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Preparation of Belite Sulfoaluminate Cement Using Phosphogypsum

Reduced by Gaseous Sulphur as Sole Calcium Oxide Source
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Abstract: Belite sulfoaluminate cement was prepared by the segmental calcination system using phosphogypsum (PG)

reduced by sulfur gas as the sole calcium oxide source. The mineral phase composition and hydration properties were

studied by X-ray differaction and Fourier infrared spectrum. The results show that main mineral phases of the clinker
are Ca,Al,(SO,)0,(C,A.S), Ca,SiO,( B-C,S) and Ca,Fe,Al,O,(C,AF), with small amounts of gehlenite(C,AS)

and alpha’-Ca,Si0,-0.05Ca,(PO,),(a"-C

,S). When the calcination temperature and calcination time are increased ,

the content of C4A3§ increases. However, above 1 300 °C and 90 min, the formation of C4A3§ is adversely affected.

Excessive calcination will reduce the strength of the clinker at each age, which is disadvantageous for its early strength

development and is beneficial to its later strength development.
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Table 1 Chemical compositions of raw materials

w/%
Material Si0, Ca0 S0, ALO, MgO Fe,0, TiO, P,0. F 1L
Phosphogypsum 4.19 33.75 48.21 1.00 0.07 0.54 0.14 1.23 0. 30 10.56
Bauxite 10.47 0.07 7.55 54.63 0.25 11.06 2.79 13.18
Hematite 13.03 6.83 0.54 8.41 0.41 49.49 0.43 4.09
Gypsum 2.54 36.45 48. 44 0.75 1.42 0.44
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Table 2 Proportion of raw meal
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Table 3 Calcination regimes

No. Calcination temperature/°C Calcination time/min
1 1260 90
2 1280 90
3 1300 90
4 1320 90
5 1300 30
6 1300 60
7 1300 90
8 1300 120
9 1300 150

HAE N 10,1 (C)/min(J5 & £ 8 TOPAS # 4 i
47 Rietveld /515 ).
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Fig.1 XRD patterns of belite sulfoaluminate cement clinkers prepared by different calcination systems
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Table 4 Contents of mineral phases at different calcination systems

Calcination time/min  Calcination temperature/C  w(C,AS)/% w(C,AS)/ % w(C,AF)/%  w(B-C,8)/% R,,
30 1300 5.5 26.4 30.8 37.3 5.21

60 1300 3.5 32.6 30.5 30.1 7.51

90 1 300 3.1 35.9 28.3 29.8 5.73

120 1300 2.9 28.3 29.8 39.2 6.02

150 1300 2.8 21.9 29.6 45.7 6.78

90 1260 3.6 26.4 29.5 40.5 6.78

90 1280 3.2 30.4 29.1 37.3 5.92

90 1320 2.2 29.0 30.8 38.0 6.12
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Fig.2 NMR patterns of belite sulfoaluminate cement clinkers calcined at different calcination temperatures for 90 min
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Fig.3 FTIR spectra of belite sulfoaluminate cement
clinkers at different calcination temperatures
for 90 min
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Table 5 Free CaO contents in belite sulfoaluminate cement

clinkers at different temperatures for 90 min

w/%

1260 °C 1280 °C 1300 °C 1320°C

0.15 0.18 0.35 0.37

1 300 “C I JBedpe A [ Bt 1] 1) D1 I A4 40 2 46 7K Ul
POk iEES CaO W& AN 6 s . i 2 6 AT WL, Bl
BB [R] 1 T, BORE i S CaO 1y 35 B3 K, 1
BEEFE] 2 150 min B, BURL i 25 CaO 1% & 2 ik
0.75%. 45 & Kl 1 Fr 7w, 48 ke B 18] R 4% il 4 60~
120 min. 85 G 17 ST, i B 28 KB B i ] AN 25 7
BT A CLALS 5 i KR AT, T8 2335 i 29

F6 7E1300 C T HREEA [E BT IE] B9 DU 5557 55 B 28 7K R il
MiEE CaO S E

Table 6 Free CaO content in belite sulfoaluminate cement
clinkers at different times at 1 300 °C

w/%
30 min 60 min 90 min 120 min 150 min
0.27 0.33 0.35 0.49 0.75
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Fig.4 XRD patterns of the hydration products of belite sulfoaluminate cements calcined at different calcination temperatures

for 90 min
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C,A.S+ 18H—> AFm + 2AH, (3)

Pl 4

(2)FEAH RMB BRI 1] R, 1 300 CHERE I BB S A

(4)
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Fig.5 XRD patterns of the hydration products of belite sulfoaluminate cements calcined at 1 300 °C for different time
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Fig.6 FTIR spectra of the hydration products of belite sulfoaluminate cements calcined at different calcination temperatures for
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Fig. 8 Compressive strength of cement pastes under different calcination systems
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