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Geopolymer Synthesis and Its Application as Photocatalysts in the Removal
of Dyes
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Abstract:

The rapid expansion of the textile industry and the discharge of massive volumes of synthetic dye-containing
effluents have emerged as critical environmental challenges due to the high toxicity and non-biodegradability of
these pollutants. This study reviews the synthesis of geopolymers as innovative and cost-effective substrates for
photocatalytic materials. Geopolymers are produced through the geopolymerization of aluminosilicate precursors,
such as metakaolin or industrial wastes (fly ash and slag), with alkaline activator solutions. Various synthesis
strategies for photocatalytic geopolymers, including slurry and fixed-bed reactor configurations, Inherent activity
of raw precursors, direct incorporation of photocatalysts, ion exchange, and impregnation methods, are discussed.
Furthermore, the characterization techniques, key factors influencing photocatalytic performance in dye removal,
degradation mechanisms, and relevant kinetic models are evaluated. Finally, the recyclability and stability of
geopolymer-based photocatalysts are examined. This review demonstrates that modified geopolymers can serve
as efficient, stable, and recyclable photocatalysts for sustainable wastewater treatment.

Keywords: Geopolymer, Photocatalyst, Slurry reactor, Fixed reactor, Dye wastewater removal

Graphical abstract:
1) GEOPOLMER SYNTESIS 2) Synthesis Photocatalytic  3) pHOTQCTALYTIC DYE REMOVAL
geopolymers
Intrinic Photoatalytic
3 . + Geopolamer
g Light (UV/Visible)
Direct Addition of P
Ikaine Actvat , o
W Alkaine Activator i
Alumlnsl(lgsgt'eSource (NaOH/Na,S10y) lon E)(Achctair;gtei énA}kanme @?_{
Metakaolin, Fly Ash Impregnation & h*
Coating on geopolymer » o
' e'/ht
Producti
e “2 | Active Radicals
.| (°0H,0,°)
N
lecul &
Dye Molecules| # ¢
U 1
=L
co, HO
Dissolution - Polycondesation Clean Water | &~ HO

- Geopolamer Network



mailto:oshani-f@icrc.ac.ir

ol 444 %@@i

<

doddio —1

135, 58 Voo e e 5l Gl s3T5l a8 0 adgi ez (e 50 inage lawgs VARD Lo o ( JT (6500 133,
(Tl mlio ;300,08 ol (it SIS, wllige o Vel e 5l Gl Sl AVl wgi Cadb g ol i
lasm A Sl 4 olad cons (Jb pl b ogd oo oolaiul @ipulﬂ oleo g silugyls dae BelS oy elo Sy
SIS ogba (1) 99800 0 Jlo ;0 I35, g5l Clay (5 9 lkee Vo 0905 5 00,5 Sras ) oy egias LIS,
(iione LI5S, Jols sl IS5 Wigd oo ol gy 9 55 sl 09,5 A a4 Jlls wlul LIS,
vu")?“*?." slaliss, Jolis SRrE sl s b bl oled Jolds GaulS skl vc_s‘?*"s‘ﬁ PRESe
3 IS5, 50 )8 951 ol igh anaib g5l b g3l Lol olyieas anilys o (3w laliS5) Nigd oo
Ol g ge il Soileg, 09,8 Jlail g ()55 5 G 4il8T90 igey b a5 5l 0925 551 GlaliSs) ¥ v+ aiiie wlio

V) 2l Sy b (G951 o S8 gt PH & ey il o LI5S
Gyl il e 398 wile yal ol aS il polie 4320 il jo Saday LIS, pl a5 098 o0 Eel (63w SIS, ooz Ll
Jobs cims g i 1y ol e (plond oS 5 (g5t SlaliSS) S e fimre 1) ol ptannsST 08 0205 5 050 0
(BOD) (35S (coignr Lol 5 (CODY glooss ()5mST LSS o33l el pH i b 5 0 o Ji5ve | (S59)55T
G ol o Guals dloz | g FB (oo s Sl costinba 1K) olge (g5l (glocly peiine 79 5 gl

A7) led oo Sloml (LS (9 loione 5 9 IS lyims )3 (S3allyzr (S
(il (i Slanil 0gh o osliiul g 5 (loord (Sexd Sla by, S Sl S5 dlge Bz gl (I b 4
7B AOP gloailyd (pdizes 5l (g ke (F) wiilioo 155, Bl slals) 5l (alodiges (AOP) adyiny (falaST slanyl s
53,8 Sl 1355 Slge B sl e (09, (lgieds (V) U556 9598 (7)) (39,008 9enS Ty 5l ool «(8) (550095
b oasS oS Jolge b 95Ul 5558 (93l 39,00 STy 5l Wl oo &S Sl OH gl JISG 0l w0 dgs Jolis AOP (ol
el loby, 5o M) waled a5 |y I Sl 5 Wil o 00biadss JenSgpoun 0, Guges 095 g5 it 3 5
sroe Olge 4 londinnes 1355 ) olge AOP (slaaiy] 3 )0 Lol () 04 oo g a4l oo YT F & slwaisd [oliasl 4 P Ci>
S gl Bas ax 51 (A) wles oo sloul 1) oYU s Bds 003b 5 09 o0 103 2,5 dumST 60 5 o wiile
g Play JL Grals Sl (JolS A g5lo S5 5 (2STs ey Gial38 b Lol el (6 1555) Gy Bl (55950615 5358

