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Preparation of Molecular Sieve and Diatomite Composite by Hydrothermal Method and Its
Adsor ption Performance

DAI Shiyu, ZHANG Lin, QI Pengyuan, WANG Ling, MA Weimin
(Department of Materials Science and Engineering, Yingkou Institute of Technology, Yingkou 115014, Liaoning, China)

Abstract: A diatomite composite with a molecular sieve structure was prepared via acid hydrothermal treatment, and its adsorption
performance was evaluated by a saturated adsorption rate of methylene blue in solution. The results show that a phase Variscite 10
with a molecular sieve structure can be formed by hydrothermal treatment. The saturated adsorption capacity of the composite with
the specific surface area of 96.02 m?/g is 98.60 mg/g, which is 298.79 times greater than that of the raw diatomite. The size and
crystallinity of the molecular sieve particles increase and the diatomite shell with tubular structure destroys as the reaction time
increases, leading to the decrease of the adsorption performance of methylene blue. The optimum parameters for hydrothermal
treatment are mixed acid of 10%(in mass fraction), reaction temperature of 180 ‘C and reaction time of 2 h.
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Tablel Main compositionsof diatomiteraw mine w/%

SiO, A1203 Fe 05 MgO Other
60.2 12.9 8.0 1.8 3.6

w is mass fraction.
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Table2 Scrubbing orthogonal factor level

X L Scrubbing  Ultrasonic  Reaction
Level  m(solid):m(liquid)

time/min  time/min  temperature/'C
1 1:3 15 1 25
2 1:4 30 5 50
3 1:5 45 10 75
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Table3 Orthogonal factorsfor alkaline leaching

L Mass fraction of ~ Alkali leaching ~ Alkali leaching  Types of
eve

alkali/% temperature/ C  time/h alkali
5 40 0.5 NaOH
2 10 60 1.0 MgOH
3 15 80 2.0 NH;-H,O
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Table4 Orthogonal experimental results of scrubbing treatment

No. m(solid):m(liquid) Scrubbing time/min Ultrasonic time/min Reaction temperature/ C Saturated adsorption capacity/(mg- g’l)
1 1:3 15 1 25 0.466
2 1:3 30 5 50 0.501
3 1:3 45 10 75 0.477
4 1:4 15 5 75 0.463
5 1:4 30 10 25 0.407
6 1:4 45 1 50 0.387
7 1:5 15 10 50 0.469
8 1:5 30 1 75 0.438
9 1:5 45 5 25 0.431

Xy 0.481 0.466 0.430 0.435

X 0.419 0.449 0.465 0.452

X3 0.446 0.432 0.451 0.459

Range 0.062 0.034 0.035 0.024

Xxy; is average value of level 1 test results; x,;is average value of level 2 test results; x3; is average value of level 3 test results; Range is measurement variation.
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Fig. 1 SEM images of diatomite treated at different calcination temperature
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Table5 Orthogonal experiment data table of alkali leaching treatment

No. Mass fraction of alkali/%  Alkali leaching temperature/’C  Alkali leaching time/h  Types of alkali  Saturated adsorption capacity/(mg-g™")
1 5 40 0.5 NaOH 51.02
2 5 60 1.0 MgOH 57.46
3 5 80 2.0 NH;3-H,0 50.12
4 10 40 1.0 NH;'H,O 47.62
5 10 60 2.0 NaOH 46.15
6 10 80 0.5 MgOH 57.01
7 15 40 2.0 MgOH 48.67
8 15 60 0.5 NH;3-H,0 50.98
9 15 80 1.0 NaOH 56.82

Xy 52.87 49.10 53.00 51.33

Xo 50.26 51.53 53.97 54.38

X3/ 52.16 54.65 48.14 49.52

Range 2.61 5.55 5.83 4.86

T S pm
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Fig. 2 SEM images of diatomite sample after alkali leaching
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Fig. 3 SEM and EDS of diatomite after hydrothermal treatment
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Fig. 4 XRD patterns of diatomite at different hydrothermal
treatment time
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Table 6 Effect of hydrothermal treatment time on lattice
parametersand grain size of variscite 10

in

Grai
Sample a/nm b/nm cmm  a/(°) PI°) y/(°)

size/nm
Standard 09822 0.8561 09630 90 90 90
variscite 10
Hydrothermal ~ 1.0305 0.8407 0.9625 90 90 90 21.9
treatment
for3h
Hydrothermal  1.0126 0.9630 0.9607 90 90 90 439
treatment
for 18 h
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