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Dyestuff Wastewater Treatment by Membrane Separation
as Post-treatment after Fenton's Reaction

Sun-ll Kim and Young-Jae Yun
Dept. of Chemical Engineering, Chosun Universily, Kwangju, 501-759, Korea
(Manuscript received 9 August 1997)

Because permeate flux was very low as it has the suspension solid of high concentration in the ul-
trafiltration membrane separation treatment of dyestuff wastewater, pre-treatment of Fenton reaction was
carried out. In the case of pH 3, COD removal rate was the highest of 58%. When PAC was added into
the pre-treatment supernatant, the COD removal rate was found to be 53%, and when COD was 153mg/
L. the removal rate was 92.3% in the ultrafiltration separation. In addition, the effect of the addition of
PAC on the permeate flux was also investigated. The decrease of permeate flux in the presence of PAC
was higher than in the abscence of PAC, but the recovery of permeability by cleaning was better in the

case of PAC system.

Key words : Fenton reaction, Ultrafiltration, PAC, Membrane separation, Permeate flux

1.4 2
2T Aty N, g Azlubyg-e #$Ader
(EREfR3, 1986) Al &2tol & Fo Fatahvt A4, Al
5438 Ag)W.G. Kuo, 1992; W. Winiati, et
al., 1987) 59| Atgja|o) 2jgt Aeutys L &(EH.
Sinder ;and J.J. Porter, 1974) 2 .83} ho] o)
2| 71& Fol sloh. &3] npabapihel Al Add el ukg
of oj&l ZFa 43H& AW - OH v o] A=
E dAbgubg-S A A A A o AR
A3 kA, A AAS g AN E Holn
2 xgsle FH7 e 43l 7]
AT kAol Ao
T YA s A A=
83 Abste|ch. & A o] gt AlstelA
g FE9a gl Al7gel wite) 7)ol thR.
Singh, 1996; J.M.K. Timmer et al., 1994; D.N.
Freeman and O.J. Morin, 1995; S.S. Madaeni et
al.,, 1995; M. Masson and G. Deans, 1996; D. Mu-
kherjee et al., 1994; R. Molinari et al., 1989; T. Oe
et al., 1996; P.V. Shanbhag et al, 1996; Y. Suwa
et al, 1992; S. Vigneswaran et al., 1996; M. Wil-
liams et al., 1990; U. Daiminger et al., 1995), 1. &
ghojodab & #x}=27|7} 10~10004 o] H3l+= ma-
cromolecules]| v} F&olr §IaE Feldls el ¥

74

W o vhe] T2 20~500A Wlolch. o] W& 4
S5 GAG PRl EHon rAE $e) A
2 AR @sleishel A gshes GE e o)

10~100psig M #1aldl, ol F-apafo] & slatys Adl
o2 Ab§gte] 3] uf ol A5s)t o)Ak gt g 7}
sl 2k 88k 7] d&Eelct. el H I 5%
Z g 93 (modeling)e} A5t 2o, TEAH R
AabF A Ee|xate] Aejdtet. HAEH Y] ¥ =
2k wtal £ x2dae) Ao o 2 AulEE u
ul, )l 82 7 g =)ol o) A A
wiElch &, s oA T ] FelA sl A Aol
{steric hindrance)s} A|Z- o4 &2z} 42w 7te) o}
Aol o BEA7E Jeldrl. el o] ahy o)
F AL ciMwt. cutoff e F 2.3 d-Eo|r}. gejods}
el Ee] Ayl & o Ay A
Aol Frto g Abg] ol &¥olr) e Eta, A
L FFA o] glojof ok Hwe4] 2o Gab%et
o] AR o), ©x| AlFe] Zv|vE F Ro
2t Al g3te) 71 & Hleqle® g3 9le
HYez g gAY FHAEH2L] 7hAae} o
AL HaA Y wge Frlelch =g A
o] A £94E X717 943 - F8

frale o R REAS A A

2A T
2 7€k g A = gl BAY AAE

Ll &

J}nm{ﬂ - 2~

B‘.,“P‘J‘OE-J a
o {4 ot rlr o, o =+
A L Y < I



AAdd-& A

Table 1. Characteristics of dyeing wastewater

It Temperature \ H ’ BOD COD T ss Conductivity
e PR (me/L) (mg/L) (mg/L) (mS/cm)

