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Abstract

Economical ceramic proppant was prepared from the solid state waste coal fly ash as mainly raw
material by solid state sintering. The effects of sintering temperature, spheroidizing temperature
and bauxite content on the breakage ratio, bulk density and apparent density of the ceramic
proppant were studied systematically. The phase structure was studied by XRD, and the micro-
structure by SEM. The results showed that there were two crystalline phases of anorthite and mul-
lite in the ceramic proppant. With sintering temperature increasing from 1200°C to 1300°C, the
mullite phase increased gradually, the length to diameter ratio increased, as well as the breakage
ratio decreased. While the sintering temperature exceeded 1350°C, the length to diameter ratio of
mullite phase began to fall, and the breakage ratio was raised. Increasing sintering temperature,
increasing spheroidizing temperature and adding bauxite have the effects of reducing the brea-
kage ratio, increasing both the bulk density and apparent density. The ceramic proppant made
with bauxite, spheriodized at 60°C and sintered at 1300°C manifested the best performances. Its
bulk density, apparent density, and breakage ratio at 52 MPa were 1.37 g/cm3, 2.82 g/cm3, and
only 4.2%, respectively.
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Table 1. Chemical composition of raw materials (wt.%)

= 1. FERMEERL S (Wt %)

Si0, ALO; Fe,0; Ca0 MgO LOL

IR 46.32 37.91 3.23 2.73 2.18 7.63
K 21.22 4.85 3.27 61.96 2.88 5.82
=L 13.82 59.87 6.53 19.78
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Figure 1. Breakage ratio of the ceramic proppants sintered at various temperatures
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Figure 2. Bulk density of the ceramic proppants sintered at various temperatures
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Figure 3. Apparent density of the ceramic proppants sintered at various temperatures
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Figure 4. XRD profiles of the ceramic proppants without (a) and with (b) bauxite in raw materials
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Figure 5. SEM graphs of the ceramic proppants sintered at (a) 1200°C, (b) 1250°C, (c) 1300°C, (d) 1350°C. The proppants
were made with bauxite addition and spheriodized at 60°C

5. ARMEBMA LT 60 CREkRIAN IR E KL RIFERL SEM B, (a) 1200°C. (b) 1250°C+ (c) 1300°C. (d) 1350°C

JERH A INER A (T 4H) T 60°C BER B M RLAE 1200°C~1350°Ce4s i) MRl BE R A0SR 14 5 fis.
1200°C R 45 FE P ERASCIR SR ZH AR, 456 1] 4 5 0CHRIR S, CIR SRR B KA AR 14]. e gs iRz -
FEE 1250°CHE, ZORFRAAIZH L. 75 1300°CHLENT, RFRAMEEHZ, HR#HAEREK,
EPR AR K. X AT AR B R I N BT SG,  Anda A L N IS MR IRIR 3 T & SRSk A N %
BRI EAE ¢ RO, [RIIHAR LG s (9 SR A AR I EL AR AC S0 B B AR B A e 2 s K VR Y, T
WEDRL I B R R PR B B 1%, IR 1 BToR[15] [16]. Mbesb gk sk T =3 1350°CHY, Bk A TR
R, H AR FLRR I aa TR MK, 8 P bar F i P 5 0% P R AR, 330 1350°C 4 45 W Rl 1)
AR, F AL R SRR B IR .

4. &g
1) DA BER A R B0, SR [ ARG v 4 1 3 S T R SR AT AR HE 10 2o 5 TR P L S P57,

DOI: 10.12677/ms.2019.93035 269 BRI


https://doi.org/10.12677/ms.2019.93035

F%: 5

HL 2% ve o B AR AR AIE

2) FELIEMEEK . BRIRES « /K Ve N IEURHIEETT shoin N = ARl - B 25 52 & 1 Bk S B2, LA 52 MPa
V6 e 0 B R R ARIE 2 4.2% 107K

3) P ARERIR S REE X R B — € MTE AR, ELAT 5 v s ) S50 T 5 U R E 7

4) IRERGSE A A T P S MR 45 S EUE L, R T 1 BRI BUBIRERE /15 SR 2 e
IR 1300 C IR 2 S EEERA SR AR U RRAR, AT S50 {5 Bl Aar PO Al 48 5 T v o

E&WE

TR R R KRR A SN BE I H (XJ2017042), 11784 H R RFEFE4:(201801D221121, 201801D
221119), PG AAHH I H (2017JD33, 20181D34) I X £F o

SE

[1] Snegirev, AL and Slobodin, B.V. (1998) Manufacturing Process and Properties of Spherical Granules in the
MgO-Al,03-Si0, System. Refractories and Industrial Ceramics, 39, 372-374. https://doi.org/10.1007/BF02770606

[2] Zhao, J.Z., Liu, Z.L. and Li, Y.M. (2015) Preparation and Characterization of Low-Density Mullite-Based Ceramic
Proppant by a Dynamic Sintering Method. Materials Letters, 152, 72-75. https://doi.org/10.1016/j.matlet.2015.03.060

[31 Rickard, A.R., Brannon, H.D., Wood, W.D. and Stephenson, C.J. (2006) High Strength, Ultralightweight Proppant
Lends New Dimensions to Hydraulic Fracturing Applications. SPE Production and Operations, 21, 212-221.
https://doi.org/10.2118/84308-PA

[4] ZEW . K% w2 SR PR S i 2% 775 [P). F E L&, 102618251A. 2012-08-01.
[5] WA, WRA, SRULEE, 25 R R R SRR RI[T]. M, 2006(10): 43-46.

