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Fabrication of lightweight geopolymer based on the IGCC slag
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Abstract In this study, a lightweight geopolymer was prepared using by slag discharged from IGCC (Integrated Gasification
Combined Cycle) power plant and its physical properties, the density and compressive strength, were analyzed as a function of
the concentration of alkali activators, W/S ratio and aging times. Also the possibility of applying it to lightweight materials
by adding Si sludge as a foaming agent to the geopolymerg was investigated. In particular, a complex composition of
alkali activator and a pre-curing process were applied to improve the strength properties of lightweight geopolymers. While
the compressive strength of the lightweight geopolymer using a single activator was 9.5 MPa, the specimen made with a
complex composition of alkali activator had compressive strength of 2~5 times higher. In addition, the lightweight geopolymer
with pre-curing process showed a compressive strength value of 18~48 % higher than that of specimen made with no pre-
curing process. In this study, by using a complex activator and a pre-curing process. the maximum compressive strength of
lightweight geopolymer was obtained as 40 MPa (The specimen was aged for 3 days and had density of 1.83 g/cm’), which
is comparable to cement concrete. By analyzing the crystal phase and microstructure of geopolymers obtained in this study
using by XRD and SEM, respectively, it was confirmed that the flower-bud-like zeolite crystal was homogeneously distributed
on the surface of the C-S-H gel (sodium silicate hydrate gel) in the geopolymer.
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Fig. 2. Compressive strength of IGCC-slag-based-geopolymer
activated by various concentration of NaOH solution.
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Table 1
Chemical composition of IGCC fused slag by XRF (wt%)
SiO, Al O, Fe,O; CaO MgO Na,O K,O TiO, Total
IGCC slag 46.29 21.33 7.38 21.68 1.16 0.47 0.53 1.17 100.0
Si sludge 98.02 1.98 - - - - - - 100.0
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Fig. 1. XRD pattern of the raw materials: (a) IGCC slag, and (b) Si sludge slag.
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Fig. 3. Compressive strength of IGCC-slag-based-geopolymer
made with various W/S ratio.
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Fig. 4. Compressive strength of IGCC-slag-based-geopolymer
made by different aging time.
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Fig. 8. SEM images of IGCC-slag-based-geopolymer containing (a) no foaming agent, (b) 0.05 wt% Si sludge, and (c¢) 0.1 wt% Si
sludge (Magnified by 500 times.).
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Fig. 9. SEM images of IGCC-slag-based-geopolymer made by different curing condition: (a) no pre-cured, (b) pre-cured, (c) highly
magnified (x 50,000) image of the circled area at specimen (b), and (d) raw Si sludge. The amount of Si sludge added was 0.1 wt%.
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