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Preparation and Characterization of Silver Nanoparticle/Diatomite Antibacterial Ceramic
Composites for Water Treatment
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(1. School of Materials Science and Engineering, Jiangxi University of Science and Technology, Ganzhou 341000, Jiangxi, China;
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Abstract: Silver nanoparticle/diatomite antibacterial ceramic composites were firstly prepared by a pre-vacuum dipping method and a
dry pressing process, and then sintered at 1 050 ‘C. The composites were characterized by X-ray diffraction, scanning electron
microscopy, mercury injection analysis and inductively coupled plasma mass spectrometry, respectively. The antimicrobial properties
against E.coli and S.aureus were tested. The results show the average pore diameter and porosity of prepared silver
nanoparticle/diatomite antibacterial ceramic composites are 2.6 um and 58%, respectively. The state of silver in the material is
divalent silver oxide (AgO) with a particle size of around 20 nm, and the trace amount of silver ions can be released continuously and
stably in water. The prepared composite exhibits a high inhibiting effect and antibactericidal ability against £.coli and S.aureus. Hence,
the silver nanoparticle/diatomite antibacterial ceramic composites prepared are a promising candidate material for point-of-use water
treatment.
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Amounts of silver in nanosilver/diatomite
antibacterial ceramic composites

AgNO; concentration/(mol-L™) 0.05 0.10 0.15 0.20
w(Silver)/% 0.59 1.20 1.50 2.05

Table 1

w—Mass fraction.
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Fig. 1  XRD patterns of ceramics prepared with different
concentrations of AgNO3
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(d) Distribution of AgO in composite
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EDS spectrum of nanosilver/diatomite antibacterial
ceramic composites
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Table 2 Pore size distribution and porosity of nanosilver/
diatomite antibacterial ceramic composites

Total intrusion . .
Total pore  Median pore Average pore  Porosity/
volume/(mL-g™!

)
0.3309 0.507 3.089 2.609 58

area/(m?-g') diameter/um diameter/pm %
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Fig. 5 Curve of silver ions released from nanosilver/diatomite
antibacterial ceramic composites
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Fig. 6 Testing results of inhibition zone
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Fig. 7 Testing results of sterilizing efficiency

3 i

1) 71050 CHbeh] & KRR 2541
WP R AR, SFEIALR 2.6 um,  FLERFIAE
58 %o

2) YRHYEER L E A PR R PR L AgO Y
KIURL AR 30 BPE Tk 3 B e o, UKL AT 25T,
THRRIENR, SEELGEEER, KN
REREE =18 IR TBUR B 1

3) PURAR/ME T + 2 5 5T M R K AT R AT
e O ) BR IR AT R AP I PURIE T, 7R & dm K Ak
BAG P AA R IR A5 .

SE ik

(1] FREZLHR, xIP0H]. FRES AR RK BRI R S5 [T]. #K
AR, 2005, 24(4): 56-58.

ZHANG Hongzhen, LIU Hanhu. Water Pur Tech(in Chinese), 2005,
24(4): 56-58.

(2] SWeE, WAL, Roxdh. WAL EM LR i R D).
[ Mg %, 2003, 39(6): 46-48.

MA Xiaoyan, DAI Changhong, WU Huizhong, et al. China Ceram(in
Chinese), 2003, 39(6):46-43.

[3] BIELEFELDT A R, KOWALSKI K, SUMMERS R S. Bacterial
treatment effectiveness of point-of-use ceramic water filters[J]. Water
Res, 2009, 43: 3559-3565.

[4] BIELEFELDT A R, KOWALSKI K, SCHILLING C, et al. Removal of
virus to protozoan sized particles in point-of-use ceramic water
filters[J]. Water Res, 2010, 44: 1482-1488.

[S] MAHLANGU O, MAMBA B, MOMBA M. Efficiency of silver
impregnated porous pot (SIPP) filters for production of clean potable
water[J]. Int J Environ Res Public Health, 2012, 9: 3014-3029.

[6] wmalnZE, FEAKHMK, XUH, . k4 2 5L B R 0 & K AL



2 44 B 3 Y E T

FRKAETE A R SR 35+ R U M B ) 2 S 1k e .

431 -

(7]

(8]

(9]

(10]

(11]

[12]

(13]

[14]

G PR AN R AR D] TEERR 274, 2008, 36(1): 21-24.

