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Fig. 1. Schematic diagram of the ceramic composite membrane.

A M 7128 2
I8 UF 728
9otz ek

vEA My whe whe] y]FE e whek supported
membrane(E-8-4h 7} unsupported membrane(monolith)
o7 A hEE 4 glon, Fejol] w} hollow fiber,
(lat plate, honeycornb multi-channel = tube Ak
788 % glivl o159 480 B B AZ PHE
it S AR 71727 B N1FES e Al
o 89l 4 FAEE sk T A 5
Hee 7] Asd b5 B FAE Wl S
bkl S22 S7k grolel Way Alghese
d¥o] ofEg Bk oh} Z|A1 A =t w2
Ag-2do] gitk 58] dAEE] FHS ¢
7|AE R s B Y FAgo| 22 =) 7)7)2
Solopgt ). M ARH = Fig, 13} 7
o] Z AAA ol HEANAEFo FElg]
18-81e] 7182717100 ~ 1 m BEQ L7
£ FEHEE o83 deje
2%k Bt A (asym-
metrical) NNFTEE e BEEREH Y A 2
Zdfe] FZ AES 11 Ak, T EHEuts) o]
1 AA $€) AdoARe Sof FAS 20 i o3t FE0]
™ $ejed et %’*Oﬂ“ 10 um ©]8}7} iRt 7}
ghotok gt} &

il r1o
o

:
02:

rl%
1 >1

ot rlo oY o

1A
r~1n
2

Moy 2

~ o
o4 i

J5 o
o

I
aC)
|
I
i)‘
=
1\1

dlo
oft
o
>,
N
rir
ok
i
o
HJ p
—i&

2
) ol o

ofi Ejﬁc

9 o) Pz WY WolAl FAE
T YA BAUS (29 o TP 2HF

U
of,
ofih
o
i
s

e
Ky
ol
¥ ok 2
u
Hao oy
)
F
1o
Jj
ox, T

o
3]

M
o2l ol Mg M

oy =2 R ol

N

P

~

N

~

N
30 o flo £ 2 1 fo o

ol

&

r'l'.'l

d

iT.

&

>

i)

f

N,

&

i
2
e
i
r nt[o
2l
ﬂ'r'

do o

Lok
¢ g
i)
I
|
ek
iR
o\‘ ;0
b
FL|’” ngl
o 2
2
o
P
Jo
Jol
2

L
mr
e
ol
1\
s

3

‘ﬁ Agdo] glojof SIEE 7174
71E FE7F S7E T Fig. 19419} 22¢]
/e aake] AAAZM £ 7145 A=
7] Aok GRIAC 2 1 ~2 mm HE FAZE 7
o 7lFarle 45 we ti2AT ] ~ 10 m
o]t}

)
o

=

1%
o
X

=

m1ru

F

ol

2-2. Bje| R|=

B B AZO) F2 AEHT 9l
W 29 A2gy L Hy Aawy 5
YRS thPare] GOl R &
o) A BAE Az ¥ vwd /)3
2N 0.1 ~ 10 m)7h & A AZo] F2 ALgATk
&9 AT Az AL AT e
7<) 2719 whek g AP visked BH e 1T
WA 0L ~ | m)sh FE 71FRES 2T YSL
B2 TW 072t 2Yse AR st
oLt 7k Eelote] YRIA R AGF PP U
Fake) Azt o A4 BA7} Ak HY) ALY
0 01-1 A]EJ]:H_E Zﬂd—a.l' %J- ]g] H —-o]— 7 ZTLE. 4(1:]]
0L~ 10 my& 24 BAY Al Azl o1& T
Stk olH g MO E AZY gAY 71717} 0.1
mFEY Aol AARHgo] )9 7] wie] @
9] i) AX)A) Beks 7R BeE BAR B2 AL
257 Uk

e

2]

%
2
(e

2L
0.10.I|_|| ofy

ol

r]r PO, o

A

A
2

o e oX

2-3. X2lofzat BN

o] HAlEg) 2 H2rho old MEWo T AF

S A 712 AXA Fe) 0.1 ~ 1 2] 7|23NE
g& T e SElels IR W 98k A=

&M BN SE 9 B m AT & gk

HEB[AE ---



A

"
J\&N
y“.“'.‘-'.!i-.“
]

- TmN
TS

AT
; :
e

\

Membrane
support

Slurry

e A =5

1ol whet SR TR e g FZE3e] At gl
A Pk 53] =219 Aot 4 Aol AR et
A FHE FAY tE2] sl AxA i 2 F
w2 2jolet GAAl FARR] et €58 P
= Q13k vhije] A 3= crack o] TAS] 4tk ©

slury

T cvacuation

¢ pressurizing

membrane
suppon

l slurry out

Fig. 3. Diagram of the slumy coating apparatus.

