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processes in treatment of wastewater contaminated with reactive dyes
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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.

Keywords: Reactive dyes, Mesoporous magnesium oxide, Nanoparticle fabrication processes, Adsorption.
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Table 1: Textural properties of MgO powder fabricated by different methods
Specific surface area

Production method Starting materials Pore \QOIﬂme Average pore size Ref.
(cm®g) (nm)

(m?g)
Hydrothermal MgClz (CTAB) 332.0 0.590 (61)
Solvothermal Mg(NOs3)2 (CTAB) 208.9 0.410 8.1 (62)
Sol-gel Mg(NOs)2 (C2H204) 124.6 0.300 3.6 (63)
Autoignition Mg(NOs)2 (Starch) 60.5 27.7 (64)
Precipitation MgSO4 (NHz) 121.0 (53)
Precipitation MgClz (Na2COs) 194.0 0.390 2.6 (55)
Precipitation Mg(NOs)2 (CTAB) 105.6 (65)
Precipitation Mg(NOs)2 (P123) 106.9 0.514 16.6 (46)
Precipitation Solid waste 50.5 0.492 39.0 (48)

Ultrasound-assisted

precipitation
Autoignition

1555, Ol 5 glel B o aliee slo g, ) 0dd gl oo juie ST j0gy o Slos auslin Y Jguo

Solid waste

Solid waste

105.8
6.8

0.765
0.132

Table 2: Performance of fabricated MgO powders for removal of dyes

Production method | Adsorption capacity (mg g'!)

28.7
78.2

(48)
(48)

Congo red Hydrothermal 131.3 (66)
Congo red Hydrothermal 588.0 (67)
Methyl orange 377.0
Sudan III 184.0
R Blue 19 Sol—gel 166.7 (68)
R Red 198 123.5
R Red RB-133 Sol—gel 77.2 (63)
LFR Precipitation 92.2 (45)
IB 86.5
R Blue RS150 Precipitation 1000.0 (48)
R Blue 222 Autoignition 238.1 37
R Red 195 277.8
R Yellow 160 555.6

S PR G995 4 odd Addgi o e damnST i Cad b g T8 (sl el i -

o 1) o (8b Slasiine 5 6 5sh i le a8 Conl (udS5 lod o e apaST Qi b b 0 N850 sl il b o tage 51 (S
S ol odls L ) S 5 gy b sy 1 0 5 e a5 oS5 s il s e 15 00
03ls &yl £ 00C B Fee sles oogamme ;0 mhaw Sl GLe 10 e S 5,000 (40,5 S g o 5l Jool> )3 T jo
odSS jogs az STans 0, 000°C L pled oogasms ;0 uedST L Gz 0ol pRaie 158l a8 05l oo cowline il onls
Sl Gl sl 5 aes oo lis 0s5 51 R Blue RS150 5251, 61555, Bas jo s 5UL oL DO-°C L D-+ odgasme ;o ouds
P Jbd slacole JSis mile jol (pl aS ool duo )0 OV @ VY 5loojl rals a4y e £02°C 4 00- 5l Les 2ol38l el sl
B0-°C L+ Joxlsiiogie mjaie ST dr i S miie danS 5y udSS Il o il plis 05 g0 at Ul Dl (6l
(FA) el

I B (55,0 180 00 15 5 x| e g 6 5 (o3 Sl w55 on s (sl e 3l oolitd o5 Ul
S5 (R 95 & 0D Ayl e ST iz 003l 1 1, CTAB jSIad clale JIY (IS 098 (aseiie 5 4y ()] S 5 5 ,S0a8
CTAB ;50 &jle 45 065 0z 005l Sgups o Wilgd god oles 4 CTAB jloolasiul a5 058 0 003 mgdg 43000 o0 Lis |
o3gazs ;o CTAB clale (mof58l L ool ;o (652l Ol s 4z (ST .Cncs o e anST 3L Sliaseinn Sgun sl p Goal,l5 Slas
ol o aS 5g; 18 me a5l Slad clale aS wes o 7y Sloj o) 5o pKeiz alS Lol wgd o sdalive i) 5 e, VO L /0
720lae L CTAB mdaw [ SIlad 598 oo loiion d> 003l Sgmp 5 JSio ol adé (gly o] g0 )0 a8l posd O jg0 4 Ol )3 &g
(FA) 05 (3550 V1) e L SDS-TX100 Jolis (oS 55 S35l Jolno



g

E
E
Z

75

70

65

Dye removal efficiency (%)

