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ABSTRACT

In recent years, the textile industry has produced more than 50 % of the colored
wastewater in the world. Clean water is essential in the lives of humans, aquatic
organisms, and agricultural products. Due to their toxicity, dyestuff in water causes
adverse quality, endangers their health, and causes environmental changes. There are
different methods for wastewater treatment, which, based on the research, shows that
today's surface absorption method is mainly used for wastewater treatment due to its
cheapness, simplicity, and cost-effectiveness. In this article, the removal of dyestuff
from wastewater was investigated using different nanocomposites, and the effect of
adsorption with nanocomposites was investigated based on factors affecting
adsorption, including contact time, initial concentration, the effect of temperature,
and pH of the solution. Adsorbents significantly impact removing dyestuff and can
perform wastewater treatment with good quality. This research used activated carbon
nanocomposites, carbon nanotubes, silver nanoparticles, zinc ferrite, ZnO, TiO,,
Fes0, and zero-valent iron nanoparticles for wastewater decolorization. In this
article, the results show that different nanocomposite adsorbents are promising. They
are a promising future for the treatment of colored wastewater.
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Table 1: Nanocomposite, dye and characterization.

Copper (I1) Oxide,Copper (I) Oxide

Iron oxide nanoparticles 2,3 and activated carbon magnetic composite

Magnetic nanocomposite metal-organic framework

Azolla modified by magnetic nanoparticles

Nanocomposite hydrogels based on gelatin and nickel oxide nanoparticles

Magnesium aluminate-graphene composite

Magnetic chitosan-itaconic acid nanofibers

Zinc oxide-manganese oxide nanocomposite based on activated alumina

Copper ferrite nanoparticles

Graphene oxide, activated carbon nanocomposites, aluminum hydroxide and oxide
graphene nanoparticles, activated carbon nanoparticles and cerium oxide

Nanoparticles of chitin, alginic, strontium, silicon dioxide, graphene oxide

Methyl orange TEM, XRD, FTIR [23]
Reactive blue 5 =05 BETI.’EﬁD' sl [24]
VSM, XRD, SEM, BET,
Methylene blue TGA [25]
Brilliant Blue FTIR, DLS, SEM [26]
Crystal violet SEM, TGA, TEM, FTIR [27]

Methylene blue FTIR, XRD, SEM, UV-VIS [28]

Indigo FTIR, TGA, VSM [29]
Methyl orange XRD, FTIR, TGA, SEM [30]
Direct red 264 FTIR, UV-VIS, XRD, SEM [31]
Safranin SEM, FTIR, XRD [32]

Methylene blue TEM, SEM, XRD [33]
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Figure 1 . Electron microscope images of different nanocomposites with metal-organic framework (a, b) MIL-125(Ti), (c, d) MIL-X1, (e, f) MIL-X2, (g,
h) MIL-X3, and (i, j) NH2-MIL-125(Ti) [34].
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Figure 2: Electron microscope images of different nanocomposites (a, b) MIL-53(Fe), (c, d) AC, and (e, f) CAC/MIL-53(Fe) [37].
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Table 2: Optimum conditions for adsorption of dyes with nanocomposite of carbon nanotubes [38].

Coated iron nanoparticles Methylene blue Initial concentration (20 mg/L), Dose (0.75 g/l), gmax(48.1 mg/g) [38]
2 Graphene oxide Methylene blue Initial concentration (10 mg/L), Dose (0.4 g/l), qmax(81.97 mg/g) [38]
3 Iron carbide Direct red 23 Initial concentration (20 mg/L), Dose (0.2 g/l), qmax(50 mg/g) [38]

