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Fabrication of nanoporous ceramic membrane for water treatment
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Abstract Recently, as the problem of environmental pollution emerges, various methods of eco-friendly water treatment
method are being developed. Polymer membranes, which are currently leading the market, are inexpensive, but have many
problems in terms of chemical resistance and durability. Thus, ceramic membrane has been attracted great attention as high-
efficiency water treatment due to excellent durability and chemical resistant. In this study, ceramic membranes were
developed via pore structure, size control, and surface treatment. The pore size of the membrane was controlled through
the formation of ZrO, and TiO, coating films. Tape casting and sol-gel process were used to form a ceramic coating film
with nanopores on the surface of the membrane. Microstructure analysis of ceramic membrane and pore size analysis of
the coating film were conducted and the change of water treatment characteristics was observed.
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Fig. 1. Ceramic membrane manufacturing method. (left) Ceramic extrusion and (right) tape-casting processes.
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Fig. 2. Porosity distribution of ceramic membrane support.

3. 40 o nE
Az Abe 22t ARAE 7EAZ 200~200 mm,
FAE °F 45 mmel™, W F2&2 % 0.5 mm, HH]
SmmZt HEE FAEIL BEE 0.2 mm °UWE 7]
AFFOZN k=t ofgfgo] YEE A=At
AzE At e reEe 71e3E 244 oF
43 %R omH, ol HAR] Mgty Helute] FAZE gL
22 wWHo] G| e =g x| sk
-9 Ao, 7133 7]= 5~10 ume] 7]Fo] Fds}t
A BEIL Y-S Fig. 29F 7o AT = AU
Alghel Feete] A 548 US AT £
Hell ZrO, IZB9E AZsiict. zr0, &% 79
0.05 um¢] 71FA7E Zh= APHS AxsP] sk
e Zr0, WeEEs ke &0l 183 vRRIdE
Aok vt &R Eftetlth. £t 98E 200719
S S5t FdastA 8 SEE AN
TAolE flal SEHo|ENX 2&E Al|ofsiH

fil.
2 o [

%] ST Ay &
2 A2|A| o] meFo] Ak AR vla] 237 o
gk o] Ao g LHjRE IHINoH, 20°C
% QBN HE AxsHg. 23
g xzAgE Mge E2ERe 1050°ColA] AAE AT
§-¢- #L3sA Fig. 33 73]
20~60 nm Z7|2X HiE7|FA)= oF
nmz RIFATH 71F-E B4, YW 7)FE
oF 60 %=M g F& wbd AR oS 3
st 25 Zhs 202 RIS
Wierlg 2719 7158 AYe At Eees 94
stazk TiO, FHEE FAWHoZ Azt Aty

i
'y
[kl
i
[0}

2
o
A
rlo
o

0.074
sz -0.20
0.06

0.05 =% 10.15

0.044

0.034 0.10

0.024

-0.05
0.014

Incremental pore volume (mL/g)
(6/7w) awnjoa a1o0d sAeINWNYD

0.00 {5 AR

AN
E%EBEEE: B=B=8= 500
T
100 1000

Pore diameter (nm)

Fig. 3. Surface electron microscope and pore size distribution
of coated surfaces.
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Fig. 5. Microstructure and EDX mapping of ex-situ coating and after sintering TiO, coating film.
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Fig. 6. SEM and EDX mapping result of TiO, coating film cross section view.

Ex-situ 18 34 XIYA] EfoJefo}l o] 7|E JAH
AL 71F2] macro poreZe] HF A4S FRIEA
2% macro pore Alo]ol] ZRE EloJElL o} Zo]
TiO, YW=EgE FAEH TiO, 4] macro pore Alelol]
A5k 21L& EDX £41S Salo] glasith(Fig. 5).
AR} S Sk X I BAMS Fek ¥
4% Tio, " ute] A4 opdekA A& Al ]T‘E A&
gelalglon] BET A4S Bsl 49

;i

= T ua= 2

o] oF 6nm ©]3Y] 71FA7E U= 71% i‘r‘ﬂfﬂ%ﬁ
o 3t FHS FAE AAGARAnHoR BAS 4
Z} Fig. 6 7o) °F 200 nm ©|3}e] Fguto] A =
T A= I

4.4 B

THORE 40nm z7)e] Fgulo] ;q]z | AEslgon,
E3] 10 nm W9 FuA| 712379 ZEuks THs}
7] H3le] E ?_:]_?‘oﬂ/ﬂ TiO, U & l—}\é o =7

HYEFHE F8ld 6nm olste] 71F=r]] ZER Al
zol AFedet. zr0, FHuke] FAE o
W B AR, 59 wiaE a9s F3 gas WA
8171 flste] Ad3 FAE fAlSkL e, Tioo] 7
§ 6nm =719 71F FEHE] FAE 200 nmEAH =
Me FAS HAFAT

HAle| 2

o] = 20169% FHQLSH)e] Ao =i
A A S ol FE 72ATARI Y (No. 2016

RID1A3B03933765). =3+ &

A7e oot A9

A AR Aule] ofste] A AF AR

References

[1]

[2]

[31]

[4]

[5]

[6]

[7]

[8]

M.M. Pendergast and Eric M.V. Hoek, “A review of
water treatment membrane nanotechnologies”, Energy
Environ. Sci. 4 (2011) 1946.

S.R.H. Abadi, M.R. Sebzari, M. Hemati, F. Rekabdar
and T. Mohammadi, “Ceramic membrane performance
in microfiltration of oily wastewater”, Desalination 265
(2011) 222.

X. Fan, Y. Tao, L. Wang, X. Zhang, Y. Lei and Z.
Wang, “Performance of an integrated process combin-
ing ozonation with ceramic membrane ultra-filtration for
advanced treatment of drinking water”, Desalination 335
(2014) 47.

J.M. Benito, M.J. Sanchez, P. Pena and M.A. Rodri-
guez, “Development of a new high porosity ceramic
membrane for the treatment of bilge water”, Desalina-
tion 214 (2007) 91.

K. Wang, W. Yiming, J. Saththasivam and Z.Y. Liu, “A
flexible, robust and antifouling asymmetric membrane
based on ultra-long ceramic/polymeric fibers for high-
efficiency separation of oil/water emulsions”, Nanoscale
9 (2017) 9018.

M. Lee, Z. Wu and K. Li, “Advances in ceramic mem-
branes for water treatment”, Advances in Membrane
Technologies for Water Treatment (Woodhead Publish-
ing, 2015) p. 43.

L. De Angelis and M.M.F. de Cortalezzi, “Ceramic
membrane filtration of organic compounds: Effect of
concentration, pH, and mixtures interactions on foul-
ing”, Sep. Purif. Technol. 118 (2013) 762.

A. Mansourizadeh and A.J. Azad, “Preparation of blend
polyethersulfone/cellulose acetate/polyethylene glycol
asymmetric membranes for oil-water separation”, J.
Polymer Res. 21 (2014) 375.