L T, T . B VL L

55 Ll b bty

350 400 450 500 550 600 650

Calcination temperature (°C)

(\C/\) u,»...ls.‘ LSLQO )4.1).3 o) R Blue RS150 u..\.‘> 6‘)4. Sy R &9) LY W) \A-AJBJ (02, a0 5\.».».».5‘ u.\} ob)’l.g R J&w
Figure 1: Adsorption efficiency of magnesium oxide produced via co-precipitation method in removal of R Blue RS150
versus calcination temperature (48)
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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 (48)
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Figure 3: Adsorption efficiency of magnesium oxide powder produced via co-precipitation method-in removal of R Blue
RS150 versus surfactant composition (48)

Urea
100

100 0 100
Glycine Hexamine
u.uo‘)ib 9 u,....quf so)5| LSLQ wa.w ;,\.5).7 ).a|).: B ‘;‘]o‘ 09> u,uj) aQ 0 ..\.Jj; f“"'f""'q ..\M.S‘ le.ﬁ J)jla Jams.».a o)L)u‘ :f J&w
=)

Figure 4: Average crystallite size of magnesium oxide powder produced via autoignition versus fuel composition (69)
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—— Crystallite size < 35 nm
—— Gas content < 0.0343 mol

— R Blue 222 adsorption efficiency > 90 %
—— R Red 195 adsorption efficiency > 90 %
\
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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 (69)
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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 (37)

R Blue 222 | RRed 195 | R Yellow 160
1.9

53.4£1.9 75.8£2.1 45.9+1.5
5. 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 6: Adsorption efficiency of MgO nanoparticles versus autoignition time for removal of R Blue 222, R Red 195 and R
Yellow 160 (37)



& g5 T ®
@MMJ;;AQ@

50 510 ol i 53 11 95 3 (sigusy B 5B o954 00b el o bt ST o5l 8K hae dunylla —¥-F
SoPH (&ly jo el 10,55 2 UL Coenl 5 PH osguze 3:85 (sl (i 3,8os e ST A (o, Sl 2kl 5 i
o3ma 15 ol 2 oslle g o o JlS o ¥ 51 e PH L oo Jolone ;5 MGO 1,5 el iz 35k 5 35 (5l 5l
Vol UL apH ili8l oS cosl dz g8 Ll gl o0 Jo SUsk ley ow j0 Sy yeb 4 Gl ;o MgO I3 B B Yy pH
sl PH 18 0505 o0 52351, (51355, LS 5 Sliwly Sl 28 &y joeie 45 00l (o e ST )0 mhans 4 hio 51 Gl 5o

Sg anlgs VB & s 5953 dlge 4 00g)T lo Gluy avbas sy
oo ool (lad ¥ USG jo pmio slaclay 58T, G155, GluS 5 iz 003l el sla bg; 4 ead 0dgi MO0 lade ]
2y 0ansUT 90 42 sl G2 s 5 s Y1) RRed 195 51 ity G2 s o5 ee 3V/A) R Blue 222 ke ax 51 oo
o g b o Gmali8l ey AF 4 AT sgas 5l e pay Tal Gas 003L Laisd g0 i Bl sl oes 5,k sl ealader OIS (s,
lp 23 cslin jlade (nlply 09h oo wal L sl (6 i Jlb latole MYO Jlade (Al L aile o (L 2ol Lo 85 o)
55 1 )8 VYO b yliin gy o 5l ol 3l e ,51aS ol Laseiin sl i) s p)S VYO S5, g9 o olS i
RRed 195 LolS Ly i i (sl 5L 350 pajeie dumS| e 355 oo i MOO &5 (g5, 5 R Blue 222 plos o5 43,5
SBrae ) gy7abro a0, Frogd agd Bl (g m8 (B9, & 3l ST Ojle 4 05h (e 05l 2l S VO S50
erso Dol glyal il S oatants MUO o5, 355 o Jol Bl 055 51 o 3l 055 MGO Sk b sl 19 3l
A e HeSde hgy 4 Ll adgl K0 (g 3l ol e RBIUE 222 & o0g)] Cluy abar (o oslatal sl 003l jo 5zl s
G5 el 8 Vel il oo RREA 195 (55l by 50 4 sl Jl (ol b 2550 RREA 195 dr el als
SISy sel slaclay ahal 6l (oraliel S3lr gl b glsel S 4 9w 8 Gkl eudades MO 09 cnlple b
JRRed 195 im (ol Jld slacylo sl 4o Solse LU o5 aims o ol zadsts gl ol o5 ge alis 551,

