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Table 1 Composition analysis of spent FCC

catalyst and steel slag Y%

s Si0, ALO; Ca0 MgO Fe,0; V,05 NiO

& FCC #fksF 37.63 55.29 0.56 0.40 0.69 0.78 0.68

Ry 4.01 13.55 44.90 5.83 20.51 0.14 —
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Fig.1 Preparation of geopolymer by vanadium

extraction from spent FCC catalyst
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Fig.2 Effect of leaching time on leaching
rates of V, Si and Al
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rates of V, Si and Al
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Fig.4 Effect of oxalic acid concentration on

leaching rate of V, Si and Al
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Table 2 Compressive strength of spent FCC

catalyst geopolymer

J5kt g PUIE B2/ MPa
PEFCC AL iy w34 7d 0 28d
500 0 250 25.60 25.80 25.96
450 50 250 28.76 29.11 32.00
400 100 250 30.12 31.86 35.56
350 150 250 44.71 46.14 50.33
300 200 250 58.73 57.62 62.44
250 250 250 45.78 46.88 48.00
200 300 250 39.76 42.61 43.67
150 350 250 27.32 28.21 20.22
100 400 250 29.31 28.14 23.33
50 450 250 27.32 28.21 20.22
0 500 250 24.70 26.6 18.76
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Table 3  Preparation of geopolymer from spent FCC

residue of oxalic acid with different concentrations

oy R/ Pz FCC i Tk

M (meleL ) B BRI
PO 0 60:40 2:1
PO. 5 0.5 60:40 2:1
P1.0 1.0 60:40 2:1
P1.5 1.5 60:40 2:1
P2.0 2.0 60:40 2:1
P2.5 2.5 60:40 2:1
P3.0 3.0 60:40 2:1

HIPE S nl A5, B 15 2o e v i (0 T 99 R
JEESE I, 3L 2R ) B e 5 B8 A Xk AL D[] 7 R B
W0 R TR BEAh, IR FCC A b3R5 W Ry
S5 E V RES RIEARSG . e THIR S
Prxs AR R 9 V B BB AR, 3R 5
R A BN B H RSt a5 Mt ( 6(a)) , &
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Yy iy BRES G b XE LRI o 24 M SR A W) A
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Fig.5 Compressive strength and V fixation ratio

diagram of spent FCC catalyst residue geopolymer
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Fig.6 Micro morphology of polymer in waste FCC slag
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Fig.8 Gibbs free energy of reaction at different
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Fig.9 Correlation between toxicity leaching of
spent FCC catalyst residue geopolymer and
leaching rate of V, Si and Al in leaching process
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Abstract: Oxalic acid was used as a leaching agent to extract vanadium from spent FCC catalysts. The impacts of
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the main leaching conditions on extraction rates of vanadium, silicon and aluminum were examined. With a
leaching time of 240 min, a leaching temperature of 95 °C, and an oxalic acid concentration of 2. 0 mol/L, the
vanadium extraction rate exceeded 70% . The residue of the spent FCC catalysts after leaching and the steel slag
were coupled as raw materials to prepare geopolymers, and the leaching concentration of vanadium toxicity was
tested. The results showed that the leaching concentration of vanadium toxicity increased after the residue of the
spent FCC catalysts was used to prepare the geopolymers, and the fixation rate decreased. The existence form of
vanadium in the spent FCC catalysts and its changes during the reaction process were analyzed by XPS. During the
geopolymer preparation process, V, O in the spent FCC catalysts was transformed into NaVO,, causing the
vanadium in the geopolymers to exist mainly in the form of VO, anions. Therefore, the vanadium in the spent FCC
catalysts can only be immobilized by the geopolymers through physical encapsulation, and the immobilization rate is
positively correlated with compressive strength of the geopolymers. The leaching of silicon and aluminum should be
controlled simultaneously during the leaching process, so that the geopolymer products prepared have better
mechanical properties, thus improving the fixation rate of residual vanadium and meeting the standard of vanadium
toxicity leaching.

Key words: spent FCC catalysts; oxalic acid; leaching; geopolymer; toxic leaching; vanadium fixation; physical
encapsulation
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