 2023;8(3):698-721. https://doi.org/10.1016
/j.gee.2022.03.005.

Hayashi K, Matsuyama T, Ida J. A simple magnetite
nanoparticle immobilized thermoresponsive polymer synthesis
for heavy metal ion recovery. Powder Technol. 2019;355:183—
90. https://doi.org/10.1016/j.powtec. 2019.07.007

Shamim MA, Zia H, Zeeshan M, Khan MY, Shahid M. Metal
organic frameworks (MOFs) as a cutting-edge tool for the
selective detection and rapid removal of heavy metal ions from
water: Recent progress. J Environ Chem Eng. 2022;
10(1):106991. https://doi.org/10.1016/j.jece.2021. 106991.
Ahmad Isiyaka H, Jumbri K, Soraya Sambudi N, Uba
Zango Z, Ain Fathihah Binti Abdullah N, Saad B. Effective
adsorption of metolachlor herbicide by MIL-53(Al) metal-
organic framework: Optimization, validation and molecular
docking simulation studies. Environ Nanotechnology,
Monit Manag. 2022;18:100663. https://doi.org/10.1016/
j.enmm. 2022.100663.

Musarurwa H, Tavengwa NT. Stimuli-responsive polymers
and their applications in separation science. React Funct
Polym. 2022;175:105282. https://doi.org/10.1016/j. reactfunct
polym.2022.105282

Xu XY, Chu C, Fu H, Du XD, Wang P, Zheng W, et al.
Light-responsive UiO-66-NH2/Ag3PO4 MOF-nanoparticle
composites for the capture and release of sulfamethoxazole.
Chem Eng J. 2018;350:436—44. https://doi.org/10.1016/
j.cej.2018.06.005

Xia Z, Shi B, Zzhu W, LU C. Temperature-responsive
polymer-tethered Zr-porphyrin MOFs encapsulated carbon
dot nanohybrids with boosted visible-light
photodegradation for organic contaminants in water. Chem
Eng J. 2021;426:131794. https://doi.org/10.1016/j.cej.
2021.131794.

Wei X, Wang Y, Chen J, Xu F, Liu Z, He X, et al. Adsorption
of pharmaceuticals and personal care products by deep eutectic
solvents-regulated  magnetic  metal-organic ~ framework
adsorbents: Performance and mechanism. Chem Eng J.
2020;392:124808. https://doi.org/10.1016/j.cej.2020. 124808.
Zhang W, Sun P, Wang X, zhang X, ran L, Zhao Q, et al.
Elevating the stability and adsorption performance of metal-
organic frameworks by chitosan and attapulgite for capturing
methylene blue in the water. Mater Today Commun.
2022;31:103601.  https://doi.org/10.1016/j. mtcomm.2022.
103601.

Xin Q, Cao X, Huang D, Li S, Zhang X, Xuan G, et al.
Smart  light-responsive  hierarchical metal organic
frameworks constructed mixed matrix membranes for
efficient gas separation. Green Chem Eng. 2022;3(1):71—
82. https://doi.org/10.1016/j.gce.2021.09.004

Mogale R, Akpomie KG, Conradie J, Langner EHG. Dye
adsorption of aluminium- and zirconium-based metal organic
frameworks with azobenzene dicarboxylate linkers. J Environ
Manage. 2022;304:114166. https://doi.org/10.1016/ j.jenvman.
2021.114166

Zhang S, Ou R, Ma H, Lu J, Banaszak Holl MM, Wang H.
Thermally regenerable metal-organic framework with high

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

monovalent metal ion
2021,405:127037.
https://doi.org/10.1016/j.cej.2020.127037

Choe J, Yang X, Yu J, Jang K, Kim M, An K. Visible-
light responsive PPynt@NH2-MIL-125 nanocomposite for
efficient reduction of Cr(VI). Colloids Surfaces A
Physicochem Eng Asp. 2022;636:128147.
https://doi.org/10.1016/j.colsurfa.2021.128147

Prasetya N, Ladewig BP. An insight into the effect of
azobenzene functionalities studied in UiO-66 frameworks
for low energy CO2 capture and CO2/N2 membrane
separation. J Mater Chem A. 2019;7(25):15164-72.
https://doi.org/10.1039/C9TA02096A

Allegretto JA, Giussi JM, Moya SE, Azzaroni O, Rafti M.
Synthesis and characterization of thermoresponsive ZIF-
8@PNIPAmM-co-MAA microgel composites with enhanced
performance as an adsorption/release platform. RSC Adv.
2020;10(5):2453-61.
https://doi.org/10.1039/CO9RA09729E.

Li Z, Liu Q, Lu X, Deng C, Sun N, Yang X. Magnetic
metal-organic framework nanocomposites for enrichment
and direct detection of environmental pollutants by
negative-ion matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry. Talanta. 2019;194:329—
35. https://doi.org/10.1016/j.talanta.2018.10.058

Huo J bo, Yu G, Wang J. Magnetic zeolitic imidazolate
frameworks composite as an efficient adsorbent for arsenic
removal from aqueous solution. J Hazard Mater.
2021;412:125298.
https://doi.org/10.1016/j.jhazmat.2021.125298

Lian L, Zhang X, Hao J, Lv J, Wang X, Zhu B, et al.
Magnetic solid-phase extraction of fluoroquinolones from
water samples using titanium-based metal-organic
framework functionalized magnetic microspheres. J
Chromatogr A. 2018;1579:1-8.
https://doi.org/10.1016/j.chroma.2018.10.019

Tran NT, Trung LG, Nguyen MK. The degradation of
organic dye contaminants in wastewater and solution from
highly visible light responsive ZIF-67 monodisperse
photocatalyst. J Solid State Chem. 2021;300:122287.
https://doi.org/10.1016/j.jssc.2021.122287

Zhang X, Yuan N, Li Y, Han L, Wang Q. Fabrication of
new MIL-53(Fe)@TiO2 visible-light responsive adsorptive
photocatalysts for efficient elimination of tetracycline.
Chem Eng J. 2022;428:131077. https://doi.org/10.1016/j.
cej.2021. 131077

Rajput K, Sareen S, Saini S, Kumar N, Sharma V, Mehta SK,
et al. Metal organic frameworks as versatile platforms for
wastewater remediation. Mater Today Proc. 2022;57:846-50.
https://doi.org/10.1016/j.matpr.2022.02. 457.

