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ABEK. TP AR kKA RS GRS, SRAALS ZnX R AN A —ZRA. L RE
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FLHEIE T 155.50%, F3H35LAEE 1084.98nm FHEZE 880.02nm, FAIFLREY 65.90% F £ 56.02%. @it 3t
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Abstract: The treatment of heavy metal wastewater containing solid particles, such as those found in nuclear reproc-
essing wastewater, has been a persistent challenge. This study focuses on using manganese dioxide-modified diato-
mite as a raw material to prepare porous ceramics designed for the adsorption and filtration of heavy metal wastewater
containing solid particles. In the experiment, manganese-modified diatomite was prepared using coprecipitation and
hydrothermal methods. The results showed an enhanced adsorption capacity for Zn®* ions using manganese-modified
diatomite. Compared to different modification methods, the KMnO, hydrothermal method proved most effective on
diatomite, boosting the Zn>" adsorption capacity to 24.3 mg/g, an increase of 32.50% over unmodified diatomite.
Building on these results, porous ceramics with adsorption and filtration functions were prepared by sintering the
modified diatomite using a foam impregnation process and sacrificial template method. By treatment of liquid contain-
ing Zn>" and carbon particles with diatomite-based porous ceramics using the device of cyclic flow filtration and ad-

sorption, the ceramics before and after modification demonstrated removal rates of 59.72% and 71.23% for 10 mg/L
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Zn*" and 97.16% and 99.74% for 2 g/L carbon-containing particles, respectively. Analysis of the diatomite block’s

pore structure, before and after modification, was conducted using mercury intrusion porosimetry (MIP) and X-ray

micro-computed tomography (XMT) . It was found that the number of pores smaller than 30 um in diameter increased

by 155.50%. The average pore size decreased from 1 084.98 nm to 880.02 nm, while porosity decreased from 65.90%

to 56.02%. Additionally, scans of 1 500 sections of the porous ceramics before and after modification showed a de-

crease in surface porosity and increased ceramic compactness. The tortuosity of the internal channels of the porous

ceramic block was improved from 6.334 to 9.606. The modified process effectively improved the pore structure of

diatomite-based porous ceramics and enhanced the adsorption and filtration performance.

Keywords: diatomite modification; porous ceramics; filtration; adsorption
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Tab.1 Experimental reagents

R Fiks AR
REBEL | FERSN SI0) | RIE FOMAE R A TR F
e | FEASECN 35% | AR RIEERAR A BRA
AEAEN | 99.5% el | RIEEESRRAL AR R F
AR | 99.5% ,arbral | REV BT AL EHE A R A H
ERiE 99.5% ,ar#ral | KHA R AR AT PR F
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BE L IARIR 5T 1 1 A 2 F LI e, HLhil a5 R el
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Tab.2 Diatomite modification schemes
FESh g TEPE g Ut
a — ik R A 6 R4
b 15.00 100 mL 2 mol/L Fidki2, Zi& 2 h
c 15.00 50 mL 6 mol/L NaOH 5 50 mL 2.5 mol/L MnCl,,80 ‘C}tT+ 2 h
d 0.05 30 mL 0.05 mol/L i) KMnOy, B34 ik 160 'C, 4124 h
e 0.05 30 mL 0.10 mol/L ) KMnOy, S 34 ik 160 'C, 4T 24 h
f 0.05 100 mL 2 mol/L F&$kE2 ,30 mL 0.10 mol/L #J KMnO,, D4 i 160 °C, 4T 24 h
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Fig.1 Preparation process of diatomite-based porous
ceramics

-

%3 ﬁ*ﬂ‘;ﬂ;}kl’fl*lf%gﬁﬁﬁﬁg
Tab.3 Component consumption using the organic foam
immersion method
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Fig.2 Surface morphology of diatomite particles before and after modification
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Fig.3 Equilibrium adsorption capacity of modified di-
atomite for Zn*"
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Fig.4 Particle size distribution of carbon-containing
particles
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Fig.5 Experimental device of cyclic flow filtration and
adsorption
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Fig.6 Removal rate of Zn*" in cyclic flow experiments
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Fig.7 Filtration effect of diatomite-based porous ceramics
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Fig.8 Section scanning and pore extraction of diatomite-
based porous ceramics
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Fig.9 Three-dimensional scanning and pore extraction of
diatomite-based porous ceramics
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Fig.10 Pore size distribution of porous ceramics
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Fig.11 Surface porosity of porous ceramics
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Tab.4 Pore characteristics of diatomite-based porous ceramics tested using the mercury intrusion method

ke - B FLIAFY (mg/L) 442 /mm AU/ (g/mL) FM A/ (g/mL) FLERE/%
Ak b 0.95 1 084.98 0.69 2.03 65.89
APk Ak 0.60 880.02 0.92 2.11 56.02
o IEMEE: e HETUATIOTLIRA: K bR .
22 LHK

BiER r W EME R R ENEITHE
B S - O I I 4 [ %) 22 L R s 5 ol B 4 3l R
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T B [k X AR 45 4 5 4 B 1 3 i R 4R T
51.66% . fLBRAEZ2 P B TF, B 42 m Uk 0 R 2 [
it P BB T 3 A AE R RE TR

3 & &
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KMnO, 7K B ke 1 ik 388 + X Zn™" W52 o 75 4 ik 3]
24.3 mg/g, BHPETTHETF 32.50% .

