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Abstract

Dyes are used in a number of industries such as printing, textile, paper, leather, and plastic manufacturing. Large amounts of
dyes are discharged from industries as wastewater. The toxicity of dye effluents threatens human beings and other living
organisms. In general, dye containing wastewaters are treated by a number of different physical, chemical, and biological
methods. Physical treatments are classified into membrane separation, conventional coagulation/flocculation and adsorption.
In various industries, water and chemicals including inorganic salts (NaCl, Na,SO,) are used in dying process that generate
large volumes of strongly colored wastewaters with high load of toxic organic and inorganic compounds. Therefore, the
recovery of dye and salt from industrial wastewater has a great significance. Membrane processes can separate and recycle
both dyes and inorganic salts with considerably high efficiencies, while in other techniques; primary resources are not
sufficiently recycled from industrial wastewater. Ceramic membranes are comparable to polymer membranes based on their
characteristics such as easy control of the pore size, higher durability, thermal and chemical resistance, mechanical strength,
extended lifetime. Nanofilteration (NF) is applied to remove dyes that are usually in the form of composites and composed
of one or more several layers with different ceramic materials. Ceramic membranes generally have a macroporous support,
one or two mesoporous intermediate layers and a microporous top layer. Ceramic supports are formed by shaping a powder
and then consolidating by sintering. There exist a number of methods for fabrication of ceramic supports such as extrusion,
tape casting, slip casting and press. The sol-gel process is the most appropriate methods for the preparation of intermediate
and top layer. The process of separating salt from dye solution by NF needs a high dye rejection and a low salt rejection.
The purpose of this paper is to review the fabrication techniques of ceramic membranes and their applications in treatment
of dye-containing wastewaters.
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1% Chemical oxygen demand
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2 Coagulation

2 Flocculation
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Choromophores
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* Direct dyes
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7 Sulphur dyes

8 vat dyes

® Mordant dyes
10 Reactive dyes
1 Desizing

12 Sizing
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2 Microfiltration (MF)
% Ultrafiltration (UF)
4 Size exclusion

13555 slge 0= 51, SIS, Slge (1) 115 Slse (slasSUse
5 SBLI Conls (A=Y 0 v s G5 lge 9 AV -0 puditae
5 ool STy T Sl 5 b e slacSiad 0,15 Slilas (gla yuiio
olre 51 (o085 oo Blae Dlaal> g a5l )3 JSts @ ot
Clay 5o adgl e a5l (ol 155 olge Bi> Jgeme sla g,
P Lo S e 2 65,55, wulp a4 oS &jge 4 1555, slge (g9l
35y olge 51 (pleerd Slge 5 Gome slaSes alad las,
¥ dsaxr DYl 005 e (65,5, anld 4 o)lgs 5 oad (silula
ol |y (las mlio jo O 5l sazme solitul 51y o lasbinl slo lade

Dyel sas =

T JEENVIEEL Y

Golie Ll iy cao 5 goaxie g, openl slalié
Loalio o Vb (S6lle 5 bt ()l ilub (Sl
1S5, dlse sale sle lay a8 bl 5yl o yenly slalis
aF Wl oo (Sl glalas wijls 13 65l b gasnl Lo
il o] G gl okt

L] (ol molio ,0 ST ouzo ooliz] (sl o il slofado =1 fod>

Jlade L300 8590 9,190
§ehe COD (mg/l)
Veooo (us/Cm) colas
$-A pH
\ (NTU) & 508
e (Pt-Co) <5,