Water g I 7.2 \ 16.120 10.060 2040 | 8.62

Quality |
Table 2. Specification of powdered activated car- Circulate

bon
_Items 1 Values

Loss on drying (at 105C) max 10.0 %

Residue after ignition max 2.0 %

pH of 5 w/v % slury at 25T 5.0-8.0

3cHKim, J.S., 1995; N.G. Vorus et al., 1996).
T B{EAL o] 23] (Plugging)g 314713 &9
25 AH3AA = 9lermz A3 (Clarification), 44
3] o<W (Lime softening), -%-3% (Coagulation-floc-
culation), # o 3}Prefiliration) 5-& AF&3}s A 3F
tHW.B. Suratt, 1993; £f&X, 1989). 2] o] 4-&
229 ARTALS 7. $93E 5 2L NE T
Q3 Gars, gelofn, Auelst 24 S 2 vl
o 3 g W ese dolvh AYBHL o g3E AL
HEsr] A & 34 S rEFds pet FAe 7
7t 502 o) 4% wrr} Heldn Fe] A 53
A BAHY delc}. 53] nEx29 COD, {33
o] &3 A% ?'&94‘344"” 2 AMeldls Ao oA
e F1E Y Ul"ﬂ o] 2 TR A, Aoz
Fe]Hql upy e 4“215:31 3| Eo] B384
HE sz “‘—4 g A7 = Hdale] st
mal] R/ Frrl £& d4H+E iy

i

S ALY AL, T e AAE 97 o Ay A=
Aol & T3 FAAolv}. B T FYAyw
E(plate and flame module)? 32| o3}

(ultrafiltration; UF)u}-2] o Mol Al~g] A L35

A% 9 g A EHez, CODSF FHEAY &
b 58 A AA A dAHAAA FRHEA
U] COD(r"] "r_E‘— 1%7\0_] —v‘\E‘ ”é‘ Fg”::_}' 7§‘r‘ —r-“al'

@A eHpowdered activated carbon: PAC)S #7}3l¢]
€ del Hrisla] w@shs W FHEH Ao viXE 9%
<+ oy gich
2. A8 9 9y

2.1 A8 Y 77

£ A= 003 A FAH F AFFE
H9l¥E Y,E 19969 8¢ 13 2™ 1146 <38}
o AbgEtel e, d49] 42L& Table 1o vhebiglc).
2484 =HPAC)S Dong Yang Active Carbon Co.

Table 3. Charactenstlcs of membrane

Prefilter
Fig. 1. Schematic diagram of PAC-UF system.

Heat exchanger  Plate and frame module

2] A% AMgstgon 2 EA-S Table 26 veluglc).
o] A A AEZ & SUNTEX Co. Conductivity
meter SC-170-%, COD.(¢]3 CODZ #7]): HACH
Co.2] COD DR/2000& Al4-3}e] 23)3}¢dc}.

2.2 78] AA]

stee] A¥AxE Fig. 13 3e] 8L2 PAC con-
tactor} PACs}e] 7 EA &S s w7 & A8t
Hen, 8L/min® &2 Ldg FFIE HAE
=, Bt2E Tl ¥Fise] 9le € wgr|(counter
current heat exchanger), ¥ %3 ¥ E(plate and
flame module), 2E2] §l-7L¢} &7l ol&= A 2
i BE S7FA AR 2 g AT
+ 913 ¥ (back pressure valve)Z TA = glch. =t
o] Fr¥F HAS FHAisslr) HF fazye
spacer?t =g AR} F 0 342 T2 HE A
#Ho 2 FAsleiglr}. Table 38] BA1-& Zte fAHA
o] 0.018m’Q] Dow Danmark Co.¢] polypropylene/
polysulfone 71§ B2 wE Algstgiod, of A
Hujoic} Fejt 644 E& g3l

2.3 Fenton ¥}-%&

5—4 CODs} #-f% —3— e A A A

2] %i°] +elE YT AS FEFT ¥ ey
Aol 3}7] o - o] ““’ﬂ o] e Fenton HH-5-A] A
AAe] g sastdct. 9494 2] A Fenton ¥H-2-2]

