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An Eco-friendly Fly Ash-Based Geopolymer: Synthesis and Photocatalytic Properties

ZHANG Yao-Jun® ZHANG Ke KANG Le ZHANG Li
(College of Materials and Mineral Resources, Xi'an University of Architecture and Technology, Xi'an 710055, China)

Abstract: The fly ash-based geopolymer with regulable pore structure was firstly synthesized by using urotropine
as pore forming agent. Meanwhile, a kind of In,0O; and NiO co-loaded fly ash-based geopolymer was firstly
synthesized by the coupling design of semiconductors. The composition, structure and properties of catalysts were
characterized by XRF, TG/DSC, FESEM, XRD, FT-IR and UV-Vis. Furthermore, degradation activities of
simulated dyeing wastewater, mechanism and reaction dynamics were studied. The results indicated that the pore
structure, BET specific surface area and mesopore volume of geopolymer were remarkably improved by adding
pore forming agent. The highest degradation rate (95.65%) of magenta green crystals over the 5% In,0; and 1%
NiO co-loaded catalyst should ascribe to the semiconductor coupling system of p-n junction generated from In,0;
and NiO as well as strong interaction produced between In,O; and PAFAG so that the separation efficiencies of
photogenerated electron-hole pairs were improved and the photocatalytic degradation activities of dye were

enhanced.
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Table 1 Effects of pore forming agent doped on mechanical properties of Na*',K*-PAFAG

Compressive strength / MPa

Flexural strength / MPa

Sample
Curing 3 d Calcined at 300 °C for 4 h Curing 3 d
Na*,K*-OPAFAG 63.2 88.3 7.6
Na*,K*-0.1PAFAG 78 97 7.4
Na"K*-1PAFAG 46.4 59.6 6.8
Na*,K*-5PAFAG 304 36.7 5.5
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Fig.1 TG, DSC and DTG thermoanalysis curves of
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Table 2 BET specific surface area and pore distribution parameters of Na*,K*-PAFAG doped pore forming agent

Pore volume /

Average pore Pore volume distribution / %

Sample Sor ! (m ) (mL-g™) size / nm <2 nm 2-50 nm >50 nm
Na'K*-OPAFAG 14 0.052 15.35 0.13 73.67 26.20
Na'K*-0.1PAFAG 15 0.062 17.00 0.11 75.01 24.88
Na'K'-1PAFAG 7 0.022 11.67 0.32 68.00 31.68
Na'K'*-SPAFAG 7 0.019 11.10 0.52 43.10 56.38




20 b7/ IR /e S 14 % 33 %
A) b ] . (B)
al a: Mullite a: Mullite, b: Quartz
b: Quarta c: In0,, d:NiO
- N
A N10
a b 2 a a 2
o adla 220 a ap @ b InzO3 c
v c
Fly ash £
8In,0,-NiO/PAFAG
5In,0,-NiO/PAFAG
L_L'J 1In,0,-NiO/PAFAG
Mo %MW a b afa afla b a aab a b
NH,"-PAFAG NH,-PAFAG
T 5 T X T s T x T : T 4 T % T s T ¥ T ¥ T ¥ T 5
10 20 30 40 50 60 70 10 20 30 40 50 60 70

20/ ()

201/ (°)

(A) Fly ash and NH,"-PAFAG; (B) NiO, In,0; and co-loaded catalysts

K2 HaE) XRD E
Fig.2 XRD patterns of samples

B AT A TET WA [E B 7R 15°~35°19 26 YU
DAY R A 1 0 0 SR A Ak R R B B A, & BLAE
NH,~-PAFAG F 5 11 XRD Bl | 50K A 77 55 i i i
55 5 (EASHE M 2 | 5ok KRR R L b B 2R
PIRE Al 150~25010) P A e T AR IR R 0
N T 25°~40° 38 [ A 4 <o e Ay e 1o AR I 35 1
o, B e ) g £ AR A% | X R T A8 T B &
3R ) 0 2E FR ARk — 5 SR R WIS 43 i 5L
A7 UL KA 5 v 1) TG R T 40 Rk TR R 1% S 4R 5 %
K KOH Hl Na,SiOs K W AE T4 45100 T KA
N, AR R B R AR A ML BUR A

