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Fig. 1. Schematic diagram of experimental apparatus.
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Table 1. Properties of DIAION SK18 and DIAION

SA 20A

Name DIAION SK1B | DOAOPM SA20A
Items (cation exchange resin) [(anion exchange resin)
superficial density(g/I) 825 700
Moisture (%) 45 42
Effective diameter(z) 0.5 0.45
Average diameter(m) 0.7 0.7
Unifarmity coefficient 1.6 1.6
Specific gravity 1.23 0.95
Exchange capacity(meq/m) ' 1.9 1.3

Tabel 2. Experimental conditions in the column

experiment
Conditions
resin type anion, cation, anion +cation(mixed, separated)
feed state pure component, mixed component
initial conc. | 10002g/I, 1000m9/1, +1000=/1
flow rate 50x /min, ~ 200%/min
initial pH of { Cu(l): 4.8, Ni(I):5.6
feed [CrO3~):2.2
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Fig. 2 Freundlich adsorption isotherms of Cu(1i)
and Ni(II) according to pH value at 303K.
(Initial Co=1000xy/!)

Table 3. The parameters of Freundich equation
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4.8 1.726 x 1077 0.651
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Fig. 3 Freundlich adsorption isotherms of {CrO.:"]
according to pH value at 303K
(Initial {CrO&~)=1000zy/1)
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Fig. 4 Breakthrough curves of Cu(l) for effiu-
ent concentration.(initial pH : 4.8. 303K)
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Table. 4 Comparison of breakthrough capacity
according to initial concentration
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Fig. 8 Breakthrough curves of Cu(1) with reg-
enerated cationic exchanger.
(initial Cu(1) : 1000xg/ €. pH : 4.8 303K)
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Fig. 7 Breakthrough curves of separated bed and
mixed bed for effluent concentration.
(initial Cu( 1) : 1000m/ ¢, (CrO") : 1002y
/¢, pH : 255, 303K)
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Fig. 9 Breakthrough curves of CrO;2) with reg-

enerated anionic exchanger.
(initial (CrO#~) @ 1000mg/1, pH : 2.2, 303K)
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Photo. 3 Scanning electron micrograph of cation
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(magnification X500)

21(2) oA 7’ B2 HEE-E A (3) ol wijl3ld &
ARG S2ALE T3 F o5 A @) ol g8 B
ol gt im<siAte] e Aok

m=k/u Nsc*? @

4] (4) & jmIA}e} Nrepote] A= ohg-Alel 24
A @ik

m=aN BRep (5)

<Fig. 10> 9 545 EdALEde] §4E =4
slgon 71&7l= 0. 958 Jehiicl o= Y
&o] ool mEttel] cidte= 0. SAlFel w3l
&4%}t (wetted wall column) 2] 739 0. 81415l
H#§he vl B o] 2w dkpR|gtoll A= vy wh
g olemdmhg-& velis) FAld &stel aiE

1072 10-!

1077

Nm(kmol/ ®#'s)

O |Cu(l) at the resin
A {Ni(1) at the resin
10-* 0 |Na([) at the membrane(15
1 i 1 1 l 1 1
10~ 107?
U(m:s)

Fig. 10 Effect of flow velocity in the column on

transfer rate across the cation exchange

resin.
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NOMENCLATURE

Ar : Superflcial area of resin in column(#)

C : Equilibrium concentration(Kmol: ®)

C : Average concentration of aqueous solution
(Kmol/®)

C. : Concentration of heavy metal in wastewater
at t=0(kmol )

C,i.Concentration of heavy metal in wastewater
at time t(Kmol-/'®)

ju : Colburn j factor for mass transfer(—)

k : Mass transfer coefficient(m:s)

K : Constant of freundlich isotherm

n Zbonstant of Freundlich isothera

Nu : Mass transfer rate(Kmol,'#s)

Nrer : Reynolds number of particle(—)

Nsc : Schmidt number(-)

Q : Amount of adsorbate adsorbed per unit amount

of adsorbent(Kmol.'g)

u : superficial velocity(m s)

V : supplied flow rate(l:s)

2 o & #

1) Stoker, H. S. and seager, S. L., “Environmental

Chemistry”, 2nd ed., Scott, Foresman and Com-
pany, 194 -197(1976)

2) Tchobanoglous, G., “Waste Engineering”, 2nd
ed., McGraw-Hill, 201 ~202(1979)

3) Kojima, T. at al, “A Fundamental Steady on
Recovery of Copper with a Cation Exchange
Membrane”, Can, J. of Chem, Eng., vol.60, 642—
658(1982)

4) Goto, M. and Goto, S., “Removal and Recovery
of Heavy Metals by Ion Exchange Fiber”, J. Chem.
Eng, of Japan, Vol.20, No.5, 467 —472(1987)

S A¥F, “FAEF A o2 AH”, HAF
A}, 5—6(1988)

6) Yoshida, H., Kataoka, T. and Ikeds, S., “Intrap-
aticle Mass Transfer in Bidispersed Porous Ion
Exchanger”, Can. J of Chem, Eng., Vol.63, 432
429(1985)

D HAS, ‘o) xnBol AY H4FY 2L A",
ety 3835 A 103, 25, 25-30(1988)

8) Adamski, W., “Adsorption in Wastewater Trea-
tment”, Effluent and Water Treatment Journal,
225-229(1984)

9 olFA, %43, =y, 2
109 3%, 1-15 (1988)

10) Hanso, S. W. at al.,, “Removal of Uranium from

Drinking Water by Ion Exchange and Chemi-
cal Clarification”, EPA-600-S2-87-076, 1—
8(1987)

1D $734, #32d T4 AQE(£Eob), (1987)

12) Slejko, F.L., Adsorption Technologe, Marcel

" Dekker, 10(1985)

13) Fadgen, T. J., “Industrial Wastes : Metal Reco-
very by Jon Exchange”, Sewage and Industrial
Wastes, Vol.24, No.9, 1101-1107 (1952)

14) Hering, b. and Bliss, H., AIChE J., Vol9, 495
(1963)

15) Takahashi, K., Tsuboi, K., and Takashi, H.,

“Mass Transfer Across Cation Exchange Mem-
brane”, J. chem. Eng. of Japan Vol.22, No.4,
352 -357(1989)

16) McCabe, W.C., Smith, J. C. and Harriot, P.,

Unit Operation of Chemical Engineering, 4th

ed., McGraw-Hill, 600~627(1985)
(ORIZE BuD|Zstslol WK Mer2upi@steix] R
SO sl ARzt )