GAO Rugin, ZHENG Shuilin, LIU Yue, et al. J Chin Ceram Soc, 2008,
36(1): 21-24.

WAL, RAEF, T4, 5. fEEE 2 2 5L 05 10 & 2T 58 ).
FERR iR, 2009, 28(4): 641-645.

WU Hongping, WU Renping, YU Yan, et al. Bull Chin Ceram Soc(in
Chinese), 2009, 28(4): 641-645.

Rk, OB R R I T 2 FLIR R A s AL eV RERT FE D). ThRE
KL 2013, 44(12): 1755-1757.

LAN Lin. Funct Mater(in Chinese), 2013, 44(12): 1755-1757.

BT, 2%, REK SRR HTE SR ]. e, 2009,
21(7/8): 1644-1653.

WEN Xin, AN Shengjun, HOU Zhifei. Prog Chem(in Chinese), 2009,
21(7/8): 1644-1653.

EF, KM, BEL, 5. RATHHUEM R FTRERE ], A
54, 2013, 27(9): 59-64.

WANG Jing, SHUI Zhonghe, JI Zhijiang, et al. Mater Rev(in Chinese),
2013, 27(9): 59-64.

SUAREZ M, ESTEBAN-TEJEDA L, MALPARTIDA F, et al. Biocide
activity of diatom-silver nanocomposite[J]. Mater Lett, 2010, 64(19):
2122-2155.

PANACEK A, BALZEROVA A, PRUCEK R, et al. Preparation,
characterization and antimicrobial efficiency of Ag/PDDA-diatomite
nanocomposite[J]. Colloids Surf B, 2013, 110: 191-198.

BRI, BRE T, VEMR, S BUHRAEE LB AR A R LB
PERERTIL]. AL TH AR, 2011, 39(8): 57-59.

HU Fen’e, CHEN Jishu, WANG Fan, et al. New Chem Mater(in
Chinese), 2011, 39(8):57-59.

VAN DER LAAN H, VAN HALEM D, SMEETS P W M H, et al.
Bacteria and virus removal effectiveness of ceramic pot filters with

different silver applications in a long term experiment[J]. Water Res.,

[15]

[16]

[17]

(18]

(19]

(20]

(21]

(22]

(23]

2014, 51: 47-54.

CRAVER V O, NARKIEWICZ S, GENOVESI R. Effect of local
materials on the silver sorption and strength of ceramic water filters[J].
J Environ Chem Eng, 2014, 2: 841-848.

XNZLHE, 253GV, B PUR B IS D). SR ETMA SRR,
2008, 27(9): 20-22.

LIU Hongyan, LI Qingtao. Res Explor Lab(in Chinese), 2008, 27(9):
20-22.

TR, AL, SRR, 4. SoPEREEE D0 7K 4 DDTs 1 B ALEE
[0]. hEkFbE: b E TR 444R, 2012, 37(3): 621-626.

TAN Lingzhi, QI Shihua, ZHANG Jiaquan, et al. J Earth Sci: J China
Univ Geosci(in Chinese), 2012, 37(3): 621-626.

REN D J, SMITH J A. Retention and transport of silver nanoparticles
in a ceramic porous medium used for point-of-use water treatment[J].
Environ Sci Technol, 2013, 47: 3825-3832.

SHEN W N, FENG L J, FENG H, et al. Divalent silver oxide-diatomite
hybrids: Synthesis, characterization and antibacterial activity[J]. Ceram
Int, 2013, 39: 5013-5024.

kg, £, THE. AR A PR AN 25 15 B ke FE ).
FERR 244k, 2002, 30(5): 585-588.

YANG Hui, WANG Ke, DING Gengxin. J Chin Ceram Soc, 2002,
30(5): 585-588.

HER R, R LI R L DEBOR[T]. BURBCR B, 201203):
42-47.

YAN Lairong. Adv Ceram(in Chinese), 2012(3): 42-47.

CRAVER V O, SMITH J A. Sustainable colloidal-silver-impregnated
ceramic filter for point-of-use water treatment[J]. Environ Sci Technol,
2008, 42(3): 927-933.

KALLMAN E, CRAVER V O, SMITH J A. Ceramic filters
impregnated with silver nanoparticles for point-of-use water treatment
in rural Guatemala[J]. J Environ Eng, 2011, 137(6): 407—415.