Yu H, Wang Z, Wu R, Chen X, Chan TWD. Water-dispersible
pH/thermo  dual-responsive  microporous  polymeric
microspheres as adsorbent for dispersive solid-phase extraction
of fluoroquinolones from environmental water samples and
food samples. J Chromatogr A. 2019;1601:27-34.
https://doi.org/10.1016/j.chroma.2019.05.004.

Musarurwa H, Tavengwa NT. Thermo-responsive
polymers and advances in their applications in separation
science. Microchem J. 2022;179:107554. https://doi.org
/10.1016/j.microc.2022.107554

Hosseinian Naeini A, Kalaee M, Moradi O, Mahmoodi N.
Investigating Factors Affecting the Removal of dyestuff from
Wastewater Using Different Nanocomposites: A Review
Study. J Stud Color World. 2023;12(4):343-368. [In Persian].

selectivity. Chem Eng J.

AV Y (6 P)NE /S5) Gss ) wilsdlas (sele ay pulns



V-

61.

62.

63.

64.

65.

o 9 MOF (JT-(6508 92 )ly oo sLacss jgaels9ili / 33Lo Swe e 9 50595153 JU meo

https://doi.org/20.1001.1.22517278.1401. 12.4.4.5

Prasetya N, Ladewig BP. Dynamic photo-switching in light-
responsive  JUC-62 for CO, capture. Sci Rep.
2017;7(1):13355.  https://doi.org/10.1038/s41598-017-13536-
4.

Hadavi Moghadam B, Hasanzadeh M. Enhancing
Photocatalytic Activity by Piezoelectric Effect in Dye
Removal from Wastewater. J Stud Color World.
2022;12(2):117-131. https://dorl.net/dor/20.1001. 1.22517278.
1401.12.2.2.9 [In Persian].

Park J, Yuan D, Pham KT, Li JR, Yakovenko A, Zhou HC.
Reversible  Alteration of CO2 Adsorption upon
Photochemical or Thermal Treatment in a Metal-Organic
Framework. J Am Chem Soc. 2012;134(1):99-102.
https://doi.org/10.1021/ja209197f.

Khan MM, Rahman A, Matussin SN. Recent Progress of
Metal-Organic Frameworks and Metal-Organic Frameworks-
Based Heterostructures as Photocatalysts. Nanomater (Basel,
Switzerland). 2022;12(16). https://doi.org/ 10.3390/nano
12162820

Zheng HQ, Zhang L, Cui Y, Qian G. Dynamically
responsive photonic metal-organic frameworks. Adv
Photonics. 2023;5(05):3-4. https://doi.org/10.1117/1.ap.
5.5.054001

66.

67.

68.

69.

70.

Scandura G, Eid S, Alnajjar AA, Paul T, Karanikolos GN,
Shetty D, et al. Photo-responsive metal-organic
frameworks - design strategies and emerging applications
in photocatalysis and adsorption. Mater Adv. 2023;
4(5):1258-85. https://doi.org/10.1039/d2ma01022d.
Ragheb E, Shamsipur M, Jalali F, Mousavi F. Modified
magnetic-metal organic framework as a green and efficient
adsorbent for removal of heavy metals. J Environ Chem Eng.
2022;10(2):107297. https://doi.org/10.1016/j.jece.2022.
107297.

Zhao G, Qin N, Pan A, Wu X, Peng C, Ke F, et al.
Magnetic ~ Nanoparticles@Metal-Organic ~ Framework
Composites as Sustainable Environment Adsorbents.
Fratoddi |, editor. J Nanomater. 2019;2019:1454358.
https://doi.org/10.1155/2019/1454358.

Zhao X, Liu S, Tang Z, Niu H, Cai Y, Meng W, et al.
Synthesis of magnetic metal-organic framework (MOF) for
efficient removal of organic dyes from water. Sci Rep.
2015;5(1):11849. https://doi.org/10.1038/srep11849.
Minguez Espallargas G, Coronado E. Magnetic
functionalities in MOFs: From the framework to the pore.
Chem Soc Rev. 2018;47(2):533-57. https://doi.org/
10.1039/ ¢7¢s00653e

How to cite this article:

Gharagozlou M, sadegh A M. Smart nanocomposites of metal-organic framework (mof) and their applications in removing dye
and environmental pollutants, Stud color world. 2024;14(3):87-101. https://doi.org/10.30509/JSCW.2023.81974 [In Persian].

AV Y (6 P)NE /S5) Gss ) lsdlos (sele dy pulns



https://doi.org/
https://doi.org/

	نانوکامپوزیت‌های هوشمند چارچوب فلزی-آلی MOF و کاربردهای آن‌ها در حذف آلاینده‌های مواد رنگزا و ‌زيست‌محيطي
	1- مقدمه
	2- کاربرد نانوکامپوزیت‌های MOF پاسخگو به محرک برای تصفیه محیط‌زیست
	2-1-نانوكامپوزيت‌هاي MOF پاسخگوي حرارتي 
	2-2- نانوكامپوزيت‌هاي MOF پاسخگوي نوري 

	3- نتیجه‌گیری
	4- مراجع