AHzHE 7] Ysle] pH, &%, hydrogen perox-
ide % ferrous sulfate®] o 2k-S W3l Al COD A A

of vjx& 9L A A dAFE 1L

""Water flux §

Type MWCO -
S — _L_—_‘ _,LL”L *.Wx_a
GR6IPP | 20000 | 275-475

|
-

Recommened operating llmlts

A*“

- ]
0~75

L
L

pH
1~-13

0~-10

* The operating limits for the modules may be different from the membrane data. Always
consult module specification sheet before operating the membranes.
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Table 4. Specification of detergent

Surfactant: «-sulfo fatty acid ester
Lipid decomposition enzyme: Lipase
Cellulose decomposition enzyme

© Cellulase

|
Composition ‘
|
|

pH
_ _Temperature range
Dosing range

about 8.5 in 1% SQI@QQ_‘]*A*_

30~507C

nle] Ao Y1 H;S0,2 2+ Algell pHE AT F 4

"Agke] FeSO, - 7H,08 7}3te] £33, 2k A58 AL
45 WAt HES durldA LEE %E F Jar
testerE A}-£-3to] 200rpmolj4} Eukspd A H,0,5 &
Ao Fqlste 247F Bk 9h-3AIF ) dh-gel st
8% ¥ 7 ARl Z v}E NaOH +&4% 7}ste] pH
82 z=A st whg-& AR Ao, FAo ub-gA] A
A% Fe"& Fe(OHLZ JAAR F A54L UF ¥
UF-PAC 3-#] ol AL-8-3}%l e}

2.3.1 pHS] <33

Fenton ¥W$-A] #A pH u-&x
pHE 1~119) ez WsAA Ay & +Pstech
FeSO, - 7H,0% 500mg/L, H;0,%= 1,167 mg/L7} =
£ Fojstgov, olsle] we AL WA
30min, HF-g-&% 50T ¥ FulE % 200rpme] FUE
274 AP-E Bt

=3

27] $ls}e

o
=
K-

il
ki
1

2.3.2 Hydrogen peroxide®] o kol] #&F o &

Hydrogen peroxide®] F<&jzkel] wtZ H4ut-gx7
< A7) Y3 AYS Pgahgdor. whgx27e pH 3,
ferrous sulfate®] 5o22 500mg/Lo® L5 Fd3d}
A fFAARLH, A%, 22 9 antgEs 77t
30min, 50C % 200rpmo.2 % AA A FA AR
t}. o] ul hydrogen peroxide Foz-& 292~2,
718mg/LZ thoFstA shgieh.

2.3.3 Ferrous sulfate?] Fof ko) 3%k 3 )

Fenton AF3huk-2of] 9lo]A] ferrous sulfate®] Fof gk
o whZ HubgzAE AA2] 9lEe ¥kF7-2 pH
3, hydrogen peroxide®] §£o3F2 1,167mg/Log 1
F FY9sA fRARLY, WS4 25 9 IubE e
X 7}7} 30min, 50T ¥ 200rpmo. 2 25 AX3}HA
$A1 Al Zt}. o] u) ferrous sulfate 5o %2 83mg/L3-
€] 833mg/L7%] chekslA staict.

2.3.4 2x9) 43

Fenton Absjuh-go] glold €= wstel mg 24w
2z 7] st ARL WaslTh WAL
pH 3, hydrogen peroxide 2 ferrous sulfate®] Fof3f
° 7tz} 1,167mg/L % 500mg/L2 x| A7 oo, ub

27 2% 9 wNlEEE ZH7F 30min ¥ 200rpmS
2 25 dASA §AA Rt o] o WgEEs 20T
o4 70CE HIAA AE-g Fsdct.
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2.4 3gggs Tl 44

ur-e] A A FABAR Bl 247 213
of BubabAdet F=qlgkg 100, 400, 800 ¥ 1,200mg
PAC/LZ W38}A]7# 20~120% Fob wukgl & 7zt
COD ¥ 3% v)arsteich.

