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Research Progress on Solid Waste-Based Foamed Ceramics Based on In-Situ Foaming Process

JIANG Congcong, DONG Yiran, HUANG Shifeng, CHENG Xin
(Shandong Provincial Key Laboratory of Preparation and Measurement of Building Materials, University of Jinan, Jinan 250022, China)

Abstract: The comprehensive utilization of bulk solid waste is of great significance to the realization of carbon neutrality and
standards. This review represented recent work on the utilization of solid wastes for preparing foamed ceramics by in-sifu foaming
process. Especifically, solid waste raw materials, foaming agents and additives, preparation process as well as the performance and
application of foamed ceramics were discussed. In addition, the interaction between foaming behavior and sintering process was also
revealed, the in-situ pore forming sintering mechanism of foamed ceramics was described, and the existing problems and future
development direction were summarized to provide a reference for promoting the further comprehensive utilization of solid waste for
preparing foamed ceramics.
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Table 1 Available solid wastes as raw materials of foamed ceramics

Wastes Generation sources Main compositions Reference

Waste glass Glass manufacture process and municipal solid waste Si0,, Na,0, CaO [3, 11-13, 19-42]

Waste cathode ray tube TV sets, refrigerators, washing machines, air Si0,, Na,0, K,0, BaO, SrO [16,43-56]

conditioners, personal computers and other devices

Fly ash Thermal power plant Si0,, Al,03, Fe,03, CaO [4, 12, 21-23, 25,33,
42, 57-66]

Red mud Aluminium industry Al,03, Si0O,, Fe,0;, CaO [60, 65, 67, 68]

Sewage sludge By-product of wastewater Al O3, Si0,, CaO [24, 69-76]

treatment
Blast furnace slag Crude steel production of Ca0, SiO,, Al,03, MgO, TiO, [34, 35]
iron and steel industry

Lead-zinc mine tailing Production of lead and zinc Ca0, Fe,03, Si0,, Al,Os, [4, 68, 77]

Porcelain tile powder Polishing process of Porcelain tiles Si0,, Al,03, Na,O [60, 78-81]

Sand sludge Crushing and screening plants for sand and gravel Si0,, AL,O3, CaO, MgO, Fe,05 [82-84]

production

Basalt scoria Basalt processing Si0,, Al,O3, Fe, 03, MgO [31]

Oily waste At the bottom of the oil storage tanks Ca0, Fe,03, Si0,, Al,03

Oil sludge Drilling operations Si0,, AL, O3, CaO, Fe,03 (53]

Waste silica sludge Sand screening in quarries Si0O, [61]

Washing aggregate sludge Gravel pit Si0,, Ca0, ALL,O3 [64]

Granite and marble sludge Cutting process of granites and marbles Si0,, ALO3

Sepiolite rejection Sepiolite processing Si0,, Al,05 [86-89]

Polluted mine soil Contaminated soil Si0,, AlL,O;

Coal combustion products Thermal power station SiO,, AlLO; (0]

Iron tailings Iron and steel industry Si0,, Al,O3, Fe,03 [37]

Masonry rubble Building construction Si0,, Al,O;, CaO [91]

and demolition wastes

Chromium slag Chromate and metallic chromium production Si0,, A,03,MgO, CaO, Fe,03

Coal bottom ash Coal combustion process in thermal power plants Si0,, Al,O3, Fe,03 (%21

Municipal solid waste slag Plasma gasification process Si02, CaO, Al,03, Fe,03, MgO [6]

Germanium tailings Mining and separation of minerals Si0,, Al,03;, Ca0, Na,0, Fe,05 [49]

Steel sludges Steel plant Fe,05 [93]

Boron wastes (sieve boron waste and The first refinery step of raw borax ore of borax plant Si0,, B,03, CaO, MgO, Na,O [94-95]

dewatered boron waste)

Stone dust Aggregate production Si0,, Al,O;, K»0, Na,0, Ca0, Fe,03

Bottom ash Power plant Si0,, Al,O3, Fe,03 (6]

Metallurgical slag Recovery and refining processes of precious metals Si0,, Na,0, Ca0, AL,Os, Fe,05 [29]

(a) 6% (b) 12% (c) 18% (d) 24%
B R FHTEE R 58 0 0 P e 1 i g e L)

Fig. 1 Microscope images of foamed ceramics with different lead-zinc mine tailings conten
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Table 2 Available high temperature foaming agents in reports
Types Foaming agents Reactions Reference
Oxidation Silicon carbide SiC+0,—Si0,+CO, [3,20-21, 33, 36-37, 41, 48-49, 54-56, 61-62,
SiC+0,—Si0,+CO 78, 80, 88, 92, 102-104]
Oxidation Carbonaceous matter C+0,—CO, [41,43, 46,47, 79, 84, 105-107]
Oxidation Nitrides M,N, +O,—MO+N, [19, 27, 30, 48, 55-56, 108]
Decomposition Carbonates COs*—0,—+ CO, [6, 1213, 22, 34, 35, 39, 45, 50, 52-53, 58, 60,
69, 85,92, 106, 109]
Decomposition Sulphates S0,>—0,—+S0; [2, 110-111]

Reduction Manganese oxides Mn,0,—.....—MnO+0, [19, 43,4647, 65, 107, 112-113]
Reduction Iron oxide Fe,03;—Fe0+0, [29, 31, 61,96, 101]
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Table 3 Possible reactions of SiC with oxygen'®"!

Reaction equation ~ AH(T=727 ‘C)/k] ~ AH(T=1227 ‘C)/kJ Reference

SiC + 120, — ~134.7 ~179.08 (81, 119]
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Fig. 2 SEM images of foamed ceramics with different KNO; additions
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Fig. 3  The cross-section view of foamed ceramics with different sodium phosphate addition
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Table 4 Thermal losses in a house before and after insulation
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Building Thermal losses/%

. Gain of energy/%
location Before insulation After insulation
Walls 20 3.07 16.93
Roof 25 2.79 22.21
Grounds 15 1.23 13.77
Windows 10 2.80 7.20
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Table S Properties of lightweight concretes

[24]

. Slump/ Slump flow/ Flow time/  Unite mass/
Mixture w/b

SP/ Compressive strength

Surface resistivity Ultrasonic pulse velocity

mm mm second (g-em™) % at 28 d/MPa at 56 d/(kQ-cm) at 56 d/(m's™)
LWC 030 260 480 54 1947 1.14 49.46 62.88 4509
Control 230 410 56 2399 0.64 67.56 46.25 4827

w/b is water—binder ratio.
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