[6] Wang, K.Y., Wang, H.J., Zhou, Y., Li, G.M., Wu, Y.Q. and Tian, Y.M. (2018) Preparation and Characterization of
Low-Cost High-Performance Mullite-Quartz Ceramic Proppants for Coal Bed Methane Wells. Science and Engineer-
ing of Composite Materials, 25, 957-961. https://doi.org/10.1515/secm-2017-0142

(7] VEBRAR, FEISE, 2. P EBHORER G BUR, BRI H ], FRERYRIEE, 2005, 24(8): 15-17.

[8] Pradip, N., Prabir, K. and Sarker, W.K. (2018) Effect of Fly Ash on the Service Life, Carbon Footprint and Embodied
Energy of High Strength Concrete in the Marine Environment. Energy and Buildings, 158, 1694-1702.
https://doi.org/10.1016/j.enbuild.2017.12.011

[91 Luo, Y., Ma, S.H., Zhao, Z.Q., Wang, Z.H., Zheng, S.L. and Wang, X.H. (2017) Preparation and Characterization of
Whisker-Reinforced Ceramics from Coal Fly Ash. Ceramics International, 43, 1-11.
https://doi.org/10.1016/j.ceramint.2016.09.211

[10] REAK, XUBEZR. MK 2% 2 FLI & JEA R B 7C[J]. #7716 148, 2010, 30(4): 91-94.

[11] Eliche-Quesada, D., Sandalio-Pérez, J.A., Martinez-Martinez, S., Pérez-Villarejo, L. and Sanchez-Soto, P.J. (2018) In-
vestigation of Use of Coal Fly Ash in Eco-Friendly Construction Materials: Fired Clay Bricks and Silica-Calcareous
Non Fired Bricks. Ceramics International, 44, 4400-4412. https://doi.org/10.1016/j.ceramint.2017.12.039

[12] FEAMRRSEAF. SY/T 5108-2006. & HSZFHFIVEREFR AR S MR HER A [S]. dbat: EFR K BEMSEER
2 2006.

[13] Gao, F., Wu, Y.P., Liu, J., He, H., Kang, L. and Liang, W. (2013) Effects of Chromite Additive on the Microstructure
and Performance of Bauxite-Based Fracturing Proppant. Journal of Inorganic Materials, 28, 1019-1024.
https://doi.org/10.3724/SP.J.1077.2013.12689

[14] Li, C.W., Bian, C., Han, Y., Wang, C.A. and An, L.N. (2016) Mullite Whisker Reinforced Porous Anorthite Ceramics
with Low Thermal Conductivity and High Strength. Journal of the European Ceramic Society, 36, 761-765.
https://doi.org/10.1016/j.jeurceramsoc.2015.10.002

[15] Dong, Y.C., Feng, X.F., Feng, X.Y., Ding, Y.W., Liu, X.Q. and Meng, G.Y. (2008) Preparation of Low Cost Mullite
Ceramics from Natural Bauxite and Industrial Waste Fly Ash. Journal of Alloys and Compounds, 460, 599-606.
https://doi.org/10.1016/j.jallcom.2007.06.023

[16] Li, C.X., Zhou, Y., Tian, Y.M., Zhao, Y.Y., Wang, K.Y, Li, G.M. and Chai Y.S. (2019) Preparation and Characteriza-
tion of Mullite Whisker Reinforced Ceramics Made from Coal Fly Ash. Ceramics International, 45, 5613-5616.
https://doi.org/10.1016/j.ceramint.2018.12.021

DOI: 10.12677/ms.2019.93035 270 PR R


https://doi.org/10.12677/ms.2019.93035
https://doi.org/10.1007/BF02770606
https://doi.org/10.1016/j.matlet.2015.03.060
https://doi.org/10.2118/84308-PA
https://doi.org/10.1515/secm-2017-0142
https://doi.org/10.1016/j.enbuild.2017.12.011
https://doi.org/10.1016/j.ceramint.2016.09.211
https://doi.org/10.1016/j.ceramint.2017.12.039
https://doi.org/10.3724/SP.J.1077.2013.12689
https://doi.org/10.1016/j.jeurceramsoc.2015.10.002
https://doi.org/10.1016/j.jallcom.2007.06.023
https://doi.org/10.1016/j.ceramint.2018.12.021

Hans Xh
PR RN R

1. FTJFFAM T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
TR G FMEESE: [ISSN], HIAMITI ISSN: 2160-7613, EIJ 75 1]
2. FTHFHIM B T http:/cnki.net/
L “HEbRSCRREE” HEN, AN ERE, Bie] A

AEE S http://www.hanspub.org/Submission.aspx

HATIMEFE : ms@hanspub.org



http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:ms@hanspub.org

	Investigation of Preparation and Modification of Economical Ceramic Proppant Made from Coal Fly Ash
	Abstract
	Keywords
	粉煤灰基经济型陶粒支撑剂的制备与改性研究
	摘  要
	关键词
	1. 引言
	2. 实验
	2.1. 实验原料
	2.2. 实验方法

	3. 结果与讨论
	4. 结论
	基金项目
	参考文献

