%37% %24 A REAME

Vol. 37 No.2
April 2016

2016 &£ 4 A Advanced Ceramics
FES%XT:  TB321 X E
XERARRAG: A DOI:

(3 R S
JERARK,

T~

1005-1198 (2016) 02-0138-07
10.16253/j.cnki.37-1226/tq.2016.02.003

R ANEEAEREE S8 EMA SR

1% BER RN

TEH', KIF'

WA KF MEAESE S AR, Fd 250061
AR A F A A RS, LAk EMN 256216

W OE: RAEZL. B A EERAFE T REEGRER X EN, HRT EFA
TN E OGR4 I B X T A HERN R B RO £ &or, HAF XRD. SEM % F B X 1 Fl i
JE RS W T R T M AR R A O A AT T e Afe B RERH: AT R MmN AR B XA
NEHRAEANAIN, EREATEMRMEEAHNETHRESL, BEWEREIERGHEFAE
KA, MERZBENASE, MR EHER, BEAEERS, A TREELHHEE
Beh. EREHRAREET, RS, 2SR IHEEA TR, YEFEGMAEN 15 wt%,
WERIEE A 1410°C B, A LHEA AT E A 2.65 g/lem®, 69 MPa TEIB £ 4 7.9%, 7= &

AHREE. BMBRE. (KAABHR R,
R MR CER; BT R WEE; BEE

K I B ZEGER FH K T3 A =R T O G Y — Rk, FL A B ) 3 i v e 2R 2
Rty A SR S REBEEN I, AR R IE Bl [ A R B A8, SRR AR SRR A 4 17
U AEAH, HE7E 4 P LA S A0, 45 552 J b 22 o BT RS R A T 0 R A — 2 5 B o P b 2 e ),
Forpr, SCHERR K I B ML I RE o PR S A 48 Y BT — g o P A ] (AR JORE, 7™ i P REXGS S 4%
Wbk, PrLRGEEPIE . RIHCRICR S A E R,

H BT C 245 32 R A SCEE R38R AR A b AN 3 MR S5 A o R AR i AR AR I
B, (ERAFAEREAR. SO, BEREEZE . AR T BB nl, N MR S5 32 2 DA mdn il
LR EEERL, BAEER, SRR AR IR R AR TR R RS, A

i HHA:  2016-02-17 KB R E#: 2016-03-03

E4TEH: LALZEZCFRREAMEALTIE (2013ZHZX1A0220)

F—1EH: ITTHM (1985-), F, HARKA, B EH KX 4. E-mail: vipwang1688@163.com.
FIREE: KEZE (1956-), F, LARFEA, #K. E-mail: yujunzhangen@sdu.edu.cn.



%2 (HR#FLAMEZE) Advanced Ceramics, 2016, 37 (2): 138—144 139

i EX R RS EEER, RmANE S E, SHENPUL RN, EHE MR
WK U, BT A, AR ST 4R AR ML E TT LA RO K S PRI LR B () R I 1), 7 RS
T e bSPTIR e i L O HERR RS, , AN S U0 (8 T 2R08, A RSBIRAR 1 i T . RN, 7E42
F R A TR, SR SR R AR, AR IR R R SR Y BT, AT
REELEN TR Z RS E T I R BRI BRI R ZOR SR BATRSA . R E . R Sy
fe At e AR Y, DU R AROR P T R R O TR R [ g A g T R I TR
ZHAICEHE (1.55 glom’ ~ 1.68 g/om®) MRLSCIRET, (HIXLe SR FRVR 53543, sl il &
TR, sEEE M, B BRER R, KB AE S Tl A AN . ik, FE
BRI B H &, DUERRE SR & B R A A AR M L A 9 B kL S 7R O R
BRG] F A U P s i 2 10 e S 4357 A F D9 T R E 72 7 171

TR A 2 RN BR I R o HE IR AR PR 32, ROy 3R IE 2Rt HER AN o5 Fl it e 22 19 Tl
PEFE, WEA L LT RO 3R E R fbr 1O R BB A KM RN 5 F R, T LA T R
(ARSI A DBIRE R S BB AN EEER, Rkt Asf. FETNER
Ingil, AR ARG, o 1 R i B PR ST, BT 1 PRl e AR S5 F R E

15

1.1 pERHI &

A FH L 2R Tt DX 0 8 54 R A 52 oy A e b X R A A O R R S AN e s
+. Aaf FBEYSERAITE S . FEAMR E B IR 1 PR .

R ST R AR, 0t 200 H . $06EER 2 UM AR oy R RS A AR
EEINF (<200 H) RE, LTEREEREVNT 400 HERPE. ROpRYEHE TRyl iR
Z R, RN IIAE K DA sk Bl 18] 1 45 5 505 s BRI TIA 2] 0.2 mm ~ 1.0 mm R B0k
ALERIRAE RN p 4k SR 3 — BN TR, R BRIRORL: ] 425 pm ~ 300 pm 567 6732k th 445 2 kL
JEZORMIERIR, JABTEFENAE 100°C N TR 6 he R TERJE FIERIR BN 20 i o 73 A

k1 BRBFEA R (A wt%)

Table 1 Chemical compositions of the used raw materials (Unit: wt%)
Raw Material SiO, Al,O4 Fe,04 TiO, CaO MgO K,O L.OlI

Flint Clay 50.15 45.01 1.76 0.82 0.43 0.18 0.22 0.35
Coal Gangue 34.49 29.02 3.11 1.92 0.41 0.05 0.17 30.38
Kaolin 46.07 36.89 0.36 0.12 0.49 0.39 0.04 15.48
Dolomite 1.52 0.25 0.43 0.01 32.04 20.42 0.02 45.21
Magnesite 4.02 1.05 1.18 0.08 1.27 72.68 0.14 18.33

k2 RBEHFEE R (AL wt%)

Table 2 Chemical compositions of the examined samples (Unit: wt%)

Sample No. Flint Clay Coal gangue Compound Additives
1# 93 0 7
2# 88 5 7
3# 78 15 7
4 68 25 7
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Figure 1 Apparent density of the samples sintered Figure 2 Bulk density of the samples sintered

at different temperatures at different temperatures
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Influence of Coal Gangue on the Properties of Flint-Clay-Based
Ceramic Proppants with Low Density and High Strength

WANG Jin-Huai'?, ZHANG Yu-Jun'

'School of Materials Science and Engineering, Shandong University, Jinan 250061, China
2Jingang New Materials Co., Ltd. Binzhou 256216, China

Abstract: Ceramic proppants with low density and high strength were fabricated using flint clay
and coal gangue as main raw materials and other suitable auxiliary materials.. The effects of coal
gangue content and sintering temperature on the density and crushing rate of the ceramic proppants
were studied. The microstructure analysis and phase characterization of the samples sintered at
different temperatures were carried out using SEM and XRD, respectively. The results show that
many closed pores are formed, and the apparent density and crush resistance decrease with the
increasing coal gangue content. The main phases of ceramic proppants consist of mullite and quartz.
As the sintering temperature increases, the pores in the samples were excluded and the densification
was strengthened, leading to an increase in strength. However, quartz become melting at excessively
high sintering temperatures, leading to a decrease in strength. The apparent density of 2.65 g/cm® and
a crushing rate of 6.39% under the pressure of 69 MPa are obtained when the sintering temperature is
1410°C and the coal gangue content is 15%.

Key words: Ceramic proppant; Coal gangue; Apparent density; Crushing rate