YEV-YFA & (&)Y /555 6l )3 Wlsllas ele &y pulns



sl SIS Slgo B3 3 K390 Jolge w29/ U 9 i Ylinwa e

63 59y dmST 59, b 3 LFO] il oo 4ol g anlllas Do
Gi cogr Ll slacysodls ¥ g% ol apesT il 0]
S8 oslid 3590 Sl 5 Ol JT slaon¥T 5 o (38 slags:
2 2 5 o9 oyl o 4z L o janels i ool [97] a8
e LEV] 05 ls 0, LS o slaclus aiai o connb
@5 2l (Nl 51550050 58 S g ol sl
Sl 5 ol a5 slos S oo 4y onds Jlad (sluoglT [FA] w5 s
00le Sy Jlad (glimaglT 5,15 515" sl 10l8 gyl IS lind Bl b
SeS 50 ) Jles! 5 a5 Wl o5 edans corlons b Sl
s I a1 ol SIS 5 s 55l 5 005 55 eyl
laca5eelS il ol slan ST wsly oo Lol ol 005y 00
OloseS Jote (oS50, oS Sy S| (sln 550
aslo o8, a0 ol Cuisingl gl (NZVI@nBent-CMC)
&5 o5lal  BET XRD TEM-EDX TEM FT-IR L 5 oo
OlsstS Jie (S 92,5 S jonals el oud (Lol B Jonily
Gy S35, 5 55 el 50,8 155,00 sl 1y e i TS
15550050 iz byl an iy ol ol (Lti Saeils Jbiey S
nZVI@nBent -CMC Zyj50alS (59 5 i JUu S 5 503 (5555
oo anl 3wt e o5 S ee 0010 s MFAD (5 &y
A St Jaco 5 e p sl Jao b > 1555, eolo g0
Az a5 0,5 by (Seelnage i slaosls sl callas pgo 4l ye
NZVI@NBent- “uy 5ol (55, iy j9-k 9 5,8 (5555 1155, g
oy ogdle il o dloul (6393 4 093 (slaass] b I, CMC
ay18 S nZVI@NBENnt-CMC oy j5alS (55, 308 (5555 ol
AL anl b S iy Sl S i o Jlo 5 el o 5
ool wl Z B izren NZVI@NBENt-CMC o j500lS .0l o0
JB ols cews 3l 9o dsdllas 0,90 (61555, 00l 5 2 (gl dure
ol ol 5l G53LS 5 (sl 55, olge Bd ey po 4z
5595 ST ST 35 39 58U gy Sao ol [F4] s e
oo asl)| ¥ ST jo 81,5 o nST- (59, oS alogll o j90lS
[0+] sisS o w1, T e, plaS o a5
3 ol Sen g g cewloads ools LS Y Jauz j0 a5 4igS s
00,5 ool 08 (55555 BAm (sl e ST gl gl
9V S STy ol Bl (ln |y Coarali ol (nl cgogamme g (s3mse
Ol 4 e e s aslllas g0 ) a8 )T IS4 VA SauSTy 5o 8
9 a8 0=V Jolad 4 o, Gloj b g Sy @ Dl o0 |, 135S, Sl
Sl i glacd )b s, S i Vbl Cdx slacus b L
Ll iy VA RSy 508518 SaSly ol o8 (5558
S oS gl o .ol VYYD MOlY 9 VPFIY molg AYY/Y mglg
s i Gl (10T e MPG) o ol oo ko AT
ol 00l o2l B

EHT=1000kV WD = 10mm Mag= 2200 KX  Signal A= SE1
_Institute of Color Science & Technology

S Al (B) 5 S Asleli (@) (oSl oSy Sm sl Y JS
Y] onbline
Figure 3: Electron microscope images of (a) carbon nanotube, and (b)
magnetic carbon nanotube [43].