) (M) 3lee sl

Yo-0- (Mg/l) JS s

\A

VFAY /¥ o jlack /A ala /K3y slaia jo cladllae oo g - pals ds el



(NF) gemsl yiliB5il

(RO) _yosSae o

6 9all e 9 Subgl dobold

DIAT ()L a5 yomog i b lié silolas I lass =) JSS

Sladame 11 Clbs Yoons 35 oy lite slalis o 35 SlSa
sl &5 el YU SN 4y L5 eaeiis sbala ol slacas 5ol
b b St ol il S5 s5bvloar ¥ YL oS ol
Sl b aly S 31 Ll ol 5o Ysano 395 0 o o o o lite
Sy 5 S (Sl Canglie (rizmen 5 (5 Ol Sueglile) S5
3 ales 95 o oolitial 5SmeS ham o3l b g5lulas gl oo
el sas ools GLas Y S 40 a¥aus oy lite pué  Seel oo laliz
S e )Rl D jgo A (Sonl o slalié Sl (Lol ee
Lae JLlo ol 5l (sl 0l (IS (Sgyie Saoglie (093 >
Szss Dl by e Gei illar Y jebaie ool sl o
Ol i slaanl B iy 5 055 e Bl 55y SU Y ©y50n
sloyi> bl (55 priine jsbar U ilulz Y b Cecd (See
5 S e S aly Sliae 4 il Yl olge | S 18 S5
ol 09d o0 by Saaglie [l s o odls gy oy >
el L abawly ¥ wiz b S5 9,5 8Lal (S cpl sl 6008
gl el o &Y g Al 0yi o)l g Y Cals om0
Loslgas> glbay iy slasd odaw Y g a4l 08> ojlusl o iy
adgs a0 ST o 4l AV b e 4Y Slgl al5 5l LS T,
sz Y 93 g ol @ a5 5o al>po sz b 90 4 5LS 5 09 h
5 Sl a5 58 AV - 5l Lae bS5 Jxdss [l oS a0y

VAL 00,5 so ooliial /¥ =¥+ Jaie Ygase

Sl g Jolwio sl Jg5le -0
S oS Ao Oygo Ay @&Quj oobde ;o (Sl slalie
Bl oo 59,5 Ble ldes (6l cuslin

* Composite

Yo

&S ol (MWCO) ' JoSge i p UF slié sloaasin 5l S
el 720 5 55 b sglaas 45 ams o i |y ado o Laé Sy
[yl

il 25 35lse ol (gl ildsil sla g 5 solass

Yynm )‘),A.ASO).D).EB

S S slags 10+ Hees

GBS ) i (8,bes o 13--00 @b

Yeoo Voo DA odgazme jo S5 asS (sl MWCO

JH b Lad mhaw (55, p olge olié slaasTd Sos asle NF o
@loly Oz el cow &5 ath oo ged g Dl SR LSl
B ojls syme sLad Gl 4 5l 2lgls ol Rl sln oebi s
(Sipl Gpas LIl 4 e oS wle bis 1) ogllhe b,
slalas 3gd oo (95 el Jolpe i dlasi g Sllee slaas o
lalic )lge yiiny ;5 aiius e b e b sl Ygene NF
Ok el Ll p8 5o g e (LALL (5 b 2L Ll s NF
DYAAT b oo cuie

I OV JUWR V- LS WY
s o8 )8 508 59 e Tl idess wle S plgreas Wil oo Las
o= 9 solo slaannSTL 51 vl Y 5l (ST slalad ail so
Glay b J5lis o lgss o ol Jdsis slalid aigd o a5l
Sy &gty JS oy ooles il s (55 9pnST) Uselse VL
oomal T s slid 5 5 s S leiSy Ls L olers 45 Canl 95000 La
J 5 Sl g ST slaadgd L (508 o5 e slalad 09 oo
a8 40591 Cawd s gl s lalid atws ool oo Jle Jsdse

! Molecular weight cutoff
2 Nanofliltration (NF)
% Stand-alone

VA2 /¥ o Lo /Y wla /&0y slidg jo ciladlas oo g 45— cale da pdis




1S5 Slgo Sobs (Sla by dusuos ) OT 3,05 9 Saolyun slaling

Jo

Y nm L o,a> 50) oadizdlol xdaw 4,¥-)

(Y-0+ nm) Lg)l...:l..\> L G?da...: aY-Y
@+=Ve e nm) Laolgas slaa¥-Y

O-V0 um) Jsdsee aul-F

(NF) ygmml il8gil L V4Y74+V4F
(UF) (yguml il8l 2ol Line Y14+ F

(MF) &ygaml ilidg S Lae Y+

A1) o lizepé | Koy slié Lzl /Sl —F S

S350 09l e (e Sl g 09D o0 (JB e dem p0 ST
amio Jole ien g 99 e 5 T oadigdo b tongls 6 lyzeas
OS5 focme lalie (3Rl 5 00, el osolel B
Jove cmlae (n St 3l mly o9 s Sl oo 9315 SlaST o>
SHyge 152k wlgi oo SB g amio Joile oy gl ool B g 4t
Oy S ol Gl e b Lid wlrbo (9 St L L Lol Y i
10 AS wed o JB il i yiies 5 8> Ll aly Koo
Lol ccnl o5 JLog5 G o had ax 3105 ls jlad s Lo iz 090>
Lie I colue gy fo (paiz Jlad cod (B 0 SUI ol jf (slatas
g oz ol slady) slagile Ygans (O JS5) wlei oo Sl )
Y MM sg0> 10 52 0l Caalsess ¢ +/¥-YIO CM 0 Jolo a8 b l32ee
Ly Seadly 8, b Sy s o IS 50l il aiile ladlg) e
5 YL Sl plSoxias] (6 JS2) 0,8 IS g )5 b ez it
5 lady) Jguo walsd 5l iome slavaly) (580l 5 (0,5 5003 Sl

alse oF e 5l aled U5 cad (a3l olng s talS

® Permeate
10 Retentate (Rejected)