A - A4 H6T, 20019 128

o -
hia
i
L

Gl Agle B4 Ok g 28 iy
HoA T deh A )42 Fg. 20048} o] g3
o] upZ W] £eiz] 28 ke A9l FE o3I
o FRFe S gy vk B N
2029 wg Ao EN 2E E ok Hid |
AxQPEE FE B B IR E 2] fst
o} 7t @ 2 Fig 35 7o} FE Bty gA ¢
Zoio] 298] 9L ske At o8 e, 2
BE SeiEE BA) el gAs 8- S EEBE X
Hate] gejElv @A SER B mA Wt
B T AT HhEelth Fig 48 H3A-E
oz oy B 2 el 29 A A48 &
o) AP HoFT itk

5:_!5
&
v
{
L
<
ot
- 1
it
ol
{4
Y
P
A
fo ﬂr

b ohdel gAY slaar] © B9k 3HES (rough-
i

ek A 28] 9sld i o] S of
& 2257} olFoi Mokt 2} Y 2w A auida
S 2.2 AR THYL &7 dald] ¥ £e g

=

A8 T ARl A9 YT doB =

kY

i
)
it

B2 e Fof Asjsle] Aol 44E]7] g2
AZ TAT £ AagegE 28 o] 285
oy @A) Eeic] Aghee} wuke s ek &
) W7 FEe] e Fo BAoEe EE AT F
Wl e) BAZ 9E dPc ¥ o 72 Laplace 4
o2 BAE $ gk
dPe :ZTY cos @ H

(1) oA Ny = =9 2839, r (m) 2 2F



- —
R — S 4 |
v - B4
R, Al
+ X-lnkang E-?r “v&;a AT b=t Ltf—
o — g o —rE~ A
HA%\ Jéta ":}\ o xS
RmTaTe: Tt
el @ oem =7 s O R A YOS FA
=0 R BRANS 20| BFH0IE ERERTER )

Fig. 5. Procedure of pore formation by organic-lemplating
method.

Fig. 4. SEM rmcroaraphs of frdCLurc surface of zirconia :

(a) top and (b) botlom.
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Table 1. Application and Major Advantages of Ceramic Membranes”

Industry/Field o " Use \ Maijor advantage
Clzu‘ifies and sterilizes froit juices and vinegar, concentrates and | Resistance to alkaline cleaning
homogenizes milk and eggs; separates constituents in whey; solutions; being steam sleriliz-

Food and beverages removes phenols, tannins, colors, and heat-unstable proteins for able; consistent pore size

wine; membrane emulslhc,atl(m
Biotechnology/ ﬂ Concentrates vaccines and en/ymcs purifics amino acids, vila- Being steam sterilizable; consis-
Phamaceutical mins and organic acid; removes viruses from culture broths tent pore size

Removes hydrogen from refinery stream. and carbon dioxied and | Thermal stability; resistance to
Gas Separation hydrogen sulfide from natural gas; nitrogen/oxygen cnrichment; reode

methane recoyery in mining operatlon
Removes precipitated radionuclides and metal oxides, wastewater | Resistance to acid, alkaline and

Environmenlal control processing and dewatering of hazardous wastes, recycling of peroxide solutions; thermal
machining coolants, degrades PCBs Tesistance
Waste-oil hydrogenation process (Regelube); catalytical dehydro- | Thermal stability; solvent resis-

Petrochemical genation of large molecules at low temperature and pressures: tance
coal gasification
Removes impurities and undesirable metal oxides for molten alu- | Resistance to cleaning solutions

Metal refining minum, magnesium, and superalloys; removes oils in o/w emul-

siops B
Electronic Purification for water, acids, solvents, and organic compounds Resistance 1o acid
Catalytic membrane reactor | hydrocabon oxidation; hydrogenation; hydrogen production Thermal stability
Photocatalytic membrane Oxidation of carbon monoxides, cyanide, sulfite;decarboxylation,
reactor dehalogenagtions of THM and TCE Solvent resistance
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Table 2. Practical Applications and Pore Sizes of
Microfiltration Ceramic Membranes

Field/Industry.| . 4. ‘Application(pore size a)

Bacleria removal from milk(0.2~1.5m), con-
Dairy centration of pasteurized skimmed milk(0.2um),
and whole milk(0.1~0.2m)

concentration of whey protein(0.1~0.2um), and
lactice curds(0.2mm). clarificadon of fruit
Food/beverage | juices(0.2~0.5m), and wine(0.1~0.2,m), vinegar
fltration(0.1~0.2,m). bacteria removal from “Cold”
sterile beer(0.2~0.3,m). recovery of beer from
beer yeast/tank bottorm(0.12~1.8m)

Filtration of yeast(0.2-1.6;m ) and cell
debris(0.2~1m), plasma separation(0.2~1um)
Production of drinking water(0.05~0.2um), bac-
teria removal from water(0.2m)

Biotechnology

Water treatment

Treatment of textile and paper industry efflu-
ents(<0.2um), concentration of latex waste waters(<(.2
), oily water treatment(0,2~0.8m), recovery
and reuse of machining coolants(0.05~3um)

Waste waler
treatment
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