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Microstructure of Diatomite under Lime-Containing Hydrothermal Condition and Its Effect
on Adsorption Performance of Methylene Blue
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Abstract: Si—Ca porous mineral material was prepared with calcine diatomite and slaked lime via a hydrothermal reaction method.
The microstructure of diatomite under lime-containing hydrothermal conditions was characterized. The effect of microstructure
change of diatomite on its adsorption performance was investigated with methylene blue as an adsorbent, and the mechanism of
Si—Ca porous mineral material was analyzed. The results show that SiO, in calcined diatomite reacts with Ca(OH), to generate
clinotobermorite under the lime-containing hydrothermal conditions. The diatoms disk structure disappears and the flaky
clinotobermorite stacks up into Si—Ca porous mineral. The volume of porous material is 10 times greater than that of calcined
diatomite, and the amount of hydroxyl on the surface of the material increases. Si—Ca porous mineral material exhibits good
methylene blue adsorption and recycling performance. The adsorption capacity of Si—Ca porous mineral is 6.5 times greater than that
of calcined diatomite, and its saturated adsorption capacity can reach 384.51 mg/g. The adsorption process of diatomite board towards
methylene blue can be described by the pseudo-second-order kinetic model. Its adsorption isotherms can be fitted by the Langmuir
model, and the adsorption is a spontaneous endothermic process. When pH value>4, the surface of Si—Ca porous mineral is
negatively charged, the adsorption is completed by the active hydroxyl group of the mineral surface and the quaternary ammonium
salt cationic in the solution form the hydrogen bond through electrostatic attraction, Also, the large specific surface area of Si—Ca
porous mineral can provide the more adsorption sites for methylene blue, which is conducive to the adsorption.
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Table 1 Chemical composition of the calcine diatomite and

slaked lime w/%
Material SiO, CaO Fe,03 MgO TiO, ALO; L.OI
Calcine
. . 88.97 1.97 3.23 091 0.36 3.75 0.32
diatomite
Slaked lime 96.21 0.07 0.50 0.40

w is mass fraction.
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Fig. 1 XRD patterns of calcined diatomite and Si—Ca porous
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(d) Magnified image of Fig. 2(c)

(b) Magnified image of Fig. 2(a)
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(e) TEM image of diatomite

(c) SEM image of Si—Ca porous mineral material
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(f) TEM image of Si—Ca porous mineral material
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Fig. 2 SEM and TEM images of calcined diatomite and Si—Ca porous mineral material
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Table 2 Specific surface area, pore volume and average

pore diameter of calcined diatomite and Si—Ca
porous mineral material

Specific surface  Pore volume/  Pore diameter/

Sample

P area/(m>g ™) (em™g™) nm
Diatomite 4.7 0.018 3.04
Si—Ca porous 82.8 0.198 6.72

mineral material
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Fig. 4 Infrared absorption spectra of calcined diatomite and
Si-Ca porous mineral material
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Table 3 Analysis of solution composition after hydrothermal

reaction
Solution composition Concentration/ Limiting value/
and pH value (mg'L™) (mg-L™)

Ca 18.68 450.00

Si 1.72

Fe 0.01 0.30

Mg 0.70

Al 0.01 0.20
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Fig. 5 Comparison of adsorption properties between calcined
diatomite and Si—Ca porous mineral material
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Fig. 6 Effect of adsorption time on adsorption performance of
Si—Ca porous mineral material
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(b) Pseudo-second-order

. is equilibrium adsorption amount of methylene blue (MB); ¢, is adsorption amount of MB at the time of adsorption #; ¢ is adsorption time.
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HE—GURIAE — 00 B 30 ) 2 R TR 26

Fig. 7 Pseudo-first order and pseudo-second order adsorption kinetics model fitting curves
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Table 4 Fitted parameters of adsorption Kkinetics models

Pseudo-first-order

Pseudo-second-order

Concentration/(mg-g ") Geon/(mg-g™)

R Gecal(mg'g ") Kih R Geca(mg-g ™) KJ/(g mg"h™)
150 91.07 0.939 10.25 0.2384 0.999 90.34 0.0109
200 118.85 0.951 13.06 0.2934 0.999 118.43 0.008 4
250 141.20 0.961 25.92 0.2597 0.998 140.16 0.0070