(2) ehethrtEwE - Beah b , X FL R i g
PERE AR B, ot 5 2 L0 & i T LB g Ak A fLE ft
b, X i ORI L IE R RE B 97.16% 2 &2
99.74% . SZH6 H UM RT i Ak - R 2 ALME X Zn™
EBRBRHH 59.72% F1 71.23% , AR G4
BT AR P .

(3) StreletEnn e RE R LB A, & Bk
A BT LB, b 30 pm FLARLUT LA
Tt 155.50% , FLETEHEH 6.334 #2715 9.606, fL
WEEZRFERERAIN 51.66% , F| T A2 i v il 45 2 4L
e 25 1)/ INFL B AL

[1] Veettil AV, Mishra A K, Green T R. Explaining water
security indicators using hydrologic and agricultural
systems models[J]. Journal of Hydrology, 2022,
607: 127463.

[2] Yang X D, Wan Y, Zheng Y L, et al. Surface
functional groups of carbon-based adsorbents and their
roles in the removal of heavy metals from aqueous
solutions: A critical review[J]. Chemical Engineering
Journal, 2019, 366: 608-621.

[3] FuF L, Wang Q. Removal of heavy metal ions from
wastewaters: A review[J]. Journal of Environmental
Management, 2011, 92(3): 407-418.

(4] ZVNH, tREEH, KE5, 55 FIH in vitro IR IR
T - 4 i R XSS A 5% S X v ] 1 3 e i
BE7R [T, RHER 4l (A AR5 TARERORRR)
2020, 53(10): 1001-1012.

Li Xiaojuan, Xu Jiayan, Zhang Jianyu, et al. Health
risk study of heavy metals in urban soil using in vitro test
and its enlightenment on soil pollution survey in China
[J]. Journal
Technology) , 2020, 53(10): 1001-1012 (in Chinese) .
[5] Wanjiya M, Zhang J C, Wu B, et al. Nanofiltration

of Tianjin University (Science and

membranes for sustainable removal of heavy metal ions
from polluted water: A review and future perspective
[J]. Desalination, 2024, 578: 117441.



<412 - KERZE2ER (B ARFHA S TR IR) 5584 A 410
[6] Lin H, Zhou M Y, Li B, et al. Mechanisms, 166: 29-36.
application advances and future perspectives of L15] Fiuk, , £ oam, 4 ehEakE RS

(7]

(8]

9]

[10]

(11]

(12]

[13]

[14]

microbial-induced heavy metal precipitation: A review
[J]. International Biodeterioration & Biodegradation,
2023, 178: 105544.

Fei Y, Hu Y H. Recent progress in removal of heavy
metals from wastewater: A comprehensive review[J].
Chemosphere, 2023, 335: 139077.

Wk o, ZHRORHE AL BEACGE R b i S S o 0]
FRERFFHIAR, 2004 (4) : 343-349.

Chen Jing. Interface contaminants in the extraction
process of spent fuel reprocessing[J] Atomic Energy
Science and Technology , 2004 (4) 343-349 (in
Chinese) .

Ning P G, Cao H B, Liu C M, et al. Characterization
and prevention of interfacial crud produced during the
extraction of vanadium and chromium by primary amine
[J]. Hydrometallurgy, 2009, 97(1/2): 131-136.
Zhuravlev L. The surface chemistry of amorphous silica.
Zhuravlev model[J]. Colloids and Surfaces A :
Physicochemical and Engineering Aspects , 2000 ,
173(1/2/3) : 1-38.

Z B, XUBTRS. BMEREEE XK P E G R B T

W B PEREDR ST (). B LR M, 2024, 45(4)
104-110.
Qin Na, Liu Xinmin. Study on the adsorption

performance of modified diatomite for heavy metal ions
in sewage[J] Multipurpose Utilization of Mineral
Resources, 2024, 45(4): 104-110(in Chinese).
FREZ, XN, ARG, A pobenk e 4 2wk
PR Bl 525 W R 01 By o B FL R Cs™RIFSE (0. TEpLER
Tk, 2023, 55(11): 19-26, 36.

Guo Xueqin, Deng Xiaochuan, Zhu Chaoliang, et al.
Preparation of modified diatomite loaded ammonium
phosphomolybdate composite adsorbent and its
adsorption of Cs'[J]. Inorganic Salt Industry, 2023,
55(11) : 19-26, 36 (in Chinese).

