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Fig. 1. State of art of water industry and business prospects [2].
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Fig. 2. News article about technical transfer from Japan
company (Meiden Co.) [5].
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Fig. 4. Typical microstructure of ceramic membrane.
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Monolith type Element type Flat sheet type
ressurized) IN-OUT (pressurized) OUT-IN (submerged)
photo: NGK | photo: Atech innovations GmbH |  photo: membrane-engineering
Different pore size and | Different pore size and
0.1 ALO matcrials.“c;g. n"natcria}s,”e:g,
> 0.1 SiC, AlOg > 0.1 SiC, AlOs
< 0.1pm ZrOo, TiO: < 0.1pm ZrOo, TiO2
15 or 25 m® area/module e.g. <30m’ area/module e.g. <2 m’ area/module
Fig. 6. Classification of ceramic membrane with variation of type [9].
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Table 2. Examples of commercialized ceramic membranes

Company Materials Pore size Type/shape
SiC/SiC .
Atech 0.05~1.0 pm Tube Multichannel
AlLO;
Bekaert SS fiber media Macroporous Tube
CEP Aratuion AlO; 0.3 ~40 nm Hollow fiber
Ceramem Cordierite/SiC - Monolithic
CERASIV AlLO;, TiO,, ZrO, Snm~ 14 pum Tube
ECO Cera,ocs Al,O4 6 nm~ 0.2 um Tube, Disc
Fairey AlL,O3 02~0.35 um Multichannel
Fuji Filters Glass 4~90 pum Tube
Liq Tech SiC 0.05~0.5 pm Monolithic
MAST Carbon Carbon Microporous Multichannel
Mitsui Zeolite Ultra microporous Tube
METAWATER AlO; Macroporous Monolithic
NOK ALO; 02~6 pum Tube
. ALO,/ZrO, 20 ~ 100 nm .
Pall Exekia ALOYALO; 0.1~5 um Multichannel
Pall SS fiber media Macroporous Pleatable media
a ALOs, TiOs, Ag 1 ~300 kDa Disc
Novasep Orelis Carbon/ZrO, 1.5 kDa~0.14 pum Tube
ATZ 0.14 ~ 14 um
Sterlitech . 1~300 kDa Disc
A1203, TlOz, ZTOZ 02~5 um
SiO, Microporous Tube
Sulzer . . .
Zeolite Ultramicoporous Multichannel
Sumitomo SisNy 50 ~200 nm Monolithic
Synkera Tech Al O; (anodic) 18 ~80 nm Disc
. 0.14 ~ 14 pm Tube
TAMI Tio, 1 ~300 kDa Multichannel
Whatman AlO; 20~0.2 um Disc

Fig. 7. Morphology of the various ceramic filter for water treatment (a)(b) Monolith type, (c) hollow type and (d)(e)(f) tube type.

o9 Mgt Felvhe FuolaBgel AGEA AR 714 tid BT A7k A= glor A4
T, 7B ), AR R Y BN He) Az W 3 o) A% A ek

Journal of Korean Powder Metallurgy Institute (J. Kor. Powd. Met. Inst.)



TAEE A 28 A7 5 F 67

3 20M= Alghe EeEhe Alxshes 7199 A9l
A3t AES gRledh dAl AgstEa e e
whe] AL GFrY oo &Y AkskE e fEdoe
ol AN, H2 27 P88 d52 Agol At v
AEEAY FBkstEAlY] Aol e At &)
8= QU FHE 7P 7IAE A=
o ol Algpg e A5E eid 3ol B
Zo g 4z gad thE TE Skt Sl

g 72 A N Ha Qe oSS FEle] A
Aztel 485 el o2t 23 Ao=2A AA
MONOLITH TYPE, HOLLOW TYPE, TUBE TYPE 5o & T
Ha glom, iR GFuy 27 FRE olFa A
O} 'ata, Adhata, A 23540}, Blogy ol A%
o] AxH e Aot 3t 19 82 A 19
77 22 S MEte EE o]&ste] AdE 3l
ot Felo] 48 Mt BE 9 A&ES 9
Hulo] 7|y 7MEE2E T, I S st vERd
Zo|tt,

Aleb]eke] 2|22 AREAQ] Al o] Az vzt

TR FE 27 4% 2 EHSY 2"yl wet
BEFE 5 3tk 7] 4% $HSEE Extrusion 37,
Slip-casting 37, Pressing ¥7d, Tape-casting &7 5 °]
Jom, FEeukZo] I’ HL Dip-coating 57, Aerosol
deposition 34, Sol-gel 374, 5 Tt 32 A8 4

At

5. Malel Ealate| o1 Bigt

g Agty AR A= vl Pall CorpAl, Q&
Noritake CoAF} NGK Insulators AF So] 7)dste] Al
skar lom, ZA)A 2l #el5S AR E22 unit
AZPA 2= DE Mitsui Engineering & Shipbuilding
Co. 2292~ Sulzer Chemtech, Pervatech BVA}L, H]=- GEA
FiltrationA} 5©] SIT}.

