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Preparation and Catalytic Performance of Acid-Activated Zinc Slag/Metakaolin Geopolymer
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(1. College of Materials Science and Engineering, Xi'an University of Architecture and Technology, Xi'an 710055, China;
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Abstract: Geological polymer (zinc slag/Metakaolin geopolymer, ZMG) was synthesized by using zinc slag and metakaolin as
raw materials and phosphoric acid as activating agent. The effects of the ratio of raw materials on the mechanical properties,
formation of mineral phases, microstructure and pore size distribution of geopolymers were studied. The geopolymer was employed
as Fenton-like catalyst for degradation of direct copper salt blue 2R simulated dye wastewater. The effects of the ratio of raw materials,
catalyst dosage, pH value and H,0, concentration on dye degradation rate were systematically investigated. The results showed that
the 7-day compressive strength of ZMG-50 geological polymer with a zinc slag proportion of 50% (in mass fraction) could reach
19.9 MPa. Zinc slag can eliminate mechanical pores, improve mesoporous structure and increase specific surface area of geopolymer.
The catalytic results showed that ZMG-50 had the best catalytic performance under the conditions of catalyst dosage of 8 g/L, pH
value of 2.5 and H,O, concentration of 0.32 mmol/L, the degradation rate of direct copper salt blue 2R dye could reach 96.2% after
42 min reaction, and it had good stability and reuse performance.
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Table 1 Main chemical composition of samples wi%
Sample SiO, AlLO3 K,0 CaO Fe,O3 MgO Na,O TiO, SO; P,0s Other
YA 17.81 10.10 4.00 10.30 39.68 3.52 2.20 1.62 10.77
MK 49.64 44.04 0.18 1.51 0.26 0.11 0.04 1.84 0.05 0.03 2.30
ZMG-10 45.27 37.74 0.22 1.95 5.48 0.25 0.14 1.75 0.38 5.36 1.46
ZMG-20 43.16 35.45 0.25 2.27 8.64 0.38 0.26 1.63 0.77 5.55 1.64
ZMG-30 40.87 32.34 0.29 2.68 11.98 0.53 0.40 1.47 1.12 597 2.35
ZMG-40 39.17 30.51 0.31 2.90 14.28 0.63 0.46 1.37 1.39 6.14 2.84
ZMG-50 37.68 28.74 0.33 3.07 16.43 0.74 0.59 1.29 1.59 6.25 3.29
w is mass fraction.
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(a) XRD patterns of zinc slag and metakaolin
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(b) XRD patterns of the sample
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Fig. 1

XRD patterns of the samples



. 2064 - CREMR 2R 2741

J Chin Ceram Soc, 2021, 49(10): 2061-2069

2021 4

Fenton-like 1L, MHFEE ZMG-50 ) XPS i
(B 22)rJLLE H, FESPHILT Si2ps Si2s. C lss
O 1s. Fe2p IR, FRUIFEM F251 Siv O,
Fe. C 4570, K 2b MR ZMG-50 (1) Fe 2p =7y
e XPS ifE, 44l 710.2 eV #7243 eV AL
T Fe 2psp M Fe 2pyp IHHIENE, FRUIBITER U
Fe(IDWJEXAFAERES T, AT 714.7 eV ALK 1
B RAE S P& Fe(ID™ Y, 454 XRD &
PRI A PR ITE LA Fe(IID) A Fe(IN)JE X AFAE

=
@)

Intensity

0 200 400 600 800 1000 1200
Binding energy/eV

(a) XPS survey spectra

Intensity

700 710 720 730 740
Binding energy/eV

(b)Fe2p

<12 B ZMG-50 (1) XPS i¥%
Fig. 2 XPS spectra of sample ZMG-50
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Fig. 3 FTIR spectra of zinc slag, metakaolin and ZMG-50
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2.4 WA

Kl 4 Jy ZMG-10 Fl ZMG-50 ¥ 5 448 i 1 5
W . I 4a AT UL, FESD ZMG-10 K EU% P
B, WA R . I 4b TR, RS ZMG-50
AR . i I - SRS R S5 N A PR TG 58 T ik
JE I AH B HERR T e [RIASF, s A A R e 1A
W, SORAIH A T HLUTUR S YRR R B, TR
HUBEAL, AT st TR S0 1 25
2.5 LEERERRILEH

Kl 5 AN ZMG-10 FIEE S ZMG-50 ) N, T
I8 B e i R R FLAR o A i 2k FH ] Sa AT L,
KB 1 (plpo) e 0.5~0.9 B, HT 2R I FEE AR R AE2F
AR IV SRR 2, ek L H3 ALIR [k,
FKUFES P AAAEN LG . RS IR FLAR 20 A Hh 2
(Kl sbyrTLAEH, ZMG-50 HIfLa sl ss, &
PLOARAE 4 nm fofq . KRS ZMG-50 FIFE i ZMG-10
(I EE A2 590k 61.3 m¥/g Al 36.8 m/g (% 2), #
B 5 N B i ml S 25 4 o TR 5 W 1 L 3R A R



249 5 10 ) e

L RO B B TR A A - 2065 -

(@) ZMG-10 (b) ZMG-50
4 ZMG & SEM I
Fig. 4 SEM images of ZMG samples
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Fig. 5 N, adsorption-desorption isotherm and pore size distribution curves of the samples
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Table 2 Surface area and pore volume of the sample

Sample No. Sper/(m*g ") Vi(em®-g ™) Average pore size/nm
ZMG-10 36.8 0.069 3 16.77
ZMG-50 61.3 0.1343 10.74

Sger is the BET specific surface area of the sample; V is sample pore

volume.
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Fig. 6 Static adsorption curves of different catalysts

Note: Samples of ZMG-10, ZMG-20, ZMG-30, ZMG-40 and ZMG-50 were

synthesized according to the mass percentage of ZS incorporation.
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Fig. 9 Effect of pH value on the degradation rate of dyes
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