K; and K represent the pseudo-first-order rate constant and the pseudo-second-order rate constant, respectively; geexp and geca represent the actual and

calculated equilibrium adsorption capacity, respectively; R* represents correlation coefficient.
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IR B o R R AT A0S, Langmuir 2835 W% B AR 24

A R
1
ey 5)
qc KLqmax qmax

A ge N FEEE, mg/gs qma NHZ IR
B, me/g: ce M BT AR VA T R R PR VR
%, mg/L: Ki Jy Langmuir W B~ %5

FEEATS 22 FLAT PP ARk o Y 8 I PP 56 11 5 P 452
LK 8a FioR. FHHE 8a AT UL, IV L P ik
FE (co) BRI, T8 Bt 5 (g ) BB A T~ 24 2 F) 384 K
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FEA R TR S S 347 33— 20 iR B0 e 44 TR
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H# 5 7] WL, Langmuir S5 B GEAR 4 Hh
TR RS 22 FLA A BRI R T R R A R B
T, A RBEYET 0,995, F£UIRESS 2 L Ykt B
XOP IV HP T S 0 T PR AT O SRR TR R
BEERIE, MBI T R B s R RE AR AL 5
Ab, WEES 2 FLAT A RN T HE R R R e TR B
N 384.15 mg/g. 3R 6 JSCHR[20-23] 0 Ho Ay LA Fft
RIS ST S 0 W B i D xS B, RS 2 AL
AR (VR B 1 R A
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(a) Adsorption isotherm (b) Fitted curves of isothermal adsorption Langmuir model
Q. is equilibrium adsorption amount; ¢, is concentration of MB in the solution at adsorption equilibrium.
BA8 IR P A T 2 AN S5 W P Langmuir 578 i 2
Fig. 8 Adsorption isotherm and Fitted curves of isothermal adsorption Langmuir models
x5 FEWMEENESH
Table S Fitted parameters of adsorption isotherms
Langmuir model
Adsorption temperature/K
Ki/(L'mg™) G/ (Mg-g ) R
288 0.0319 22222 0.997
308 0.0703 322.58 0.998
318 0.1340 384.51 0.998
K represents the Langmuir equilibrium constant, gmax represents the maximum adsorption capacity of the adsorbent.
R 6 [EIWRBiAF X I FREL S I B RE IXT EE
Table 6 Comparison of adsorption capacities of various adsorbents for MB
Material Synthetic method Adsorption capacity/(mg-g ™) Reference
Uio-66 MOFs Hydrothermal method 90.48 [20]
VO,(D)-HCSMs Hydrothermal method 97.50 [21]
CoFe,;04/Graphene oxide Polymerized complex method 80.60 [22]
NiFe,04/ Graphene oxide Polymerized complex method 78.10 [22]
Poly(imide-ether)s Solution molycondenzation reaction 166.80 [23]
Si—Ca porous mineral material Hydrothermal method 384.51 This work

MOFs is metal organic frameworks; HCSMs is hollow core-shell microspheres.
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K, represents partition coefficient(ge/ce).
9 EEFSZALEMIME InKy 5 1T R R

Fig. 9 Relationship between InKy and 1/7 of Si—Ca porous
mineral material

®7T ESEZILT M RIRMR R TR RERNFEY
Table 7 Thermodynamic parameters of methylene blue
adsorption with Si—Ca porous mineral material

Concentration/ AH AS" AG'/(kJmol 1)
(mg'L™) (Jmol™  (mol™ 93k 308K 318K
150 120.14 0.48 -20.75 -27.96 -32.78
200 64.51 0.29 -20.75 -25.11 -28.02
250 75.12 0.32 -19.18 -24.01 -27.23
300 82.01 0.34 -18.45 -23.60 -27.03
400 97.62 0.39 -16.67 -22.52 -26.42
600 44.86 0.21 -15.92 -19.04 -21.11
1000 33.68 0.17 -14.06 -16.51 -18.14

AH’ represents the enthalpy change; AS represents the entropy change
during adsorption; AG” represents the standard free energy change.
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Fig. 10 Effect of initial pH value on the concentration of MB
and adsorption capacity of the Si—Ca porous mineral
material for MB
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Fig. 11 Rlationship between zeta potential and pH values of
the Si—Ca porous mineral material
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Fig. 12 Effect of the recycle times of porous Si-Ca mineral on
the removal rate of MB
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