2.5 =t AH

Table 48] FAAE-ES zZte A4AAE ALS-sle] 2.
0% w/v AA &qe] 2585 40CE HA st =g
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2~ FA3td e 2g Awe AA A9E FH3G

£

L

2.6 PAC H717} &322 2o vlx|& 3

£ AFelAEs AdXT A5 AFYe g B
B o) §57F A FZY 2o vAE G
vlarstz] glal T YA Fell A BAIERe) Al
E A3t & Fe] dAdxte FUF R4 ANA
07+ 742 A2jt o) A5 niwslget. A=
& Al5e ASHE AA Foldnutow Azl AL
o} BdadAders F03% F oo A3} ALY FRE
Heee g v A Fo £3EHAE vjusigch ol E
Z+zh g A3 30% F9 3HF £AEYA(J: final
water flux)E A3, A Dol FFFE EHRAHS

Jr tp

W

SHFITE
o &l b el £3}EH (I, pure water flux}E
ZAstgen, Aol dxd F g A3 TS
o] 3| ¥xl Fo) T3Ze ~(J: recovered water flux)s
EAbste] me] w3y g4 R AR HEHe 3§
50 AERE deoprshc.

i

3. 47 % 2%

3.1 Fenton 8k-2-

3.1.1 pHe] <33}

Fig. 2¢| viebd Z1A3] pH7l 1~2 Apele A=
COD A|#go] 38-40%% A Z3l¢1%, pH 3, 3.5, 4 ¥
504 77t 62, 60, 58 ¥ 51%2 iebytch. =g
pH 7~119] #H$]oM = 35~45%2] COD7} MAHE
& 4~ Aot o)&zte] wFEe RF-E3 CODE
& G422 7S ¢loiA] Fenton ¥h-3-A] A2
pH+e 328 vehgdch o] 21 & S(e5 e &,
1991)e] 449 pHr} Z7}s}d Fe(OH);% Fe(OH), 2|
A o3 Fe*ol ol Fxr} ztastAl =u A9e
pH7} 3715 OH zirize] A4dsle Ade 7t
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Fig. 2. Effect of pH on COD removal. (conditions:
temperature, 50T; stirring, 30min at
200rpm)

sto] F2out Fe(OHRS| A7t s Foie} ofo] s
stAl Slo] A2l age] Wejzctn Rt wigiz
pH7} 0% 2.2 734313 OH 2hr]ge] whagsle kg9
d¢lgtel ztotx OH zhrjzhe] o] ojgAl Heo &
e 7152 Wl Aog Budgch olely A
FE d4s52] Fenton 4t3hub-gol gleir 9] 34
°] pHe 3ZAolx H42 vetwd pH 3~5¢) 33
dtug Fdxe & AdXFS & 5 Ut

3.1.2 Hydrogen peroxide <fe] <j &

Fig. 3¢* 9} #o] hydrogen peroxide o gko)
292mg/LY uf COD #) 7| §-& 52%°] 71, 584, 875, 1,
167 % 1,459mg/Le wl& 61-62%2 A9 AA &A
vhebytol. =3 1,750, 2,042, 2,334 2 2,718mg/Ld
wi= ZH7} 58, 50, 40 2 32% 2 Fojgfo] ZrlgE
ALl Fdastdo. ol An2 e Y59
Fenton ¥-g-4] hydrogen peroxide %22 292mg/
L% 875mg/L7tA]= Fojgkol 71442 COD A
Age]l Z714e ¥ 875mg/LA-El 1,459mg/L7}
A FA%E ZHHE 9 25 54U COD AL
Halew, o] ey 712 £& COD A& et
Wk =% 1,459mg/L¥E 2,718mg/L7}R] ¥olgk g
Z7H12E dell= 238 COD A|A &) dAsA 9
olzlew, 4342 Fenton WA |5 z}ake] hy-
drogen peroxidew= 4h-§-9] A&$ Hojmel: AnS
H3hi, 3A2] Fejzke] W9l 875~1,459mg/LY]

A

A

o

o

3.1.3 Ferrous sulfate k2] <3 3
ol A¥el AAE Fig. 4¢] Yeligl o], ferrous
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COD removal rate (%)
N w P [44] =3
S <3 S S 3

—
o

_

292 584 875 1,167 1,459

1,750 2,042 2,334 2,718

0

Hydrogen peroxide, (mg/L) ;
Fig. 3. Effective amount of hydrogen peroxide on
COD removal. (conditions: temperature,