M 2B)H AT LLF H | In,05 A NiO 3UH 2K /Y
1In,05-NiO/PAFAG Fl 5In,05-NiO/PAFAG ¥ i 1Y
XRD K5 NH,-PAFAG F i JC B 8 22 51 | 2 B In,0,
T NIO PAJC R JE 245 35 59 43 BT M ot 3R 6 W 2 Ak
1) 20 B fLIE Y In0, 13k i3 &2 8% B
8In,0:-NiO/PAFAG #f i £ 26 =30.58° ,35.46° Fl
51.04°H BT 3 4 InyO; fiT I8 (JCPDS No.06-0416),

(b) NH,-PAFAG

A3 MY 37 S S A L S RO IR
Fig.3 FESEM photos of samples

F W In,O5 78 Hh 5T 2R A 1 3K 3% 11 2R A TP 1348 Kt
R, A Debye-Scherrer ANFGTE In05 fkL KN R
14 nm,

Kl 3 24 A i 3 & S 4 4 F - 0 TR (FESEM)
WA, MNIEL 3(a) BB K IR FESEM B R R ml B |
K S 302 TG T 1 BROE UKL | BROE UKL RS A
T 1~15 wm Z [ Bl 3(b) A AR 24 NH,-PAFAG
FES Y FESEM M8 Fr, ATDUAR B NH,~PAFAG F il
JE SRR 2 50 nm B 0K 5 28 HE AL A, 2 0
A T BRK B  18  JRE J BR JAE| HLAR  THT ) B
B K 5 3% % 77 KOH M NaSiOs B | -Si-0-Al- 1)
AR REMRR, MmN, XN
[Si0,]* Y T4 FI[ A1O, ] PU T 4 AH B 22 [8) A A 46 58
N, A T YRR 2 50 nm OSSR BUE HA R R
T3 2 MERE 0 T 8 T 1 B K b T R 5 s X
XRD %5 SR AH—F, K’ 3(c) I A2 5In,04-NiO/
PAFAG #f i () FESEM M8 R | H GO0 IE S0 5 48 14
NH,~PAFAG i I AH 240l DAL 2 /9 XRD 25 8

(© 51n20; NiO/PAFAG



1

SRR A5 . — o A= 25 A R b B 2R 5 ) B I BT A AL T R 21

WA KL In,0, FNiO 19 S AR | 3R B In,05 S NiO
I LLTC S T A5 389 50 1 i A 2R A 1 AL 3l B 48 T 3k
[LNITESTTN

Kl 4 4 FA By K 5 NH,-PAFAG F£ & 11 FT-
IR G E , MWIE 4 7T LLE H FA FE 55 NH,*-
PAFAG 7 = 4 X 3 415 1 3 457 em™ H )&} O-H
R A IR S, FERARIX 1 638 Fl 1 636 ¢cm™
H)E H-0 it R 2h Wl 1 400 A1 1 401 cm™
HJE N C-0 R 4a e sh | T BE &R & 0 Bt 25 <ok
9 CO, &A= Bk TR AL S B BT B2 18] 4(a)H Y 1 090
em™ WU U J& T Si-O B A AS X BR A 46 % 311, 556
em™ U U 05 R Si-O-A1 S B X BR i 4 3 3,453
em™ HJE R 0-Si-0 B RSN, 5 FA FEAAHLEE, &
4(b)) NH,;-PAFAG ¥ i P 1 Si-O-Si 8 i) A X AR fif
ARSI N 1090 em™ B 1024 em™, Si-0-Al 8 119 Xt
PRI 4R 2 N 556 cm™ 7% & 561 cm™ P, 0-Si-O
135 4R S M 453 em™ B 1] 462 cm™ P71 3R B A AR
FRIFRE TC 5 TE 1) B 40 TR 6 78 B A T h i Y
BTG PE B [SI0,] FITALO,P- DY T A A | 78 Bl 1 2%
T, RS RR AR R RN, T RUHT T T 1
Si-0-Si(Al) M 45 2544 | 3X 5 XRD Bl e i I &
BB Si-O-Si(Al) ] /&5 fA B2 20 B3l i 45 R A — 3k,