adglebile 51555, ool Jodome adglPH ST ccnl 1 ogdle
ooz S leadgdsl Gz (Shy » 1355, eole Joloe
L o351 155, olga s i ol 435,515 anlllan 3,50 s Jale
Sl 2SI S 4 s ole o i iz oS (slo alglyil
931 13555 ol g 4l Jale ojlaz wiz () slodlglyil s (s
Glop gl el ool 00l Camd Gullgyaily iiS e b ool e
Ohalaig B pseSiY Jlis 4 K31 155 olse sl (b
slaadgyl Do cd)b and w53 slapionl 5
ol Sl i 1355, esle s sl s Jele oo iz ()8
Sdle ojlaz wiz ()5 sladlgdgil Stw Bl e L3155
sl a5 m ans Joto 51 Bae 5 (0 93T 1555, olge i sl
1355 Slyme a2 a8 (oo (595m P90 A pe 4 Joo b anslie o
Slay 4hal 4 Cond (57505 Camlu Jolome PH is b S5
Lol &)l

b\.ﬁ—ms' 509—29.5 N—b 3 0)—35 Qe‘l{' ).? ‘Slb%}wlfﬁu —A—\—Y
ST (9 59 <t B «(59) ST Alnogili (59 ST (31,5
o2 oo SS9 (d 15

eldl Ol asias oMb g0, 8 ,dii sue slacojomlSsl
Wl LgLao..\....'}ﬂ B> 5 o).m w)}uolsiil.a J.v).«fso )l)ﬁ aéuLA‘Q)}a
u_»)j...alfyb k—ﬂ)}.‘ g_j )‘ 0g> B> .l d.d)f )‘)3 ool Sy90

YEV-YFA & (&)Y /555 6l ) Wlsllas ele &y pulns

¥o-



Yo\

030wl b sl 511355 dlgo B3 3 390 Juolge () 2 /YHlKed 9 Siust Yliswa Sle

SIM NAG: 1.5 kx
Dot 58
Dateomdy). 102629 0

06=49.43 nm

wo:s7zmm |
SN WV 150NV
13,00

Figure 4: Electron microscope images of (a) MIL-53(Fe), (b) zinc ferrite and (c) composite of MIL-53(Fe) and zinc ferrite [50].
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Table 4: Removal of pigments by nano magnesium oxide [52, 53].

Initial concentration (25 mg/g)

Time (2.5 minutes)

[52]

Initial concentration (100 mg/g)

Time (10 minutes)
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Table 4: Removal of dyes and optimal conditions by zero-valent iron nanoparticles [54-56].

1 Acid orange 7

2 Acid orange 8

Optimum condition

Initial concentration (2500 mg/g)

Dose (0.05 g/l)
Percent removal(97 %)
Time (4.5 minutes)

Initial concentration (2500 mg/g)

Dose (0.05 g/l)
Percent removal(97 %)
Time (4 minutes)
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Figure 5: Electron microscope images of (a) graphene oxide, (b) zinc oxide and (c) zinc oxide-graphene oxide nanorod composite [58].
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Table 5: Classification of dyes based on chemical structure [77, 78].
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Table 6: Classification of dyes based on chemical nature and application [79,80].

Chemical species Method Application

Anthraquinone, xanthan

Hemicyanine, azo, cyanine
and diazahemi cyanine

Phthalocyanine and Azo electrolytes

Benzodifuranone, azo and
anthraquinone
Phthalocyanine, azo,
oxazine and base

Unspecified structures

Indigo and anthraquinone
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Generally from neutral to acidic bath

Using colored materials in acid bath

Using a neutral or slightly alkaline bath containing extra

Good dispersion in water, often using a high
temperature/pressure or lower temperature holding method
The reaction of the reactive site in the dyes on the fiber with the
functional group
Exposing the aromatic substrate to sodium sulfide and re-
oxidizing products containing unstable sulfur on the fiber

Solubility of color substances insoluble in water by hydrogen

Ink, leather and paper Acid
Acrylonitrile Base
Nylon, rayon and paper Direct

Polyamide, polyester and acrylic ~ Dispersed

Wool, cotton, silk and nylon Reactive
Rayon and cotton Sulfur
Wool and cotton Vat
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Figure 6: Methods of removing dyestuff from wastewater [83-88]
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Figure 7: Degradation process of direct red dye 23 [90].
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Figure 8: Enzymatic decolorization with laccase enzyme stabilized on graphene and zeolite [97].
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Table 7: Investigation of adsorption isotherms [102-111].

