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ABSTRACT

The widespread contamination of water resources by reactive dyes has emerged as
a critical environmental concern, primarily due to the persistent toxicity,
bioaccumulation in ecosystems, and adverse impacts on human health. The
effluents discharged from textile industries are frequently contaminated with
reactive dyes, owing to the extensive employment of these commercial materials in
dyeing processes. Consequently, there is a critical need to remove reactive dyes
from industrial wastewater before the discharge into the environment. Mesoporous
magnesium oxide (MgO) nanoparticles exhibit a high affinity for reactive dyes in
aqueous solutions, primarily due to electrostatic attraction facilitated by the
positively charged surface. The current investigation aims to provide a
comprehensive overview of practical methods for fabrication of mesoporous MgO.
The most prominent production techniques include hydrothermal, sol-gel,
precipitation, autoignition, and green synthesis using biological substrates. The
study highlights in-situ, eco-friendly, and rapid production of mesoporous MgO
nanoparticles by considering the adsorption capacity, operational parameters, and
kinetics for the effective treatment of reactive dye-contaminated wastewater.
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Table 1: Textural properties of MgO powder fabricated by different methods.

Production method Starting materials

(m”g?)
Hydrothermal MgCl, (CTAB) 332.0
Solvothermal Mg(NO;), (CTAB) 208.9
Sol—gel Mg(NO3), (C;H,04) 124.6
Autoignition Mg(NO3), (Starch) 60.5
Precipitation MgSO, (NHs) 121.0
Precipitation MgCl, (Na,COs) 194.0
Precipitation Mg(NO;), (CTAB) 105.6
Precipitation Mg(NOs), (P123) 106.9
Precipitation Solid waste 50.5
U"ﬁ‘f:é;gg;fj:f“’d Solid waste 105.8
Autoignition Solid waste 6.8

Specific surface area

Pore volume Average pore size
g

0.590 (62)
0.410 8.1 (63)
0.300 3.6 (64)
27.7 (65)

(54)

0.390 2.6 (56)
(66)

0.514 16.6 (47)
0.492 39.0 (49)
0.765 28.7 (49)
0.132 78.2 (49)

1 Autoignition
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Table 2: Performance of fabricated MgO powders for removal of dyes.

Production method Adsorption capacity (mg g™)

Congo red Hydrothermal
Congo red Hydrothermal
Methyl orange Hydrothermal
Sudan ITT Hydrothermal
R Blue 19 Sol-gel
R Red 198 Sol-gel
R Red RB-133 Sol-gel
LFR Precipitation
1B Precipitation
R Blue RS150 Precipitation
R Blue 222 Autoignition
R Red 195 Autoignition
R Yellow 160 Autoignition

131.3 (67)
588.0 (68)
377.0 (68)
184.0 (68)
166.7 (69)
1235 (69)
772 (64)
922 (46)
86.5 (46)

1000.0 (49)
238.1 38)
2778 (38)
555.6 (38)
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Figure 1: Adsorption efficiency of magnesium oxide produced via co-
precipitation method in removal of R Blue RS150 versus calcination
temperature (49).
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Figure 2: Adsorption efficiency of magnesium oxide produced via co-
precipitation method for removal of R Blue RS150 versus surfactant
concentration (49).
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Figure 4: Average crystallite size of magnesium oxide powder
produced via autoignition versus fuel composition (70).
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Figure 5: Assessment of fuel composition for maximizing absorption
of R Blue 222 and R Red 195 dyes by magnesium oxide produced by
autoignition (70).

YY) oS oy ol JBlas b ol 003l oyt a5 060 o0 00y

ol)"I Iy st BB (65,50 e 3l 2ol az 510 ls cisllas (fiogil
Ja5skS V¥ oogaome 10 Wb ggeme ;0 (655 ()l Hlade Lol S oo
S35, g5 90 2 iz o ollas o Slas b 23l B wll Jgo
S 5 599380 &y 10005 Jol> RRed 195 4 R Blue 222 451,
Gl 3l 3 oadoliT 55 ke st g2 ol Jslome @y
.)‘9,4 i 5 usﬂa.o eb}l.g Oy ..\.m‘? MgO J}o > J}c <[+ YTY

\.\J

P

N ———

Sl srgm e Ghgy 4 00 Al (o e dnST Codr 003 Y JSCU

Figure 3: Adsorption efficiency of magnesium oxide powder
produced via co-precipitation method in removal of R Blue RS150
versus surfactant composition (49).
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Figure 6: Adsorption efficiency of MgO nanoparticles versus
autoignition time for removal of R Blue 222, R Red 195 and R Yellow

160 (38).
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Table 3: Fuel ratio to produce MgO with maximal adsorption of R
Blue 222, R Red 195, and R Yellow 160 (38).

R Blue 222 R Red 195 R Yellow 160

53.4£1.9 75.81£2.1 45.9+1.5
3.9 84.4+2.8 95.7£3.1 95.3+2.6
5.8 72.0£2.2 85.6+2.4 65.4+2.9
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Figure 8: Adsorption capacity versus residence time for treatment of
industrial wastewater contaminated with R Blue 222 and R Red 195
dyes, using powders produced via autoignition (Al), conventional co-
precipitation (CP), and ultrasound-assisted co-precipitation (UP)
methods (70).
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Figure 7: Adsorption efficiency versus MgO dosage for treatment of
industrial wastewater contaminated with R Blue 222 and R Red 195
dyes, using powders produced via autoignition (Al), conventional co-
precipitation (CP), and ultrasound-assisted co-precipitation (UP)
methods (70).
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Table 4: Parameters of PFO kinetic model for treatment of industrial wastewaters contaminated with reactive dyes (70).

