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Preparation and Characterization of Fly Ash Ceramsite Petroleum
Fracturing Proppant
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(Technical Center for Safety of Industrial Products of Tianjin Customs, Tianjin 300308, China)

Abstract: With the continuous increase in the exploitation of oil, the need for petroleum fracturing proppant is continuously
increased. Petroleum fracturing proppant with low-density and high-strength were prepared using fly ash solid waste as the main
raw material with eight compositions. Microstructure and phase compositions of the samples sintered at different temperatures
were characterized by using scanning electron microscope (SEM) and X-ray diffraction (XRD). The effects of sintering
temperature and time on bulk densities and anti-fragmentation capability of the samples were analyzed and discussed. The
petroleum fracturing proppant sintered at 1160 °C for 60 min possessed the lowest crushing rate of only 18.2 % at the closing
pressure of 52 MPa, while the corresponding bulk density was 1.165 g/cm’. High strength petroleum fracturing proppant
contained corundum, mullite and anorthite as the main crystal phases which were formed at high temperatures. Therefore, after
sintering at 1160 °C, the phase crystallization was completed, dense microstructure was developed and excellent mechanical
properties were achieved.
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Tab. 1 Chemical compositions of the raw materials (wt.%)

Component SiO, Al,O4 Fe,04 TiO, CaO

MgO KzO NaZO Zr02 S03 P205

Bauxite 12.090  78.050 1.030 4.170 0.240 0.300  0.460  0.110 0.190  0.010 0.140
Fly ash 52.280  25.990 5.870 1.550 6.660 1.720  2.130  2.270 0 0 0
2 (Wt.%)
Tab. 2 Formula compositions of samples (wt.%)
No. Bauxite Fly ash Bentonite Albite Foaming agent
1 20.0 30.0 30.0 20.0 0.5
2 20.0 40.0 20.0 20.0 0.5
3 20.0 50.0 10.0 20.0 0.5
4 20.0 30.0 20.0 30.0 0.5
5 20.0 60.0 0 20.0 1.0
6 20.0 60.0 10.0 10.0 1.0
7 10.0 60.0 20.0 10.0 1.0
8 10.0 60.0 10.0 20.0 1.0
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Tab. 3 Bulk densities of the samples (No. 1-8)

plg-cm™ (holding for 60 min)

plg-cm™ (holding for 120 min)

o 1160 °C 1180 °C 1200 °C 1160 °C 1180 °C
1 0.875 1.275 1.704 0.861 1.239
2 0.978 1.396 1.808 0.958 1.389
3 1.165 1.643 1.904 1.152 1.576
4 0.619 0.970 1.567 0.626 0.922
5 0.700 1.444 1.841 0.679 1.466
6 0.987 1.594 1.930 0.968 1.551
7 0.412 1.006 1.531 0.400 1.013
8 0.502 1.103 1.588 0.494 1.083

1 (a) (b)

Fig. 1 Effect of sintering temperature (a) and holding time (b) on bulk densities of the samples
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Fig. 2 Crushing rates (52 MPa) of the samples versus
sintering temperature (a) and holding time (b)

3 3 XRD

Fig. 3 XRD patterns of the sample No. 3 sintered
at different temperatures
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(a) 1120 °C, (b) 1140 °C, (c) 1160 °C, (d) 1180 °C
Fig. 4 SEM images of the sample No. 3 sintered at different temperatures: (a) 1120 °C, (b) 1140 °C, (c¢) 1160 °C and (d) 1180 °C
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