3,08 8479 55 (2,5 w60 g ol i Heolw SLuS 5 4 sdusey dlge Jous

! Mauveine

2 Reactive

3 Dispersed

4 Chemical oxygen demand

5 Biochemical oxygen demand
6 Coagulation/flocculation

7 Decolorization

8 Mineralization



& g5 T ®
@MMJ;%@@

J5 6551 315 ol G 65 S &y g BT el lgs SIS 55 il 9598 o Clad cn o g0l Jalse 5 (S
3,05 5925 g xSU (gl (65,31 515 e bl 0 09 oo B! labilis jaas o7 il jlei (6550 515 cp S w9 Toud b
el 655l el S Qi Jlg B 6550 51 5855 L sgle (19398 65,531 L (559 Wb oole (6,956 5598 a1 £, (ol
S Sy £9,0 Lol Jole a5 295 0 a8 )b Jlgi 10 Cote 0,h S obml g il Jlg 4 Syl g ) g ST (S STl
s LIS o5 sl el alus]

Pl b1y yeslisss (655l blie a5 wms o (las 1) (SloasS jlaanel Slidios 039> Y5 peukigh) 495l 559 olge
b o Sluld b Gare (orb Slge 5l a5 st Some (s endy Slge £53 o Lo jenli g5 S o0 S 5 55U 56
S 5 95 L olge aS Sl gunl 8 4 Lo e Ko Bk 5l 95 Ul g558 wigd e i LS ouiiS Jlad Jolore f ool
SLgin b 9edys> 558 Sreehisty 595l 5598 Slge (s )sld 9 (nl oS b ogd o0 Joloaliaid (2S5 5 el e
S ylasoms (gl ahal 4 jaeS sl G g wles ool ClndbS b pliod (o iiSTg bop o )15 a0 1) oo slo e
o Sl elin adslolse b ol ol oS al> o (i ol (6 yordy 985 (6555l 5593 Slse dnngs aiSn S5 |,
S asile iato Sl liwsiagl aslr Sluls b Jgilile Jold Sul oo ol ol ol 05 Gl jordy 55 i
o 5 oolaiwl 8,90 (oLL8 caiiS Jlad Jalore it udiw g LacogT 51 jLis s a5 sl ks 0390 b o, pus (s0b
Lsloes sty Slkons b potes DSl LS S bty 05,000 L a5y Jol Yoo salyssy sy
() aiboo (5,95061 5598 oole il (6 youdy 655 59515 5358 Slgo dnsgd ;o Ay al> o .l 00

@lolid alize sy, G WSl oo 5ok 955 595 lbI 5358 Slge Sl Sl hg) (o w590 Ao (il 5l Sue
o B gle 5 St S5, Bao ol s Jelos 55900 Alie b aeldl jo 055 o (Brme Lol 358

D8 o0 )8 Dby 050 1555, Cluy Bd 50 (50l 55 (sl g5 U1 5368

Ol GyiaSTy g 5 IU g5 98 Wiyl )3 -Y
G35, a5 @l pei sla b o uli s sl oo ¥T laliSs,) w55 gl |y ol STy Konli (gl g5 bl 528

638 oS g5 GBI sl 0uds 03lil ZNO 5 ZrO, (O SnO (Ti0, wiile g s B b slables jass 31 « pne

bloy e ool 4 4 (VB) cud,b les oYL Y o (65,50 S lgs BT ol oas ools las V JSUS jo  sasuie

.(V+) el (CB)

! Band gap

2 Valence Band

3 Conduction Band

4 Photocatalytic geopolymer materials



g

(=%
Q
=
=]
2]
”

E
=
b <
B

(eV)

z
o z
3
BElEE -

O g B L o308 0pnST cla goloany ) S5

Figure 1: Different semiconductors with their band gap (10).
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Figure 2: Schematics of dye degredation on the photocatalyst surface (11).
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Figure 4: Methods for the synthesis of geopolymer photocatalytic materials.
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Figure 11: (a) Pseudo-first-order kinetics, and (b) apparent rate constant Kapp for the degradation of Rhodamine
B dye after 90 min with UV irradiation(35).
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Figure 12: Regeneration investigation of the of geopolymer (GP) and geopolymer composite (GTA)
photocatalysts (47).
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Table 1: Review of recent research on geopolymer-based photocatalysts.
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