Al oo Lid s Jl moye e i aix BV a4y 5ld seis sbalag o
Jsile oz 0ty Bl 4y s 10 Lié s & j50 43 'Lt o5 s
a3 b o sl Seio g Jes G5 glp aS 0o 5 ey 8
Glamao blic Wgd oo sllgl b glamas JSoa o)l slalis gl
5 sy ot sl slalsd 5T oy 5T oS g amio JSi
Sl Al s io 5 Ol g amio Lid s e 5Lige | JLg3 5L
Yaaas U as oL 2l s JB Gl 5 slaly) 5 © i
Ayl (e Mg o3 Alg el (Kol slalid aigd o colatul
HLEFA 5 (295 00 oaals 02 ' 5 3550Y) slalg) ol 5 asmio JSC
aao | asly cpais Jold QB g amans Jgile 3,05 o)l )3 colaiul 5,90
So Jels amly 12 058 00 00,88 AY Wi gugdile D jgo 4 &S o9
JS) 90,5 0 05l o jlilalsld g prhaves Lid dorio S )l aio
s e ol |y LaglT 5l onzasls o slalg) Lid oSG ¥ S0 (Y

! Membrane packing density
2 plate and frame

% Spiral Wound

* Hollow fiber

® Cross flow

® Dead-end

" Semi dead

8Honey comb

Sl 22l
P " 0"y, ", Leb=tady | 2 8 o ) .
o W ene 1he e 1N D i Ol !
N N, 0 0% 000%
W0 0..... L - e 4l 1 | 1 | N :
.“ (L) ... ...:. ) ....'. o | | | | ’ |
0 Sy TOMR “:.'. | | \ | l 1 !
UL~ A gz ous A IUUTHVI(IRUR TR T
G ,...:..Y;..o.... o SRR 00 OO OO
::o.: :.:‘.Oo{n,.'.n, ,:,’.‘ She> Jus 1| Y| | I | 1 | :
Y oY .o..‘.o."o.. te) | | | N | 1 I ) [
2y \ORREY XL O L L Wl e R
? ...... ...\0...... (X} / o i I“‘Z; :"'y (_ :I‘TI S
- - a - - - ol ‘l I I { bw5|f
Y] ey als o jf e sy LecoglT Lid arus G -F IS3 L1V Qb6 5 amio Jyilo -1 JSS
VYRV /1 0 o /A ala /1S3 5l pa Slalline g ol 4y vs




Shhe> #

odigly 29>

o g

6 9all e 9 Subgl dobold

laloe

a.x.i)céo

Lyl Jsg5 SU e -0 IS

lalis

ST, g -
—

||

[ — ]

!

o ..5‘)‘

“ o.)..i‘xc.éo

odygl

L1V HBls ws sy yilo -F S

Ival 5,5 oo UK slaan T3 5l slieal L NF L UF YL

al (POUSL slag; V-7
g aiu | plSoiul e g 505 (2SS Ly Seool yw il

oolo el el yo ¥ ol el oyl b 09 o ol * igmris

o oLl aiil o (e g (RO JSD (e (gjlwodlel o Some
s el S Jsammo sl JLd g0 dwiin b 1 oSS
Sl Glss Sz g ladg) slaSa b aiay 4 sl (s ST
b JT i Voans ge 53933l Slge 9 oo ooliinl pxaves slaasly
Jaie comnd Dl oo F 0 Bl 201 Dlles b o a5 cul
S g, b ol e oS sl coge Jule S Sare Jlode a4y ]
g9 aix a4 addl 15.00 5 o ool iz 5l aw Wilgs e

DVE g o Byme aly oS5 (ol g,

T Sleg s Sy Ghey -I-1-F

2, (GYsb loy a5l sy b el Lad agd sl by, ool
sloojles g adbge JSie g FaZn,; b o ojlps cubs S
RGN IVER-D PP IR WA Y

3 Consolidation
* Sintering

® Binder

® Slip casting
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! Hold-up volume
2 Multi Channel
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