(a) FA

3415 <k

(b) NH,*-PAFAG

1090

3457

1024

4000 l 35I00 ' 3(;00 ' 25I00 ' 2(;00 l 15I00 ' IOIOO ' 560
Wavenumber / cm™

Kl 4 M B(FA)F NH-PAFAG #5019 FT-IR JGi%
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Table 3 BET specific surface area and pore distribution parameters of Na*,K*-PAFAG co-loaded In,O; and NiO

Pore volume /

Sample Sper / (m?-g™)

Average pore Pore volume / mL

(mL-g™) size / nm <2 nm 2~50 nm >50 nm
NH,-PAFAG 12 0.085 23.69 0 0.063 3 0.021 3
1In,05-NiO/PAFAG 19 0.085 14.81 0.000 1 0.061 2 0.023 7
5In,05-NiO/PAFAG 22 0.095 13.48 0.000 6 0.075 8 0.018 6
8In,05-NiO/PAFAG 15 0.075 14.25 0.000 1 0.064 9 0.010 3
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co-loaded In,0; and NiO catalysts under dark
room conditions
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Fig.7 Relationship of time (¢) and /g, in the pseudo-
second-order kinetics of magenta green crystals

on co-loaded catalysts
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Table 4 Parameters of adsorption kinetics models for magenta green crystals on co-loaded catalysts

Ge ! Pseudo-first-order kinetics parameter Pseudo-second-order kinetics parameter Intra-particle diffusion parameter

snple (mgg)  komin' g/ (ugg’) Rk mgtmin) g/ (mgg) Kk (ugegmin®) R
NH,-PAFAG 0.090 0 0.209 3 0.783 5 0.667 0 1.088 6 0.100 4 0.984 8 0.010 2 0.920 3
1In,05-NiO/PAFAG 0.095 7 0.2155 0.922 4 0.639 5 1.170 6 0.105 0 0.989 0 0.010 6 0918 8
5In,05-NiO/PAFAG 0.105 1 0.234 5 1.140 1 0.670 0 1.250 1 0.114 8 0.991 0 0.0115 0.880 0
81In,05-NiO/PAFAG 0.092 7 0.207 1 0.773 6 0.537 7 1.177 0 0.102 1 0.988 1 0.010 4 0.910 6
5In,05-PAFAG 0.090 6 0.201 8 0.676 7 0.686 5 1.147 6 0.100 8 0.986 5 0.010 3 09129
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Fig.8 Degradation rates of photocatalytic magenta green

crystals over co-loaded In,0; and NiO catalysts
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Table 5 Reaction Kinetics parameters of photocatalytic degradation of magenta green crystals

Sample Second-order kinetics equation ky/ (L-mg™ min™) R? R? R typ / min
Dye degradation 1/C=0.000 7t+0.281 9 0.000 7 0.653 3 0.698 7 0.742 3 339.85
NH~PAFAG 1/C=0.005 2¢+0.321 2 0.005 2 0.681 1 0.788 9 0.862 5 48.26
1In,05-NiO/PAFAG 1/C=0.017 1:+0.258 6 0.017 1 0.628 1 0.864 0 0.979 9 14.62
5In,05-NiO/PAFAG 1/€=0.049 3:-0.295 9 0.049 3 0.6115 0.925 0 0.969 3 5.07
8In,05-NiO/PAFAG 1/€=0.010 3¢+0.318 9 0.010 3 0.648 0 0.837 4 0.953 4 24.37
5In,05-PAFAG 1/€=0.006 5¢+0.330 5 0.006 5 0.664 7 0.807 0 0.901 7 38.36
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Fig.10 Relationship of time (¢) and 1/C, in the second-
order reaction kinetics of photocatalytic

degradation of magenta green crystals
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Fig.11 Mechanism of photocatalytic degradation reaction
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