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Abstract—The effect of salt concentration on cell growth was investigated in biological treatment of dye-
wastes with high salinity. Prior to or after the acclimation of activated sludge to various salt contents, the
change of soluble COD and MLSS was observed with respect to the reaction time in different salt envi-
ronments. Counter diffusion technology was introduced as a pretreatment process to reduce the salt contents
of dye-wastes prior to the secondary activated sludge process. The salt removal was 20-40% with one path
and the separation factor was 1,200-2,300. As the loss of dye molecules was less than 0.2 mg//, no secondary
pollution problem occurred on the stripping water side. After re-immobilization of used membrane, the separa-
tion factor was increased, on the contrary, compared with the first immobilized one. Membrane permeabilities
for sodium chloride(Us n.)) and dye molecules(Uy ) were found to be 94 and 2.1!/m%hr, respectively.
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Table 1. Composition of synthetic dye waste

Substrate constituents Concentration
(mg/l)
Direct sky blue 5B : C3H34016NeS:Nay 270
Ammonium sulfate : (NH,),SO, 70.75
Magnesium sulfate : MgSO,-7H,0 32.52
Ferric chloride : FeCl;-6H,0 0.03
Manganese sulfate : MnSO,-H,O 2.27
Potassium phosphate : KH,PO;(monobasic) ~ 6.59
Potassium phosphate : K,HPO,(dibasic) 843
Calcium chloride : CaCly 2.12

Sodium chloride : NaCl 2,000, 6,300, 10,000

Fig. 1. Principle of transfer.
Note: C; and C, are the concentrations of two spe-
cies in the feed(F) and water(P) streams. The
subscript m refers to the membrane-solution inter-
face. ], and J, are the net fluxes of species 1 and
2.
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Fig. 2. The details of batch reactor unit.
A : Sampling port
B : Drain port
C : Baffle
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Fig. 3. Flow arrangement inside a desalting tube using
counter diffusion.

Fig. 4. Laboratory desalting unit.
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Fig. 5. The results of batch test before acclimation period.
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Fig. 6. The COD reduction of batch test using sludge
grown in 2,000, 6,300 and 10,000 mg NaCl// for
1.5 months.
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Fig. 7. The variation of MLSS to batch test using sludge
grown in 2,000, 6,300 and 10,000 mg NaCl/!l.
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ghd, kS A7k o} MLSSe] W3S Fig 74 7]
salded, AY 2719 MLSS¥ =2 3 3,000 mg
AZ 319 E& W dF%E7} 2,000 mg NaCl/iq) A 7
oM, A3 3527k el 285 mg/le] MLSS Z7]1&-
Bo, vlwA gt v 5o e vreldich Ty,

EEEE H30H Hi2% 199244 48

Table 2. The effect of stripping water flow rates on dye
loss and NaCl removal(Qr, ;= 100 m//min, feed
concentration : dye=1,430 mg//, NaCl=23,200

mg/l)

Qu.: Dye loss® NaCl rem. eff? Sep. eacs V&
m//min % % {/m%/hr

110 0.01 243 2314 —17

200 0.02 29.8 1529 —22

303 0.02 324 1429 —25

412 0.03 374 1396 —28

473 0.03 359 1158 —-29

566 0.03 395 1178 —-29
“Dye loss(%) = %‘E;‘//E_;l“)) X100
®NaCl removal efficiency %=

(C’u{ 0o C’u{ ,') (mg/mm)
C'[q ,(mg/mm) X100

“Separation factor : the ratio of NaCl removal efficiency

to dye loss.
4V : Osmotic water flux

792 #7Q 6300mg NaCllell A A3 2547}
E9F 170 mg/le] MLSS Z7}ute] &R15)odel 72w,
10,000 mg NaCl/loll = 22 A3 A|7be] R 3}s}edo]
= 110mg/lel 71 glell 2 4 giglon], 2 0|3 =
AL AL 23] B 2=} u])cg?_,] H] A A" ol A
S BEE 4 ek

oj4te] ARE ¥ HEEe] 4A AUAYLR x}
4% F o= grEtEo| A& s 5L Yol 2 A7
B[40, 41]9k= Acgk 2ol 5 & = qglen, AA
HA5E FAST e 985 22 Y fr1EAS
Talsteds A9 dees 84 o ¥E Qe
UEE A sl Aeri[42].