Yuan P, Liu D, Tan D Y, et al. Surface silylation of
mesoporous/macroporous diatomite (diatomaceous earth)
and its function in Cu(Il)adsorption: The effects of
heating pretreatment[J]. Microporous and Mesoporous
Materials, 2013, 170: 9-19.
Nosrati A, Larsson M, Lindén J B, et al. Polyethyle-
neimine functionalized mesoporous diatomite particles
for selective copper recovery from aqueous medialJ].

International Journal of Mineral Processing, 2017,

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

Mﬁﬁ%%ﬁﬁﬁﬁﬁm.MI%ﬂMﬂ,mm,
5108 2): 623-626.

Yin Chengbin, Ma Beibei, Wang Yuan, et al. Study on
the adsorption performance of modified diatomite for
harmful substances in cigarette smoke[J]. New Chemical
2023, 51(Suppl2) : 623-626 (in Chinese).

Dong Z H, Qu N, Jiang Q S, et al. Preparation and

Materials,

properties of multifunctional eco-friendly slow-release
urea fertilizer encapsulated by diatomite filter aid waste-
based superabsorbent [J]. Progress in Organic Coatings,
2023, 183: 107747.

Ma Z, Lu X L, Wu C R, et al. Assessment of
combination of pressure-relief pulsation flow and
diatomite filter-aid in membrane fouling control[J].
Journal of the Taiwan Institute of Chemical Engineers,
2017, 80: 464-471.

Lim B R, Kim HS, Go Y S, et al. Characteristics of
filtration treatment using diatomite filter aids for sewage
water reuse[J]. Journal of Korean Society on Water
2019, 35(2): 145-151.

Oh S, Yeo S J,

polycaprolactone-bound diatomite filter for the removal

Environment,

Han G, et al. Eco-friendly

of metal ions and micro/nanoplastics from water[J].

Science of the Total Environment, 2023, 905: 166956.
A, TP EALANE N A RE s R R AL
HEremr (0], MBS, 2022, 36(3% 1): 136-

140.

Yu Mingxian , Zhang Jingxian. Preparation and

properties of diatomite based porous ceramics by pore
forming agent method[J]. Materials Reports, 2022,

36 (Suppl 1) : 136-140 (in Chinese) .

W, S, AU, A AR OGRS
BHA 2 AL W 2 e (D], RE R AR i, 2022,
41(4): 1416-1422

Wang Qing , Bao Chonggao , Li Shijia, et al

Preparation of diatomite light curing slurry and porous
ceramics[J] Bulletin of Chinese Ceramic Society ,
2022, 41(4): 1416-1422 (in Chinese) .

o ENE, 2 LM A MM RERFSE (D). &
HE: LRI, 2019.

Yuan Guohui. Preparation and Properties of Diatomite
Based Porous Ceramics[D]. Hefei: Anhui Jianzhu
University, 2019 (in Chinese).

BT, E G BRI, A AREE . IRERESE L



2025 4 4 A

XUNEHEAS A e M b L2 AL B B B IR R REAT Y

- 413 -

[24]

[25]

[26]

I AL AR M ERE A SE MR [T]. B AR AT RHR
FHTHE, 2023, 28(4) : 347-360.

Chen Guang, Wang Wei, Liang Lixing, et al. Effect of
magnesium oxide and calcium carbonate mineralizers on
properties of porous alumina ceramics[J]. Materials
Science and Engineering of Powder Metallurgy, 2023,
28(4) : 347-360 (in Chinese) .

Shen T M, Xu H, Miao Y, et al. Study on the
adsorption process of Cd(Il) by Mn-diatomite modified
adsorbent[J]. Materials Letters, 2021, 300: 130087.
Guo Z Z, Ren Z J, Gao H M, et al. Hydrothermal
modification of calcined diatomite with CaO: Effect of
NaOH pretreatment[J]. Materials and
Physics, 2024, 314: 128791.

HouLJ, LiuTY, LuA X. Red mud and fly ash-based

Chemistry

[27]

[28]

[29]

ceramic foams using starch and manganese dioxide as
foaming agent[J]. Transactions of Nonferrous Metals
Society of China, 2017, 27(3): 591-598
Lin C L, Miller J. Pore structure and network analysis of
filter cake[J]. Chemical Engineering Journal, 2000,
80(1/2/3) : 221-231.
Shi Z P, Liu L Y. Synergistic mechanism of CTAB and
nonionic polyacrylamide on pore structure of kaolinite
filter cake[J]. Separation and Purification Technology,
2023, 324: 124575.
Al-Raoush R I, Madhoun I T. TORT3D: A MATLAB
code to compute geometric tortuosity from 3D images of
unconsolidated porous media[J]. Powder Technology,
2017, 320: 99-107.

(riEmét: W %)



