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Research Progress on Using Solid Waste to Calcinate Sulphoaluminate Cement Clinker

DU Peng, JIA Feihan, LU Xiaolei, CHENG Xin
(Shandong Provincial Key Laboratory of Preparation and Measurement of Building Materials, University of Jinan, Jinan 250022, China)

Abstract: Sulphoaluminate cement is widely used due to its characteristics of short setting time, high early strength, high erosion
resistance, low permeability and low-temperature calcination. However, the excessively high cost of raw materials restricts the
development/application of sulphoaluminate cement. This review represented recent research work on the use of solid waste to
calcinate sulphoaluminate cement clinker, and discussed the effect of calcining process on the appearance of clinker, mineral
composition and mechanical properties of cement. Also, the current popular options of solid waste and their feasibility as raw
materials for calcining sulphoaluminate cement clinker were introduced. The hydrating capacity of the cement was summarized. The
results of the current research were analyzed. The existing problems and development directions were given to provide references for
further research and application.

Keywords: sulphoaluminate cement; solid waste; calcination process; physical properties
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Table 1 Part of the chemical composition and characteristics of solid waste

Main chemical composition (mass fraction) w/%

Material Source

Characteristic

CaO Si0, AlLO; Fe,0; SO;
Steel slag [6] 29.48 12.22 291 40.66 0.53 High ferrite content
MSWI fly ash [7] 39.10 15.90 435 1.91 7.24 High alkali content
MSWI fly ash [8] 36.20 14.83 3.94 1.55 6.66 High alkali content
Phosphogypsum 9] 36.89 3.24 1.71 0.79 43.90 Harmful impurity
Flue gas desulfurization-gypsum  [10] 37.87 3.09 2.09 0.54 27.58 Large memory
Coal gangue [10] 1.32 58.15 18.13 8.11 1.54 High alkali content
Fly ash [11] 29.17 28.25 13.06 7.99 13.46 Technical maturity
Red mud [11] 2.48 15.12 19.88 33.27 0.21 High ferrite content
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Table 2 Calcination process of common Sulphoaluminate cement!"!

Temperature/C Reaction process Reaction equation

900-950 Formation of C,AS 2Ca0+AL05+Si0,—C,AS

950-1 000 Formation of C4A3$ 3Ca0+3A1,03+CaS04—C4A3$

1 050-1 150 Appearance of B-C,S, formation of C4A;$ 3Ca0+3C,AS+CaS04,—C4A3$+3C,S
2Ca0+Si0,—C,S

1 150-1 250 Disappearance of f-CaO, formation of basic minerals 2C,S+CaS04—CsS,$

1250-1 300 Minerals are fully formed C5S,$—2C,S+CaS0O,4

£3 BHWMBRIRICRELR SR

Table 3 Calcination process of high iron Sulphoaluminate cement!"!

Temperature/C Reaction process

Reaction equation

900-950 Formation of C4A3$ 3Ca0+3A1L,03+CaS04—C4A38

950-1 000 Formation of C4A3$ and C,S

1 000-1 100 Appearance of B-C,S, formation of C,F 3Ca0+3C,AS+CaS04—C4A3$+3C,S
2Ca0+Si0,—C,S
2Ca0+Fe;0;—C,F

1150-1 200 Disappearance of f-CaO, appearance of CsS,$, formation of C4AF, 2C,S+CaS04—CsS,$
2C,F+2Ca0+ALO3;—C6AF,

1200-1 250 Minerals are fully formed C5S,$—2C,S+CaS0y
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Table 4 Different calcination processes and characteristics of clinker

Source Raw material Temperature/C Hc')lding' Characteristic
time/min
[8] MSWI fly ash 1250 120 The grain boundaries between crystals in minerals are not obvious, and there
are many phenomena of mutual melting
The strength of cement depends on the incorporation of gypsum
Unstable heat release of cement hydration
[29] Petroleum coke desulfurization residue 1 300 30 No need to add gypsum, solid waste utilization rate reaches 80%
Fly ash Late strength development is not obvious
Calcium carbide slag Lower alkali content compared with ordinary sulphoaluminate cement
[28] Low grade bauxite 1300 90 The crystal form of the minerals in the clinker is stable, the crystallization is
complete, and the quantity is large
Foundry waste sand Short setting time (initial setting 30 min, final setting 40 min)
Late-stage strength>Quick-hardening 42.5 sulphoaluminate cement
[10] Flue gas desulfurization gypsum 1250 30 More f-CaSO, (C$), tricalcium aluminate (C3A) and C,AS are present
Coal gangue The iron elements in the clinker all exist in the form of C4A3 F.$
Limestone tailings The low activity of anhydrite makes the heat of hydration stable release
[11] Red mud 1250 90 The amount of bauxite is reduced, and the solid waste utilization rate is higher
Fly ash Short setting time, and the heat of hydration increases rapidly in the early stage
Flue gas desulfurization gypsum Faster carbonization rate
[30] Red mud 1300 60 The clinker is hard in texture, dark gray as a whole, fully calcined