4-2. = #ilol| 28 HHMAH

4-2-1. gAFe 543t

Aoz d4& AATL Hfols 71E29) e
TR o] vy ge ok @S Ve g
webA shegret A oke] B(EAF)-& AHgshd A
2 FELE 9E AAY e 2AE ol
At o) e AYE FPsiedch reE &
dE+ dadTe 745(Qr)S 100 m/mine.2 TH
21712 G52 $4(Q, )E 100 m//mino) & 600 m/
/min® g wA Ao g ZrAAc) TR E) A
T2 A FA|7E2 2 5-302% T} o] g} Z3}E Table 2
o vehidh 275 {4 dAERE ZoMALE
o] % ZwloflA Zbzbe] Bald did FEabvl I
o35 7] wlEel] H9 AAE 243904 39.5%% =7}
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Fig. 8. % of NaCl removal and dye loss vs. feed concent-
ration with one or two stages.
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Table 3. Variation of water flux with various membrane

types
Membrane type Pressure Water flux
Inlet(kPa) Outlet(kPa) (//m%hr)
Unmodified 40 38 0.99-1.02
membrane
1st immobilized 40 38 0.27-0.32
membrane
After experiment 40 38 0.43-0.46
Re-immobilized 40 38 0.19-0.23
membrane

e FAHANA FAHT e F=ETH A (concen-
tration polarization) & 7rAA}7)22 12 o (membrane
fouling)& SA3tA2 4 ledrh

4-2-2. 4 84te] Al<=2k(recirculation)

Stoll A AFg AP A o3t ds5Hgrt FF
Akl Y RE 13 (A FA17E: 302 o)8h) B3 of o
20%9] =& JAA &S PAATE g AALS
77171 f1gted dEEgy] e 249 e
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+ Fig. 8¢l 4] Bi= ule} o] dgd4E A A2
obA xel(5pass) WS o wh3]vie} ofF 40%] 3A
1&& ebl 2 dicH Fig 8(a) 3rz]. ol& 7 79
52 A4-3 7 -$(one stage)?] 20% W} ¥A 3F
=k 2709 252 A3 pass) F JEAF
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TBA] AAA Fgol HH30%) R olf= dRHT
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gz dAste] AMgshd B} 4 JGAA £&-S
vheld Ziez sldi ¥}

2742 §2EHE d859 482 0.023% A
0.073% 2 Z7}8}3xI=H Fig. 8(b) 3z, o] wj2| d&8s
¥ %= 0405 my/l A Fojae] ot 9|22 wiALke T
g17] ol "Aao) 23 22}.2.9 (secondary pollu-
tion)o] WA= | =t}

423, wte] 5vd

o Qx}zlz] of A}- =
o] A== 53 A -°4
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Fig. 9. The efficiencies of used and new membranes.
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Table 4. The separation factors obtained with re-immobi-
lized membrane(Qy, ;= 100 m//min, feed concen-
tration : dye=1,380 mg/l, NaCl=23,700 mg/l)

Qw Dye loss* NaCl rem. eff? Sep. face
m//min % % T
105 0.006 16.2 2,698
193 0.01 242 2,240
309 0.02 254 1,696
409 0.02 28.2 1,740
495 0.02 315 1,802
589 0.02 315 1,866
685 0.02 34.2 1,651
“Dye loss(%) = ———(éiy l"((::gg//:z)) X100
*NaCl removal efficiency %=
(C w.o—Clw) (mg/mm) X100

C'r {(mg/min)
“Separation factor : the ratio of NaCl removal efficiency
to dye loss.
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Table S. The variation of U, with change of feed and strip-
ping water flowrates(Qr ;=X m//min, Qu,;=2X

m//min)
QF i Uu, dye Uu, NaCl
m//min I/m?/hr
100 0.9 44
200 1.6 7.2
300 1.9 8.5
400 2.0 9.0
extrapolation 2.1 (Uns aye) 9.4 (Uy nact)