F218)8 Algky 2212 MF, UF(MBR ¥3hH2] 2009
T B AL 149dlo 7 AA 54%E A, T2 HG
3} AR ol AREE AL Jom Aol SErs
o] Aol AF-E F dod 20108 1594, 20113 17
Aall, 2012 2259990, 2015 3390 E o=drt
(2010 GF)FAAA A=).

U713 Ak 229 2A1E ddA, 874, 3, ¢
=, vlo] e Fofe] 49l FHulf, H2|(F3, &4, £,
A A, GEA, A, AR, AFaA, FeaA,
718aA, BEEAREYA T SHEH L AT
27} 2012 10,0002/ o] AO=E o)ids}r] wfitol
7} A7 1 Aol BIAE ZFskal QATH11-12].

Mitsuirl= Algte] 222k o] 83t &= 2t & 9 A
28] Fgo A AAlelA ER A YRS Hata glom,
AT EE &Fru AAA| Qo] PAA e85 F
HEES Jfat, 55310 QUTh YRS v EE w2, 77 =

7hl M sz g e} Ak Eefeol 388k ok

2

Fig. 8. Commercialized ceramic filter modules and systems for water treatment: (a) membrane modules (Pall), (b) membrane
modules (CeraMem), (¢) CeraMem ceramic membrane system, (d)(e) Hilco ceramic membrane System and (f) CFS membrane

system.

Vol. 21, No. 1, 2014



68 209 - FE -

([ 1st Generation ]

Dimension : e30mm x1,000mmL
Pore size : 0.1 pm
Mem. area : 0.48m?
Channel : 2.5mm-ID, 61ch

| 2nd Generation |

Dimension : 0180mm x 1
Pore size : 0.1 pm
Mem. area : 15m?

Channel : 2.5mm-ID, 2,000ch

| 3rd Generation |

Di ion : 0180mm x 1,500mmL
Pore size : 0.1 pm
Mem. area : 25m?
Channel : 2.5mm-ID, 2,000ch

<1,000 m¥day (<42 m’hr)

<10,000 m*/day (<420 m*hr)

< 100,000 mé/day (<4200 méhr)

OO0l

> 100,000 mé/day (> 4200 méhr)

Generation

Number of DWTP

Total Capacity m*/day

92,900

Fig. 9. Specification of ceramic membrane and installation map in Japan [13].
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Fig. 10. Morphology of a sintered ceramic support filter for water treatment fabricated by KIMS (tube, honeycomb and flat

tube shape).
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Table 3. Market trends of ceramic membranes (&9 - 99, o &)
TR 2011 2013 2015 2017 2019 CAGR
Agke] ur gEFel 124 202 330 540 870 27.6
Aeke] MF BB # <l 169 196 228 190 304 7.6
;_ﬁjj Agke] NF gEF Q] - - 80 100 130 15.0
) 7)7)5e] Mol A7 200 350 500 750 1,031 20.1
@A) 493 748 1,138 1,580 2,335
Agke] uF WEgel 2.4 2.9 3.5 43 5.2 21.5
A MF B8 3.6 4.1 4.6 54 6.2 14.5
ifi Agke] NF @EF Q] 0.9 1.2 1.6 2.0 2.6 30.0
(=) J)7)5e) WMol A7) 1.8 3.1 44 64 9.3 20.1
@A) 8.7 11.3 14.1 18.1 233
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AR osA B2 APl e 8 e o3 (2009),
: GWI, “Global Water Market 2011” (2010)
: World Membrane Separation Technologies (The Freedonia Group, 2009)
: Automotive World Car Industry Forecast Report, 2004
: FARA A7l sEE T APe] AR 9 S (2009)
: World Membrane Separation Technologies (The Freedonia Group, 2009)
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