100
g I
> 95 |
] I
@
&_% —— R Blue 222: Al
c 0 —=— RRed 195: Al
o
= -+ - R Blue 222:CP
o + Bt 3
< 8 R Red 195: CP
< [ —— R Blue 222: UP
i —o— R Red 195: UP
80 I VP MY Ll G T3 AE DAC b S N A S MDY Y A O O N I O G R )

0.25 05 0.75 1 1.25: 15
Adsorbent dosage (g L?)

sy sl RRed 195 5 R Blue 222 (51555, 4y o)1 cimio sla Ol arbual cg MO Jloie ply j0 iz oojl ¥ S8

=) (UP) C:yob.‘i C‘}A‘ wb Sl Sy R 9 CP) d)L!.A-Q Sy R (Al ‘53‘)3.’>| .)5:> u"ﬁ) O OM..\.J}’
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 (69)
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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 (69)
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Table 4: Parameters of PFO kinetic model for treatment of industrial wastewaters contaminated with reactive dyes (69)

G (199 | Geos (99

R Blue 222 0.0122 116.8 118.8 0.9760 0.9680
R Red 195 0.0097 63.5 54.8 9.5 0.9787 0.9716
CpP R Blue 222 0.0293 41.2 116.5 91.7 0.9225 0.8708
R Red 195 0.0278 59.7 55.8 59 0.9528 0.9213
UP R Blue 222 0.0155 73.6 117.0 522 0.9778 0.9667
R Red 195 0.0140 73.8 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 (69)

Oy [ Je(gng: i)

R Blue 222 1.8x10% 129.9 0.9997  0.9996
R Red 195 1.4x10% 66.7 2.0 09880  0.9840
CcP R Blue 222 1.6x10° 119.0 19 0999  0.9993
R Red 195 5.8x10 69.2 10 09919  0.9865
UP R Blue 222 3.7x10% 125.0 1.0 0999  0.9994
R Red 195 1.8x104 66.7 15 009950  0.9925
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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) (69)
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Figure 10: Adsorption efficiency versus average pore size for treatment of industrial wastewater contaminated with R Blue
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222 and R Red 195 dyes, using powders produced via autoignition (Al), conventional co-precipitation (CP), and ultrasound-
assisted co-precipitation (UP) methods (69)
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Figure 11: FTIR spectrum of MgO nanoparticles (37)
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der Wy 51 am o e danST bl -0-F