4-24. 78 2 S o} 43 QA7 J 52 TEH AT
(U8 Axk

FdEHE d8HTe 58 A7 759 202
sted, T Al gh 2he] A FH(100 kPa) o] Z3}= A
o= Wel7hAl #8ssich Table 5 A4S o] ate]
AL g7 JBol gt o8] 7hA] PRARFERA, o]n|
goll A g 2 (D} ()& olEel FHE&AA
Zhzke) s A ES A RS Fotel met st
drt. fdo] FUESE 3 58 FREAAE
ArU)E 99 4% 441/m?*/hrell A 901/m%/hr, L
g7 d8+E 09/m¥hrollA 2.0/m’/hr2 z}zh Z7)s}
Aok 7 WA R0 Frkl BE $REAULA
+9 ZA%e 4 EREged, 92 A% 2
Zo] 43 Hee o + AL olAS F4E 27
Aoz Ak (shear rate)o] Fobd 2 FFH
wo] AA ] FAZ oS skolbA] 7] Wi ell, 2t HEF
vl % gwo] AAIZel A A3 ARl AHE Unst U
7 Sd3 =HAEE ovldi

b ol A dF7 A (3)-& F3t 1/Unt 1/UL,
AR dsden, olgh #E F52 Frle
gt} o3 dgo] i o FHEe ofFY dFE
] 7] wjEo 7 EAd g Uy & 78 5
th 2y, =) AU vl AgEg A7) o
o o1zt g FAA LHE F =R F
9)edAated Uy wo®t Usinaor® 73HETH =R
g 9 BEE 2.1 /mbhrol 3, G 2SS 94 1/m?
/hr2 i Azl tid odof o Fazo] dFF #Felv
(Crt xac/Unt s ) 7F 455 ok AL EdjE 7 3
A 4=(separation factor) 7} 1,200-2,3008] & 3§ B
ol B3 ulmalel & 7128 FTAIEE A e shof
A7) AAZE A5t Gl g ANH Feso] 2
e g 4 F ddck

-

*

S A
N

tijo

5.2 &

A g7A 7% vlsh o] AL o] 8T LFE

o} & R FEASF AX oA L& AT A=
<3 7t}

(D He34& A7 "Hell g} $:74351(2,000,
6,300, 10,000 mg NaCl/) & 7}&F 3]¥-4] 84 &8~
Aol A= Ad 2] 2717} LA =%l e 53] 10,000
mg NaCl/l %ol As A 2337} doli} 2 3]8] &2
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o= 60%2] COD 7hA¢} 285 mg/le] MLSS Z71&
Hof vlwa AR y|AR-sl e o5 A A4S
vebiioh ey 2982} $74(6,300, 10,000 mg NaCl/l)
A A E7d o}2xE Add7]7} EAsk= 5 COD
A7 2T 2zt 35%, 22% wrol] Vel B3}
Aorg gGudee YE} i 99 =7}
F83 %S vAL o F ddctk

(3) A&t o FAAE g ARA17H30x
ol&h el = 13}l 20%] GAAHES Bk ZelATE
22z o) whel 1,200-2,3000.2 o] A A7}t
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NOMENCLATURE

Cam :log mean concentration difference [g//]

Cay :mean concentration of species A on both sides
of the membrane [mg//]

C  :concentration of dye [mg//]

C'  :concentration of NaCl [mg/l]

D :diffusivity [cm?/sec]

Ji, Jo: fluxes of species 1 and 2 [g/m%* hr]

N, :flux of solute A passing through the membrane
[g/m*/hr]

Q :flow rate [m//min]

Uy, :liquid film masstransfer coefficient inside the
membrane [J/m?/hr]

U, :liquid film masstransfer coefficient outside the
membrane [I/m?%hr]
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Uy :membrane permeability [//m%/hr]
U, :overall masstransfer coefficient [//m%*hr]
V  :osmotic water flux [//m2/hr]
Subscripts
F :feed
i in
0 :out
W :water
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