Blast furnace slag

Calcium carbide slag

Low total heat of hydration

The shape of ettringite in the hydration product has changed
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Table 5 Classification of solid waste types
Classification Source Name Composition Kinds of cement Main conclusion
Calcium solid [32] Red mud Ca0>Si0,>Fe,03  Ferro-sulphoaluminate cement Calcined at 1 325 C, strength reaches 58.2 MPa on 3-day
waste Ferrite mainly exists in the form of C4AF and C¢AF,
[33] Red mud Ca0>SiO,>Fe,0O5  Sulphoaluminate cement Mineral development is best when calcined at 1 300 'C
The early hydration intensity developed rapidly
[34] Red mud CaO>Fe,03>Si0,  Ferro-sulphoaluminate cement Fast hardening and high strength, low expansion, sulfate
resistance
[8] MSWI fly ash Ca0>8i0,>S0; Sulphoaluminate cement The fly ash content should not exceed 30%, and the basicity
should be maintained at 1.00-1.05
Silicon [35] Iron tailings Si0,>Al1,05/Fe,0;  Belite-rich sulphoaluminate Calcination at 1 350 ‘C, strength reached 52.5 MPa on

aluminum

solid waste [36]

(28]

Gypsum solid [37]

Fly ash

Low grade bauxite

Desulfurization

Si0,>Al,05>Fe,04

ALO5>Si0,

S0;>Ca0=Si0,

cement

Belite-rich sulphoaluminate
cement

Belite-rich sulphoaluminate
cement

Belite-rich sulphoaluminate

Sulphoaluminate cement

waste gypsum cement
[38] Desulfurization SO;>CaO
gypsum
[9] Phosphogypsum SO;>CaO

Sulphoaluminate cement

28-day
Calcination at 1 250 °C, C4A3$ content not less than 30%

Quick setting (3040 min)

C,S content of 40%—-60%, the later intensity of stable
development

It can replace both limestone and gypsum
Gypsum became one of the sources of CaO

The calcination temperature is similar to the

phosphogypsum decomposition temperature

Quick setting
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Table 7 Examples of different Sulphoaluminate cement compressive strengths
Compressive strength/MPa Source
Raw material Temperature/C Holding time/min
1d 3d 7d 28d
Red mud 1325 30 41.09 59.36 63.36 [32]
Iron tailings 1350 20 38.10 46.30 52.50 [35]
MSWI fly ash 1250 120 24.69 93.12 104.06 110.94 [8]
Red mud 1300 40 42.00 50.00 65.00 [33]
Fly ash 1250 60 35.28 43.53 55.85 [36]
Red mud 1325 60 67.20 76.90 90.40 [34]
Petroleum coke desulfurized slag 1300 30 36.20 45.50 49.60 56.80 [29]
Fly ash
Electric slag
Petroleum coke desulfurized slag 1280 45 32.70 37.50 58.50 [21]
Fly ash
Electric slag
Petroleum coke desulfurized slag 1300 30 43.10 52.80 56.40 64.30 [27]
Fly ash
Red mud 1280 30 15.91 18.38 29.24 47.74 [37]
Desulfurization gypsum
Low grade bauxite 1300 90 22.43 33.77 53.53 [28]
Foundry waste sand
Red mud 1300 60 22.40 32.90 48.90 [52]
Fly ash
Desulfurization gypsum 1250 30 37.24 46.37 68.55 [10]
Coal gangue
Aluminum ash
Phosphogypsum 1250 30 31.00 43.25 60.63 [18]
Low grade bauxite
Coal gangue
*8 AREIERHAHRIIRERE
Table 8 Compressive strength of specimen with different ingredients
Composition/% Compressive strength/MPa
Specimen
CiA3$ CsS C4AF C$ 1d 3d 7d 28d

[6] 30 55 10 5 46.72 57.93 60.51 63.28

[20] 12 28.57 50.99 69.67

[21] 35 60 5 32.70 37.50 58.50

[32] 50 25 20 38.10 46.30 52.50

[33] 56 30 14 30.90 58.20 63.50

[34] 43 25 32 41.00 49.00 60.00
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