Pl sl il o )50 sl Dy ahal wn b e (i cn e 3l 5551, SIS, SlaS S i an Sl ae Gl gl
S ol ) 055 ool e (slos 55 malS5 b 5 PH yosiS o clomsd S 5 U 5t alar 51 ki slo s, 5 oo
Jode 950 e a1 SL3L sl sblae o9, (il bl IV il o 2 Gl sles 5o il e ST, S5, SleS S
o ol 1y Fee0C glos o gl bl sle a5 > slass L 1) R Blue RS150 (6l555, Jole i 003l ol s VY USCs ]
a5 aes oo 7y Sloy 2oy FY B ool jo wuad cll gl s (ielS doy0 A 4 A9 Il l A e iy b ool a5 04l go 00ys ol
@ odz ol Calyd ;o sl plml ) S Do 4 edST L 3l Sl 4GS 50 50 00 5 Lol A e (el (6l e 35
50 &lgs g0 a5 00gs ST L aly] e STy 5l LBU el cpl gl so alwlS ad 4 e sl culu slaws 1 g oo, JBlos
o)y Wlgs oo Jol> wilowy 5 0395 (Soe (lord sl (g, b (s> D3l bl Kos (aul o iz )3 8L Fge SRS alS
238 hoes JFHSe 950 miete denST 4 (Bl 093 L g (pgm) o0 Sile soleiiny slo g S5 4

925515 61555y Gl 5 iz 0 Ladla plu b dun o )3 o9 o damnS T 8 )Sos dnny Lo =F -
Ol a5 09h 4z gl b 551, SIS, else @i o oolitul 590 sle L3l glgl LS gl Al ST Qi o)l anslie I LS
Sl e g o3l oS mSI L e lid canilon o] JsSge Jiiles 45 syzge lole clo 05,5 5 1555, oS 5 il il coms a1 3
59551, SIS olge (Joge glas Lo 4 i Cud )b 385 it (ISl 5 lge (nl B Lo o5 (o0 )8 Q3 (alberdm (o5
3,5 &l g5 3 slge 4 03gl sla Ol ddal o ksl o Shee b bLs,l ,o 1, S Gle oo Bro g ailas 5925 o L3> LSl



aiile gyt 6o yarl (Vo) 638 - JT sz lez b sle wdlo «(FY) Usiiog po o pie ST oslle & Jsam (slo ool 3l
owbio o8 )b ST (VE) ool ol oy 5 (YY) (owablioe of555S (YY) FS400 ouls 7ol Jleé S «(Y)) Dowex Optipore SD-2
Wy 3350 5lo Clay ahal )5 olatul 51y 55500 dlge cnlio byl o8 ) @ it lo 555 5351, SIS, elge D> sl
Slonny d(VO) 00 dieandS gl Jolio 1o ol axlge (s0anie sl (5,150 b (solamdl oS s 5l g ciaio wbidie o dlge opl oy
e e 3o Ll adgi 5 i 1o )95 5251, G135 olge iz (gl arwlio Cad )l SHOVY) Calsepn 5 (V9) oy 589, aulr
dYQ) o2 jeie SS9 000 ol ools idigy Cudgiiy (YA YY) CodolitondS aiile annds slo iy 5l oolannl .ol (Saw 33
56551, 61355, Jelse (gl (sl ol apiai (gl (AV) (3I5krgiSd Ll L ilonny 5 (A+) NH2 (slo 09,8 b oads o sle o3l

100

o b y

b

1 2 3 4 5 6
Run number
B0t elS5 slas e 5 sbn] slo 45 2 il 0 RBIUE RS 150 (51355, ele cbi ool ¥ S
Figure 13: Dye removal efficiency versus thermal reg é%]on run number, calcination temperature: 400 °C

Dye removal efficiency (%)

551, G355, Jelys i

50 @l LAl b Jodsiie ghe mojuie ST 0 Slas duslio i Jgoo
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oporous MgO in comparison to other adsorbents for removal of dyes.

R Blue 222 MgO 238.1 (37)
R Yellow 160 555.6

Remazol R Yellow Activated carbon (FS400) 714.0 (72)
Remazol R Red 213.0
(13
Remazol Violet 5R Porous modified clay 185.7 (74)
~AcidBlue2 2659
RB114 Calcined alunite 170.7

RYe4
RR124 153.0
~ Palm-oil industry waste
Everzol Black B Sepiolite
RB2L  Clinoptilolite 97
RR195 3.2
 EverzolBlackB  Zeolite 606 (70
Procion blue HP Bentonite—-Mg(OH)2 40.2 (79)
- e69
R Red 3B NHz-grafted attapulgite 34.2 (80)
~ Lignocellulosicwaste 716

RR218 63.3
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