50°7T; stirring, 30min at 200rpm)
70

COD removal rate (%)
w N o o
3 > 3 S

n
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N

500

e

583 666 833

0

83 167 250 333 416

Ferrous suM;x;;, (mgl)
Fig. 4. Effective amount of ferrous sulfate on COD
removal. (conditions: temperature, 50C;
stirring, 30min at 200rpm)

sulfate 5o o] 83~250mg/LY w COD A|A&-&
52~55%%¢°] i, 333~416mg/LY w 58~59%,
500 % 583mg/LY W& 60~61%Z Ao U slA
vtebstch. =3 666 % 833mg/LY wW: 27t 62
61%2 viepydch o]F A2 RE] 949452 Fenton
uh-g-4] ferrous sulfate o8k o] A& o] AFL3F
A Wl 83mg/LYEH 833mg/L7tz| Zrlg42
COD A7 &o] %42y Z/EE 2} 2|22 o
AgellA] A4T I 47459 Fenton w4l 2 29
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Fig. 5. Effect of temperature on COD removal.

(conditions: stirring, 30min at 200rpm)
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ferrous sulfate Fof &2} W ¢]3= 500~666mg/Lsit}.

3.1.4 &5 o33

Fenton -3 &% % 20~40TH ¢ o4 &= COD A7
go] 53~58%2 t}a Zr}slel 1, 50~70C R 2714
RS W] COD AAge] 62% % FAshA eyt
o] Alg A3 Fig. 50l vieholc).

3.2 #H¥e) A

3.2.1 PAC 34l2t 2 i ele) w2 COD #| A&

Haelg Ao} A59E ol gsle] Buaadwr Fq)
ol g COD M| A&L ZAbslddch. Fig 6] thehl
2 ¥ 27] COD $%& 500mg/LO2 3}3, Butst
A®k ]2k 100, 400, 800 % 1,200mg PAC/LZ
W3sl & o) 247 T makgk & CODE 717t 397,
285, 235 4 185mg/Lo| a1, LAl 2qleke] =
7t&4E COD A A §o] %A Yebgr}. o) *ﬁi?ﬁﬂre
Evlg PoggAdete] 95 T8 800mg PAC/LE A
HM2lg Alge] A5de Flsle] AFL Fahyrt. ¥
A U dAelE A4E SxE fasie A=
COD2} 32 Arsl2 A3 Table 59 o] CODy}
10,060mg/L(O/W)2] 7i¢] Fenton ¥$-3% 4,250mg/

Table 4. Removed COD by UF membrane separation

550
500
450 |
400 |
350 |
300 |
250
200

COD concentration {mg/L)

150 —— 100mgPAC/L
100 | | 400mgpACiL
| |~m—soomapac/L
501 |—e—1200mgPAC/L
0 A i e A, -
0O 20 40 60 80 100 120 140

PAC contact time (min)

Fig. 6. Change of COD with contact time in vari-
ous concentration of PAC.

Lo 2 58%2) A7 &E ¥YT, o|7L L dagXeto s
A28l W 1990mg/L(A A &: 81%)74x) Zd
Adrh 23 -] 28 CODy) ApEste] wbra 2
T3 A3 3l CODE 153mg/ LA 71§ 92.3%)0]
sk A Ao Qd40/W), AAeld: raade
< #H7EkA] 94ste diiw/o PAC)9} I 7Hw/PAC)3F &
227 gt wubste] o] B8 zbzh dhejedxn wreE
A3tedS w 247t 1,650, 510 ¥ 153mg/Le] CODr}
FrEshe] dhjein) wrRelA) Rurgge Hu sy 3
UE Ao Wy Ao Ay}

3.2.2 PAC #H7}7} 552 4o v)a]l= 038

dubdl o g J/J= o] Fxbs 7hael x E-Z% vhed
W dAtelm, J/d= Ao f@liﬂb b F35e
AEE et lateln] o]lE alxts 4 EAde]
TAZEC a2 £ 49} Ax R A}%Hd R
22712 4% 6bar, 2% 25+ 1T2 FYsA #A8
Az, olu HBF4 T~ 85.07L/m’ - helct.
o] A% o 308 =ic} 33 Wil AL Yt}
Fig. 7014 2 4 %) AAe|etn] e s A
FW/O0)ell = 18] wje] #E Bajsel~x 9222 L/m
oholm AAY F 2HESE ALty ExEas
4% A3 39.07L/m’ - h2 Jelhtw, 23 9 33 &1
F FHEHs Y AAF 255 $nEYas 2bz)
22.34, 3851 L/m” - h¥} 22.12, 36.54 L/m* - h2 =