I N T = S

Type 1: 4= Q_0 1+bQOCe
C._ 1 ,C
Type2: =t= L 4+5¢
1 Langmuir qo = QobCe YPe S LT b, Qo [102]
1+ bCe q
Type 3: g = Qo — 5~
Type 4: qcie = bQO0 — bq,
p Freundlich q. = KFCe/n logq.= logkF+ - logCe [103]
3 Dubinin—-Radushkevich (q.) exp(—Kadde?) In(q,) = ln(qs)—Kadd.s2 [104]
RT RT
4 Temkin — = — — 105
4 =7 InATCe qee oT 1nATCe+( )lnCe [105]
. 0
5 Flory-Huggins 4e=go™ KFH(1-0)" log (ﬁ) =log(KFH) + nFHlog(1-0) [106]
A gsHCe™ ( e ) = =
6 Hill G log g, nHlog(Ce) -log(KD) [107]
_ KRCe Ce \
7 R-P 9e= Tmcer In (KRq_ —1) =gln(Ce) +In(aR) [108]
: _ KscePs _
8 Sips go= B sin(Ce) = 1n( )+1nas [109]
9 Toth KTCe in(Jey =1 L [110]
o = T = -~ In(aT+
q @r+ce)” n(KT) n(Ce) n n(aT+Ce)
10 Kubel-Corri = L% L. 1,B 111
ubel-Corrigan (e 7 ACe A [111]
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Table 8: Adsorption kinetic equations [116-118].

S S N

Pseudo-first-order log (q-q)=logq. '2 3 [116]
In (g.-q;)=Ing, -Klt
g 20t
e
2 Pseudo-second-order . 1;“ e qetl [117]
e L —
q K2g.t 1 qet
3 Bengham logq.= logk+b—logt [117]
4 Intraparticle diffusion q.= Kdif t*+C [118]
1 1
5 Elovich T (E) In (o )+ (E) Int [118]
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Table 9: Adsorbent, dye, adsorption conditions, isotherm and kinetics [119-128].

Adsorbents_ ()Y:] Adsorption condition Isotherm kinetic Ref
Nanocomposite

Nickel ferrite-polyaniline Contact time (min) = 80, dose = 5 (g), pH =7, initial pseudo-

nanocomposite villiplanz e concentration = 80 (mg/L), temperature = 35 (°C) AU second-order (119]
Polyaniline grafted Ag- Contact time (min) = 180, dose = 0.075 (g), pH = 8, seudo-
ZnO and polyethylene Brlliant green initial concentration = 70 (mg/L), temperature = 45 Langmuir P [120]
;i o second-order
glycol nanocomposites (°C)
- . . - Contact time (min) = 720, dose = 0.003 (g), pH = 7,
OugEie felie PTG 1, AT initial concentration = 200 (mg/L), temperature = 25 Langmuir _ [121]
framework blue 80 C)
. Contact time (min) = 1440, dose = 0.8 (g), pH = 11, seudo-
Combination of graphene Methylene blue initial concentration = 5 (mg/L), temperature = 47 Langmuir P [122]
with polydopamine-kaolin C) second-order
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Adsorbents Dve
Nanocomposite Y

Graphene oxide with

activated carbon [MEtnyiEnEbive

Chitosan/silica/zinc oxide

nanocomposite Lol ne e

Activated carbon Carmine Indigo

Adsorption condition
Contact time (min) = 40, dose = 0.8 (g), pH
=12, initial concentration = 40 (mg/L),
temperature = 25 (°C)
Contact time (min) = 120, dose = 1 (g), pH
=7, initial concentration = 100 (mg/L)

Contact time (min) = 90, dose = 1 (g), pH =
2, initial concentration = 60 (mg/L),

pseudo-

temperature = 40 (°C)

