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Effect of Calcination on Pore Structure and Fractal Characteristics of Diatomite
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Abstract: Diatomite samples were prepared at different calcination temperatures, with Linjiang diatomite as raw material. Pore
structures of the diatomite and calcined samples were characterized by using the low-temperature nitrogen adsorption and the mercury
intrusion technologies. With these experimental data, fractal characteristics of the diatomite and the calcined samples were analyzed
with FHH model, Menger sponge model and thermodynamic relations model. It was found that the diatomite contained mainly
mesoporous and macropores. With increasing calcination temperature, specific surface area and mesoporous volume of the diatomite
samples were decreased, while the proportion of the macropores was increased. At the same time, the sample surface roughness was
reduced or the surface became smoother and smoother. When the calcination temperature was lower than 600 °C, fractal dimension of
the mesopore volume and heterogeneity of the mesoporous structure were decreased with increasing calcination temperature. The
deformation of the mesoporous structure and the mesoporous volume fractal dimension was seriously accelerated after calcining at
1000 ‘C. When the calcination temperature was higher than 600 °C, the fractal dimension of the macroporous pores was reduced,
while the roughness and inhomogeneity of macropore surface of the samples were decreased.
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Table 1 Main Chemical constituent of diatomite w/%
Sample SiO, AlLO;  FeyO3 TiO, CaO MgO LOI

DE 87.05 1.29 0.41 0.07 0.01 0.10 9.65

w is mass fraction
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Fig. 1 Nitrogen gas adsorption and desorption isotherms for
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Table 2 Pore structure parameters of sample DE, DC

serials by low temperature nitrogen gas
adsorption
Sample NO. Sf AZI Szmic: ZT/fl VlsniC/fl Vr;es: D
(m>g) (m™g) (ecm’-g) (em-g) (cm-g ) nm
DE 11.390 1.868 0.069 0.001 0.068 24.150
DC500 9.845 0.989 0.068 0.000 0.068 27.644
DC600 9.644 0.939 0.077 0.000 0.077 31.937
DC800 7.791 1.354 0.063 0.001 0.062 32.345
DC1000 3.539 0.602 0.024 0.000 0.024 27.126

SSA is specific surface area, Snic is specific surface area of microporous, Vr
is total pore volume of nitrogen gas adsorption, V. is microporous pore

volume, Ve is mesoporous pore volume, D, is average pore size.
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Table 3 Pore structure parameters of sample DE, DC serials (MIP)

Vinlr/ VD> lOum/ VSpm<D< lOum/ Vl um<D<5um/ VO. lpm=D<1 um/ V().(]Sum<D<0. 1 um/ VD'ff(].OSHm/ VE/ D/ Df/ DV/
Sample NO.
(ml-g) (ml-g) (ml-g) (mlg) (mlg') (mlg)  (mlg) (mlg) % nm nm
DE 1.606 0.209 0.054 0.865 0.459 0.018 0.000 1.397 95293 2534500 1782.200
DC500 1.684 0.212 0.088 0.880 0.473 0.023 0.009 1.463 95.558 3191.100 1 895.200
DC600 1.624 0.229 0.040 0.863 0.469 0.020 0.004 1.391 94.755 2410300 1692.300
DC800 1.738 0.152 0.031 1.002 0.514 0.038 0.001 1.585 96.177 2363.000 1615.300
DC1000 1.905 0.224 0.079 1.251 0.348 0.003 0.000 1.681 98.592 3539.600 2358.400

Vine is cumulative mercury intrusion volume, Vg is effective mercury intrusion volume, @ is proportion of macroporous, Dy is threshold pore size of mercury

intrusion, Dy is macroporous average pore size.
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Table 4 Fractal dimension of diatomite samples with different calcination temperature derived using fractal FHH model

plpe=0-0.35 Plpe=0.35-1.0

Sample NO.

Drp1=3+4, FHH model R Dpy=3+4, FHH model R’
DE 2.60 1=—0.40x,+1.36 1.00 2.52 yr=0.48x,+1.31 1.00
DC500 2.54 y1=—0.46x,+1.22 1.00 2.50 y2=—0.50x,+1.16 1.00
DC600 2.53 y1=—0.47x,+1.20 1.00 2.47 y2=0.53x,+1.12 1.00
DC800 2.51 1=—0.49x,+0.99 1.00 2.47 y,=—0.53x,+0.85 1.00
DC1000 2.45 $1=—0.55x,+0.20 0.99 2.54 ¥2=—0.46x,-0.07 1.00

F5 ET Menger BEHFEAMANFEXREEFEBRFEEE LRI TYEL

Table 5 Fractal dimension of diatomite samples with different calcination temperature derived using fractal Menger sponge
model and thermodynamics correlation model

Sample NO. Menger model Dy=4+4 R Thermodynamics model Dr R’

DE y=—1.73x+1.13 227 0.90 1=2.62x—6.58 2.62 0.99
DC500 y=—1.71x+1.15 2.29 0.97 y=2.63x-6.72 2.63 0.99
DC600 y=—1.69x+1.07 231 0.87 y=2.69x-7.35 2.69 0.99
DC800 y=—1.64x+1.03 2.36 0.91 y=2.66x—6.93 2.66 0.99
DC1000 y=2.09x+2.07 1.91 0.97 y=2.65x—6.95 2.65 0.99
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