T

Bl

Before pretreatment |

__separation

10.060

_separation

| _separation
1.650 L

4.250

|
|
i

After pretreatment

(O/W) (w/o PAC) i (w/PAC)
COD (mg/L) . COD(mg/lLy | ___COD (mg/L) N
Before After Before i After | Before | After
membrane membrane membrane membrane membrane | membrane

After pretreatment

separation |
1,990 |

separation
153

510 i

]
separation |
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Fig. 7. Flux change for membrane cleaning before
pretreatment(O/W).

AH et olefte] nFE FHES FHY LAS
o] Afele Bojodze EejA] WEAFHY Aol
Aste] FahEH 2 FA8] Ao, o7
of AAZ Felr F3Hgeo] HE FAHAA Zasich
Fig. 8off vbebdl npshto) M2l F 2ygAdde +
dobl L el g A A5 13 e 343
exzed e 4562 L/m® - hydw, AR ¥ 255
L&Y 63.50 L/m’ - helglc}. 23] ¥ 33] w9

120

\

0:

=)

g
-

¢

of

o

E FAEU R AT F IHE AIAaL A
Z} 44.21, 62.03 L/m’ - he} 42.42, 56.50 L/m?
2 deht FHEE A9 AT Fole Udse 73

o £RE sl ) GAHAAD A5 Aol
g Fae 2o AdRA Zahodh Fig 99 et
dsdsol AL Ared BLRITE S 2

& TH3HE A 1599 HF E#“Ed::t 35.
12 L/m* - h$l3m, AAF FHFS F3EH2E 77.50

L/m® - hgich. 223 23] % 33 o] ¥& 535
2 3 AAFE E2R4 $I3EH A 77 34.82, 77.
563} 35.31, 76.42 L/m* - h& Jehyde} 28z 2
A S F41819 S A Folle TSR Ue A Sl
Hls}ml 22 FREY20F o] okl o] Enaka]

o] B35& AR AAE g kg, AR E =
%# EREe s BUdadets F418)glS o AN
o =4 Vebdtl 35 Ee A HES 53 Y ey
AS-(O/W) 7t Eali= 7140 He(d/J )8 Ao s 3]
BEe o 5959 AR/ ) 13y zH7t 26.12 2
45.93% 2 ZAFqon], dxasie Tt F
1§t 7 (w/PAC) J/J,= 41.28%, Ji/J, = 91.10%4%)
o}, $HEARS F98% ¢ A% w/o PAC)H =
J/d, = 53.63%, J/J.= 74.64%% veh} Ao g
FEEe v 205 FUdAss F439 HH7}
7H E=gith. A er FuaAws 247}?& 3=
A7V elA oS- Afug F3EY a9 i e FAHE
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Fig. 8. Flux change for membrane cleaning after
pretreatment(W/O PAC).
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Fig. 9. Flux change for membrane cleaning after
pretreatment(W/ PAC).
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o] &3l MAz FTAMUl TR R & S+
74-$- COD AAEL 83.6%24% COD Alezko] 1,
650mg/Lo 2 A% Fgich £ 155 FHEQ,
040mg/L)S 33t slel FaAEH vt dA3] e}
Fenton ¥H-3-A1# AAM= & staich pH 2~7 #H 94
Fenton ¥}-$-A1 72 o pH 3¢ ZAl4 COD HA&
o] B8%Z 7} Esich A et 4FRE g st
2 738 w 53%2) COD AMAES HPou, o] 4
5% 9477t ¥4 153.23mg/Le] COD7} A&
3o 92.3%9] AAEES Bch w3 FUHRAYTS
FhEkA] b a TR E sYEalS A$ 510mg/ LA A
& 88%)] A& on, FddIRS Ay Aot
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