Commercial activated

carbon Methylene blue

Commercial activated

Rhodamine B
carbon

Commercial activated

carbon Yellow acid 17
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Contact time (min) = 60, dose = 0.1 (g), pH
=5, initial concentration =5 (mg/L),
temperature = 40 (°C)

Contact time (min) = 180, dose = 2 (g),
initial concentration = 15 (mg/L),
temperature = 42 (°C)

Contact time (min) = 180, dose = 2 (g),
initial concentration = 30 (mg/L),
temperature = 42 (°C)

AR ET second-order [123]
Langmuir _ [124]
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Table 10: Absorption of azo dye DR80 in polyvinyl alcohol/chitosan/silica composite at different temperatures [134].
AS°(kj/mol)

AG’(kj/mol)
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Figure 9: The effect of initial concentration on safranin dye with nanocomposites (a) Graphene oxide/activated carbon, (b) Graphene oxide/activated
carbon/cerium oxide, and (c) Graphene oxide/activated carbon/aluminum hydroxide nanocomposite[135].
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Figure 10: Effect of solution pH on safranin dye with nanocomposites (a) Graphene oxide/activated carbon (b) Graphene oxide/activated carbon/cerium
(c) Graphene oxide/activated carbon/aluminum hydroxide nanocomposite [135].
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Table 11: The results of the effect of solution pH and surface adsorption capacity in the adsorption process [136-143].

I S N N

Calcined oyster shell Anionic dyes
2 Activated carbon Carmine Neal
3 Iron doped activated carbon UEUUELIE e

methylene blue
acid yellow 17, B

4 Activated carbon and mesoporous carbon Rhodamine

5 Copper (1) Oxide,Copper (I) Oxide

6 Organic-metallic framework and magnetic
nanoparticles in silica substrate
7 Azolla modified with magnetite

Methyl orange

Methylene blue

34.1 [136]
. 1-12 [137]
357.142, 147.057 3-6 [138]
35, 40, 53 . [139]
11.4,63.12, 39.36, 5.84, 14.28, 26.72, 39.8, 212 [140]
39.64
9.897, 4.8284, 10.7567, 270.27, 14.4145,13.93  26,3,9  [141]
1.197, 1.099 2-5 [142]
1.700 2-8 [143]
105 -
(b)
100 +
95 99.5 99.6 9965  99.65 99.64
S
- 90 4
=
g
= 85
&
80
75
70 T T T T T 1
5 10 15 20 25 30 35
Temp (°C)

95 _.
9683 9618 97.69
95.06

- Brlliant blue
nanoparticles
Nanocomposite hydrogels based on gelatin :
E and nickel oxide nanoparticles lelaies s
100 +
@
95
S % 9275 938 939
e 0121
—_ $9.98
= §s gy 8936
-
2
£ 80
75
70 L] L] L] L] T L] L]
0 10 20 30 40 50 60 70
Time (min)
100 5 (C)
i
~ 90 93.89
) 91.81
S 85
=
£ 801
75
70 T T
0 10 20

30 40 50 60

Time (min)

25550l 9 (€) 9 dmaST 2yl JUub (0 ST 1S 0081 () ¢ JUad 0550315 9enST (@) il Bl (613555 595 7 Wi joealT sl L led oy 3120Y S8
DY) S5 oum wuiaglV e 0 ST 315 0pS]

Figure 11: Effect of contact time on safranin dye with nanocomposites (a) Graphene oxide/activated carbon (b) Graphene oxide/activated carbon/cerium
oxide (c) Graphene oxide/activated carbon/aluminum hydroxide nanocomposite [135].
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Figure 12: Effect of temperature on safranin dye with nanocomposite (a) Graphene oxide/activated carbon, (b) Graphene oxide/activated carbon/cerium
oxide, and (c) Graphene oxide/activated carbon/aluminum hydroxide nanocomposite [135].
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