- G mos) |G (100 --

R Blue 222 0.0122 116.8
R Red 195 0.0097 63.5
CpP R Blue 222 0.0293 41.2
R Red 195 0.0278 59.7
up R Blue 222 0.0155 73.6
R Red 195 0.0140 73.8

118.8 0.9760 0.9680
54.8 9.5 0.9787 0.9716
116.5 91.7 0.9225 0.8708
55.8 5.9 0.9528 0.9213
117.0 52.2 0.9778 0.9667
54.6 21.8 0.9330 0.8995
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Table 5: Parameters of PSO kinetic model for treatment of industrial wastewaters contaminated with reactive dyes (70).

R Blue 222 1.8x10*
R Red 195 1.4x10*
CP R Blue 222 1.6x10°
R Red 195 5.8x10*
UP R Blue 222 3.7x10%*
R Red 195 1.8x10*

129.9 0.9997 0.9996

66.7 2.0 0.9880 0.9840

119.0 1.9  0.9996 0.9993

69.2 1.0 0.9919 0.9865

125.0 1.0  0.9996 0.9994

66.7 15 0.9950 0.9925
! Kuo-Lotse

EQ-FA AEDNF/ S5 ) sl o wlallbns (Sele &y yuins



iz (S Jizl 33 51 Juols Joklkiog o o jaie SawST S pShos /llus lgashs 9 @llaw cysel

3ol Wilg oo s cpl (A (0) JS2) cnl aseine p5 slead
5 @t 2 35 g a5 aBlb Gl anld e eudelil (65l
STTE JNSRENE SNt S S [ESR NESy WA PR
550 Ggm 51 (A(C) JK) 5,00 418 gl Ve e LY ooguze 4o ks
2° ealSS 3l D90l Elgel B CS agmjen 5l Jol> 2
oonlin s o LS5 1) guaileplS sloosgs B+ +°C gloo
s ui.o.bl; uSL» 6‘)10 9 009 J?le g.)‘y) L"“‘ c]a‘u as 05....:‘5;0
S sl oy 5 g)sk Jlsle JuSis 5l mile o530 ail)d oplpls
V) (A (d) JS5) 355 0

SlaS 5 o wiee deeST g a3l e e sl
0y lawgio o5l cans p wds 005b Sl Wb g1, G5,
YA a4 YAIY 5loye ojlail aolidl o) e S illae 20,5 )13 Jas s
Sl Loyl @ RRed 195 iz 003b dgupn 10 duoy0 O g5 jiegils
1 3o 3 M el 4 e (eglb YAIY) 35,5 0,0 LSCi5 ¢ Jl>
Sy 555, ol i ool

OMgO (JCPDS: 78-0430)
— up

0(311)
»0(222)

Al
A K
Cdih ' A Ao Gl VR T T . iJd
30 40 50 60 70 80
a Diffraction angle /°

RPN IOV { BTN S AR K IRV IREH 1
el 4285 15 aslllae 550 4 @) UK 0 00 a8l Syl 535 3y
e 09y dw b Glgise |y masute ST oS el ] 5l (Sl gl
S & e (SlilogS gy oS 9gd azgi il Lol o5 agd oad
5 Sl Gy boamalie ;o 0sdiee sl YT U Sl
S5 SrsS ST 5k LS5 e g0l el b lae g o
Sl B)late (pgmyed B9y mizmed D900 yogili VF gu>
Loy a8 el 209l VY 031l b (slacS ok a4y oliiws (sl colie
o3luil ax ST .l Bl pologs g, 5l Jol> slocS sl o3lail ol
I FSesS (pgmyed Ghe) @ oddadsi e ST lacS sk
0 e ol Lol el Blpslogs gy 4 odel Casdy slacS gk
(V+) 36 RRed 195 Cis ollS 1 cwgmmo 3G LsT o5l
FESEM) Glawe JouS (g, (S95SU 05Sg S gl
V00 S o 0ald S8 laghs, b oot axs ey
SLigl alex 5 goante ailmess S LKA oasasslis
Slpmlogs by, 5l Jels Old con ) cwl S>eS (69,5 4D
L Greglh Voo 51 55y S350 o 5 dusyon 5 & Sslite

S JoS (o295 $97SI 05Sag Son pslas (XRD) uSul 955 (Bl slagSl @) g o & 00205l i e ST 390 (ohidasiine R S
A(V+) (UP) &gl 3 zlaal (il Cows pgmy02 (d) § (CP) Bjlxin g0 (€) (Al) (Bl imlogs (B) g, &y oads jiw &3 51 (FESEM)
Figure 9: Characteristics of MgO powders, (a) XRD patterns, FESEM images of particles fabricated by (b) autoignition (Al), (c) conventional co-
precipitation (CP), and (d) ultrasound-assisted co-precipitation (UP) (70).
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Figure 10: Adsorption efficiency versus average pore size for treatment of industrial wastewater contaminated with R Blue 222 and R Red 195 dyes,
using powders produced via autoignition (Al), conventional co-precipitation (CP), and ultrasound-assisted co-precipitation (UP) methods (70).
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Figure 11: FTIR spectrum of MgO nanoparticles (38).
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Figure 13: Dye removal efficiency versus thermal regeneration run
number, calcination temperature: 400 °C.
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Figure 12: Adsorption mechanism of reactive dyes on mesoporous
magnesium oxide nanoparticles (38).
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Table 6: Performance of mesoporous MgO in comparison to other adsorbents for removal of dyes.
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